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WHAT WE CAN DO FOR YOU

Whether you’re designing, using, or servic-
ing electronic equipment, operating data
processing systems, or performing any other
measurement or computational task, you'll
probably need to call on a variety of sup-
porting electronic devices. Our purpose at
Tektronix is to supply you with the best pos-
sible electronic tools for examining and
working with electronic signals and com-
putational data.

From our original product, a pioneering lab-
oratory oscilloscope, to the hundreds of
products listed in this catalog, our objective
has been to see that everything we offer re-
flects our commitment to engineering excel-
lence, quality manufacture, and unexcelled
customer support.

To you personally, Tektronix can also mean
individual assistance with your unique mea-
surement problems. Our field staff invites
you to give the Tektronix office near you a
call.

WE’RE READY AND WILLING TO HELP

If you wish help in selecting a Tektronix
product, or just need a recommendation on
how we can help solve your measurement
problem, please feel free to contact your
nearest Tektronix Field Office. You’ll find a
complete list on pages 260-261. In cases
where further advice is needed, local Tek-
tronix personnel can also arrange for addi-
tional help from our home office, or put you
directly in touch with a specialist in a par-
ticular product or application area.

Besides sales advice, your local Tektronix
field staff member can also arrange for train-
ing, service, special orders, and mainte-
nance. Through our Field Service Centers,
we’re ready to solve repair problems on our
products from calibration through complete
instrument reconditioning. Alternately, we
will furnish parts if you wish to do the work
yourself. And any one of our many offices
will be glad to provide you with more de-
tailed catalogs, specification sheets, applica-
tion notes, and support materials. A request
card for this purpose is provided inside the
back cover of the catalog.

INTERNATIONAL SALES AND SERVICE

Besides our network throughout the United
States, Tektronix, Inc. also maintains field
offices in 11 other countries. Distributors and
representatives provide additional support
for over 40 countries around the world. For
a list of these offices, see pages 260 and 261.

NEW PRODUCTS SUMMARY

A brief discussion of new products intro-
duced during the past year, including:

T900 Series Oscilloscopes — Five models
in a new, moderately-priced line.

Portable Oscilloscopes — Five new models
including a DMM Oscilloscope.

Digital Service Products — A versatile 16-
channel logic analyzer.

TM500 Series — New power module and
four significant new plug-ins.

5000-Series Products — Dual Beam Oscillo-
scope and two new time bases including
digital delay.

7000-Series Products—Two new time bases
feature differential delay.

Spectrum Analyzer Products — A 5-MHz an-
alyzer, two tracking generators, attenuators,
sweep generator, and preamplifier.

TDR Cable Testers — Two new ruggedized
portables.

Digital Processing Oscilloscope — A low-
priced starting package for restricted
budgets.

Computer Terminal Products — Desktop
graphic computing system, low-cost termi-
nal, hard copy unit, and digital tape reader.

TELEQUIPMENT Products — A dual-trace,
battery operated portable.

Cameras and Scope Carts — An inexpen-
sive camera and a new versatile scope cart.

Television Products—NTSC television side-
band adapter.

Medical Monitor— Dual trace display of
ECG and blood pressure or peripheral pulse.
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your needs. Includes charts.
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ment with storage. Designed for education,
consumer and industrial servicing applica-
tions.
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Rugged construction, true portability, and
extreme simplicity of operation. All of this,
plus unmatched performance in testing any
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TEKTRONIX offers comprehensive solutions
for automated test and measurement prob-
lems encompassing linear and digital IC s,
LSI semiconductor memories, and discrete
components.
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Edge-of-the-art performance in the frequen-
cy-domain is just part of the TEKTRONIX
Analyzer story.
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able for mobility, versatile for the operating
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A look at our family of computer graphics
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4006-1 low-cost terminal and the 4051
Graphic Computing System. The 19-inch
Graphics Terminal and the full line of pe-
ripherals are also highlighted.
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From small screen monitors to stored dis-
plays, each has a set of specifications to
meet a variety of needs.

14

ACCESSORIES 215

Probes, cameras, oscilloscope carts, and
other oscilloscope accessories to extend
your measurement capabilities. Contains se-
lection guides, charts, descriptions, and
specifications.
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OUR NEWEST PRODUCTS

T900 SERIES OSCILLOSCOPES

T900-Series Oscilloscopes are an entirely
new line designed for cost savings without
sacrifice of basic performance. They offer
the quality, reliability, and support tradition-
ally associated with TEKTRONIX Oscillo-
scopes—all at a moderate price.

This new line includes:
T921-Dc to 15 MHz; single trace, mono time
base,

T922-Dc to 15 MHz; dual trace, mono time
base,

T932-Dc to 35 MHz; dual trace, mono time
base,

T935-Dc to 35 MHz; dual trace, dual time
base with delayed sweep,

T912-Dc to 10 MHz; dual trace, mono time
base, bistable storage.

All of the T900s have a large (8 x 10 cm)
screen with internal graticule. The four non-
storage models use a 12 kV accelerating
voltage in a post-accelerator crt, providing
bright displays of low-rep-rate signals, even
under adverse lighting conditions.

Stored writing speed of the T912 extends up
to 250 cm/ms.

For further information on the T900 Series
see page 116.

PORTABLE OSCILLOSCOPES

The Unique TEKTRONIX 213 DMM/Oscillo-
scope offers a distinct advantage to the ser-
viceman who has had to carry both a DMM
and oscilloscope, or make do with only one.
With this precise, full function, 3%, digit
multimeter and 1 MHz oscilloscope in one
compact (3.7 Ib, 3.0 x 5.2 x 8.9 inches) instru-
ment, more repairs can be performed on
site, on the first call. The small, lightweight
213 can be easily carried to the site in a
briefcase or tool kit. In operation it can be
hand held, rested on the equipment under
test, or even carried on a convenient neck
strap.

DMM or oscilloscope operation is easily
selected with a single pushbutton. A second
pushbutton selects dc or true rms operation.
The remaining three pushbuttons provide
quick selection of voltage, current, or re-
sistance measurements. Scale factor (volts,
mA, or ohms) for both DMM and oscillo-
scope modes is selected with one clearly
labeled dial. A second dial is used to select
time/division for the oscilloscope mode.

For further information on the 213 see page
115.

The 455 Portable Oscilloscope combines
50 MHz bandwidth, dual traces, and delayed
sweep in a rugged, value-leading package
that provides a cost-effective means of
bringing needed performance features and
accuracy to field service applications and to
many production applications as well.

The 455 offers features designed to make
measurements faster, easier, and more error
free. These include: lighted deflection factor
indicators, trigger view, variable trigger
holdoff, color-coded modular probes, modu-
lar construction for easy serviceability, and
an easily understood color-coded control
panel. To further enhance its use in service
and industrial environments, the 455 is
housed in a rugged, shock resistant plastic
case. Optional battery operation frees the
455 from dependence on ac lines.

The 455 is an ideal choice for servicing small
to medium scale computers, computer pe-
ripherals, industrial control equipment, mili-
tary or commercial communications gear,
office machines, and point-of-sale terminals.

For further information on the 455 see page
103.

The SONY/TEKTRONIX 314 Portable Stor-
age Oscilloscope provides dual trace stor-
age with 4-hour viewing time and 1 mV/div
sensitivity at 10 MHz, all in a compact,
rugged package with less than one-half the
weight of most other storage oscilloscopes.

Lightweight (10.5 Ib), small size (4.4 x 9.3 x
13.6 inches), and ac or dc operation mean
that the 314 will go wherever storage mea-
surements must be made. It is particularly
well suited to measurements in production,
and servicing of industrial control systems,
biophysical instrumentation, computer ter-
minals, point-of-sale terminals, computer pe-
ripherals, and communication systems.

For further information on the 314 see page
Jilil:
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The SONY/TEKTRONIX 335 Portable Oscil-
loscope provides the fundamental capabilites
(35 MHz bandwidth, dual traces, and delayed
sweep) for a quite sophisticated level of digi-
tal and analog servicing. And these capabili-
ties are housed in an easy-to-carry, 10.5 Ib
package. The 335 is ruggedly constructed
to withstand the hard use of industrial and
field applications.

DIGITAL ANALYZING INSTRUMENTS
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The LA 501 Logic Analyzer is a 4096 bit
digital storage unit designed as a 2-wide
TM 500 Series Plug-in providing flexible test
package configurations for the engineering
lab, manufacturing area, and field service
applications.

The 4096 bit memory is easily formatted via
front panel pushbuttons into data acquisition
of 4, 8, or 16 channels, maximizing resolu-
tion, speed, and memory width vs length for
a wide range of applications. Captured multi-
line data can be displayed on any X-Y
monitor or scope, in a timing diagram for-
mat, or without a monitor it can be con-
nected to any data collecting unit such as
mass storage, modem, etc., via the data out-
put connector and appropriate level trans-
lator.

A choice of pre-trigger, center-trigger, or
post-trigger modes allows the operator to
select where the displayed block of data
falls with respect to a trigger taken from his
system.

The LA 501 can be clocked internally or

‘xternally and will handle TTL, ECL, or other

ogic families with fixed or variable single
threshold level controls.

For further information on the LA 501 see
page 122.

TM 500 SERIES PRODUCTS

The TM 515 Traveler Mainframe and SC 502
Oscilloscope Plug-in, in combination with
the rest of the TM 500 family of plug-in
instruments, offer a new concept in portable
instrumentation.

The TM 515 accommodates five plug-ins, or
modules, and is electrically similar to other
TM 500 Mainframes. However, its design has
been optimized for portability. It is light-
weight, rugged, and attractive. With end
covers on, it has the appearance of quality
luggage. The covers provide protection for
the instrument front panels and the ventilat-
ing fan, and serve as storage compartments
for the bail and power cord. Accessories or
tools can also be stored in the covers.

The SC 502 is a two-compartment wide, dual
trace oscilloscope that offers a combination
of features not found on any other oscillo-
scope. Bandwidth is 15 MHz from 20V/DIV
to 5mV/DIV, 10 MHz at 2 mV/DIV, and 5
MHz at 1 mV/DIV. The rise time is 23 ns.

For complete description of the TM 515 and
SC 502 see pages 153 and 158.

The SG 504 Leveled Sine Wave Generator is
primarily intended to extend the capability
of the TEKTRONIX Oscilloscope Calibration
Package to 1050 MHz. It provides a constant
amplitude sine-wave output over the fre-
quency range of 245 MHz to 1050 MHz in
two ranges. A reference frequency of either
50 kHz or 6 MHz (selected internally) is
activated by a front-panel pushbutton,
enabling you to quickly check the reference
level setting without changing the dial.

New Product Summary

The output amplitude can be set over the
range of 0.5V to 4.0V peak-to-peak by a
front-panel, five-turn, calibrated control. A
frequency monitor output provides a conve-
nient means to more precisely determine the
output frequency by use of a counter. Pro-
vision is made to frequency modulate the
output signal over the range of dc to 100
kHz using an external source. Since this
input is dc-coupled, it can also be used for
remote fine frequency control.

For complete description of the SG 504 see
page 146.

DBURATION
W x u

The FG 504 Function Generator provides
high-quality, low-distortion sine, square,
triangle, ramp, and pulse waveforms. The
frequency range is from 0.001 Hz to 40 MHz
over ten decades (0.001 Hz to nominally 4
MHz for waveforms requiring use of variable
symmetry control). An additional position for
a user-determined frequency range is pro-
vided.

The instrument can be swept between the
START and STOP dial settings at either a
linear or logarithmic rate. The output may
be phase locked, gated, or triggered. A step
attenuator and variable amplitude adjust-
ment control the output amplitude over a
range of 0 to 30 V peak-to-peak into an
open circuit. An output offset control is
provided.

For complete description of the FG 504 see
page 143.




New Product Summary

TM 500 SERIES PRODUCTS
(Continued from previous page)

The PG 508 50-MHz Pulse Generator is a
high-performance generator featuring high
output voltage, delay, variable rise and fall
times, 1 megohm trigger input, and gating
capability to handle a wide range of logic
and other applications. It is ideally suited
for MOS and CMOS logic circuit design.
Output amplitude is 20V peak-to-peak from
a 50Q source into a high impedance load,
or 10V peak-to-peak into a 502 load. The
low-reactance 5092 source impedance
delivers clean signals at the end of unter-
minated cables, eliminating the need to
terminate the pulse generator output. Vari-
able rise and fall times from <6 ns over a
range of 100:1 remain constant with changes
in pulse output amplitude, thereby reducing
set-up time.

A front-panel control-error light tells the op-
erator when he has selected illegal modes,
or when timing conflicts exist. The PG 508
occupies two compartments in a TM 500
Mainframe allowing space for companion
instruments.

For complete description of the PG 508 see
page 139.

5000 SERIES PRODUCTS

The 5444 Dual Beam Oscilloscope, used
with the 5B44 Dual Time Base Plug-in and
two plug-in vertical amplifiers, is virtually
two oscilloscopes in one. Both beams can
write anywhere on the 8 by 10 division
screen. This scope has a 60 MHz bandwidth
and sweep rates as fast as 5 ns/div.

The 5444 will display a one-shot signal at
two sweep speeds or two one-shot signals at
any sweep speed, four repetitive waveforms
in the alternate or chopped mode, or up to
8 at reduced bandwidth. Four single-shot
events may be displayed at sweep speeds
up to 100 us/div in the chopped mode.

The crt provides a bright display, with read-
out that automatically documents the sweep
speed and vertical deflection factor for each
beam. (A user-addressable readout option
allows you to write up to two 10-character
words of your choice to identify the photo-
graph, the device under test, etc.)

For complete description of the 5444 see
page 74.

The 5B31 Digitally Delayed Time Base, a
new plug-in in the 5400-Series Oscilloscope
line, brings new measurement accuracy and
operating convenience to many delaying
sweep applications. The delay system—a
crystal-controlled clock, a digital counter,
and a unique circuit that eliminates one-
count ambiguity in the counter—replaces
the usual delaying sweep.

It features two delaying modes, delay by
events and delay by time, in addition t¢i =~

60 MHz triggering and 20 ns/div sweep
rate.

For further information on the 5B31 see page
79.

The 5A26 Dual Differential Amplifier com-
bines two independent differential ampli-
fiers in one plug-in. It adds ‘“no compro-
mise” differential measurement capability
to the line of low-cost, high-performance
5000-Series Laboratory Oscilloscopes. It
may be used in any 5000-Series Mainframe.

The 5A26 provides 50uV/div at 1 MHz, high
common-mode rejection ratio, crt readout
in any standard 5400-Series Mainframe,

trigger-source selection, and bandwidtl(‘

limit on each channel.

For complete description of the 5A26 see
page 87.

7000 SERIES PRODUCTS

The 7B85/7B80 combination of plug-in time
bases for the 7000 Series adds new capa-
bility in oscilloscope timing measurements—
the time difference between selected points
is computed and digitally displayed on the
crt. Other features you’ll like include 1 ns/

div sweep rate, 400 MHz triggering, and vari(/;j

able trigger hold-off.

For complete description of the 7B85/7B80
see page 55.
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SPECTRUM ANALYZER PRODUCTS

The 7L5 5-MHz Spectrum Analyzer combines
synthesizer and digital technology to achieve
exceptional frequency accuracy, stability,
and 6 digit resolution. Operation is easy with
crt readout of display parameters and with
sweep time and resolution automatically op-
timized for each span position.

Performance characteristics include: 80-dB
on-screen dynamic range, 10-Hz resolution,
and absolute calibration in dBm, dBV, or
volts. Reference level is set and read out in
1-dB steps over the range of —128 dBm to
+21 dBm (with the L1 502 plug-in module).

igital storage in the 7L5 provides clean,
easy-to-see, easy-to-photograph displays
with any 7000-Series crt readout mainframe.

For further information on the 7L5 see page
190.

The AM 511 Preamplifier is designed for
spectrum analyzer applications where extra
sensitivity is required. The AM 511 fits into
e TM 500 Modular Series power supplies.
he amplifier is tailored to the CATV and
field intensity measurement markets provid-
ing a 752 input impedance and calibration
in dBmV. The low noise figure makes the

preamplifier well suited for signal-to-noise
and low level radiation measurements.

For further information on the AM 511 see
page 152.

The TR 501 and TR 502 Tracking Genera-
tors, designed to work with the 7L12 or
7L13 Spectrum Analyzers, provide highly
stable, leveled signals over the range of 100
kHz to 1.8 GHz. The stability of the Spec-
trum Analyzer/Tracking Generator system
is determined by the analyzer with which it
is used. Signal output level is calibrated and
adjustable from 0 dBm to —59 dBm in 1 dB
steps (0 dBm to —11 dBm for the TR 501)
with a variable control providing an addi-
tional —2 dB of range. The stability and high
resolution of the 7L13/TR 502 system yields
dynamic range greater than —110 dB. An
auxiliary rf output is provided so that a coun-
ter can be used with the spectrum analyzer
for high sensitivity measurements.

For further information on the TR 501 and
TR 502 see pages 188-189.

The SW 503 Sweep Generator is a small
compact unit, which incorporates most of
the features associated with larger laboratory
type sweep generators, and is designed to
operate in a TM 500 Series Power Module.

New Product Summary

The instrument covers a frequency range of
1 to 400 MHz. It has a variable sweep rate,
step attenuator, 20 dB vernier attenuator,
and a crystal controlled marker generator
which provides comb type markers at 1, 10,
and 50 MHz.

A unique feature of the SW 503 when used
in conjunction with a DC 502 Option 7 Digital
Counter is its ability to provide a variable
marker over the entire 1 to 400 MHz fre-
quency range with the marker frequency
read directly on the digital counter.

For further information on the SW 503 see
pages 144-145.

The 2701 and 2703 Step Attenuators are
small, laboratory-quality, wideband bench-
top instruments for attenuating large value
radio- and video-frequency signals. The 2701
is a 50 ohm attenuator particularly useful in
making receiver sensitivity and distortion
measurements. Its range of attenuation is 0
to 79 dB, in 1 dB steps.

The 2703 752 Step Attenuator is tailored for
television, CATV, telephone, and radio ap-
plications. A front-panel switch extends the
range to 109 dB, making the attenuator an
ideal accessory for wide-range measure-
ments such as cross modulation, signal-to-
noise and receiver sensitivity.

For further information on the 2701/2703
see page 195.

TDR CABLE TESTERS

N

The 1502 and 1503 TDR Cable Testers are
small, portable, rugged (qualifed to MIL-T-
28800, Type 11, class 2, style A) battery-
powered units designed to test any type
cable, from lamp cord to coax, under vir-
tually any conditions. The 1502 tests cables
up to 2000 feet with resolution to a fraction
of an inch, while the 1503 tests cables up
to 50,000 feet with a resolution of 3 feet.

For further information on the 1502/1503 see
page 164.




New Product Summary

DIGITAL PROCESSING
OSCILLOSCOPES

The WP 1205 DPO is a low-priced starting
package for customers with a restricted
budget. The package includes one 7A16 ver-
tical plug-in, one 7B70 time base plug-in, a
CP1151 controller with a 16 k memory, a
modified ASR-33 teletype, and paper tape
DPO TEK BASIC software.

The WP 1205 has an internal 1 k memory,
adequate to acquire and display one wave-
form with scale factors. To store four wave-
forms, a 4 k DPO memory option is available.
The software, DPO TEK BASIC, is written to
allow specific routines to be selected at load-
ing. This provides the CP1151 controller
(16 k) with adequate program space for most
user applications.

For further information on the WP 1200 Se-
ries see page 31.

T

COMPUTER TERMINAL PRODUCTS

The 4051 BASIC Graphic Computing Sys-
tem is a compact data system that combines
high-level BASIC-language interaction, built-
in computing, local tape memory, and the
unique graphic capability of the Tektronix
storage display.

The standard 4051 includes a firmware im-
plementation of BASIC with 8 k bytes of
working space. Options include 8 k, 16 Kk,
and 24 k of add-on memory. A built-in 3M
mag tape unit adds 300 k bytes of local
storage.

The 4051 is designed to control the opera-
tion of other instruments through the new
standardized, general purpose, interfacing
system (GPIB) called IEEE Std 488-1975. An
optional data communications interface pro-
vides for coupling to host computers, and
other RS-232-C compatible peripherals such
as line-printers and keyboard terminals.

For further information on the 4051 see page
202.

{
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The 4006-1 Computer Display Terminal
brings graphic display capability right to
your desk top at a new low cost. The 11 inch
storage tube provides crisp, clear displays
with 800,000 viewable points (1024 X by 780
Y). It has an on-screen capacity of 2590 al-
phanumeric characters. You can transmit or
receive data at selectable rates of 75 to 4800
baud.

The 4006-1 is supported by extensive soft-
ware products and is compatible with the
4631 Hard Copy Unit for dry, high-quality,
812 x 11 inch copies of any information dis-
played on the 4006-1 screen. The 4923 Digi-
tal Cartridge Tape Recorder, a low-cost off-
line data storage device, is also compatible
with the 4006-1. For more complete details
on the 4006-1 use the reply card accompany-
ing the catalog.

The 4631 Hard Copy Unit is plug-to-plug
compatible with the entire TEKTRONIX 4010
Series of computer graphics terminals, as
well as with the 613 Storage Display Unit.
The 4631 is designed as a direct replace-
ment for the TEKTRONIX 4610 Hard Copy
Unit.

Among its many features is the advantage of
being able to copy either the 11 inch or 19
inch storage tubes of the TEKTRONIX 4010-1,
4012, 4013, 4014-1, or 4015-1 terminals. The
4631 is plug-to-plug compatible with all
these, whereas the 4610 required a special

option for the larger 4014-1 and 4015-1
terminals.

The 4631 uses 3M Type 777 dry silver paper
and requires 18 seconds for the first copy
and only 8 seconds for subsequent copies.
The clean dry-copying process is self-
contained in the unit and requires no exter-
nal equipment to print or develop copies.
A built-in paper stacking tray eliminates any
need for additional accessories to remove or
stack the copies. The 4631 weighs only 65
pounds.

For further information on the 4631 see page
205.

The 4923 Digital Tape Reader is the perfect
storage device to team up with the TEK-
TRONIX 4010 family of Computer Display
Terminals or the 4023 Terminal. In fact, any
product using RS-232-C data communica-
tions lines can be used with the 4923 Option 1.

Information is stored on a DC300A 3M Data
Cartridge with a data capacity of 200,000
8-bit bytes. Data format is 128 8-bit byte rec-
ords with variable length files. The standard
model operates up to 10 k baud, depending
on the terminal environment. Option 1 lets
you select a baud rate from 110 to 9600.

Operating the 4923 is as simple as one, two,
three. You have front panel controls for Re-
verse, Write, Stop, Run, and Forward.

The computer can access START READ

«(DC1) and STOP READ (DC3). During a

READ operation the 4923 provides a line-
turn-around character if a DC3 is encoun-
tered in the data. Once a DC3 is read, the
following stored character is read and sent,
and the unit stops.

For further information on the 4923 see page
205.

New Product Summary

TELEQUIPMENT PRODUCTS

The TELEQUIPMENT D32 is one of the small-
est and least expensive dual trace, battery
operated, 10 MHz oscilloscopes available
today. The TELEQUIPMENT line of TEK-
TRONIX Oscilloscopes combine low prices
with a number of features not usually found
in other oscilloscopes of the same price
range. Features such as calibrated sweep
rate and vertical step attenuators, triggered
sweep, probe-calibrator output, and TV-field
or line triggering, make this instrument easy
to use.

The D32 measures 4 x 9 x 11 inches, weighs
only 10 pounds, and has an adjustable car-
rying handle which also serves as a tilt bail.
It can be carried comfortably on any
assignment.

Packed into a small frame are features nor-
mally associated with instruments several
times its size. The D32 offers 10-MHz band-
width at 10 mV/div sensitivity; automatic se-
lection of chopped or alternate modes; and
the choice of ac line or battery operations
with up to four hours continuous operation
working from its rechargeable batteries.

Calibrated sweeps range from 500 ns/div to
500 ms/div in 19 steps, with an X5 magnifier
extending the fastest range to approximately
100 ns/div.

For further information on the D32 see pages
118-120.




New Product Summary

CAMERAS, SCOPE CARTS, AND
ACCESSORIES

The Tek Lab Cart Model 3 introduces a new
line of versatile, general purpose oscillo-
scope carts. lts top tray accommodates all
three and four plug-in mainframes of 5100,
5400, and 7000 Series Oscilloscopes. It can
also accommodate TM 503 or TM 504 Main-
frames, portable oscilloscopes, 576, and 577
instruments. The cart includes a large drawer
in the base with provision for padlock, brakes
on front casters, 15 ft power cord with plug
strip, and safety belt.

A framework attached to the underside of
the tilting top tray accepts one or more
shelves (one of which is standard) at any
one of ten positions to permit the use of vari-
ous configurations of instruments such as
the TM 500 Series.

For further information on Tek Lab Carts see
pages 254-256.

The C-5A is an easily operated inexpensive
camera that will fit a broad range of TEK-
TRONIX Oscilloscopes. It offers both grati-
cule flash and nonflash models. Graticule
flash is used with T900 and 5100 Series
Oscilloscopes, and nonflash models with
434, 455, 464, 465, 466, 475, and 7000
Series Oscilloscopes.

The /16 lens system has a fixed focus, with
customer-selectable 0.67 or 0.85 magnifica-
tion for 9.76 x 12.2 cm and 8 x 10 cm dis-
plays.

For further information on the C-5A see
page 228.

TELEVISION PRODUCTS

The 1405 NTSC Television Sideband Adapter
is used with a spectrum analyzer, such as
the 7L12 or 7L13, to analyze the video out~
put of television transmitters. The 1405 gen-
erates a composite video signal, the “pic-
ture” portion of which is a constant-ampli-
tude sinusoidal signal that sweeps 15-0-15
MHz. This signal is applied as modulation to
a television transmitter; the output is then
displayed on the spectrum analyzer, and ap-
pears as the response curve of the transmit-
ter under test. The 1405/Spectrum Analyzer
combination will display the frequency re-
sponse characteristics of rf and if circuits
for transmitters with frequencies to 1 GHz.
Video circuits (zero frequency offset) can
also be analyzed.

Complete specifications and prices are avail-
able in the Television Products Catalog.

MEDICAL MONITORS

The 414 Portable Patient Monitor is a dual-
trace monitor designed to simultaneously dis-
play ECG and blood pressure or peripheral
pulse. Heart rate, systolic/diastolic blood
pressures, mean blood pressure, or tempera-
ture are digitally displayed for increased ac-
curacy and convenience. Rate alarm limits
are also set digitally. Because an internal
battery pack permits portable operation, the
414 can be as easily used for cardiac cath-
eterization as for surgery and recovery. All
of this monitoring capability is built into a
small portable package weighing only twelve
pounds.

For further information on the 414 see pages
197-198.
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USING THIS REFERENCE SECTION

The products in this catalog cover a range of capabilities in a
number of areas, and in many cases you'll have several to
choose from. These introductory notes are intended to help
you review some of the factors involved in making a selection.

Of course this reference section can only outline some of the
major factors involved. If you need more information, contact
your local Tektronix Field Office—we’re ready and willing to
help.

REFERENCE SECTION CONTENTS

Configuration: Two Basic Approaches 10

A discussion of plug-in and monolithic
designs for oscilloscopes and other types
of electronic equipment. Includes charts.

Portability ..csmssmssssnnssmansass 12

Discusses what factors make an instrument
a portable. A chart of TEKTRONIX portable
instruments is provided.

Environmental Factors .............. 12

Information about how to interpret envi-
ronmental specifications.

Power Source Considerations ........ 12

Material on what kind of power sources
TEKTRONIX instruments can handle.

SIOrage .o om v s v 5w 5 B s S B EHES 14

Many Tektronix products which use crts
for a display come in storage models.
Advantages of storage and the character-
istics of various techniques are presented.
Accompanied by a chart of TEKTRONIX
products using crt storage.

Key Specifications and Features For
Oscilloscopes and Related Equipment 16

Factors presented are:
Rise Time and Bandwidth
Sensitivity (Deflection Factor)

Time Bases
Sweep Rates, and Sweep Types

Fast Sweep, High Frequencies, and
Rise Times

Delaying/Delayed Time Bases
Multiple Inputs

Two Techniques: Dual Beam and Dual
Trace

Differential, Balanced, or Push-Pull
Inputs

Sampling
Cathode-Ray Tube Phosphor Data .. 18

A section on phosphors and human eye
response, and one on phosphor protection.
Chart of common phosphor types and their
characteristics.
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TWO BASIC APPROACHES

There are two basic configurations for
test and measurement instruments. Modular
instruments, more often called plug-in or
laboratory models when referring to oscil-
loscopes, combine a mainframe and one or
more interchangeable plug-in subassem-
blies. Integrated instruments, such as mo-
nolithic oscilloscopes, are one-piece units.

Although portable instruments are tradition-
ally designed as integrated units, not all
monolithic instruments meet all the objec-
tives of portability. On the other hand,
some modular systems, such as the TEK-
TRONIX TM 500 Modular Test and Mea-
surement Line, are designed for easy trans-
port right into the field. See the reference
section on portability for more details.

Versatility is the primary advantage of a
modular instrument. Many more functions
than could be economically or practically
combined in a single unit can be made
available in separate plug-ins. You, the
user, can then choose the ones that serve
you best.

Because a modular instrument is so ver-
satile, it can also make use of advances
in instrument design. New plug-ins or
mainframes can be added that, within the
basic limitations of the other units, add
new functions or higher performance.

The flexibility and expandability provided
by modular design are particularly impor-
tant in general instrumentation, since they
allow you to keep up with changes and
advances in your field without requiring
total replacement which might be required
with monolithic instruments.

OSCILLOSCOPES

CONFIGURATION

Modularity also allows plug-ins and main-
frames to be shared between various uses.
For example, with the TM 500 Line, the
same general test and measurement plug-
ins used in the lab for design work can be
quickly inserted into a portable mainframe
and easily carried to a service problem.
Alternately, where demand warrants it, the
identical model plug-ins can be supplied to
both field service and laboratory personnel,
insuring the repeatability of measurements
and minimizing training time.

Plug-ins can also extend the original instru-
ment range to other functions. Digital multi-
meters, curve tracers, and spectrum ana-
lyzers are just a few examples of the many
specialized plug-ins Tektronix offers for
modular oscilloscopes.

OUR MODULAR LINES

There are two lines of TEKTRONIX modular
oscilloscopes to choose from. The TEK-
TRONIX 5000 Series uses two amplifier
plug-ins plus one time base. The TEK-
TRONIX 7000 Series, which offers higher
performance in a number of areas, can
accept up to two vertical-channel plug-ins
and two time base or other horizontal
units simultaneously.

In the general test and measurement field
the TEKTRONIX TM 500 Test and Mea-
surement Line is our modular system. One,
three, four, five, and six-compartment main-
frames accept a broad selection of plug-in
units. The mainframe unit provides a com-
mon primary power supply, keeping total
instrument weight, size, and cost down.
Just as importantly, TM 500 Mainframes
also provide a signal control and data
interface between modules. This allows

MONOLITHIC INSTRUMENTS
NOT INCLUDING PORTABLE LISTED ON PAGE 92

TM 500 units to work either individually or
together as integrated measuring systems.
The TEKTRONIX TM 500 Modular Test and
Measurement Line is extensive: more than
30 units, including power supplies, signal
sources, oscilloscope modules, a logic ana-
lyzer, digital multimeters, counter/timers,
and more. Custom plug-in kits allow you
to add your own unique circuits. With this
feature, you can also apply TM 500’s
capability to unusual applications.

INTEGRATED AND MONOLITHIC DEVICES

Taking the other design approach to instru-
ment design, integrated instruments are
optimized for a single range of functions.
One-piece instrument design provides re-
duction in weight, increased ease of use,
smaller size, and usually lower power re-
quirements when a definite function is re-
quired.

Many oscilloscopes of this type are partic-
ularly designed for portable use, with rug-
ged cases, environmental protection, and
internal or external battery power.

Other TEKTRONIX one-piece instruments
include TDR/Cable Testers, Portable Pa-
tient Monitors, Spectrum Analyzers, and
some graphic and computation products.

Each performs its specialized task eco-

nomically yet fully because it is deliberately
designed for a specific type of use.

To sum up, modular instruments feature
versatility, opportunities for tailor-made se-
lection of functions, and a wide range of
measurement capability. Integrated de-
signs are strongest in economy for single
functions, ruggedness, and portability.

Model Minimum Maximum Delayed Page Price
Number Bandwidth Deflection Factor Dual-Trace Sweep Rate Sweep
T935 35 MHz 2 mV/div at BW X 10 ns/div X 116 f 1250
T932 35 MHz 2 mV/div at BW X 10 ns/div 116 g 1050
T922 15 MHz 2 mV/div at BW X 20 ns/div 116d 850
T921 15 MHz 2 mV/div at BW 20 ns/div 116 e 695
T912 10 MHz 2 mV/div at BW 500 ns/div 116 c 1195
TELEQUIPMENT 10 MHz 10 mV/div at BW 100 ns/div 119 on
D61A request
TELE%L;JI%MENT 3 MHz 100 mV/div at BW ~500 ns/div 120 325
OTHER TEKTRONIX INTEGRATED (ONE-PIECE) DEVICES
page
TEKTRONIX offers one-piece products de- Tv Products 199
signed to be used alone or as elements of Programmable Calculators 208
larger systems in the following areas: Graphic Terminals 201
Display Monitors 210

10
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MODULAR INSTRUMENTS

‘MAINFRAME AND PLUG-IN OSCILLOSCOPES

Model Minimum Number of Maximum Sweep
Number Bandwidth** Deflection Factor Trace Operation Sweep Rate Delayed Page Price*
7904 500 MHzt 10 mV/div at BW up to 4 500 ps/div X 34 4100
R7903 10 pV/div 3650
1 mA/div
7844 400 MHzt 20 mV/div at BW up to 4 1 ns/div X 36 6100
10 uV/div Dual Beam
1 mA/div
7704A opt 9 250 MHz 20 mV/div at BW up to 4 2 ns/div X 38 2900
10 pV/div
1 mA/div
7704A 200 MHz 10 mV/div at BW up to 4 2 ns/div X 38 2900
10 uV/div
1 mA/div
7603 100 MHz ' 5 mV/div at BW up to 4 5 ns/div X 40 1800
10 uV/div
1 mA/div
5444 60 MHz 5 mV/div at BW up to 8 5 ns/div X 74 3300
New 10 uV/div Dual Beam
0.5 mA/div
5440 60 MHz 5 mV/div at BW up to 8 5 ns/div X 75 1350
10 uV/div
0.5 mA/div
5112 2 MHz 1 mV/div at BW up to 8 100 ns/div X 82 1100
10 uV/div Dual Beam
0.5 mA/div
5110 2 MHz 1 mV/div at BW up to 8 100 ns/div X 81 625
10 wuV/div
0.5 mA/div
‘ 7603N opt 11S Ruggedized oscillo- 5 mV/div at BW up to 2 5 ns/div X 41 3450
‘ scope system [meets
or exceeds MIL-O-
24311 (EC) (AN/USM
281 Specs)]

*Price does not include plug-ins. 11 GHz with 7A21N direct-access plug-in.

**Bandwidths are real time. Sampling plug-ins that extend bandwidths to 14 GHz are available for most mainframes.

TM 500 MODULAR TEST OTHER TEKTRONIX
AND MEASUREMENT LINE .... 158-163 MODULAR DEVICES
page
Over 30 plug-in instruments and 5 main- Curve Tracers 170
frames, including portable, rackmount, Spectrum Analyzers 183
desktop, and cart-mounted configurations. Digital Processing Oscilloscopes 29
Waveform Digitizing Instruments 27

11
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Any instrument not actually permanently
bolted down is in some sense portable, but
in most cases by ‘portable” we mean
something more.

For oscilloscopes, a combination of factors
must be considered. Small size and light
weight are obviously important, but the
degree depends on the application and
the uses. Similarly, ruggedized cases, or
dust covers may be required. The TEK-
TRONIX 200-Series Oscilloscopes, for ex-
ample, are less than 8 x 14x 23 cm (83x6x 9
in), weigh less than 2 kg (3% Ib) and are
specifically designed and packaged for
field use. The high-performance TEK-
TRONIX 400-Series models, 10.5 to 11.8 kg
(21 to 26 Ib) are still very much designed
to be portables, too.

For many applications, internal battery
power is often essential. On the other
hand, the weight of internal batteries can
be a disadvantage if they are rarely needed.
In some applications power is always

The environmental characteristics listed in
instrument specifications may include some
or all of the following: temperature, altitude,

humidity, vibration, shock, and electro-
magnetic compatibility (emc, previously
rfi or emi).

The specifications for humidity, vibration,
shock, and transportation are intended to
be beyond what can be expected in use,
and operation at these extremes may cause
minor physical deterioration. Such opera-

In general, instruments are factory wired
for the nominal voltage of the country of
manufacture. Most Tektronix instruments
provide wide-range regulated supplies, or
quick change line-voltage selectors for
convenient selection of line-voltage opera-
ting ranges. Transformer taps in other
instruments can be changed to accommo-
date specific line-voltage operating ranges
or can be factory wired for a specific range
if specified on the purchase order. Tek-
tronix instruments are designed with elec-

12

PORTABILITY

available, since it must be provided to the
equipment being tested. TEKTRONIX por-
table oscilloscopes cover the full range
of power options. The 200 Series has in-
ternal batteries. High performance por-
tables, like the TEKTRONIX 400 Series,
are line operated, though external battery
packs are available as accessories.

Many of these same factors apply to other
instruments besides oscilloscopes. The TM
500 Modular Test and Measurement Line,
for example, has several configurations
designed for portability. The TM 515 Trav-
eller Mainframe travels like luggage but
works like a lab bench set-up. Although
it is attractive and convenient enough to
treat as carry-on luggage (it will even go
beneath your seat in most airplanes), the
TM 515 is designed to take rugged travel.
It carries up to five TM 500 plug-in instru-
ments. Again, relatively light weight, rug-

ENVIRONMENTAL CHARACTERISTICS

tion, however, should not cause electrical
performance to deteriorate outside specifi-
cations.

The specifications for temperature and
altitude are such that continual use at the
limits will not cause significant short-term
deterioration. Naturally, higher temperature
operation can be expected to reduce long-
term reliability and should be avoided if
possible. The emc test is completely
nondestructive.

POWER SOURCE CONSIDERATIONS

tronically regulated power supplies to com-
pensate for changing line voltages.

Most Tektronix instruments are designed
for operation from a power source with its
neutral at or near ground (earth) potential.
They are not intended for operation from
two phases of a multi-phase system or
across the legs of a single-phase three-
wire system (220 V).

Except for some double-insulated instru-
ments, most Tektronix instruments are

ged construction, and convenient size are
the key to portability here.

Still other TEKTRONIX portable instruments
meet special requirements far above simple
movability. The 1502 and 1503 TDR-Cable
Testers, for example, are designed to work
outdoors in any weather, including pouring
rain.

TEKTRONIX Portable Patient Monitors pro-
vide hours of battery-powered operation
so they can keep on providing vital ECG
display not only during surgery but right
through patient transport.

For movement within limited area, TEK-
TRONIX SCOPE-MOBILE® CARTS and Lab
Carts are available in several configura-
tions. A typical setup might include a 400-
Series Oscilloscope on the top shelf with
two TM 503 Mainframes underneath. These
carts are particularly useful for in-plant
servicing, school and research laboratories,
and similar applications.

Sample production instruments are tested
periodically as part of a continual quality-
control process. Complete tests on every
production instrument are undesirable as
well as uneconomical.

For more specific information on the en-
vironmental characteristics and how they
apply to given instruments, please refer to
the page covering that instrument.

equipped with either a three-conductor
attached power cord or a three-terminal
power-cord receptacle. The third wire or
terminal is connected directly to the in-
strument chassis to protect operating per-
sonnel.

Power-cord color coding follows one of the
two following schemes:

Scheme 1 Scheme 2
Line Black Brown
Neutral White Light blue
Ground
(safety earth)| Green-yellow | Green-yellow

e
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PORTABLE INSTRUMENTS

. OSCILLOSCOPES

Model Minimum Maximum Delayed
Number Bandwidth Deflection Factor Dual-Trace Sweep Rate Sweep Page Price
485 350 MHz 5 mV/div at BW X 1 ns/div X 94 4550
475 200 MHz 2 mV/div at BW X 1 ns/div X 98 2900
465 100 MHz 5 mV/div at BW X 5 ns/div X 98 2095
-. 455 50 MHz 5 mV/div at BW X 5 ns/div X 108 1695
New
335 o 35 MHz 1 mV/div X 20 ns/div X 107 1825
New 10 mV/div at BW
326 10 MHz 10 mV/div at BW X 100 ns/div 108 1825
= 1 mV/div
221 5 MHz 5 mV/div at BW X 100 ns/div 112 825
323 4 MHz 10 mV/div at BW 500 ns/div 109 1200
1 mV/div
214 500 kHz 10 mV/div at BW X 1 us/div 113 1200
1 mV/div
212 500 kHz 10 mV/div at BW X 1 us/div 113 875
1 mV/div
213 1 MHz 20 mV/div at BW 400 ns/div 114 1200
New 5 mV/div
TELEQ[l)JIPMENT 10 MHz 10 mV/div at BW X 100 ns/div 118 1050
32
TM 500 MODULAR TEST AND OTHER TEKTRONIX
MEASUREMENT LINE ......... 158-163 PORTABLE DEVICES
page
All of the more than 30 TM 500 plug-ins Spectrum Analyzers 183
are portable when used with portable TM ~ TDR— Cable Testers 164
500 Mainframes. Portable Patient Monitors 197
Logic Analyzer* 121
) Plug-ins include: pulse generators, function *In TM 500 Portable Mainframe.

generators, other signal generators, am-
plifiers and filters, oscilloscopes and moni-
tors, lab power supplies, digital counters/
timers, digital multimeters, special plug-
ins, and custom plug-ins.

Portable Mainframes: TM 515 5-compart-
ment Traveller Mainframe.

TM 503 3-compartment Mainframe with
carrying case or protective cover.

TM 504 4-compartment Mainframe with
carrying case or protective cover.

13
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Storage crts can continue to display a
waveform after the input signal ceases.
The period of image retention runs from a
few seconds to several hours depending
on several factors mentioned below. The
stored display may be erased to make way
for storage of a later waveform. Storage
tubes may also be operated as conventional
(nonstorage) tubes.

Storage oscilloscopes allow easy, accurate
evaluations of slowly changing phenomena
that would appear only as slow moving
dots. They are also needed for viewing
rapidly changing nonrepetitive waveforms
whose images would otherwise flash across
the crt too quickly to be evaluated. Stor-
age can reduce the time to photograph
scope traces by allowing you to “‘compose”
the picture. Unwanted displays can be
erased as many times as necessary before
the photograph is taken.

Storage crts are used in other TEKTRONIX
products, too. For terminals, crt storage
provides an economical means of retaining
graphic and alphanumeric display without
requiring refresh circuitry. Curve tracers
with a crt storage show a wider range of
waveforms. And monitors with storage find
a wide variety of applications.

TYPES OF STORAGE

TEKTRONIX oscilloscopes use three types
of storage crts—the TEKTRONIX propri-
etary bistable phosphor storage tube, a
variable persistence tube (sometimes called
halftone storage), and a new fast transfer
tube. The last device can also provide
operating modes similar to the simpler
bistable and variable persistence types.

Although storage writing speeds are not
quite as fast as conventional crt speeds yet,
they are catching up: recent develop-
ments in transmission storage tubes at
Tektronix have resulted in a fast stored
writing speed of 3000 div/us (1350 cm/us).

BISTABLE

The bistable-phosphor crt utilizes a special
phosphor with two stable states: written
and unwritten.

14

STORAGE

The storage mode allows waveforms to be
stored and displayed a minimum of several
hours (in some cases much longer) or
until erased by operator.

Bistable storage is often the easiest kind
of storage to use. It is also usually the
most inexpensive. Some principal appli-
cations include mechanical measurements,
signal comparisons, and data recording.
Most bistable phosphor crts have a split-
screen viewing area which allows each
half to be used independently for storage
displays. The split-screen feature provides
many unique advantages. With this system,
a reference waveform can be stored on one
half of the screen and the other half
can be used to store the effect that cali-
bration adjustments or the insertion of
filters, etc., have on circuit operation.
If desired, this technique can be used where
the reference portion operates in the stored
mode and the other half of the display,
operating in the nonstored mode, monitors
an external input.

An example of the usefulness of the split-
screen feature is in speech therapy. The
normal speech pattern is recorded on the
upper half of the storage screen and the
patient’s attempts to match this pattern are
recorded on the lower half. With split-
screen operation, the lower half showing
the trail waveform can be erased as many
times as desired without affecting the
stored information on the upper screen.

VARIABLE PERSISTENCE

Variable persistence storage allows a con-
tinuous gradation between the bright written
level and the dark reference.

The variable persistence mode also allows
for the selection of the time a stored image
will be retained. The storage persistence
can be adjusted so the entire waveform
can be viewed, yet the stored trace fades
from view just as the new waveform is
being plotted. With the save feature, a dis-
play can be stored for further analysis if
desired.

Applications for variable persistence stor-
age include real time, spectrum analysis,
time-domain reflectometry, sampling, and

other measurements which require slow
sweep displays. For fast repetitive sweeps,
the storage persistence can be set so mul-
tiple traces are displayed before the first
trace fades from view. Then you can view
changes in signal response with changes
in circuit conditions, time, or adjustments.
This method can also be used to provide
display integration so that only the coin-
cident portions of a repetitive signal are
displayed. Any aberration or jitter not
common to all repetitive traces will not be
stored or displayed. Low-repetition rate,
fast-rise-time signals that are not discern-
ible on conventional crts can be easily
viewed.

This type of storage provides the best
display when storing displays with varying
intensities, such as delayed sweep or with
Z-axis intensity modulation. Variable per-
sistence storage provides very good dis-
plays for photographs due to the high
contrast between dark background and
bright waveforms.

FAST TRANSFER

Fast transfer storage uses a tube with a
special intermediate mesh target.
target, which is optimized for speed, cap-
tures the waveform and then transfers it
to a slower, longer-storing electrode. The
second target can be designed to offer
bistable or variable persistence modes,
in combination with the transfer mesh or
by itself.

Several TEKTRONIX Oscilloscopes use this
combination of capability to provide unique
multimode storage. By front-panel controls,
users of these instruments can select the
operating mode suited to the specific
measurement situation.

DIGITAL

Although not directly comparable in some
respects, digital storage is also a useful
technology for waveform retention. More
information is given in the sections on
digital oscilloscopes and logic analyzers.

This ,
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CRT STORAGE INSTRUMENTS

OSCILLOSCOPES
Maximum
Model Stored Maximum Type of Minimum Number of Delayed .
Number Writing Rate | View Time Storage Bandwidth** Deflection Factor | Trace Operation Sweep Plug-in Page Price *
466 3000 div/us 1116 s Fast 100 MHz 5 mV/div at BW up to 2 X 101 $4300
3 div/us t1t156s Variable
Persistence
7633 2200 div/us 1130 s Fast Variable 100 MHz 5 mV/div at BW up to 4 X X 44 4200
Persistence 110 u\ﬁ//%iy
mA/div

400 div/us | until erased Fast Bistable

3 div/us 1130 s Variable
Persistence

2 div/us | until erased Bistable

7623A 150 div/us 1130 s Fast Variable 100 MHz 5 mV/div at BW up to 4 X X 44 3500
Persistence 1? ﬂ‘;{\//%iy
m iv

50 div/us | until erased Fast Bistable

0.5 div/us 1130 s Variable
Persistence

0.03 div/us | until erased Bistable

464 110 div/us t115s Fast 100 MHz 5 mV/div at BW up to 2 X 102 3600
0.5 div/us 1t16s Variable
Persistence

7613 5 div/us 1 hr Variable 100 MHz 5 mV/div at BW up to 4 X X 46 2850
Persistence 10 pV/div
1 mA/div

5441 5 div/us 1 hr Variable 60 MHz 5 mV/div at BW up to 8 X X 76 2475
Persistence 10 uV/div
. 0.5 mA/div

7313 5 div/us 4 hrs Bistable 25 MHz 5 mV/div at BW up to 4 X X 48 2400
Split Screen 10 uV/div
1 mA/div

434 5div/us 4 hrs Bistable 25 MHz 10 mV/div at BW up to 2 105 2850
Split Screen 1 mV/div

5115 0.8 div/us 10 hrs Bistable 2 MHz 1 mV/div at BW up to 8 X X 81 1350
Split Screen 10 uV/div
0.5 mA/div

5113 0.2 div/us 10 hrs Bistable 2 MHz 1 mV/div at BW up to 8 X X 82 1650
Dual-Beam 10 uV/div
Split Screen 0.5 mA/div

5111 0.02 div/us 10 hrs Bistable 2 MHz 1 mV/div at BW up to 8 X X 81 1250
Split Screen 10 wV/div
0.5 mA/div

214 0.5 div/us 1 hr Bistable 500 kHz 10 mV/div at BW up to 2 113 1200
1 mV/div

",I;912 0.4 div/us 4 hrs Bistable 10 MHz 1 mV/div at BW up to 2 . 116C 1195

ew
%14 0.250 div/us 4 hrs Bistable 10 MHz 2 mV/div at BW up to 2 110 1995
ew

*Price does not include plug-ins.
**Bandwidths are real time. Sampling plug-ins that extend bandwidths to 14 GHz are available for most mainframes.

ttView times are at full stored display intensity. They may be increased by using reduced intensity in the save display mode.

OTHER TEKTRONIX STORAGE DEVICES

page
Display Monitors: 210 Curve Tracer: 170
Large-Screen Monitors: 207 Graphic Terminals: 202
. Basic Graphic System: 202
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RISE TIME AND BANDWIDTH

One vital capability generally sought in an
oscilloscope is sufficient bandwidth and
adequate rise time.

Although rise time is usually the more
important parameter when working with
faster signals and bandwidth is commonly
specified for lower speeds, design con-
straints make the two numerically related
in well-designed general-purpose oscillo-
scopes. Bandwidth in megahertz multiplied
by rise time in nanoseconds is approxi-
mately 0.35. Therefore, if your needs are
defined in terms of one factor, dividing it
into 0.35 will produce the other.

Bandwidth is of course defined as the
frequency range in which signals are han-
dled with less than a 3-dB loss compared
to midband performance. Since a modern
oscilloscope works well at low frequencies
down to dc, bandwidth here commonly
refers to the highest frequency which can
be displayed with a 3-dB or less error in
trace displacement compared with the
theoretical value.

Most oscilloscope designs make use of
gradual roll-offs at the high-frequency end,
so in many cases a scope will be useful far
beyond its specified bandwidth. Com-
pensation will have to be made for any
measured value, however.

Besides indicating bandwidth for the verti-
cal channel, many oscilloscope specifi-
cations also include a bandwidth figure
for the horizontal and trigger channels.

In terms of rise time, scopes ideally should
have a vertical system capable of respon-
ding at least five times as fast as the
fastest applied step signal (thus having a
rise time less than 1/5 as great). In such
a case, the rise time of the signal indicated
on the scope will be in error by less than
2 percent.

Using the 1/5 and 0.35 factors together, the
minimal requirements for scope bandwidth
for accurate rise time measurements can
be estimated using the following rule of
thumb:

1.70

Bandwidth (minimal) =~—— ———
Fastest Rise Time

Very accurate rise time measurements are
not always important. When simply com-
paring the rise times of two signals, scopes
with a rise time equal to the rise time of
the signals applied are usually considered
adequate.

Bandwidth and rise time figures also apply
to many other TEKTRONIX instruments.
Signal sources, probes, amplifiers, TDR
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KEY SPECIFICATIONS AND FEATURES
for oscilloscopes and related equipment

systems, and many other test instruments
are characterized in part by rise time.
Frequency response figures are given for
portable patient monitors, spectrum ana-
lyzers, and many tv products. The specifi-
cations will indicate values where these
figures are relevant.

SENSITIVITY (DEFLECTION FACTORS)

Sensitivity, in the case of oscilloscopes,
refers to the input needed to produce a
stated deflection of the spot on the crt.
Specifications typically are given in milli-
volts per centimeter or division.

At a given state of the art, sensitivity is
a tradeoff with bandwidth. The small a-
mount of noise in even the best input cir-
cuit will mask signals which are too weak.
Raising the bandwidth increases the noise
picked up by the amplifiers, requiring more
of a signal to create a clear display.

As a consequence of this relationship, many
high-sensitivity scopes provide bandwidth-
limiting controls to allow you to make better
low-level, moderate frequency measure-
ments. For these and other models, a set
of sensitivity specifications may be given
for limited frequencies as well as over the
full range.

Many times, external noise will be the
problem. Differential amplifiers are often
used to lessen the effects of external
noise and common-mode signals, thus
improving the useful measurement sen-
sitivity range (see the differential input
section).

Although sensitivity specifications are most
often associated with oscilloscope vertical
channels, specifications can also be pro-
vided for horizontal channels and trigger
circuits with external inputs. Similarly,
various other instruments may have a
sensitivity specification relating minimum
input level to some function or output level.

TIME BASES
SWEEP RATES AND SWEEP TYPES

Except in special cases, oscilloscopes
have built-in sawtooth sweep generators
for producing constant-speed horizontal
beam deflection. In early scopes, these
generators ran continuously, and horizontal
calibration was based on their repetition
frequency. In most modern laboratory
scopes, sweeps are calibrated in terms of
a direct unit of time for a given distance
of spot travel across the screen; hence the
term, “time base.”

This technique permits:

1. Direct measurement of time between
events.

2. Viewing and measuring small portions
of pulse trains.

3. Viewing and measuring random or ape-
riodic events.

4. Viewing and measuring single non-
recurrent events.

Distances representing time are measured
on the scope’s graticule, the ruled scale
built into the display. The internal graticule
built inside the crt face on modern scopes
is preferable, as it eliminates parallax.

A major graticule division may be an inch,
centimeter, or some other length. Some
instruments have different distance-units
for the vertical and horizontal scales.
Graticules often have small markings which
subdivide the major divisions to assist in
making accurate measurements. Such sub-
divisions should not be interpreted as the
distance unit in a specification.

Strictly speaking, sweep specifications are
rates properly expressed as time/length.
However, the term sweep speed (implying
length/time) is often used synonymously.

SWEEP .SPEEDS, HIGH FREQUENCIES,
AND RISE TIMES

y
\‘

Selecting an appropriate sweep rate for 4

frequency-specified measurements is based
on the nature of the investigation. Given a
moderate frequency, a sweep is usually
considered adequate if it is capable of
displaying one cycle across the full hori-
zontal scale. At high frequencies, how-
ever, scopes seldom have sweeps that fast.
To measure rise time as accurately as
possible, a step signal (square wave, rec-
tangular pulse, etc.) should occupy most
of the full vertical scale, and the rising
portion of the signal should be displayed
at nearly a 45° slope. This objective can
be met only if the fastest sweep is able to
move the beam a horizontal distance
nearly equal to the full vertical scale in
a time interval equal to the rise time of the
vertical deflection system. Because of the
compounding difficulties and cost of pro-
viding extremely fast sweeps which are
both linear and accurate, this goal must
be tempered somewhat in scopes having
the very best vertical deflection system
rise time capabilities.

In some cases rise time measurements are
not made to determine actual rise time,
but are done to decide whether certain
limits are met or exceeded. In such cases,
an adequate comparison with a standard
signal of known rise time can usually be
made even with a sweep which provides a
fairly steep display, providing of course
that the vertical deflection system rise time
is good enough.
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DELAYING/DELAYED TIME BASES

Delaying-sweep measurements use two lin-
ear calibrated time bases. The first time
base, commonly called the delaying sweep,
allows the operator to select a specific de-
lay time. When this time is reached, the
second time base, called the delayed
sweep, starts. The delayed sweep is typi-
cally set a decade or two faster than the
delaying sweep, and therefore offers addi-
tional resolution. The combination of these
two time bases also offers increased ac-
curacy of time interval measurement.

You can make delay and interval time mea-
surements with digital ease on several
TEKTRONIX oscilloscopes. The DM40/43
option for the 400 Series allows you to read
the delay time or interval right from an
LED readout, with no calculation or inter-
polation required. The 7B85 and 7B80 plug-
ins for 7000-Series Oscilloscopes provide
dual-delayed sweep measurements. With
this feature, both ends of the selected
interval which can be independently posi-

- tioned on the trace are shown by intensified

regions. The time interval between those
points is shown on the screen using the
7000-Series crt-readout capability.

MULTIPLE INPUTS

It is quite often useful to be able to view
any one or several of a number of input
signals without disturbing connections to
the oscilloscope. Several types of mul-
tiple-input amplifiers which display more
than one signal on the same crt display are
available for both monolithic and modular
oscilloscopes.

Common applications include input-output
comparisions, checking a signal against a
standard, or working with complex circuits.

TWO TECHNIQUES: DUAL
BEAM AND DUAL TRACE

Two techniques, dual-trace or dual-beam
circuitry, are commonly used for creating
two traces on a single crt. The dual-trace
scope incorporates electronic switching
to alternately connect two input signals to
a single deflection system. The dual-beam
scope, however, has two independent
deflection systems within its crt. (Some
models do share horizontal systems,
though). There are distinct advantages
to both dual-beam and dual-trace scopes.
A dual-beam scope can display two in-
put signals separately and simultaneously.
Therefore, it can show two nonrecurrent
signals of short duration. Also, models
with independent horizontal deflection can
display nonreccurrent signals on different
time bases.

The principal advantages of dual-trace
scopes are lower cost and intrinsically
better comparison capabilities. This comes
from using a single horizontal amplifier and
one set of deflection plates. On the other
hand, since a transient event might occur
on one input channel while the beam is
tracing the other, dual-trace scopes are not
recommended for viewing fast one-shot
phenomena.

Extension of the dual-trace principles
has produced newer multiple-trace oscillo-
scopes capable of displaying up to eight
traces.

DIFFERENTIAL, BALANCED, OR
PUSH-PULL INPUTS

Differential or balanced amplifiers provide
a feature beyond mere accommodation of
push-pull signals: they have the ability
to cancel or reject, to a high degree, any
signal components equal in amplitude and
phase that appear at both inputs. Such

amplifiers provide a simple and accurate
means of measuring the difference between
two signals. They also provide a means of
rejecting most unwanted signal components
common to both inputs, such as power line
“hum.”

S
Reference Information
SAMPLING
Sampling is a powerful technique for

examining very fast repetitive signals. It
is similar, in principle, to the use of strobo-
scopic light to study fast mechanical
motion. Progressive samples of adjacent
portions of successive waveforms are taken;
then they are ‘‘stretched” in time, amplified
by relatively low-bandwidth amplifiers, and
finally shown, all seemingly at one time, on
the screen of a cathode-ray tube. The
graph then produces a replica of the
sampled waveforms. The principal differ-
ence in appearance between displays made
by sampling techniques and conventional
displays is that those made by sampling
are comprised of separate segments or
dots. This technique is limited to depicting
repetitive signals, since no more than a
portion of the signal is captured and dis-
played each time the signal recurs.

The sampling method, however, provides a
means for examining fast-changing signals
of low amplitude that cannot be examined
in any other way. The system is capable of
resolving events that occur in less than 30
picoseconds on an ‘‘equivalent” time base
of less than 20 picoseconds per division
and less than 5 mV of peak amplitude.

A variation in sampling techniques is the
random sampler. The random sampler
constructs a display of a repetitive wave-
form in a manner much like a conventinal
sampling oscilloscope; however, it incorpo-
rates a very significant difference for the
user--no delay line or pretrigger is re-
quired for lead time to be visible in the
display. The benefits afforded by this fea-
ture are:

1. Signals with no source of pretrigger
can be observed.

2. The inherent rise time limitation of
signal delay lines is eliminated.

3. It is no longer necessary to work into
the 50 Q characteristic impedance of
a delay line, so high impedance can
be retained.

4. External triggers may occur before,
coincident with, or after the displayed
signal, with lead time still visible in
the display.

5. Display time jitter otherwise caused
by pretrigger-to-signal jitter is elimi-
nated.




Reference Information

HUMAN EYE RESPONSE

An important factor in selecting a phosphor
is the color or radiant energy distribution
of the light output. The human eye re-
sponds in varying degrees to light wave-
length from deep red to violet. The human
eye is most sensitive to the yellow-green
region; however, its responsiveness di-
minishes on either side in the orange-yel-
low area and the blue-violet region. The
eye is not very receptive to deep blue or
red.

If the quantity of light falling on the eye
is doubled, the brightness ‘‘seen’” by the
eye does not double. The brightness of
a color tone as seen is approximately
proportional to the log of energy of the
stimulus.

The term luminance is the photometric
equivalent of brightness. It is based on
measurements made with a sensor having
a spectral sensitivity curve corrected to that
of the average human eye. The SI (inter-
national metric standard) units for lumi-
nance are candelas per meter squared,
but the English footlamberts are still used
extensively in the U.S. One footlambert —=
0.2919 candelas/m®. The term luminance
implies that data has been measured or

corrected to incorporate the CIE standard
eye response curve for the human eye. CIE
is an abbreviation for ‘“Commission Inter-
nationale de L’Eclairage” (International
Commission on lllumination). The lumi-
nance graphs and tables are therefore
useful only when the phosphor is being
viewed.

PHOSPHOR PROTECTION

When a phosphor is excited by an electron
beam with an excessively high current
density, a permanent loss of phosphor
efficiency may occur. The light output of
the damaged phosphor will be reduced,
and in extreme cases complete destruction
of the phosphor may result. Darkening or
burning occurs when the heat developed
by electron bombardment cannot be dissi-
pated rapidly enough by the phosphor.

The two most important and controllable
factors affecting the occurrence of burning
are beam-current density (controllable with
the Intensity, Focus, and Astigmatism con-
trols) and the length of time the beam
excites a given section of the phosphor
(controllable with the Time/Div control).
Of the total energy from the beam, 90%
is converted to heat and 10% to light. A

PHOSPHOR DATA CHART

CATHODE-RAY TUBE PHOSPHOR DATA

phosphor must radiate the light and dis-
sipate the heat, or like any other substance, §
it will burn. Remember, burning is a func-
tion of intensity and time. Keeping the in-
tensity down or the time short will save
the screen.

SELECTING A PHOSPHOR

The catalog description of each oscillo-
scope indicates the phosphor normally
supplied or offered as an option. Special
phosphors are available for applications
which require different characteristics. For
example, P11 is excellent for waveform
photography but due to its short persis-
tence it is not well suited for applications
requiring visual observation of low-speed
phenomena. For more specific information
regarding the best-suited phosphor for your
particular applications, please confer with
your Tektronix Field Engineer, Representa-
tive, or Distributor. He or she will know
the factors that must be considered in
selection of a phosphor for any given
application.

Phosphors are rated in several parameters,
such as color of fluorescence or phospho-
rescence, decay, etc. The following table
describes the more commonly used phos-
phors.

Phosphorescence Relative Decay to
Where Different Photographic 0.1% Relative Ordering
from Relative Writing Decay to | Decay to | (in ms) Burn Information
Phosphor Fluorescence Fluorescence Luminance! Speed? 10% 1% Resistance Comments Option
P1 Yellowish-green — 20% 24 ms 48 ms 95 Medium Replaced by P31 in Special
most applications order
P2 Bluish-green Yellowish-green 40% 75 us — 1203 Medium Good compromise for Special
high high- and low-speed order
applications
P4 White — 40% 60 us 470 us 20 Mﬁ-diﬁm Television displays 74
19
P7 Blue Yellowish-green 75% 03s 3s 15008 Medium Long decay. double- 76
layer screen
P11 Purplish-blue — 100% 80 us — 20 Medium For photographic ap- 78
plications
P31 Yellowish-green — 50% 38 us 250 us 32 High General purpose, 80
brightest available
phosphor

iTaken with a Spectra Brightness Spot Meter which incorporates a CIE standard eye filter. Representative of 10 kV aluminized screens. P31 as reference.
2p11 as reference with Polaroid 410 film. Representative of 10 kV aluminized screens.
3Low level lasts over one minute under conditions of low ambient illumination.
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7000-Series Instruments =

Pick a Plug-in Scope for

Superior Performance. The 7000 Series of plug-in laboratory in-
struments embodies more state-of-the-art performance fea-
tures than any other oscilloscope-based measurement system.

Flexibility. The 7000 Series offers a choice in measurement para-
meters, ranges, and techniques which allow you to tailor the
optimum system for your specific needs.

Expandability. The 7000 Series is a growing family of mainframes
and plug-ins which continues to develop new capabilities and
techniques, thereby reducing the likelihood that your instru-
ments will become obsolete.

The 7000 Series...more than an oscilloscope.




7000 Series...more than an oscilloscope

Crt Readout

Bright Traces

Large No Parallax
Illuminated Graticules

Easy Display Selection

Convenient Camera
Mountings And
Connections

Plug-In Flexibility

The 7000 Series is a unique family of instrumentation components,
a continuation of the Tektronix heritage of bringing to the labora-
tory the ultimate in measurement technology.

Numerous measurement concepts—oscilloscopy, storage oscillo-
scopy, synergistic analog-digital measurements, spectrum analysis,
sampling, time domain reflectometry, curve tracing—are fused into
a family of interdependent cathode-ray-tube mainframes and instru-
mentation plug-ins.

A system can be tailored for your exact measurement needs. Main-
frames in the family offer a choice of popular bandwidth ranges
and a wide selection of additional features. Plug-ins—including
oscilloscope vertical amplifiers and time bases as well as instru-

20

Calibration Standard

Pick The Trigger Source

ments for a variety of applications—can be selected to round out
your tailored system.

In opposition to an industrial world that is frequently faulted for
planning obsolescence, this instrument family strategically defers
obsolescence. Each mainframe and each plug-in reflect the latest
technology at their inceptions, yet each fits a well planned niche
in this interdependent family. The result is an array of instrumenta-
tion components that can adapt to and adopt new developments
while protecting your initial investment. Today’s system may be
expanded to meet future needs at a relatively low cost by the
addition of a plug-in or two. When the time comes to add a
more powerful mainframe, your older model continues to be
useful for a host of applications.
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Crt Readout

All significant parameters are displayed in alphanumeric characters
right on the crt. They are readily visible when you need them for
quick oscilloscope measurements, and they are permanently re-
corded on your waveform photographs for future analysis. When
your 7000-Series measurement system includes a digital instrument
plug-in, the measurement is presented in clear, accurate digital
terms, along with a corresponding analog waveform.

Bright Traces

All 7000 Series crts have bright displays and excellent photographic
writing speeds. For applications requiring maximum photographic
writing speeds, several mainframes feature a condensed scan on a
reduced area in the center of the crt.

Large llluminated Graticules Eliminate Parallax

The display area is 8 by 10 divisions (0.9, 0.98, 1.0, or 1.22
cm/div. depending upon mainframe) with a parallax-free grati-
cule. All graticules are illuminated except the 7313.

Convenient Camera Mountings and Connections
A standard bezel connector matches most TEKTRONIX oscillo-
scope cameras to 7000 Series mainframes.

Independent Intensity Controls

Separate intensity controls allow for independent adjustment of A
sweep, B sweep, and character readout brightness. The intensity
of each sweep may be adjusted to a level that suits your applica-
tion.

Auto-focus

The trace stays in focus with changes in intensity. After the focus
is initially set, an auto-focus circuit reduces the need for additional
adjustments.

Adjustable Graticule lllumination

This gives you easier viewing and sharper photos. Not available
on the 7313.

Plug-Ins
Flexible Measurement Systems

More than thirty plug-ins provide you with flexibility to choose just
the measurement capability you require.

Analog/Digital Synergism

Digital instrumentation plug-ins create unsurpassed measurement
capabilities. Highly accurate digital measurements may be made
at selectable points on complex waveforms by visually superim-
posing gate waveforms over signal waveforms.

Mainframes
Calibration Standard

All the 7000-Series calibrators serve as a voltage standard for
calibrating vertical plug-ins, a 1-KHz square wave for a adjusting
probe compensation, or a 1-KHz frequency standard in the 7800
and 7900 Series mainframes. The output is available in several;
dc or 1-kHz square-wave voltages.

Trigger Source Flexibility

The left and right trigger selector mainframe pushbuttons route
the desired trigger source to the appropriate time base. A VERT
mode position automatically routes whichever source has been
chosen for vertical inputs.

Easy Display Selection

Vertical mode switches allow you to easily select the desired verti-
cal amplifier or interaction of amplifiers (e.g., alternate, chopped or
added modes). Four compartment mainframes provide equivalent
flexibility for time bases as well.

Mainframe Flexibility

Numerous options add even more flexibility in creating the oscillo-
scope system that most closely meets your measurement require-
ments.
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STORAGE

Readout Stored With The Waveform, (dual-trace vertical amplifier
used)

Fast Stored Writing Speeds

Multimode (7600) 7633 /7623A

Variable Persistence (7600) 7613
Or
Split Screen Bistable (7300) 7313

DIGITAL

Sample And Hold DVM Measures Difference Voltage Between
Two Points On Complex Waveform, (gate waveform indicates two
points—leading and trailing edges—where voltage difference is
made— +.737V)

Readout Unit Identifies This Waveform As TEST DATA-PHOTO 17
Counter/timer Measurement With Analog Display
Compare Digital Measurement With Analog Display
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DUAL BEAM
400 MHz Bandwidth

Full Vertical and Horizontal

Cross-Over Switching, (one input shown at two sweep speeds)

Full overlap on 8 x 10 cm Display

500mv 20nS

SAMPLING
Two-Dot Time Measurement
Calibrated Delayed Sweep
Simultaneous Sampling & Conventional Displays
Operational Ease Of A Conventional Oscilloscope

100mv

500nS

100nS
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7000 Series Storage Oscilloscopes

Storage, as it applies to most instruments in the TEKTRONIX 7000
Series, involves techniques for capturing and retaining signals with-
in the cathode-ray tube itself. (Systems for digitally reconstructing
signals, sometimes included under the broad umbrella of storage,
are discussed on pages 43 through 48.)

Why store?

While capturing an event for detailed analysis is perhaps the most
obvious application for a storage crt, numerous other situations call
for the unique advantages of storage. Some examples of potential
benefit include observing changes in a signal, both unintentional
and intentional—such as adjusting a circuit; comparing two or more
signals—such as an unknown against a standard; observing the
entire display of a slowly occurring signal; increasing the brightness
of a repetitive signal so that you can view, in normal ambient light, a
signal that would otherwise be too dim to view; reducing the bright-
ness of random noise on a repetitive signal; babysitting, that is un-
attended monitoring while waiting to capture a transient; enhancing
other recording techniques such as photography; and reducing the
flicker annoyance on low repetition rate signals.

Storage features

Since 1962, when Tektronix introduced phosphor target bistable
storage in the 564, techniques for capturing and retaining wave-
forms have grown at an explosive rate in order to keep pace with
measurement demands.

However, the language of storage—such terms as bistable, variable
persistence and mesh transfer—frequently presents as much con-
fusion as the measurement that must be made.

Characteristics of individual 7000 Series mainframes employing
storage techniques are listed on pages 19 through 22. A review,
though, of storage concepts should prepare the reader to evaluate
the various alternatives more knowledgeably.

Bistable

Phosphor target bistable, available on the 7313 mainframe, offers a
low cost alternative with relatively long view times. Waveform stor-
age takes place directly on the crt phosphor. This easy to use tech-
nique offers the flexibility of split-screen storage. Upper and lower
halves of the screen may be stored independently. Thus, a reference
signal may be stored on one half for comparison against signals on
the other half.

Phosphor target bistable has a relatively slow writing speed and a
dim contrast between the trace and the background brightness.

Bright Bistable

Bright bistable storage, available as one storage mode on the
7623A and 7633 mainframes, employs a mesh between the elec-
tron gun and the crt phosphor. It features bright, long-lasting dis-
plays with reduced contrast.

Variable Persistence

Variable persistence storage is available in the 7613, 7623A,
or 7633 Mainframes. It features bright, high-contrast displays
and controlled persistence.

A front-panel persistence knob provides control of the decay
(fade-away) rate of the stored image. The rate can be varied
from almost instantaneous disappearance to a view time of
greater than 15s in the 7613 (30 s in the 7623A and 7633).

Fast Multimode

Fast multimode storage, available in the 7623A and 7633, pro-
vides four storage modes. The four modes combine the pre-
viously discussed bright bistable and variable persistence
storage modes with fast bistable and fast variable persistence.

The display characteristics of fast bistable and fast variable
persistence are the same as bistable and variable persistence
respectively. In either fast storage mode the trace image is first
written on a fast mesh, then transferred to a long retention
mesh for viewing.

As the name implies, fast provides increased storage writing
speed. For example, in the reduced scan display mode, the
variable persistence writing speed of 2.7 cm/us is increased to
1000 cm/us by selecting fast variable persistence. The 1000
cm/us writing speed is fast enough to capture a single event
equivalent to the 7633’s 100-MHz bandwidth or a 3.5-ns rise
time.

400 MHz Dual Beam

Dual beam oscilloscopes are essentially two oscilloscopes in one.
Each beam operates separately and independently of the other.
They are required for many applications where two transient events
must be compared simultaneously. These application areas include
stimulation and reaction events in such fields as medicine, biology,
chemistry, engineering mechanics, to name just a few.

Depending on the plug-ins selected, up to eight traces can be dis-
played at a time.

Digitals

The 7000 Series digital plug-ins include: a universal counter/timer,
525 MHz direct frequency counter, digital multimeter with tempera-
ture mode, digital delay by time or events, a versatile 0.01% A/D
converter with vertical amplifier, and a special readout unit to label
each test for future reference. Together with a 7000 Series main-
frame, these give you the advantage of seeing what you’re measur-
ing, plus the accuracy of digital techniques.

This combination offers many advantages over separate test units.
You get: scope-controlled digital measurements, measuring con-
venience and confidence, increased accuracy, easier and faster
solution to complex problems, a lower dollar investment, more
bench space, and signal conditioning.

Sampling

The 7000 Series Sampling plug-ins provide some unique measure-
ment capabilities not available in other sampling oscilloscopes. You
get: a low cost storage crt for slow scans, a random mode lets you
see leading edges with pretrigger or bandwidth-limiting delay line,
you have a wide choice of sampling heads at minimal cost, and you
get the convenience of sampling and conventional displays at the
same time on the crt.

The sampling waveform on preceding page was displayed using the
7814. You can position the two bright dots to any two points in a
waveform which is displayed at 10 ns/div or faster. The separation
between dots is controlled by a calibrated 10-turn DTM dial. Re-
peated time measurements on similar waveforms may be made
more rapidly and accurately and with less fatigue using this unique
two-dot method.
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7000-SERIES VERTICAL SYSTEM SPECIFICATIONS

PLUG-IN AMPLIFIER 7A11 7A13 7A15A TA16A 7A17 7A18 7A19 7A21IN 7A22 7A24 7A26
PAGE 50 52 50 50 51 53 51 51 52 53 53
PERFORMANCE Low-Capaci- Differential Low-Cost |Wide-Band | Low Cost Dual- Wide-Band- Direct Dc-Coupled, Dual- Dual-
FEATURE tance FET Dc Offset, Conven- width Con- | Easy to Channel | width 50-Q Crt High-Gain Channel Channel
Probe Amplifier| High-Freq tional ventional Customize Amplifier | Input Access Differential 50-2 Amplifier
Cmrr Ampli- Input Input Amplifier Amplifier Amplifier Amplifier
fier Amplifier |Amplifier
MIN DEFL 5 mV/div 1 mV/div 5mV/div | 5mV/div| 50mv/div | 5mV/div| 10 mV/div | <4 V/div 104V/div 5mv/div | 5mV/div
FACTOR (0.5 mV/div)®
ACCURACY* 2% 1.5% 2% 2% — 2% 3% — 2% 2% 2%
WITHOUT PROBE (integral)
BW 250 MHz 105 MHz P6053B | 80 MHz 225 MHz 150 MHz 75 MHz 500 MHz 1GHz 1 MHz =10% 350 MHz 200 MHz
65 MHz P6055
7900 7904 Tr 1.4ns 3.4 ns P6053B 4.4ns 1.6ns 2.4ns 4.7 ns 0.8 ns 350 ps 350 ns 9% 1.0 ns 1.8ns
FAMILY R7903 5.4 ns P6055
(0°C to R7912°
o
302C) SIG OUT BW | 140 MHz 100 MHz ;60533 70 MHz 140 MHz 15 MHz 70 MHz 300 MHz —_— 1 MHz =10% 140 MHz 140 MHz
65 MHz P6055
7800 7844/R BW 200 MHz 95 MHz P6053B | 80 MHz 175 MHz 150 MHz 75 MHz 400 MHZ* 1GHz 1 MHz =10% 300 MHz 160 MHz
FAMILY 65 MHz P6055
(0°C to Tr 1.8 ns 3.7 ns P6053B 44ns 20ns 24ns 4.7 ns 0.9ns 350 ps 350 ns 9% 1.2ns 2.2ns
35°C) 5.4 ns P6055
BW 170 MHz 100 MHz P6053B | 75 MHz 170 MHz 150 MHz 75 MHz 250 MHz* _— 1 MHz £10% 200 MHz 170 MHz
7704A 65 MHz P6055
Opt 9 Tr 2.1ns 35ns P6053B | 4.7 ns 2.1ns 2.4ns 47ns 1.5ns —_— 350 ns 9% 1.8ns 2.1ns
(3%:%)'0 5.4 ns P6055
SIG OUTBW | 70 MHz 60 MHz ;60533 55 MHz 70 MHz 15 MHz 55 MHz 80 MHz —_— 1 MHz =10% 70 MHz 70 MHz
50 MHz P6055
BW 170 MHz 100 hh/I‘Hz FF"GOSSB 75 MHz 160 MHz 150 MHz 75 MHz 200 MHz _ 1 MHz =10% 200 MHz 150 MHz
65 MHz P6055 -
7700 7704A Tr 2.1ns 3.5 ns P6053B 4.7ns 2.2ns 24ns 4.7ns 1.8 ns _ 350 ns 9% 1.8 ns 24ns
FAMILY 5.4 ns P6055
SIG OUT BW | 70 MHz 60 MHz P6053B | 55 MHz 70 MHz 15 MHz 55 MHz 80 MHz —_— 1MHz £10% 70 MHz 70 MHz
50 MHz P6055
BW 150 MHz 100 m:z 'P;6053B 75 MHz 150 MHz 150 MHz 75 MHz 175 MHz —_— 1 MHz £10% 160 MHz 140 MHz
65 MHz P6055
R7704 Tr 2.4ns 3.5 ns P6053B 4.7 ns 24ns 24ns 4.7ns 2.0 ns —_ 350 ns £9% 22ns 25ns
5.4 ns P6055
SIG OUT BW | 60 MHz 55 m:z 220533 50 MHz 60 MHz 15 MHz 50 MHz 65 MHz _ 1 MHz £10% 60 MHz 60 MHz
45 z P6055 g
7603/R BW 100 MHz 75 MHz P6065A | 65 MHz 100 MHz 100 MHz 75 MHz 100 MHz _— 1 MHz +10% 100 MHz 100 MHz
7633/R 55 MHz P6055
7623A/R Tr 3.5ns 5.0 ns P6065A 54ns 3.5ns 3.5ns 4.7 ns 3.5ns —_ 350 ns £9% 3.5ns 3.5ns
7613/R 6.4 ns P6055
7606 7603N SIG OUTBW | 60 MHz 55 MHz P6065A | 50 MHz 60 MHz 15 MHz 50 MHz 65 MHz _ 1 MHz £10% 60 MHz 60 MHz
FAMILY Opt 11° 45 MHz P6055
g?‘C’)RAGE BW 25 MHz 25 MHz P6062A | 25 MHz 25 MHz 25 MHz 25 MHz 25 MHz _— 1 MHz £10% 25 MHz 25 MHz
FAMILY 24 MHz P6055 g
7313
R37313 Tr 14ns 14 ns P6062A 14 ns 14 ns 14 ns 14 ns 14 ns —_ 350 ns 9% 14ns 14ns
15 ns P6055
SIG OUT BW | 60 MHz 55 mnz ’F;gOSZA 50 MHz 60 MHz 15 MHz 50 MHz 65 MHz _— 1 MHz +10% 60 MHz 60 MHz
45 z P6055
S Ei I Specifi (apply to all instruments except where *Bandwidth is 325 MHz to 10 mV/div.

Y
noted). Operating temperature range is from 0°C to +50°C. Operating

altitude to 15,000 feet. Non-operating to 50,000 feet.

'Accuracy percentages apply to all deflection factors. Plug-in gain must be
set at the deflection factor designated on each plug-in. When a probe is

used, the gain must be set with the calibration signal applied to the probe

tip. The calibration signal is supplied by an external calibrator whose

accuracy is within 0.25%.
?Obtained with X10 gain at reduced bandwidth of 10 MHz.

‘Bandwidth is 200 MHz at 10 mV/div.

*All 7000-Series plug-ins are compatible with the 7603N Opt 11. However,
they do not meet the rigid environmental specifications required by the
military.

RECOMMENDED COMBINATIONS 7000-SERIES MAINFRAMES AND TIME BASES

‘Refer to Transient Digitizer, R7912 not available with signal outputs.

MAINTRANE n7503 | 7s4a/R | Rr70a | 7603/R Opt o | 7639A/R | 7813/R | 7313/R

Time Base PERFORMANCE FEATURE ® INDICATES RECOMMENDED COMBINATION

7B50A Single time base ° ® [ ] °
7B53A Dual time base with mixed sweep [ ] ® o* ° [ ) ([ ]
7B53A Opt 5 7B53A with TV sync triggering L] ® ] [ ] [ ]
a0 U e o | o | o

7885 S e emad s o | o EFS

7B92A Dual! time base with display switching [ ] [ ] [ ]
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*7B53AN Opt 11 is recommended; one is supplied with 7603N Opt 11S system.
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7000-SERIES
Q OSCILLOSCOPE SYSTEMS/PROBE SELECTION CART*
PASS VOLTAGE FET PROBES 50 /1 MQ
PASSIVE VOLTAGE 1-MQ INPUT COMPATIBLE 50-Q INPUT COMP INPUT COMPATIBLE CURRENT PROBES
PROBE P6101 P6063A P6055 P6009 P6015 P6062A P6105 P6056 P6057 P6202 P6046 P6201 w/passive |w/passive P6042
1 Meter P6053B 3.5 9 10 6’ P6108 6’ 6’ 2 Meter 6’ 6’ tel rm 6"
3.5" 2 Meter P6021 P6022
510 mV/mA|5’ 10 mV/mA
FEATURES Minature Fastest Adj 1.5 kV Com- | 40 kV Pk Selectable | Miniature | Fastest 10X Fastest |10-MQ Input | Differential | Low Capaci-| Ac High Ac High Dc High
Probe Probes Attenuation | patibility Pulse Attenuation Probe Passive 100X Pas- | Impedance |Probe High |tive Loading| Current Frequency Current
Compatible or Com- Probe sive Probe Dc, Off- cmrr Ac Coupling
with 1-MQ | Differential patibility Low C Low C set Dc Offset
Input Use
ATTENUATION 1X 10X 10X 100X 1000X Selectable 10X 10X 100X
7A11* NC NC NC NC NC NC 55 MHz 150 MHz 45 MHz
7A13 34 MHz 105 MHz 65 MHz 85 MHz 65 MHz 75 MHz 105 MHz 105 MHz 70 MHz 105 MHz 50 MHz 90 MHz 45 MHz
7900 7A15A 34 MHz 75 MHz 70 MHz 60 MHz 75 MHz 75 MHz 80 MHz 80 MHz 60 MHz 75 MHz 45 MHz 70 MHz 40 MHz
FAMILY 7A16A 34 MHz 200 MHz 130 MHz 80 MHz 205 MHz 205 MHz 90 MHz 215 MHz 55 MHz 150 MHz 45 MHz
7A18 34 MHz 75 MHz 70 MHz 60 MHz 75 MHz 75 MHz 75 MHz 75 MHz 60 MHz 75 MHz 45 MHz 70 MHz 40 MHz
7A19 NC NC NC NC NC NC NC 500 MHz 480 MHz 300 MHz 95 MHz 430 MHz NC 50 MHz
7A22 1 MHz NC 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz
7A24 NC NC NC NC NC NC 350 MHz 350 MHz 290 MHz 90 MHz 310 MHz NC NC 45 MHz
7A26 34 MHz 175 MHz 125 MHz 75 MHz 185 MHz 85 MHz 180 MHz 55 MHz 140 MHz 45 MHz
7A11 NC NC NC NC NC NC NC 55 MHz 130 MHz 45 MHz
7A13 34 MHz 95 MHz 65 MHz 85 MHz 60 MHz 100 MHz 100 MHz 70 MHz 100 MHz 50 MHz 85 MHz 45 MHz
7A15A 34 MHz 75 MHz 70 MHz 55 MHz 75 MHz 75 MHz 80 MHz 60 MHz 80 MHz 45 MHz 70 MHz 40 MHz
7800 7A16A 34 MHz 160 MHz 110 MHz 75 MHz 100 MHz 170 MHz 85 MHz 165 MHz 55 MHz 130 MHz 45 MHz
FAMILY 7A18 34 MHz 85 MHz 80 MHz 60 MHz 85 MHz 85 MHz 75 MHz 65 MHz 90 MHz 45 MHz 70 MHz 40 MHz
7A19 NC NC NC NC NC NC NC 400 MHz 400 MHz 320 MHz 95 MHz 360 MHz [ 50 MHz
7A22 1 MHz NC 1 MHz 1 MHz 1 MHz 1 MHz NC 1 MHz 1 MHz 1 MHz
7A24 NC NC NC NC NC NC NC 300 MHz 300 MHz 270 MHz 90 MHz 280 MHz NC NC 45 MHz
7A26 34 MHz 145 MHz 105 MHz 75 MHz 100 MHz 150 MHz 85 MHz 155 MHz 55 MHz 125 MHz 45 MHz
7A11 NC NC NC NC NC NC NC 55 MHz 125 MHz 45 MHz
7A13 34 MHz 100 MHz 65 MHz 85 MHz 65 MHz 70 MHz 100 MHz 70 MHz 100 MHz 50 MHz 85 MHz 40 MHz
7A15A 34 MHz 70 MHz 65 MHz 55 MHz 70 MHz 70 MHz 75 MHz 55 MHz 70 MHz 45 MHz 70 MH. 40 MHz
7704A TA16A 34 MHz 145 MHz 115 MHz 75 MHz 100 MHz 160 MHz 80 MHz 150 MHz 55 MHz 125 MHz 45 MHz
A18 34 MHz 75 MHz 70 MHz 60 MHz 75 MHz 75 MHz 75 MHz 60 MHz 75 MHz 45 MHz 70 MHz 40 MHz
TA19** NC NC C NC 250 MHz 250 MHz 220 MHz 85 MHz 215 MHz C NC 45 MHz
7A22 1 MHz NC 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz
7A24 NC NC NC NC NC NC 200 MHz 200 MHz 185 MHz 80 MHz 180 MHz C NC 45 MHz
7A26 34 MHz 140 MHz 105 MHz 75 MHz 100 MHz 160 MHz 80 MHz 140 MHz 55 MHz 115 MHz 45 MHz
7A11 NC NC NC NC NC NC NC 50 MHz 85 MHz 40 MHz
34 MHz 75 MHz 55 MHz 60 MHz 55 MHz 70 MHz 70 MHz 75 MHz 55 MHz 45 MHz 70 MHz 40 MHz
7600 7A15A 34 MHz 60 MHz 55 MHz 50 MHz 60 MHz 60 MHz 65 MHz 50 MHz 40 MHz 60 MHz 35 MHz
FAMILY 7A16A 34 MHz 95 MHz 85 MHz 65 MHz 95 MHz 95 MHz 100 MHz 70 MHz 50 MHz 85 MHz 40 MHz
7A18 34 MHz 70 MHz 65 MHz 55 MHz 70 MHz 70 MHz 75 MHz 55 MHz 45 MHz 70 MHz 40 MHz
7A22 1 MHz NC 1 MHz 1 MHz 1 MHz 1 MH; 1 MHz
7A26 34 MHz 95 MHz 85 MHz 65 MHz 95 MHz 95 MHz 100 MHz 70 MHz 50 MHz 85 MHz 40 MHz
7A11 20 MHz 25 MHz 23 MHz 25 MHz 24 MHz 25 MHz 25 MHz NC NC 25 MHz 25 MHz 25 MHz 24 MHz 22 MHz 22 MHz
7A13A 20 MHz 25 MHz 23 MHz 25 MHz 24 MHz 25 MHz 25 MHz NC NC 25 MHz 25 MHz 25 MHz 24 MHz 22 MHz 22 MHz
7313 7A15A 20 MHz 25 MHz 23 MHz 25 MHz 24 MHz 25 MHz 25 MHz NC NC 25 MHz 25 MHz 25 MHz 24 MHz 22 MHz 22 MHz
7A18 20 MHz 25 MHz 23 MHz 25 MHz 24 MHz 25 MHz 25 MHz NC NC 25 MHz 25 MHz 25 MHz 24 MHz 22 MHz 22 MHz
7A22 1 MHz 1 MHz 1 MHz 1 MHz 1 MHz 1MHz 1 MHz NC NC 1 MHz 1 MHz 1 MHz 1MHz 1 MHz 1 MHz
*NOTE: The values in the above table represent the approximate useful If there is no bandpass specified the probe/plug-in combination is compatible
for the at the probe tip. but not recommended.
** = Option 9 Mainframe
IC = Not Compatible
DIMENSIONS AND WEIGHTS 7000-SERIES MAINFRAMES AND PLUG-INS
7633, R7633,
7623A, | R7623A,
7603N | 7603N | 7613, | R7613, PLUG-INS
Dimensions 7904 R7903 7844 R7844 7704A R7704 7603 R7603 |OPT. 11S |OPT. 11| 7313 R7313 |SINGLE (DOUBLE
Height in 13.5 5.3 12.9 7.0 13.6 7.0 11.4 5.25 11.5 11.5 12.0 5.25 5.0 5.0
9 cm 34.2 13.5 32.8 17.8 34.5 17.8 28.9 13.3 29.2 29.2 30.5 13.3 12.7 12.7
Width in 12.0 19.0 12.0 19.0 12.0 19.0 8.7 19.0 9.7 9.7 8.7 19.0 2.8 5.5
1
cm 30.5 48.3 30.5 48.3 30.6 48.2 22.1 48.2 24.6 24.6 211 48.2 7.1 14.0
L th in 23.3 22.8 23.8 24.8 22.7 22.4 24.0 24.7 25.2 23.5 23.5 22.3 14.5 14.5
en
9 cm 59.0 57.9 60.5 62.9 57.7 56.9 60.9 62.9 64.0 59.7 60.0 56.5 36.9 36.9
Weights (approx)
Net b 32 27 36 33 30 44 30 30 45 36 30 32 2 9
e
kg 14.5 12.3 16.3 15.0 13.6 20.0 13.6 13.6 21.0 16.3 13.6 14.5 0.9 4.1
Shippi Ib 44 52 47 63 43 77 46 62 72 42 42 62 5 12
ippIin
PRINg kg 20 23.5 21.2 28.6 19.5 34.9 20.9 28.1 32.6 19.1 19.1 28.1 2.3 5.4
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SUMMARIZED CAMERA CHARACTERISTICS

LENS FILM BACKS
PRICE
FIELD OF VIEW with
PERFORMANCE (with 3%2 x 4¥2-in back
FEATURES MAXIMUM Polaroid Film ORDI- OPTIONAL AND ordi-
RECOMMENDED AND RELATIVE RELATIVE except NARILY INTER- narily
CAMERA FOR BENEFITS APERTURE MAG SPEED* where noted SHUTTER USED CHANGEABLE used
C-27 All except Selectable orientation f/1.9 0.85 1.0 10 x 10 cm/ Polaroid $ 690
7603 of off-axis binocular (standard 3.93 x 3.93 in MECHANICAL| Polaroid Roll Film
;ievr(ing'.: Movahble film lens) Swith Polz-lxro)id (Standard) Pack and
acks. Four change- X 5-in film i
8blat|aness: 4 x 5-in Graflok
C-51 All except Fastest writing speed f/1.2 0.5 3.0 8 x 10 cm/ Polaroid Polaroid Pack
7603, 7603N | with 0.5 mag Iens. 3.15 x3.93 in Roll an 1300
Opt 11S 4 x 5-in Graflok
C-52 7633, 7623A, Full-size image with f/1.4 1.0 1.4 8x10cm/ 4 x 5-in Polaroid Pack
7613 medium writing 3.15 x 3.93 in ELECTRIC Graflok an 1265
speed. (with Polaroid Roll Film
4 x 5-in film)
C-53 7904, R7903, General-purpose /1.9 0.85 1.0 8 x 10 cm/ Polaroid Polaroid Roll
7844, T7704A with 0.85 mag lens. 3,15 x 3.93 in Pack an 1000
7603N Opt 11S 4 x 5-in Graflok
C-58 7633, 7623A, Full-size image /2.8 1.0 0.4 8.9x 11.4 cm/ 4 x 5-in Polaroid Pack 730
7613 of largest field 3% x 42 in Graflok an
at lowest price. (with Polaroid Roll Film
4 x 5-in film) MECHANICAL
C-59 7603 General-purpose f/2.8 0.67 0.65 10.2 x 12.7 cm/ Polaroid Polaroid Roll
at low price. 4x5in Pack an 615
4 x 5-in Graflok
0.67 or 0.02 9.76 x 12.2 cm :
c-5A All Low cost /16 0.85 ratargld None 235
select-
able

*Relative light gathering power.

Recommended Cameras and Adapter

OSCILLOSCOPE
7904, R7903, 7844, 7704A
7633, 7623A, 7613

7603

7603N Opt 11S

RECOMMENDED CAMERA
C-53, C-51, or C-27
C-52, C-58, C-51, or C-27

C-59
C-53 or C-27

C-50 Series Camera Adapter, Part Number 016-0249-03, included with camera

C-27 Camera Adapter, Part Number 016-0249-03
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TEK Lab Cart Model 3

Model 3 Lab Cart accepts all 7000-Series
Oscilloscopes. A lockable drawer for
storage and a movable shelf for additional
instrumentation are included. The shelf
accepts TM 500 Test and Measurement
instruments, 5000-Series Oscilloscopes or
400-Series Oscilloscopes.

See Scope-Mobile section for complete
information.

A
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Waveform Digitizing Instruments
View Signals at 30,000 div/us

Capture and Digitize Transients at 8000
div/us

As many as 32 Acquisition Channels in One
Configuration

Single-Shot Sampling Rates to 100 GHz

Digital Processing Oscilloscopes

Digitize, Store, and Process any Displayed
Repetitive Waveform

Compare Stored Waveforms with Real-Time
Waveforms

Acquisition Plug-ins with Diverse Capabili-
ties
Signal Averaging from dc-14GHz

Signal Processing Systems

Minicomputer and Calculator Aided
Waveform Analyses

Software Waveform Analyses

FFT Minimum
IFT RMS
Convolution Cross
Correlation Addition

Differentiation Subtraction

Integration Multiplication
Maximum Division
Plug-Ins Available

Amplifiers Counters
Time Bases Multimeters
Spectrum Analyzers Samplers
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Signal Processing Systems

The WP1221 DPO shown above is one of
the WP1200-Series DPOs. This is an ex-
pandable DPO configuration. Additional
DPOs and R7912 Transient Digitizer-based
Waveform Digitizing Instruments can oper-
ate from a single controller with 28k of
memory.

In a variety of industrial and research en-
vironments, the problems associated with
providing more sophisticated data acquisi-
tion systems have been compounded by an
information explosion. Researchers, inun-
dated with data, require instrumentation that
can simultaneously acquire data and con-
vert these data for reduction and analysis.

The Tektronix Signal Processing Systems
(SPS) group provides complete solutions
to many of these measurement and analysis
problems. Integrated SPS systems offer per-
formance unattainable by individual prod-
ucts. A review of SPS product nomenclature
reflects the growth in experience and market
leadership that has resulted from years of
experience. Today, SPS is used to describe
Digital Processing Oscilloscope (DPO) sys-
tems, Waveform Digitizing Instrument (WDI)
systems, and combined DPO/WDI systems.

SPS hardware is designed to the limits of
technology. The software, TEK BASIC, leads
the industry in waveform processing capa-
bility. The commitment to technological
progress in automated measurements rep-
resented by this hardware and software has
resulted in systems that provide the maxi-
mum possible long term value to systems
users.

These systems are installed in applications
as diverse as aerospace, component testing,
computers, foundries, laser research, mete-
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orology, neurological research, and pertur-
bation kinetics. Some examples of SPS
applications include:

Laser-induced fusion research, to achieve
the desired, efficient burning of thermonu-
clear fuel. To do this, it is necessary to de-
velop lasers that generate extreme amounts
of energy in pulses lasting a nanosecond or
less. In addition, researchers believe that
these lasers pulses must be shaped, or
“manufactured,” to deliver the maximum
power (at exactly the right instant) to the
deuterium and tritium fuel pellets.

Several parameters in a typical laser fusion
experiment may be monitored with SPS in-
strumentation. For example, the oscillator
pulse purity may be checked by using either
fiber optics and a photo diode, or a pellicle
at the output of the laser to obtain pulse in-
formation for analysis. Similar techniques
may be used to check the purity of pulses
at several stages.

The WP2000-Series WDI analysis configura-
tions are designed to acquire waveforms of
transient phenomena and immediately per-
form full analyses. Other WDI analysis con-
figurations include from 1 to 32 R7912

The power levels of these laser pulses may
be measured by integrating each detecto
output waveform, with the area under the
curve representing the pulse power. Other
detectors that provide suitable outputs for
the SPS configurations include Faraday cups,
cylindrical analyzers, and secondary elec-
tron multipliers.

Dynamic laser trimming of active circuits,
or devices, by applying power from the laser
to do a cutting sequence that will bring the
circuit closer to a specified performance
level. SPS instrumentation may be used to
monitor the circuit single-shot response
characteristics and thus avoid circuit ther-
mal effects.

Laser Interferometry, a technique that uses
the Doppler shift effect of laser beams (an
example is to examine an explosion front
and detect its motion as well as the size of
material within the shock front).

acquisition units, a controller (for waveformv{
processing), a graphics terminal, a TV video €
or other monitor, a magnetic tape cassette,

a disk or paper tape, and WDI TEK BASIC
software.



Raman Scattering, a technique that looks
at shifts in frequencies scattered or returned
from a laser pulse hitting a gas cloud or
target, and re-radiating at a frequency other
than the frequency going into the sample.

Materials testing in industry, where lasers
are used as a means for strengthening mate-
rials (shock hardening steel, aluminum, and
titanium alloys by focusing a high-energy
laser beam onto the surface of the metal)
and for welding by using a high-energy laser
beam instead of a flame. Here, SPS instru-
mentation may be used to monitor the lasers
(the amount of energy used) and the mate-
rials (the effect of that energy on the mate-
rial).

Time of flight (TOF) mass spectrometry, a
method of materials analysis whereby atoms
may be separated and identified, the SPS
WDI configurations fit an instrumentation
gap. In TOF mass spectrometry, materials
are heated to cause emission of ions. These
ions are accelerated, focused into an ion
beam, and detected in a TOF tube. The
mass-to-charge ratio (m/e) of each ion type
determines its velocity in the TOF tube. lon
species identification is accomplished as a
function of time, since each species in the
sample travels at a different velocity and
arrives at the detector at a different time.
With the time data, the m/e may be calcu-
lated and each species identified.

Electro magnetic pulses, EMP and the asso-
ciated rapidly changing electromagnetic
fields can interfere with or damage a variety

of electronic circuits. These EMP signals
can be large amplitude pulses, with high
frequency oscillations.

Sources of EMP can include lightning arc
discharges. Because EMP can damage cir-
cuits, vulnerability studies, often requiring a
transfer function analysis, must be made,
and protection techniques must be devel-
oped. The SPS capabilities offer some
solutions to the problems encountered in
studying the transient nature and high-fre-
quency components of EMP.

The list of SPS applications is growing, and
includes:

Perturbation Kinetics — Stopped flow, T-
jump, fluorescence decay.

Computers — Power supply design, bus
transient analysis, propagation delay studies.
Communications — Transfer function anal-
ysis.

Electronic Warfare — ECM, radar signature
analysis.

Transfer Function Analyses

Transfer
Input Function Magnitude

Signal Processing Systems

Component Testing — IC parameters, pc
boards, filters.

Ordnance — Shock and acoustic testing.
Power Supply Design — Switching transient
analysis.

Power Lines — Transient monitoring and
analysis.

Security Systems — Transfer function anal-
yses, ciphonics.

Navigational Systems—Pulse code modula-
tion (pcm), timing information.

Nuclear Magnetic Resonance — Observing
flip resonance.

Meteorology — Cloud pollution content
studies using radar and pulsed lasers.
Optics — Determining laser-related optical
characteristics.

For complete SPS product and application
information, use the catalog reply card to
send for the DPO and WDI brochures, or
contact the nearest Tektronix Field Office.
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Signal Processing Systems

FAST FOURIER TRANSFORMS

From time-domain data,

5MY/S 1,0246:2

real, and

1,0246:2

imaginary vectorial values.
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Programming, The TEK BASIC Approach

Because detailed signal analyses involve
more than simply estimating a few waveform
parameters, software is as important as
hardware when considering a measurement
system.

SPS waveform analysis configurations use
TEK BASIC software, which is an extended
version of the BASIC programming lan-
guage. It is written in assembly (marco) lan-
guage for maximum speed of program ex-
ecution and minimum use of controller mem-
ory. Tektronix developed TEK BASIC to
facilitate array data manipulations associ-
ated with waveform processing. With it, users
can perform analyses of acquired waveforms
that are either beyond the scope of BASIC,
or are not attainable with standard BASIC
programming statements.

Versions of TEK BASIC have been opti-
mized for various DPO and WDI configura-
tions. These are referred to as DPO TEK
BASIC and WDI TEK BASIC, respectively.
However, the comments here will be gen-
eralized to encompass features of both soft-
ware packages.

Easy to Program

TEK BASIC is interactive. Programming via
the graphics terminal enables users, even
those without formal computer programming
experience, to quickly develop measure-
ment and analysis routines. To assist op-
erators, system commands are provided to
edit, store, and retrieve programs easily.
In addition, TEK BASIC responds with an
error message on the terminal when state-
ments are entered incorrectly.

Powerful Through Expanded Capability

Many of the standard BASIC operators, func-
tions, and commands have been retained.
With the operators, you can add, subtract,
multiply, divide, and exponentiate. Mathe-
matical functions include: square root, pow-
er of e, natural log, absolute value, truncate,
random number, sign (+ or —), sine, cosine,
and arctangent.

These operators and functions have been
extended to process entire waveforms (512-
point arrays) as though they were single-
valued variables. This means that you can
write algebraic expressions involving both
waveforms and single-valued variables.

Special Functions

Since waveform processing for analysis
often requires a knowledge of mean, mini-
mum, maximum, and rms values, TEK BASIC
contains functions for determining those
values, and also contains single-word com-
mands for integrate (INT) and differentiate
(DIF). These functions save a great deal of

The WP2052 CAMAC Compatible WDI con-
figuration is one of a series of SPS products
designed for labs that use the CAMAC inter-
face standard.

programming time. There is also a special
function, cross (CRS), that can be used for
determining the point at which array values
cross a specified level.

Fast Fourier Transform

Analysis of waveforms and transients often
includes determining the frequency com-
ponents of acquired time domain data. This
can be accomplished with the fast Fourier
transform. The inverse Fourier transform is
also provided to reconstruct time domain
information from frequency domain data. In
TEK BASIC, these are simple commands,
FFT and IFT, that do not require tedious
programming. Both can be executed by
single-word commands, or incorporated/
easily into longer user programs. i
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‘W Transfer Function Analysis

transfer function mathematically describes
the response characteristics of a circuit or
a system. By measuring and analyzing both
the input and output signals, one can de-
velop the signal transfer characteristics of
a circuit or system under test. When cw
techniques are inappropriate, the transient
analysis capabilities of our WDI configura-
tions are required. This is often the case in
“real life” environments, and it is in these
cases that the SPS WDI waveform analyzers
are most useful.

TEK BASIC allows the user to write his own
transfer function algorithms. While the trans-
fer function analysis is a complex measure-
ment to perform, it is probably one of the
most useful measurement tools available to
the experimenter today.

Signals and Noise

Software techniques useful for viewing sig-
nals in the presence of noise include signal
averaging and correlation. For repetitive
signals, averaging can be used to remove
uncorrelated noise. In other applications,
such as locating an echo following a stimu-
lus pulse (echo ranging with lidar, radar,

Signal Processing Systems

Calculator aided SPS instrumentation such as the WP1101 DPO above deliver versatile,
low-cost signal acquisition and processing capabilities.

and sonar), cross correlation can be used.
Auto correlation is also provided, and can
be used to detect extremely weak signals
accompanied by noise, or to detect the pres-
ence of unknown periodic signals inter-
spersed among seemingly nonperiodic sig-
nals.

The WP2004 Waveform Digitizing Instrument shown above is one of the WP2000-Series WDI
viewing configurations — effectively the world’s fastest oscilloscopes. For convenience, a
variety of displays is available. Television video monitors can be used for viewing from a
distance. Storage monitors and hard copy units can be used to generate permanent copies.

Software Digital Filtering

When it is required that a signal be filtered,
and it is prohibitively expensive, or not prac-
tical to build the desired filters from elec-
tronic components, digital filtering often
provides a solution. The ability of TEK
BASIC to simulate desired circuit effects,
through operations such as integration,
Fourier transform, etc., enables users to
synthesize the required filter.

For more on TEK BASIC software and SPS
products, use the catalog reply card to send
for the latest DPO and WDI brochures, ap-
plication notes, and technical article re-
prints. If your needs are immediate, phone
the nearest Tektronix Field Office.
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Signal Processing Systems
Literature Available

Digital Processing Oscilloscope (DPO)

Brochure

This 24-page, color brochure discusses the
concept of Digital Processing Oscilloscopes.
Specifications and characteristics are in-
cluded with a description of the relevant
features of the calculator-aided WP1100-
Series DPOs and the minicomputer-aided
WP1200-Series DPOs. To illustrate the ac-
quisition versatility of DPOs, a section out-
lining compatible TEKTRONIX 7000-Series
Plug-ins is included.

Waveform Digitizing Instruments (WDI) (‘

Brochure

A discussion of some waveforms analysis
problems together with the solutions pro-
vided by WDI configurations is presented in
this 16-page, color brochure. Both the WDI
viewing and software assisted configura-
tions are presented together with discus-
sions of waveform processing and WDI TEK
BASIC software. Because the WDI configu-
rations feature TEKTRONIX R7912 Transient
Digitizers as signal acquisition units, the
performance characteristics of the double-
ended scan converter tube used in R7912s
are included.

Data Sheets

With versatility as an underlying approach
to solving measurement problems, the num-
ber and variety of Signal Processing Sys-
tems is increasing. As new SPS instrumen-
tation applications emerge, data sheets to
accompany the product line brochures are
generated.

Presently there are DPO and WDI data sheets
documenting individual configurations as
well as configuration families such as the
WP1200-Series DPOs. Also, there are spe-
cial capabilities data sheets including the
series on CAMAC compatible SPS products.

Application Notes

A library of Application Notes is maintained
to disseminate technical information about
the uses of SPS instrumentation. This library
contains notes on specific techniques used
in operating SPS instrumentation as well as
descriptions of market oriented instrument
applications. A sample of notes presently
available includes:

DPO Program Library Techniques

(DPO Note 45F1.0)

Mechanical Measurements Using the DPO
(DPO Note 45A1.0)
Engine Performance Measurements
(DPO Note 45A1.1)
R7912 Transient Digitizer . . . A Solution to
Pulse Laser Measurement Problems
(WDI Note 47N1.0)
Pulsed Laser Measurements Using the
R7912 Transient Digitizer.
(WDI Note 47N1.1)

characterizing
DL PR

Today's system comeepts
truments be made intelligent

Technical Article Reprints

Because of the newsworthy nature of many
SPS applications, as well as the advanced
instrumentation techniques used in SPS
products, several technical articles have
appeared in the media. Reprints are avail-
able.

Topics of these technical articles range
from the high technology, instrument-orien-

ted “Storage Tube with Silicon Target Cap-
tures Very Fast Transients,” from Electron-
ics, to applications-oriented material such as
“Characterizing the Laser,” from Industrial
Research. There is also a series of articles
on Fourier transforms reprinted from Elec-
tronics, as well as material that appeared
in EDN and Laser Focus.

Handshake, a User’s Newsletter

In 1975, Tektronix began publishing ‘“Hand-
shake”, a quarterly newsletter addressed
to users of digital signal processing tech-
niques. Articles contained in “Handshake”
introduce new products, describe signal
processing applications, and provide oper-
ating and programming hints to SPS prod-
uct users.

Since “Handshake” is a user’'s newsletter
readers are invited to contribute articles.
Submitted articles that have been selected
for publication carry full credit to the con-

tributing authors and companies. (
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7000-Seri
Mainfram

A high performance laboratory instrument system
begins with the basic oscilloscope building block—
the 7000-Series mainframe. Each mainframe con-
sists of a bright cathode-ray tube, a power supply,
electron beam deflection systems, and the switch-
ing circuitry necessary to integrate a versatile and
complete measurement system.

Choose from a variety of features, including band-
width, dual-beam, alphanumeric displays, rack-
mounting, three- or four-plug-in flexibility and sev-
eral modes of display storage:

7900 Series 500 MHz page 34
7800 Series 400 MHz page 36
7700 Series 200 MHz page 38
7600 Series 100 MHz page 40

7600-Series Storage 100 MHz page 44
7300-Series Storage 25 MHz page 48

the 7000 Series ... more than an oscilloscope




7904
R7903

500 MHz at 10 mV/div

1-GHz Direct-access Plug-in
(Less than 4 V/div)

500 ps/div Fastest
Calibrated Sweep Rate

Greater than 15 cm/ns Enhanced
Writing Speed

Crt Readout
Over 30 Compatible Plug-ins
900-MHz FET Probe Available

The 7904 and 5% in rackmount R7903 are
the widest real-time-bandwidth, general-
purpose oscilloscopes available today. The
7A19 Amplifier/7904 Mainframe attains 500
MHz at 10 mV. A 7A19 variable delay option
allows for the matching of signal transit
times of two plug-ins and their probes to
better than 50 ps.

The P6201 1X FET probe gives you high
impedance and wide bandwidth. It has a
900-MHz bandwidth by itself, and in com-
bination with the 7A19/7904, it provides a
system bandwidth of 450 MHz at 10 mV.

The crt, the major contributor to the per-
formance of the 7904 and R7903, has excel-
lent visual brightness and an 8 x 10 cm
display area. The C-51-R Camera, Writing
Speed Enhancer, 10,000 ASA film and P11
phosphor can produce writing speeds of at
least 9 cm/ns. Speeds up to 15 cm/ns are
possible when an optional max-brightness
crt with a 4 x 5 cm display area is used.
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7000-Series Oscilloscopes
500 MHz General-Purpose Oscilloscopes

120641

7904 and R7903 — VERTICAL SYSTEM

Channels — Two left-hand plug-in compartments;
compatible with all 7000-Series plug-ins. Bandwidth
determined by mainframe and plug-in unit.

Modes of Operation — LEFT, ALT, ADD, CHOP,
RIGHT.

Chopped Mode — Repetition rate is approx 1 MHz.

Trace Separation Range (Dual-sweep Modes) — The
B trace can be positioned 4 divisions above or below
the A trace (7904 only).

Delay Line — Permits viewing leading edge of dis-
played waveform when using 7B70, 7B80, and 7B90
Series time bases. 7B50 Series not recommended.

7904 — HORIZONTAL SYSTEM

Channels — Two right-hand plug-in compartments;
compatible with time bases of the 7B70, 7B80, and
7B90 Series. 7000-Series vertical amplifiers and spe-
cialized plug-ins may also be used.

Fastest Calibrated Sweep Rate — 500 ps/div with the
7B92A.

Chopped Mode — Chopping rate is approx 200 kHz
between two horizontal plug-in compartments.

X-Y Mode — Phase shift is within 2° from dc to 35
kHz without phase correction (dc-to-1 MHz with phase
correction, Option 2) between vertical and horizontal
channels. Bandwidth is dc to at least 1 MHz.

R7903 — HORIZONTAL SYSTEM

Single Channel — Right-hand plug-in compartment
compatible with time bases of 7B70, 7B80, and 7B90
Series. 7000-Series vertical amplifiers and specialized
plug-ins may also be used.

Fastest Calibrated Sweep Rate — 500 ps/div with the
7B92A.

7904 and R7903
CRT AND DISPLAY FEATURES

Standard — Internal 8 x 10 cm graticule with variable
illumination. Accelerating potential is 24 kV with P31
phosphor standard.

Option 1, without Crt Readout — No crt readout.

Option 4, Max Brightness Crt — Internal 4 x 5 cm
graticule with variable illumination. Accelerating po-
tential is 24 kV. P11 phosphor provides max writing
rate. This provides extremely high photographic and
information writing speed and increases the visibility
of low-rep-rate, high-speed signals.

Option 78, P11 Phosphor — No charge.
Option 10, Pulsed Graticule (R7903 Only) — Provides

a means of pulsing the graticule lights at a preset(

level coincident with a single-shot event in one ex-
posure. The graticule lights may be pulsed by the
event, an external ground closure, or a front panel
pushbutton. If the mainframe is equipped with crt
readout, Option 10 provides additional controls and
inputs or crt readout pulsed operation.

>
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The R7903 requires only 5% in of rack height in a
standard 19 in rack. It is fan-cooled and comes com-
plete with slide-out chassis tracks.

Min Photographic Writing Speed (Using Polaroid Film
without Film Fogging) — Can be increased by using
the TEKTRONIX Writing Speed Enhancer. In typical
applications P31 phosphor has approx one-half the
writing speed of P11 phosphor.

Crt Writing Speed cm/ns | Camera Lens
P11
Type 410 | Type 47
Standard 6.1 3.1 C-51-R f/1.2
8 x 10 cm 1:0.5
Option 4 10.0 50 C-51-R /1.2
4x5cm 1:0.5

The following table lists the approx relative writing
speed of three types of Polaroid film and the gains
that can be achieved by controlled fogging with the
Writing Speed Enhancer. See chart on page 37 for
further information.

Polaroid Approx Relative
Film Writing Speed
ASA
o Type | Speed Unfogged Fogged
Print Print Print
Viewed Viewed |Viewed
with with with
Front Back Front
Ium- 1llum- Ilum-
ination ination [ination*
107 3000 0.8 N/A 3
1.0
47 3000 0.8 (Reference) 3
410 10,000 1.6 2 4

*Viewing a fogged print with back illumination does
not increase the apparent writing speed.

Auto-focus — Reduces the need for additional manual
focusing with changes in intensity after focus control
has been set.

Beam Finder — Limits display within graticule area.

External Z-Axis Input—2 V p-p for full intensity
range. A positive signal blanks the trace. Max input
voltage is 15 V (dc -+ peak ac) and p-p ac. Input is
dc coupled.

7904 — CALIBRATOR
Output Waveshape — Rectangular positive-going from
ground, 1 kHz (#=0.25%), dc or B Gate — 2.
Voltage Ranges — 4 mV, 40 mV, 0.4 V, 4 V, 40 V into
an open circuit; 2 mV, 20 mV, 0.2 V into 50 Q (*1%).

Current Output — 40 mA dc or 1 kHz.

R7903 — CALIBRATOR
(Not Available with Option 10)
Output Waveshape — Rectangular positive-going from
ground, 1 kHz (*0.25%).

Voltage Ranges — 4 mV, 40 mV, 0.4 V, 4 V into an
open circuit; 4 mV, 40 mV, 0.4 V into 50 Q (*1%).

Current Output — 40 mA rectangular waveshape with
optional current-loop accessory (012-0341-00) con-
nected to calibrator output. Output R is 450 Q.

7904 and R7903 500 MHz Oscilloscopes

7904 — OUTPUTS/INPUTS

-+Sawtooth — Sawtooth starts 1 V or less from ground
(into 1 MQ). Internally selectable from A or B hori-
zontal. Output voltage is 50 mV/div (*=5%) into 50 2,
1 V/div (210%) into 1 MQ. Output R is approx 950 Q.

-+ GATE — Positive-going rectangular waveform de-
rived from A, B, or Delayed Gate, internally selectable.
Output voltage is 0.5 V (*=10%) into 50 2, 10 V
(£10%) into 1 MQ. Rise time is 5 ns or less into 50 Q;
output R is approx 950 Q.

Sig Out — Selected by B TRIGGER SOURCE switch.
Output voltage is 25 mV/div (*=10%) into 50 Q, 0.5
V/div (=10%) into 1 MQ. Bandwidth depends upon
vertical plug-in. See the Vertical Systems Specifica-
tions Chart. Output R is approx 950 €.

Camera Power — Three-prong connector to the left of
the crt provides power, ground, and remote single-
sweep reset access for C-50-Series Cameras.

Probe Power — Two rear-panel connectors provide
correct operating voltages for two active probes.

R7903 — OUTPUTS/INPUTS
(Standard)

--Sawtooth — Sawtooth starts 1V or less from ground
(into 1 MQ). Output voltage is 50 mV/div (==15%) into
50 Q, 1 V/div (==10%) into 1 MQ. Output R is approx
950 Q.

-+ Gate — Positive-going rectangular waveform de-
rived from Main or Auxiliary Gate. Output voltage 0.5
V (%£10%) into 50 Q. 10 V (*=10%) into 1 MQ. Rise time
is 7 ns or less into 50 Q. Output R is approx 950 Q.

Sig Out — Selected by TRIGGER SOURCE switches.
Output voltage is 25 mV/div (=10%) into 50 2, 0.5
V/div (=10%) into 1 MQ. Bandwidth depends on the
vertical plug-in. See the Vertical Systems Specifica-
tions Chart. Output R is approx 950 Q.

Single-sweep Ready Indicator — 5V, rear panel
BNC output, for single-sweep ready indication.

External Single-sweep Reset — Ground closure, rear
panel BNC, provides input to reset sweep.

Crt Readout, Inhibit — Ground closure, rear panel
BNC input locks out crt readout. Not available with
Option 10.

Crt Readout, Single-shot — Ground closure, rear panel
BNC input initiates one frame of crt readout. Not
available with Option 10 separately, but in combina-
tion with the pulsed graticule input.

Camera Power — Three-prong connector to the left of
the crt provides power, ground, and remote single
sweep reset access for C-50-Series Cameras.

Probe Power — Two front-panel connectors provide
correct operating voltages for two active probes. Not
available for R7903 Option 10.

R7903 — OUTPUTS/INPUTS OPTIONS

Option 10, Pulsed Graticule — No crt readout single-
shot input, crt readout inhibit input, calibrator, and
probe power. Single-shot graticule and crt readout
(ground closure) rear-panel BNC input is added. Initi-
ates one frame of crt readout and pulses graticule. Crt
readout inputs are not functional with Option 1.

POWER REQUIREMENTS

7904 Power Requirements — Line voltage ranges, 90
to 132 V ac and 180 to 264 V ac. Line frequency, 48 to
440 Hz. Max power consumption, 190 W, 2.5 A at 115
V line, 60 Hz.

R7903 Power Requirements — Line voltage ranges, 90
to 132 V ac and 180 to 264 V ac. Line frequency, 48
to 440 Hz. Max power consumption, 160 W, 2 A at 115
V line, 60 Hz.

7904 Included Accessories — Test adapter (012-0092-
00); two 18 in test leads (012-0087-00); 9-pin cable-
mount plug (134-0049-00).

R7903 Included Accessories — Test adapter (012-
0092-00); two 18 in test leads (012-0087-00); rack-
mounting hardware.

7904 ORDERING INFORMATION
(Plug-ins not Included)

7904 Oscilloscope ............... $4100
7904 OPTIONS

Option 1 without Crt Readout............ Sub $400
Option2 X-Y HorizComp ............... Add $100
Option 3 Emi Modification .............. Add $100
Option 4  Max Brightness Crt

(Specify Phosphor) ............ Add $350
Option78 P11 Phosphor............... No Charge

7904 CONVERSION KITS

040-0605-03 Crt Readout................... $530
040-0606-00 XY Horlz. Comp! . « s sy o w0 $125
040-0570-00 Emi Modification .............. $165

R7903 ORDERING INFORMATION
(Plug-ins not Included)

R7903 OSCHIO8COPa; v . « oo s v o8 $3650
R7903 OPTIONS

Option 1 without Crt Readout............ Sub $400
Option 3  Emi Modification .............. Add $100
Option 4 Max Brightness Crt

(Specify Phosphor) ............ Add $350
Option 10 Pulsed Graticule .............. Add $100
Option 78 P11 Phosphor................ No Charge

R7903 CONVERSION KITS

040-0605-03 Crt Readout : « v v vvwiwsss swme s s $530
040-0647-00 Emi Modification .............. $130
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7844

7000-Series Oscilloscopes

R7844 Wide Bandwidth Dual-Beam Oscilloscopes
400-MHz Bandwidth
Dual Beam

Full Vertical Crossover Switching
8 x 10 cm Full Scan Overlap Crt
Crt Readout

1 ns/div Max Calibrated Sweep

1-GHz Direct-access Plug-ins
(Less than 4 V/div)

The 7844 and 7 inch rackmount R7844 are
wide bandwidth, dual-beam oscilloscopes
designed primarily for fast, single-shot
events. Unique features such as pulsed
graticule and pulsed crt readout allow you
to photograph vertical and horizontal scale
factors, test date, test number, and other
pertinent data before or after an event. Ver-
tieal signal crossover switching permits you
to view a single event from a single probe at
two sweep speeds.

VERTICAL SYSTEM

Channels — Two left-hand plug-in compartments;
compatible with all 7000-Series plug-ins. Bandwidth
determined by mainframe and plug-in unit.

Display Logic —

Standard Instrument

(with Vertical Crossover) Beam 1 Beam 2

Vertical Compartment Left Left

Controlling Beam Left Right
Right Left
Right Right

Opt 21

(without Vertical Crossover) Beam 1 Beam 2

Vertical Compartment Left Right

Controlling Beam

Vertical Crossover — Permits viewing the same signal
on two time bases.

Option 21, without Vertical Crossover — No vertical
crossover.

Vertical Trace Separation — Beam 1 can be posi-
tioned =4 cm with respect to Beam 2, NA Option 21.

Delay Line — Permits viewing leading edge of dis-
played waveform when using 7B70, 7B80, and 7B90
Series time bases; not compatible with 7B50 Series.

HORIZONTAL SYSTEM

Channels — Two right-hand plug-in compartments;
compatible with time bases of the 7B70, 7B80, and
7B90 Series. 7000-Series vertical amplifiers and spe-
cialized plug-ins may also be used. The 7L12 and
7B53AN Opt 11 require modification for use in the
7844.

Fastest Calibrated Sweep Rate — 1 ns/div.
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X-Y Mode — Phase shift is within 2° from dc-to-50
kHz.

Bandwidth — Dc to at least 1 MHz.

Horizontal Separation — Beam 1 can be positioned at
least 0.25 cm to the right and at least 0.25 cm to the
left of Beam 2 with a total 2 cm range.

Display Logic —

Beam 1 Beam 2
A Horizontal A Horizontal
A Horizontal B Horizontal
B Horizontal A Horizontal
B Horizontal B Horizontal

CRT AND DISPLAY FEATURES

Crt — Dual beam, full overlap. 8 x 10 cm graticule
with variable illumination. Crt readout intensity is
adjustable with front-panel control. Accelerating po-
tential is 24 kV with P31 phosphor standard.

Option 78, P11 Phosphor — No charge.

Auto-focus — Reduces the need for additional manual
focusing with changes in intensity after focus control
has been set.

Beam Finder (Beam 1 and Beam 2, Independent Con-
trols) — Limits display within graticule area and in-
tensifies beam.

External Z-Axis Input (Beam' 1 and Beam 2) — 2 V
p-p for full intensity range. A positive signal blanks the
trace. Max input voltage is 15 V (dc + peak ac) and
p-p ac. Input is dc coupled.

Minimum Photographic Writing Speed — 1.7 cm/ns
using Polaroid type 47 film, C-51-R and optional P11
phosphor. In typical camera applications, P31 phos-
phor has about one-half the writing speed as P11
phosphor. Writing speed can be increased by using
the TEKTRONIX Writing Speed Enhancer or Polaroid
type 410 film or both.

The following table lists the approx relative writing
speed of three types of Polaroid film and the gains
that can be achieved by controlled fogging with the
Writing Speed Enhancer.

Polaroid Actual Relative Film
Film Writing Speed
ASA
Equivalent
Type Speed Unfogged Fogged
Print Print Print
Viewed Viewed | Viewed
with with with
Front Back Front
IHlum- Hlum- 1Hlum-
ination ination ination
107 3,000 1 Print Base 3
(Reference)| is Opaque
47 3,000 1 1.2 3
410 10,000 2 2.2—2.4 4

*Viewing a fogged print with back illumination does
not increase the apparent writing speed.

The Photographic Writing Speed Enhancer (Opt 22)
provides a preset automatic method of photographic
writing speed enhancement. Opt 22 is recommended
for writing speed enhancement when a camera with
a writing speed enhancer is not available. With Opt
22, photographic writing speed can be increased
approx 2 times.
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PULSED READOUT AND
GRATICULE ILLUMINATION

Provides a means of pulsing the graticule lights or crt
readout at a preset level, coincident with a single-shot
event in one exposure. The graticule lights or crt
readout can be pulsed by the event, an external
ground closure, or front-panel pushbutton.

CALIBRATOR

Calibrator — Rectangular positive-going waveform
from ground, 1 kHz (==0.25%).

Voltage Ranges — 4 mV, 40 mV, 0.4 V, 4 V (=1%)
into an open circuit; 0.4 mV, 4 mV, 40 mV, 04 V
(=1%) into 50 Q.

Current Output — 40-mA (*=1%) rectangular wave-
shape, front panel current loop 7844, optional current
loop adapter (012-0341-00) required for R7844.

OUTPUTS/INPUTS
A and B -}-Sawtooth — Sawtooth starts 1 V or less

I from ground (into 1 MQ). Output voltage is 50 mV/div
, (+=15%) into 50 Q, 1 V/div (=10%) into 1 MQ. Output
E

R is approx 950 Q.
A and B -+ Gate — Positive-going rectangular wave-
rm derived from Main or Delayed Gate. Output volt-
‘e 0.5 V (=10%) into 50 2. 10 V (*=10%) into 1 M Q.
se time is 5 ns or less into 50 Q. Output R is approx
| 950 Q.

Single-sweep Ready Indicator — +5 V, rear panel
BNC output, for single-sweep ready indication.

External Single-sweep Reset — Ground closure, rear
panel BNC, provides input to reset sweeps.

Camera Power — Three-prong connector to the left of
the crt provides power, ground, and remote single-
sweep reset access for C-50-Series Cameras.

Probe Power — Two connectors provide correct oper-
ating voltages for two active probes.

POWER REQUIREMENTS

Line Voltage Ranges — Selectable 115 V nominal
(90-132 V), 230 V nominal (180-264 V).

Line Frequency — 48 to 440 Hz.

Max Power Consumption — 235 W, 2.9 A at 60 Hz 115
V line.

INCLUDED ACCESSORIES

R7844 — 1 rackmount hardware kit, 1 rackmount slide
guide (351-0314-00).

ORDERING INFORMATION
(Plug-ins not Included)

7844 Oscilloscope

R7844 Oscilloscope ............... $6200

OPTIONS
.tlon 3 Emi Modification .............. Add $100
ption 21 without Vertical Crossover...... Sub $400

Option 22 Writing Speed Enhancer
Modificatlon . ..... iomes sass s seiss o swiees Add $275

Option 78 P11 Phosphor ............... No Charge

7844 and R7844 Dual-Beam Oscilloscopes
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The above graph shows the relationship of
writing speed to practical measurement
parameters of signal amplitude and fre-
quency or rise time.

The vertical scale is the maximum peak-to-
peak signal amplitude. The horizontal scale
below the graph is maximum sine-wave fre-
quency. Above the graph, the horizontal
scale is the equivalent signal rise time for
nonsinusoidal signals. These speeds assume
a horizontal spot velocity that is small com-
pared to the maximum vertical velocity. The
step rise time is assumed to be a linear ramp

measured between 10% and 90% points.
The diagonal lines represent the minimum
photographic writing speeds for 7000-Series
mainframes and are all measured under the
following conditions: Camera, Tektronix type
C-51-R, f 1.2, with the shutter opened before
the sweep and closed 5 seconds after the
sweep. Phosphor, P11 (optional). Film, Pola-
roid type 47 (ASA 3,000), no fogging for film
speed enhancement, developed for 20 sec-
onds at 25°C and viewed with back illumina-
tion.
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7704A
R7704

Dc-to-200 MHz with Optimum
Pulse Response

Dc-to-250 MHz Bandwidth Option

Greater than 15 cm/ns
Enhanced Writing Speed with
Optional Crt and WSEN

Crt Readout

The 7704 family is a technologically ad-
vanced general-purpose oscilloscope mea-
surement system.

The 7704A Oscilloscope offers you the capa-
bility to optimize the oscilloscope’s response
for your type of work. For pulse analysis,
aberrations are reduced below the normal
level in the optimized transient response
version while still giving you a bandwidth of
200 MHz. The 250 MHz option is optimized
for bandwidth performance for high-frequen-
cy applications. The R7704 offers a 175 MHz
bandwidth.

Simplified circuitry makes this instrument
exceptionally reliable and its modular de-
sign provides easy maintenance and service.
This modularity permits the addition of a
processing module. With this addition and a
Controller, the 7704A is converted into a
Digital Processing Oscilloscope.

Quite often the need arises to photograph
the waveforms that are produced. The 7704A
gives you a choice of two designs available
for this purpose: the standard 8 x 10 cm crt
and an optional 4 x 5 cm reduced-scan crt
for high writing-speed applications. The
standard crt affords 5.3 cm/ns writing speed
(C-51-R Camera, P11 phosphor, and 10,000
ASA film), without enhancement, and 8 cm/
ns with the TEKTRONIX Writing Speed En-
hancer. With the optional crt and film
fogging technique, writing speed can be
increased to at least 15 cm/ns. This writing
speed reserve means reduced intensity set-
ting for improved trace definition. See chart
on page 37 for additional information.
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7000-Series Oscilloscopes
General-Purpose 250 MHz Oscilloscope System

Characteristics are common to all mainframes un-
less noted.

VERTICAL SYSTEM

Channels — Two left-hand plug-in compartments;
compatible with all 7000-Series plug-ins. Bandwidth
determined by mainframe and plug-in unit; see Ver-
tical Systems Specifications Chart.

Option 9 Bandwidth Change (250 MHz) — 7704A verti-
cal circuit performance is adjusted to extend fre-
quency response to 250 MHz at 20 mV/div (upper
—3 dB) when 7A19 is used. Provides additional per-
formance for those working in this frequency domain.

Modes of Operation — LEFT, ALT, ADD, CHOP,
RIGHT.

Chopped Mode — 7704A, repetition rate is internally
selectable, approx 100 kHz or 1 MHz; R7704, fixed at
approx 1 MHz.

Trace Separation Range (Dual-sweep Modes) — The
B trace can be positioned above or below the A trace.

Delay Line — Permits viewing leading edge of wave-
form.

HORIZONTAL SYSTEM

Channels — Two right-hand plug-in compartments;
compatible with all 7000-Series plug-ins.

Fastest Calibrated Sweep Rate — 2 ns/div with 7B70,
7B80, or 7B90 Series.

Chopped Mode (between Horizontal Plug-ins) —
7704A, repetition rate is internally selectable, approx
20 kHz or 200 kHz; R7704, fixed at approx 200 kHz.

X-Y Mode — Phase shift is within 2° from dc-to-50
kHz (7704A), from dc-to-35 kHz (R7704) between verti-
cal and horizontal channels. Frequency response at
10% down is dc to at least 3 MHz.

Option 2, X-Y Horizontal Compensation (R7704
only) — Provides phase shift compensation of less
than 2° from dc-to-2 MHz.

CRT

Standard — Internal 8 x 10 cm graticule with variable
illumination. Accelerating potential is 24 kV with
P31 phosphor standard.

Option 1, without Crt Readout — No crt readout.



Option 4, Max Brightness Crt (7704A Only) — Internal
0 x 5 cm graticule with variable illumination. Acceler-

ating potential is 24 kV with P31 phosphor standard,
P11 optional. This provides extremely high photo-

graphic and information writing speed and increases
the visibility of low-rep-rate, high-speed signals.

Option 78, P11 Phosphor — No charge.

Minimum Photographic Writing Speed (Using Polaroid
Film without Film Fogging) — Can be increased by
using the TEKTRONIX Writing Speed Enhancer. In
typical application, P31 phosphor has approx one-
half the writing speed of P11 phosphor. See chart on
page 37 for further information.

P11 Writing Speed

Mainframe cm/ns Camera | Lens

Type 410 | Type 47
7704A 5.3 2.7 C-51-R /1.2
R7704 1:0.5
8 x10 cm
7704A 10.0 5.0 C-51-R £/:1.2
Option 4 1:0.5
4x5cm

Auto-focus — Reduces the need for additional man-
ual focusing with changes in intensity after focus
control has been set.

Beam Finder — Limits display within graticule area.

External Z-Axis Input (7704A only) — 2 V p-p for full
intensity range. A positive signal blanks the trace.
Max input voltage is 15 V (dc + peak ac) and p-p ac.
Input is dc-coupled.

External Z-Axis Inputs (R7704 only) — High sensitivity
input: minimum pulse width to blank trace is 30 ns
at 2 V; 2 V p-p for full intensity range from dc to 2
MHz; intensity range diminishes to 20% of full range
‘at 10 MHz. A positive signal blanks the trace; input
R is 500 Q within 10%. Max input voltage is 15 V
(dc + peak ac) and p-p ac.

High Speed Input — Minimum pulse width to blank
trace is 3.5 ns at 60 V; 60 V p-p for fully intensity
range from dc-to-100 MHz. A positive signal blanks
the trace; input R is 18 kQ within 20%. Max input
voltage is 60 V (dc + peak ac) and p-p ac.

OUTPUTS/INPUTS

-+ Sawtooth — Sawtooth starts 1V or less from
ground (into 1 MQ). Internally selectable from A or
B horizontal. Output voltage is 50 mV/div (*=15%)
into 50 2, 1V/div (=10%) into 1 MQ. Output R is
950 Q nominal.

-+ Gate — Positive-going rectangular waveform de-
rived from A, B, or Delayed Gate, internally select-
able. Output voltage is 0.5V (*=10%) into 50 2, 10 V
(%£10%) into 1 MQ. Rise time is 20 ns or less into
50 Q; output R is 950 Q nominal.

Sig Out — Selected by B TRIGGER SOURCE switch.
Output voltage is 25 mV/div (*=10%) into 50 Q
0.5 V/div (*=10%) into 1 MQ. The bandwidth depends
upon vertical plug-in; see Vertical Systems Specifi-
cations Chart. Output R is 950 2 nominal.

External Single-Sweep Reset — Ground closure, rear-
panel input to reset sweep.

Option 7, without Signal Outputs/Inputs (7704A only)
— Without previously described outputs/inputs and
External Z-Axis input.

7704A and R7704 250 MHz Oscilloscopes

The R7704 requires 7 inches of rack height and offers
175 MHz bandwidth.

Camera Power — Three-prong connector to the left of
the crt provides power, ground, and remote single-
sweep reset access for the C-50-Series Cameras.

Probe Power — Two rear-panel connectors provide
correct operating voltages for two active probes.
R7704 connectors are located on both the front and
rear panels. Probe power is deleted on Option 1 of
7704A.

CALIBRATOR

Voltage Output — Rectangular waveshape, positive-
going from ground (40 V and 4 mV available when
selected by internal jumper). Ranges are 40 mV, 0.4 V,
4V into 1 MQ; 20 mV, 0.2 V, 0.4 V into 50 Q. Amplitude
accuracy is within 1% (+15°C to +35°C); within 2%
(0°C to +50°C). Repetition rate is approx 1 kHz.

Current Output — 40 mA rectangular waveshape with
optional current-loop accessory (012-0259-00) con-
nected between 4 V and GND pin jacks.

POWER REQUIREMENTS

Line Voltage Ranges — 90 to 132V ac and 180 to
264 V ac.

Line Frequency — 48 to 440 Hz (7704A), 48 to 66 Hz
(R7704).

Option 5, Line Frequency Change (50—400 Hz) —
Converts the R7704 to 50—400 Hz operation (not re-
quired for 7704A).

Max Power Consumption — 180W, 25A at 115V
line 60 Hz (7704A); 225 W, 2.8 A at 115V line, 60 Hz
(R7704).

Included Accessories — For 7704A: 20 in cable, two-
pin-to-BNC, (175-1178-00). For R7704: 42 in BNC 50-Q
cable (012-0057-01); 20 in cable, two-pin-to-BNC, (175-
1178-00); rackmounting hardware.

ORDERING INFORMATION
(Plug-ins not Included)

7704A Oscilloscope ............... $2900
R7704 Oscilloscope ............... $3450

7704A OPTIONS

Option 1 without Crt Readout

and Probe Power....................... Sub $400
Option 3 Emi Modification .............. Add $100
Option 4  Max Brightness Crt

(Specify Phosphor) .................... Add $350

Option 9  Bandwidth Change (250 MHz)..No Charge
Option 78 P11 Phosphor ............... No Charge
R7704 OPTIONS
Option 1 without Crt Readout ........... Sub $400
Option2 X-Y HorizComp ............... Add $100
Option 3  Emi Modification .............. Add $100

Option 5  Line Freq Change

(50—400 Hz) (Not Required for 7704A)....Add $125
Option 78 P11 Phosphor ............... No Charge

7704A CONVERSION KITS

040-0613-00 Crt Readout and Probe Power ....$480
040-0612-00 Emi Modification ............... $165
040-0619-00 SigOut/In .............ccouunn $125

R7704 CONVERSION KITS

040-0533-01 Crt Readout ................... $480
040-0529-00 X-Y HorizComp ................ $110
040-0562-00 Emi Modification ............... $130




7603
R7603

Dc-to-100 MHz Bandwidth
6%z in Crt
Crt Readout

5% in Rackmount

The TEKTRONIX 7603 and R7603 Rack-
mount Oscilloscopes represent the best
price/performance ratio available in the 100-
MHz plug-in oscilloscope market today.

The crt is large, 8 x 10 div (1.22 cm/div), and
features an internal graticule with variable
illumination and 15-kV accelerating poten-
tial. An optional maximum brightness crt
with a smaller 8 x 10 cm display and 18-kV
potential gives you greater visual brightness
and higher photographic writing speed.

VERTICAL SYSTEM

Channels — Two left-hand plug-in compartments;
compatible with all 7000-Series plug-ins. Bandwidth
determined by mainframe and plug-in unit; see Ver-
tical Systems Specifications Chart.

Modes of Operation— LEFT, ALT, ADD, CHOP,
RIGHT.

Chopped Mode — Repetition rate is approx 1 MHz.

Delay Line — Permits viewing leading edge of dis-
played waveform.

HORIZONTAL SYSTEM

Channels — One right-hand plug-in compartment;
compatible with all 7000-Series plug-ins.

Fastest Calibrated Sweep Rate — 5 ns/div.

X-Y Mode — The phase shift between vertical and
horizontal channels is 2° from dc-to-35 kHz. Band-
width is dc to at least 2 MHz.

CRT AND DISPLAY FEATURES

Standard — Internal 8 x 10-div (1.22 cm/div) graticule
with variable illumination. Accelerating potential is
15 kV with P31 phosphor.

Option 1, without Crt Readout — No crt readout.

Option 4, Max Brightness Crt — Internal 8 x 10 cm
graticule with variable illumination. Accelerating po-
tential is 18 kV with P31 phosphor standard.

Option 6, Spectrum Analyzer Graticule.

Optional Phosphors (Specify) — P7, P11, or P7/SA.
(Phosphor/Spectrum Analyzer graticule combination.)

Minimum Photographic Writing Speed — Using Pola-
roid film without film fogging. Can be increased by
using the TEKTRONIX Writing Speed Enhancer. In
typical application P31 phosphor has approx one-half
the writing rate of P11.
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Crt Writing Speed div/us | Camera| Lens
Type 107/47 | Type 410
P31 | P11 | P31 | P11

Standard C-50 | f/1.9
8 x 10 div
(1.22 cm/div)| 100 | 150 | 200 | 300

1:0.7
Option 4
8 x 10 div

(1 cm/div) 200 | 300 | 400 | 600

External Z-Axis Input—2 V p-p for full intensity
range from dc-to-2 MHz; intensity range diminishes to
20% of full range at 10 MHz. A positive signal blanks
the trace. Max input voltage is 10 V (dc + peak ac)
and p-p ac.

Auto-focus — Reduces the need for additional manual
focusing with changes in intensity after focus control
has been set.

Beam Finder — Limits display within graticule area.

OUTPUTS/INPUTS

+SAWTOOTH — Sawtooth starts 1 V or less from
ground (into 1 MQ). Output voltage is 50 mV/div
(£15%) into 50 Q, 1 V/div (%=10%) into 1 MQ. Output
R is 950 Q within 2%.

-+ Gate — Positive pulse of the same duration and co-
incident with sweep. Output voltage is 0.5 V (=10%)
into 50 Q, 10 V (=10%) into 1 MQ. Rise time is 20 ns
or less into 50 Q; output R is 950 Q within 2%. Source
is selectable from Main, Delay, or Auxiliary Gate.

Sig Out — Selected by TRIGGER SOURCE switch.
Output voltage is 25 mV/div (*=10%) into 50 €,
0.5 V/div (=10%) into 1 MQ. Bandwidth depends upon
vertical plug-in; see Vertical Systems Specifications
Chart. Output R is 950 © within 2%.

External Single-sweep Reset — Ground closure, rear
panel BNC provides input to reset sweep.

Single-sweep Ready Indicator — Rear panel BNC
provides 5 V for single-sweep ready condition.

Option 7, without Signal Outputs/Inputs — No out-
puts/inputs.

CAMERA POWER OUTPUT

Three-prong connector to the left of the crt provides
power, ground, and remote single-sweep reset access
for the C-50-Series Cameras.

CALIBRATOR

Voltage Output — Rectangular waveshape, positive-
going from ground (dc voltage available when se-
lected by internal jumper). Ranges are 40 mV, 0.4 V,
4 Vinto 1 MQ; 20 mV, 0.2 V, 0.4 V into 50 Q. Ampli-
tude accuracy is within 1% (415°C to +35°C);
within 2% (0°C to +50°C). Repetition rate is approx
1 kHz.

Current Output — 40-mA dc to 40-mA rectangular
waveshape with optional current-loop accessory
(012-0259-00) connected between 4 V and GND pin
jacks.



POWER REQUIREMENTS

OLine Voltage Ranges — 100, 110, 120, 200, 220, and
240 V ac =*=10%; internally selectable with quick-
change jumpers.

Line Frequency — 50 Hz to 400 Hz (7603); 50 Hz to 60
] Hz (R7603).

Option 5, Line Frequency Change (50-400 Hz) —
Converts the R7603 to 50-400 Hz operation (not re-
| quired for 7603).

Max Power Consumption — 180 W, 2.0 A at 115 V
| line, 60 Hz. Cooling is provided by a fan for the
R7603.

Included Accessories — (For 7603 and R7603) 20-in
cable (two-pin-to-BNC) (175-1178-00); crt filter (Blue
337-1700-01, Clear 337-1700-04). The R7603 includes
rackmounting hardware.

The R7603 requires only 5% in of rack height in a
I standard 19 in rack. It is fan cooled and comes com-
I plete with slide-out chassis tracks.

7603 and R7603 100-MHz Oscilloscopes

ORDERING INFORMATION
(Plug-ins not Included)

7603 Oscilloscope ............... $1800
R7603 Oscilloscope ............... $1900
7603 OPTIONS
Option 1 without Crt Readout ........... Sub $400
Option 3  Emi Modification .............. Add $100

Option 4  Max Brightness Crt

(Specify Phosphor) .................... Add $100
Option 6  with Internal Spectrum

Analyzer Graticule ................... No Charge
Option 7  without Sig Out/In ............. Sub $50

R7603 OPTIONS

Option 1 without Crt Readout............ Sub $400
Option 3  Emi Modification .............. Add $100
Option 4  Max Brightness Crt

(Specify Phosphor) .................... Add $100
Option 5 Line Freq Change

(50—400 Hz) .............covvvviinnn, Add $125

(not Required for 7603)

Option 6  with Internal Spectrum
Analyzer Graticule .................... No Charge
Option 7  without Sig Out/In ............. Sub $50
7603 CONVERSION KITS
040-0654-02 Crt Readout ................... $480
040-0662-00 Emi Modification ............... $165

040-0629-01  SigOut/In ..........coovvvunnn, $120
040-0686-00 Power Supply to Light

Plug-in Pushbuttons ......................... $28
040-0718-00 X-Y HorizComp ................ $150

R7603 CONVERSION KITS

040-0674-02 Crt Readout ................... $480
040-0679-00 Emi Modification ............... $165
040-0633-00 Sig Out/In ..................... $85
040-0686-00 Power Supply to Light

Plug-in Pushbuttons ......................... $28
040-0718-00 X-Y HorizComp ................ $150

PHOSPHOR OPTIONS (7603/R7603)

Option 76 P7 Phosphor ................ No Charge

Option 77 P7 Phosphor

with Internal Spectrum

Analyzer Graticule ................... No Charge
Option 78 P11 Phosphor ............... No Charge

‘ 7603N

Ruggedized for Extreme Environments

Meets or Exceeds MIL-0-24311 (EC)
(AN/USM-281 Specifications)

Large Bright Display—672 in Crt (15 kV)
5 ns/div Delaying Sweep

0.5 mV Vertical Sensitivity

Three-plug-in Flexibility

Versatile Trigger-source Selection

Pushbutton Switching

llluminated No-Parallax Graticule
Color-keyed Panels

Protective Cover with Accessories

The 7603N Option 11S Ruggedized Oscillo-
scope System meets the rigid environmental
and electrical specifications required by
MIL-0O-24311 (EC) and appears on U.S. Navy
QPL-24311. The system consists of a three-
plug-in mainframe, two single-trace ampli-
fiers, a dual time base, and a front-panel
cover with probes and accessories.

Although the military spec requires only
50-MHz performance, this system actually
performs to 65 MHz. Other better-than-re-
quired specs include operating altitude, sen-
sitivity at reduced bandwidth with X10 gain,
“X" sensitivity in X-Y mode, triggering fre-
quency range, delaying and delayed sweep
speeds, and crt size.

7000-Series Oscilloscopes
o 0pti°n 118 Ruggedized Oscilloscope System
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7603N Option 11S Ruggedized Oscilloscope System

The mainframe and plug-ins are compatible
with the TEKTRONIX 7000-Series product
line. The system does not have crt readout,
and it can’t be used with the digital plug-ins.

ENVIRONMENTAL

Temperature — Nonoperating —62°C to 4 75°C, oper-
ating —28°C to }65°C.

Humidity — 0 to 95% RH over entire temperature
range, operating or nonoperating.

Altitude — Nonoperating sea level to 50,000 ft, oper-
ating sea level to 15,000 ft.

Vibration (Operating) — 5 to 15 Hz at 0.060 in 0.012
in p-p amplitude, 16 to 25 Hz at 0.040 in =0.008 in
p-p amplitude, 26 to 33 Hz at 0.020 in #0.004 in p-p
amplitude.

Shock (Operating) — 9 consecutive 400-pound ham-
mer blows without failure from 1, 3, and 5 ft in vertical,
horizontal, and longitudinal axis as per MIL-S-901 for
Grade A, Class 1, Type A for lightweight equipment.

Inclination (Operating) — As per MIL-E-16400.

Drip Proof (Nonoperating) — As per MIL-STD-198.
Salt Spray (Nonoperating) — As per MIL-E-16400.
Electromagnetic Interference — As per MIL-STD-462
performed by MIL-STD-461 for the following tests:
CEO1 30 Hz to 20 kHz
CE03 20 kHz to 50 MHz
CS01 30 Hz to 50 kHz

Power lead emission
Power lead emission

Power lead, radiation
susceptibility

CS02 50 kHz to 400 MHz  Power lead, radiation

susceptibility

CS06 Spike Test Power lead, spike

susceptibility

REO1 30 Hz to 30 kHz Instrument radiation,

magnetic

REO2 14 kHz to 10 GHz Instrument radiation,

electric

RS01 30 Hz to 30 kHz Instrument susceptibility,

magnetic

RS03 14 kHz to 10 GHz Instrument susceptibility,

electric

Reliability — Optimum performance and reliable serv-
ice are provided during continuous or interrupted op-
eration. The MIL-0-24311(EC) MTBF requirement of
greater than 600 hours is met as tested under the
following conditions: temperature +40°C =2°C; rela-
tive humidity 70% =5%; vibration 25 Hz at 0.040
in #0.008 in p-p amplitude to 10 minutes of each
““Power On’’ hour during each day of the 8 hour
manned schedule; power cycled at 4 hour intervals
with 10 minutes power off for each 4 hour period of
the manned test schedule. An MTBF of greater than
2000 hours was achieved during testing.

VERTICAL SYSTEM
(Includes Two 7A15AN Option 11 Plug-ins)

Channels — Two left-hand plug-in compartments, with
a delay line which allows the leading edge of the dis-
played waveform to be viewed. All 7000-Series plug-
ins are compatible (except those which require crt
readout).

Display Modes — LEFT, ALT, ADD, CHOP, RIGHT.
Chopped frequency is approx 1 MHz. Added mode
displays signals algebraically with a cmrr of 20:1 to
25 MHz.
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Bandwidth/Sensitivity — Dc to 65 MHz from 5 mV/div
to 10 V/div, accuracy within 2%, variable extends to
25 V/div. Max sensitivity is 0.5 mV at 10 MHz with
X10 gain. Ac-coupling lower —3 dB point is less than 2
Hz. Rise time is 5.4 ns with less than 2% aberrations.

Input R and C — 1 MQ within 2%, less than 27 pF.
Max Input Voltage — 400 V (dc + peak ac).
Dc Stability — Less than 1 div/hr drift at 25°C.

HORIZONTAL SYSTEM
(Includes One 7B53AN Option 11 Plug-in)

Channels — One right-hand plug-in compartment. All
7000-Series plug-ins are compatible (except those
which require crt readout).

Internal Trigger Modes — LEFT VERT, VERT MODE,
RIGHT VERT.

X-Y Mode — The phase shift between vertical and
horizontal channels is less than 2° from dc to 35
kHz. Bandwidth is at least 2 MHz. Rise time is less
than 175 ns. Using the 7B53AN Option 11 time-base
external amplifier, 10 mV, 100 mV, and 1 V sensitivi-
ties (=10%) are available. Input R and C for 7B53AN
Option 11 is 1 MQ within 2%, 20 pF within 2 pF. Any
vertical plug-in, such as the 7A15AN Option 11, may
be used in the horizontal compartment, providing a
greater number of sensitivities for calibrated X-Y
displays.

‘Sweep Display Modes — Main Sweep, Main Sweep

Intensified by Delayed Sweep, Delayed Sweep.

MAIN (DELAYING) SWEEP

Sweep Rate — 0.05 us/div to 5 s/div in 25 steps
(1-2-5 sequence). 5 ns/div fastest calibrated sweep
rate, obtained with X10 magnifier. The uncalibrated
variable is continuous between steps and to 12.5
s/div.

Sweep Accuracy — Within 3% from 0.05 us/div to 5
s/div, within 5% at 5 ns/div.

Sweep Modes — Normal, Auto, Single Sweep.

Delay Time — Multiplier range is 0 to 10 times the
Time/Div setting. Accuracy is within 1% from 0.5
s/div to 0.5 us/div, within 2% from 5 s/div to 1 s/div.
Incremental linearity is within 0.2% of full scale. Jitter
is less than 1 part in 20,000 of X10 Time/Div setting.

Triggering (Source/Sensitivity) — Internal 0.5 cm to
50 MHz. External, 0.25 V to 20 MHz, 0.5 V to 50 MHz.
Ext = 10, 2.5 V to 20 MHz, 5 V to 50 MHz: Triggering
extends to 100 MHz with reduced sensitivity in both
Internal and External Modes. Input R and C is 1 MQ
within 2%, 20 pF within 2 pF.

Triggering Frequency Range — Ac, 30 Hz to 50 MHz;
ac If Rej, 30 kHz to 50 MHz; ac hf Rej, 30 Hz to 50
kHz; dc, dc-to-50 MHz. With external level range,
slope is =30 V.

DELAYED SWEEP

Triggering (Source/Sensitivity) — Internal 0.3 div to
10 MHz increasing to 1.5 div at 50 MHz. External, 0.1
V to 10 MHz increasing to 0.5 V at 100 MHz. Input R
and C is 1 MQ within 2%, 20 pF within 2 pF.

Triggering Frequency Range — Ac, 30 Hz to 50 MHz;
dc, dec-to-50 MHz.

Sweep Rate — 0.05 us/div to 0.5 s/div in 22 steps
(1-2-5 sequence). The delayed sweep runs after delay
time or triggerable after delay time.

Sweep Accuracy — Within 3% from 50 ms/div to 0.5
us/div, within 4% for all other sweep rates except the
magnified X10 sweep rate of 5 ns/div, which is within
6%.

CRT y

\

Accelerating Potential — 15 kV. @

Phosphor — P31.

Graticule — Internal 8 x 10 cm with variable illumina-
tion. The 6% in crt permits 2 cm of linear overscan
in both axes, making a total viewing area of approx
10 x 12 cm.

Crt Controls — Located on front panel are Focus, In-
tensity, Graticule lllumination, Beam Finder, and Trace
Rotation. Astigmatism is an internal control.

External Z-Axis Input (BNC Connector on Rear Panel)
— 2 V p-p for full intensity range from dc to 2 MHz,
intensity range diminishes to 20% of full range at 10
MHz. Max input voltage is 10 V (dc + peak ac).

OUTPUTS

Calibrator (BNC Connector on Front Panel) —1 V
within 1%, 1-kHz square wave within 20%.

Horizontal — Main Sweep +5 V, Delayed Sweep +5
V, Main Sweep Gate 42 V, Delayed Sweep Gate 2
V, Delayed Trigger +1 V with pulse width of greater
than 50 ns. All amplitudes are minimum and measured
when working into at least 100 k2 and 15 pF.

POWER REQUIREMENTS

Input Voltages — 100, 110, 120, 220, and 240 V ac =*=
10% internally selectable with quick-change jumpers
with 47.5—440 Hz single phase line frequency. Max
power consumption is 125 W.

€281 COVER WITH ACCESSORIES

The cover provides protection during transport and
packages the included accessories.

INCLUDED ACCESSORIES
(All Packaged in Cover)

Two P6006 probe packages (010-0127-00); two 8 ft
long 50-Q BNC cables (012-0366-00); two BNC female
to UHF male adapters (103-0015-00); two BNC male to
UHF female adapters (103-0032-00); two BNC male to
binding post adapters (103-0033-00); two BNC T con-
nectors (103-0030-00). One set of technical manuals
(not packaged in cover).

ORDERING INFORMATION

7603N Option 11S Oscilloscope
System (AN/USM-281C)
Order 7603NMS .................. $3450

System Includes — One each 7603N Option
11 Oscilloscope, two each 7A15AN Option
11 Amplifier Plug-ins, one each 7B53AN Op-
tion 11 Time Base*, and one each C281 Cov-
er with Accessories.

To Order Separatei'y:
7603N Option 11 Oscilloscope

(0S-245(P)/U) .........oiiiiin.. $1775
7A15AN Option 11 Amplifier

Plug-in (AM-6565/U) ............... $350
7B53AN Option 11 Time Base*

Plug-in (TD-1085/U) ................ $975
016-0553-00, C281 Cover :
W/Accessories .................... $1 20{

*Not compatible with 7844.



o ‘Storage
Mainframes

Storage mainframes in the 7000 Series offer a full selec-
tion of stored writing speeds: from =~5 cm/us for me-
chanical, spectrum analysis, or TDR applications, to
1000 cm/us for capturing fast single events such as
high speed digital logic. A selection of storage modes
offer the following features:

Bistable ..............Long View Time
Variable
Persistence . .. ... ... High Contrast Displays 7613
FAST ................ Capture Fast Single or Variable Persistence
Multiple Events
Multimode ............Combines All of the Above

Modes and Features

STEP RISE TIME
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Graph shows the stored writing speed needed to display a
given sine wave or step rise time at a given amplitude.

7623A
FAST Multimode




7633
7623A

7633
1000 cm/us Stored Writing Speed
Long View Time
Multimode Storage
Dc-to-100 MHz Bandwidth

The TEKTRONIX 7633 Storage Oscilloscope
provides 2200 div/us (1000 cm/us) stored
writing speed and 100-MHz bandwidth. The
instrument has three display modes—store,
nonstore, and save—and four storage modes
—bistable, variable persistence, fast bi-
stable, and fast variable persistence. The
separate reduced scan selector obtains the
top writing speed of 1000 cm/us (using the
center 8 x 10 reduced scan divisions, 0.45
cm/div).

The high writing speed is made possible by
the unique Tektronix storage crt. It uses a
special high-speed target and a mesh-to-
mesh transfer technique for fast storage
modes. This technique gives longer wave-
form retention times than previous storage
instruments. The variable persistence view
time with maximum persistence is never
less than one-half minute and the bistable
display may be viewed for hours without loss
due to fading. The SAVE mode is used to
retain the captured signal, to extend the
variable persistence view time, and to en-
able the auto-save feature.

This multimode storage instrument allows
for retention and viewing of fast-rise, low-
repetition-rate, single-shot, or slow-moving
waveforms. The instrument’s capability and
versatility make it a problem solver in com-
puter sciences, aerospace, ballistics, com-
munications, and many other fields.

Characteristics are common to the 7633 and
the 7623A unless noted.

VERTICAL SYSTEM

Channels — Two left-hand plug-in compartments; com-
patible with all 7000-Series plug-ins. Bandwidth de-
termined by mainframe and plug-in unit.

Modes of Operation — LEFT, ALT, ADD, CHOP,
RIGHT.

Chopped Mode — Repetition rate is approx 1 MHz.

Delay Line — Permits viewing leading edge of dis-
played waveform.

HORIZONTAL SYSTEM

Channel — One right-hand plug-in compartment; com-
patible with all 7000-Series plug-ins.

Fastest Calibrated Sweep Rate — 5 ns/div.

X-Y Mode — The phase shift between vertical and

horizontal channels is less than 2° from dc to 35 kHz.
Bandwidth is dc to at least 2 MHz.
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CRT AND DISPLAY FEATURES

Crt — Internal 8 x 10 div (0.9 cm/div) and 8 x 10 div
(0.45 cm/div) graticule with variable illumination.

Phosphor — P31.
Option 1 — No crt readout.

Accelerating Potential — Approx 8.5 kV in normal

mode, 10 kV in reduced scan mode.

Storage Display Modes — Nonstore, FAST variable
persistence, FAST bistable, variable persistence, bi-
stable. Full or reduced scan may be selected on the
7633 in all display modes. Select normal scan to view
the entire crt; select reduced scan for the fastest
writing rate.

Persistence — Variable. When set to max, provides
the longest retention of high contrast stored displays,
without the characteristic fading of variable persis-
tence.

Auto Erase — Variable up to 10 s.

Save — Prevents erasing and storing additional dis-
plays; also extends view time in variable persistence
mode.

External Z-Axis Input — 2 V p-p for useful intensity
range from dc to 2 MHz; intensity range diminishes to
20% of full range at 10 MHz. A positive signal blanks
the trace. Max input voltage is 10 V (dc -+ peak ac)
and p-p ac.

Auto-Focus — Reduces the need for additional man-
ual focusing with changes in intensity after focus
control has been set.

Beam Finder — Limits display within graticule area.

STORAGE WRITING SPEED
Full Scan (7633 and 7623A)

FAST

Variable Variable
Display Persist- FAST Persist-
Mode ence Bistable | ence Bistable
Stored 135 45 0.45 0.027
Writing cm/us cm/us cm/us cm/us
Speed
View 30s until 30s until
Time* erased erased
Erase
Time 1s 1s 05s 05s
(Approx)

Reduced Scan (7633 Only)

FAST

Variable Variable
Display Persist- FAST Persist-
Mode ence Bistable | ence Bistable
W | 1.000 180 1.35 0.9
Speedg cm/us cm/us cm/us cm/us
View 30s until 30s until
Time* erased erased

)

Erase (}‘
Time 1s 1s 05s 05s
(Approx)

*View times are at full stored display intensity; they
may be increased more than 30 times by using re-
duced intensity in the save display mode.

.
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7623A
135 cm/us Stored Writing Speed
Long View Time
Multimode Storage
Dc-to-100 MHz Bandwidth

The TEKTRONIX 7623A Storage Oscillo-
scope has all the features and performance

of the 7633 except the reduced scan mode.

Fast Variable Persistence Writing Speed

Peak-to-
Scan Sweep peak Step
Mode Speed Sine wave | Response
7.1 div 7.7 div
Reduced Scan** 100 MHz | 3.5 ns
2200 div/us >5 ns/div
(0.45 cm/div) 8 div 8 div
89 MHz 3.7 ns
3.2 div 3 div
Full Scan 15 MHz 20 ns
150 div/us >50 ns/div
(0.9 cm/div) 6.4 div 5 div
7.5 MHz 33 ns

**Applies to 7633 only.
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Graph showing the stored writing speed needed to
display a given sine wave or step rise time at a given
amplitude.

OUTPUTS/INPUTS

- Sawtooth — Sawtooth starts 1 V or less from ground
(into 1 MQ). Output voltage is 50 mV/div (*=15%) into
50 Q, 1 V/div (£10%) into 1 MQ. Output R is 950 Q
within 2%.

-+ Gate — Positive pulse of the same duration and
coincident with sweep. Output voltage is 0.5 V (=10%)
into 50 Q, 10 V (=10%) into 1 MQ. Rise time is 20 ns
or less into 50 Q, output R is 950 © within 2%. Source
is selectable from main, delay, or auxiliary gate.
Vertical Signal Out — Selected by TRIGGER SOURCE
switch. Output voltage is 25 mV/div (*=10%) into 50
Q, 0.5 V/div (+=10%) into 1 MQ. Bandwidth depends
on vertical plug-in. Output R is 950 Q within 2%.

7633 and 7623A Multimode Storage Oscilloscopes

Qo010+

External Single-Sweep Reset — Ground closure; rear
panel BNC provides input to reset sweep.

Remote Erase — Ground closure; rear panel BNC pro-
vides input to erase stored trace. \

Option 7 — No outputs/inputs.

CAMERA POWER OUTPUT

Three-prong connector to the left of the crt provides
power, ground, and remote single-sweep reset access
for the C-50-Series Cameras.

CALIBRATOR

Voltage Output — Rectangular waveshape, positive-
going from ground (dc voltage available when se-
lected by internal jumper). Ranges are 40 mV, 0.4 V,
4 Vinto 1 MQ; 20 mV, 0.2 V, 0.4 V into 50 Q. Amplitude
accuracy is within 1% (-15°C to +35°C); within 2%
(0°C to +-50°C). Repetition rate is approx 1 kHz.

Current Output — 40-mA dc or 40-mA rectangular
waveshape with optional current-loop accessory (012-
0259-00) connected between 4 V and GND pin jacks.

POWER REQUIREMENTS

Line Voltage Ranges — 100, 110, 120, 200, 220, and
240 V ac =*=10%; internally selectable with quick-
change jumpers.

Line Frequency — 50-60 Hz.

Option 5, Line Frequency Change (50-400 Hz) —
Converts the 7633 and R7633 to 50-400 Hz operation.

Max Power Consumption — 180 W, 2.0 A at 115 V
line, 60 Hz. Fan cooling is provided for both models.

10008

Included Accessories — 20 in cable (two-pin-to-BNC)
(175-1178-00) crt filter Green (378-0625-08). The R7633
and R7623A include Rackmounting hardware.

ORDERING INFORMATION
(Plug-ins not Included)

7633 Storage Oscilloscope . ........ $4200
R7633 Storage Oscilloscope . ....... $4300
7623A Storage Oscilloscope .. ...... $3500
R7623A Storage Oscilloscope . . ... .. $3600
OPTIONS
Option 1 without Crt Readout ........... Sub $400
Option 3 Emi Modification .............. Add $100
Option 5  Line Freq Change (50—400 Hz)..Add $125
Option 7 without Sig Out/In ............. Sub $50

CONVERSION KITS

Crt Readout (040-0748-01 Cabinet)
(040-0759-01 Rackmount) ................... $530
Emi Modification

(040-0663-00 Cabinet) ...................... $165

(Q40-0678-00 Rackmount) ................... $165
Sig Out/In (040-0629-01 Cabinet) .............. $120

(040-0633-00 Rackmount) .................... $85
Power Supply to Light Plug-in

Pushbuttons (040-0686-00) ................... $28
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Variable Persistence Storage Oscilloscope

Variable Persistence Storage
4.5 cm/us Stored Writing Speed
Dc-to-100 MHz Bandwidth

Burn Resistant Crt

5% in Rackmount

The TEKTRONIX 7613 Storage Oscilloscope
offers variable persistence operation with a
stored writing speed of 5 div/us or nonstor-
age operation. Stored traces may be viewed
up to 60 minutes on a display area of 8 x 10
div (0.9 cm/div). The 7613 crt is burn resist-
ant and doesn’t require any special oper-
ating precautions.

VERTICAL SYSTEM

Channels — Two left-hand plug-in compartments;
compatible with all 7000-Series plug-ins. Bandwidth
determined by mainframe and plug-in unit; see Verti-
cal Systems Specifications Chart.

Modes of Operation — LEFT, ALT, ADD, CHOP,
RIGHT.

Chopped Mode — Repetition rate is approx 1 MHz.
Delay Line — Permits viewing leading edge of dis-
played waveform.

HORIZONTAL SYSTEM

Channel — One right-hand plug-in compartment; com-
patible with all 7000-Series plug-ins.

Fastest Calibrated Sweep Rate — 5 ns/div.
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X-Y Mode — The phase shift between vertical and
horizontal channels is 2° from dc to 35 kHz. Band-
width is dc to at least 2 MHz.

CRT AND DISPLAY FEATURES
Variable Persistence Storage Crt — Internal 8 x 10
div (0.9 cm/div) graticule with variable illumination.
Phosphor — P31.
Option 1 — No crt readout.
Accelerating Potential — 8.5 kV.
Nonstore Mode — For displaying waveforms in the
conventional (nonstorage) mode.
Store Mode — For displaying waveform using the
variable persistence storage feature.
Max Stored Writing Speed — Greater than 4.5 cm/us.
View Time — The view time is the amount of time the
stored signal can be viewed before it fades away.
At the max writing speed the view time is 15 seconds
or 0.25 minutes with the stored intensity control fully
CW. Adjusting the stored intensity CCW will reduce
the stored writing speed, but view time can be in-
creased up to 5 minutes (see the chart below).
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Graph showing the stored writing speed needed for a
given sine wave or step rise time at a given amplitude.

Erase Time — 0.5 s or less.

Persistence — The persistence control also varies the
view time. The persistence can be adjusted from al-
most instantaneous disappearance (fade away), to off,
which provides the view time selected by the stored
intensity control.

Save — Prevents erasure of the stored display and
activates the save time control.

Save Time Control — Allows an extension of the view
time (see Storage View Time Chart).

External Z-Axis Input — 2 V p-p for full intensity range
from dc to 2 MHz; intensity range diminishes to 20%
of full range at 10 MHz. A positive signal blanks the
trace. Max input voltage is 10 V (dc + peak ac) and
p-p ac.

Auto-Focus — Reduces the need for additional man-
ual focusing with changes in intensity after focus
control has been set.

Beam Finder — Limits display within graticule area.

OUTPUTS/INPUTS

-+Sawtooth — Sawtooth starts 1 V or less from
ground (into 1 MQ). Output voltage is 50 mV/div
(*=15%) into 50 Q, 1V/div (=10%) into 1 MQ. Output R
is 950 © within 2%.

-+Gate — Positive pulse of the same duration and co-
incident with sweep. Output voltage is 0.5 V (=10%)
into 50 ©, 10 V (=10%) in 1 MQ. Rise time is 20 ns or
less into 50 Q; output R is 950 Q within 2%. Source is
selectable from main, delay, or auxiliary gate.

Sig Out — Selected by TRIGGER SOURCE switch.
Output voltage is 25 mV/div (*=10%) into 50 @, 0.5
V/div (£10%) into 1 MQ. Bandwidth depends upon
vertical plug-in; see Vertical Systems Specifications
Chart. Output R is 950 @ within 2%.
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External Single-Sweep Reset — Ground closure; rear( y

panel BNC provides input to reset sweep.

R,

10 . ™
C
0.25 ONTROL 2 ‘
0.1 1.0 5.0
STORED WRITING SPEED

(div/us at Maximum Persistence)

Erase — Ground closure; rear panel BNC pro-
vides input to erase stored trace.

Option 7 — No outputs/inputs.



CAMERA POWER OUTPUT
Three-prong connector to the left of the crt provides
power, ground, and remote single-sweep reset access
for the C-50-Series Cameras.

CALIBRATOR

Voltage Output — Rectangular waveshape, positive-
going from ground. (Dc voltage available when se-
lected by internal jumper.) Ranges are 40 mV, 0.4 V,
4 Vinto 1 MQ; 20 mV, 0.2 V, 0.4 V into 50 Q. Ampli-
| tude accuracy is within 1% (+15°C to -35°C);
‘ within 2% (0°C to +450°C). Repetition rate is approx
1 kHz.

Current Output — 40-mA dc or 40-mA rectangular
waveshape with optional current-loop accessory
f (012-0259-00) connected between 4 V and GND pin
| jacks.

POWER REQUIREMENTS
Line Voltage Ranges — 100, 110, 120, 200, 220, and
240 V ac =£10%; internally selectable with quick-
change jumpers.
Line Frequency — 50-60 Hz.
Option 5, Line Frequency Change (50-400 Hz) — Con-
verts the 7613 and R7613 to 50-400 Hz operation.
Max Power Consumption — 180 W, 2.0 A at 115 V
line, 60 Hz. Fan cooling is provided for both models.

| The R7613 requires only 5% in of rack height in
a standard 19 in rack. It is fan cooled and comes
complete with slideout-chassis tracks.

{ Included Accessories (for 7613 and R7613) — 20 in
cable (two-pin-to-BNC) (175-1178-00); crt filter (Gray

I 378-0625-02). The R7613 includes rackmounting hard-
ware.

DIMENSIONS AND WEIGHTS
Refer to the 7633 dimensions and weights chart.

ORDERING INFORMATION
(Plug-ins not Included)

7613 Storage Oscilloscope ......... $2850
R7613 Storage Oscilloscope ........ $2950
7613 OPTIONS
Option 1 without Crt Readout............ Sub $400
Option 3 Emi Modification .............. Add $100

b Option 5 Line Freq Change (50—400 Hz)..Add $125
Option 6  Special Int Graticule
(Spectrum Analyzer) ............ Add $50
Option 7 without Sig Out/In ............. Sub $50
R7613 OPTIONS
Option 1 without Crt Readout ........... Sub $400
Option 3  Emi Modification .............. Add $100
Option 5  Line Freq Change (50—400 Hz)..Add $125
Option 6  Special Int Graticule
(Spectrum Analyzer) ........... Add $50
Option 7 without SigOut/In .............. Sub $50
7613 CONVERSION KITS
040-0656-02 CrtReadout.................... $480
040-0663-00 Emi.Modification ............... $165
040-0629-01 S U e s min e $120
040-0686-00 Power Supply to Light
Plug-in Pushbuttons .............. $28
° R7613 CONVERSION KITS
040-0676-02 CrtReadout .................... $530
040-0678-00 Emi Modification ............... $165
040-0633-00 SigOut/In ...................... $85
040-0686-00 Power Supply to Light
Plug-in Pushbuttons .............. $28

7000-Series Oscilloscopes
Split-screen Bistable Storage Oscilloscope

7313

Split-screen Bistable Storage
4.9 cm/us Stored Writing Speed
Dc-to-25 MHz Bandwidth

Burn Resistant Crt

5% in Rackmount

The TEKTRONIX 7313 Storage Oscilloscope
offers split-screen bistable operation or non-
storage operation. It has a stored writing
speed of 5 div/us. Stored traces may be
viewed up to 4 hours on a display area of
8 x 10 div (0.98 cm/div). The 7313 crt is burn
resistant and doesn’t require any special
operating precautions.

The split-screen storage crt allows for both
a stored display and a real-time display
on the same crt at the same time. This capa-
bility is useful in many applications. The
operator may wish to store a reference trace
and then view the change in waveform
characteristics as he varies circuit com-
ponents. He can do this easily by operating
half the display in a stored mode and the
other half in a conventional mode. Thus,
amplitude, duration, and other character-
istics of waveforms displayed in the conven-
tional mode may be precisely adjusted to
the stored reference trace.
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7313 and R7313 Bistable Storage Oscilloscopes

VERTICAL SYSTEM

Channels — Two left-hand plug-in compartments; com-
patible with all 7000-Series plug-ins. Bandwidth de-
termined by mainframe and plug-in unit, limited to 25
MHz.

Modes of Operation — LEFT, ALT, ADD, CHOP,
RIGHT.

Chopped Mode — Repetition rate is approx 1 MHz.

Delay Line — Permits viewing leading edge of wave-
form.

HORIZONTAL SYSTEM

Channel — One right-hand plug-in compartment; com-
patible with all 7000-Series plug-ins.

Fastest Calibrated Sweep Rate — 20 ns/div.

X-Y Mode — The phase shift between vertical and
horizontal channels is 2° from dc to 35 kHz. Band-
width is dc to at least 2 MHz.

STORAGE CRT AND DISPLAY FEATURES

Split-Screen Bistable Storage Crt — Internal 8 x 10
div (0.98 cm/div) graticule. Store on upper or lower
half of screen with nonstore display on other half.
Store on entire screen or nonstore on entire screen.
Independent operation on both halves.

Accelerating Potential — 4 kV.
Phosphor — P1.

Stored Writing Speed — Normal, 500 div/ms; adjust-
able to at least 5000 div/ms in Enhance Mode.

Storage View Time — Up to 4 hours.

Auto Erase View Time Range — 0.5 or less to at
least 10 s after end of sweep.

Erase Time — 400 ms or less.

Enhance Mode — Controls single-sweep writing capa-
bilities of the storage crt. Up to 5000 cm/ms or
better can be stored with minimal loss of resolution
and contrast.

Integrate Mode — Provides additional writing speed
for repetitive signals by allowing the storage target
to integrate the written information over several signal
repetitions.

Auto Erase Mode — Viewing time continuously vari-
able up to 10 s. The sequence begins with the arrival
of the signal. The signal initiates a sweep. After each
sweep, the stored display is retained and further
sweeps are locked out for the viewing interval se-
lected by the VIEW TIME Control. Then the display
is erased and the time-base enabled for the next
sweep. This cycle will automatically repeat itself
as long as a signal is available. The stored display
may also be erased by the MANUAL control.
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Graph showing the stored writing speed needed to
display a given sine wave or step rise time at a given
amplitude.

External Z-Axis Input—2 V p-p for full intensity
range from dc to 2 MHz; intensity range diminishes to
20% of full range to 10 MHz. A positive signal blanks
the trace. Max input voltage is 10 V (dc + peak ac)
and p-p ac.

Beam Finder — Limits display within graticule area.

OUTPUTS/INPUTS

-}-Sawtooth — Sawtooth starts 1 V or less from
ground (into 1 MQ). Output voltage is 50 mV/div
(£15%) into 50 Q, 1 V/div (=10%) into 1 MQ. Output
R is 950 Q within 2%.

-+ Gate — Positive pulse of the same duration and
coincident with sweep. Output voltage is 0.5 V
(#=10%) into 50 2, 10 V (*=10%) into 1 MQ. Rise time
is 20 ns or less into 50 Q; output R is 950 2 within
2%. Source is selectable from main, delay, or auxil-
iary gate.

Sig Out — Selected by TRIGGER SOURCE switch.
Output voltage is 25 mV/div (=10%) into 50 Q, 0.5
V/div (=10%) into 1 MQ. Bandwidth depends on
vertical plug-in. Output R is 950 Q within 2%.

External Single-Sweep Reset — Ground closure; rear
panel BNC provides input to reset sweep.

Remote Erase — Ground closure; rear panel BNC
provides input to erase stored trace. Internally select-
able for either or both halves of crt.

Option 7 — No outputs/inputs.

The R7313 requires only 5% in of rack height in a
standard 19 in rack. It is fan cooled and comes com-
plete with slide-out chassis tracks.

CAMERA POWER OUTPUT

Three-prong connector to the left of the crt provides
power, ground, and remote single-sweep reset access
for the C-50-Series Cameras.

CALIBRATOR

Voltage Output — Rectangular waveshape, positive-
going from ground (dc voltage available when se-
lected by internal jumper). Ranges are 40 mV, 0.4 V,
4V into 1 MQ; 20 mV, 0.2 V, 0.4 V into 50 2. Amplitude
accuracy is within 1% (+15°C to +435°C); within
2% (0°C to +50°C). Repetition rate is approx 1 kHz.

Current Output— 40-mA dc or 40-mA rectangular

waveshape with optional current-loop accessory (012-
0259-00) connected between 4V and GND pin jacks.

POWER REQUIREMENTS

Line Voltage Ranges — 100, 110, 120, 200, 220, and
240 V ac =*=10%; internally selectable with quick-
change jumpers.

Line Frequency — 50-400 Hz (7313), 50-60 Hz (R7313).

Option 5, Line Frequency Change (50—400 Hz) — _
Converts the R7313 to 50—400 Hz operation (not re-|
quired for 7313). b

Max Power Consumption — 180 W, 2 A at 115 V
line, 60 Hz. Fan cooling is provided for the R7313.
Included Accessories (For 7313 and R7313) — 20 in
cable (two-pin-to-BNC) (175-1178-00); crt filter (Light
Green 378-0625-08). The R7313 includes rackmounting
hardware.

ORDERING INFORMATION
(Plug-ins not Included)

7313 Storage Oscilloscope ......... $2400
R7313 Storage Oscilloscope . ....... $2500
7313 OPTIONS
Option 1 without Crt Readout............ Sub $400
Option 3 Emi Modification .............. Add $100
Option 7 without Sig Out/In .............. Sub $50
R7313 OPTIONS
Option 1 without Crt Readout ........... Sub $400
Option 3  Emi Modification .............. Add $100
Option 5  Line Freq Change (50—400 Hz)..Add $125

Not Required for 7313
Option 7 without Sig Out/In.............. Sub $50

7313 CONVERSION KITS

040-0655-02 CrtReadout .................... $480
040-0664-00 Emi Modification ............... $150
040-0629-01 SigOut/In ............covvnnnnn $120
040-0686-00 Power Supply to Light

Plug-in Pushbuttons.............. $28

R7313 CONVERSION KITS (
040-0675-02 Crt Readout ................... $480
040-0678-00 Emi Modification................ $165
040-0633-00 SigOut/In ..............cc0vvvnnn $85
040-0686-00 Power Supply to Light

Plug-in Pushbuttons.............. $28



7000-Series
Plug-ins

Amplifiers Pages 50-53

Eleven vertical amplifiers offer choices in
system bandwidth, number of input channels,
vertical sensitivity, input impedance, and dif-
ferential inputs.

NEW 7A13

7A19 7A24 7A26

Time Bases Pages 54-57

Five horizontal time bases offer choices in
sweep speeds, single or dual sweeps, and
now, digital delta delay measurements.

NEW 7B85

Digital Measurements Pages 58-63

Five digital instruments, one with three inter-
changeable modules, offer unique solutions
to complex measurement problems. Timing
and amplitude measurement instruments inter-
act with the oscilloscope to easily obtain ac-
curate measurements of complex signals.

v e A e |

7D11 7D12/M1 7D12/M2 7D12/M3

Sampling and TDR Pages 64-69

Five plug-in units offer a choice of single-
and dual-channel sampling, general-purpose
sampling combined with time domain reflec-
tometry, sampling sweep, and dual delay line.

Sampling Heads Pages 66-68
Ten sampling heads offer choices in
input impedance, equivalent band-
width, and triggering for a matched
sampling system.

Special Purpose
Plug-ins

Full details on these
special purpose instru-
ments are given on the
pages indicated at left.

7L12 7L13 7K11 7M13

7CTIN

Curve See p. 186 See p. 187 CATV Readout

Tracer NEW 7L5/L1/L2 Preamplifier Unit
See p. 182 See p. 190 See p. 195 See p. 57

Spectrum 'Analyzers
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7A11
7A15A
7A16A

Single-trace Amplifiers

VARIABLE (CAL IN}
VOLTS/DIV

7A11

Built-in FET Probe
DC-to-250 MHz Bandwidth (7900 Family)

5 mV/div to 20 V/div
Calibrated Deflection Factors

Dc Offset
Lit Pushbuttons

The 7A11 is a wideband plug-in amplifier.
The captive FET probe input configuration
optimizes signal acquisition with high re-
sistance (1 MQ) and low capacitance (5.8 pF
at 5 mV/div), without loss of signal ampli-
tude by probe attenuation. The 7A11 probe’s
two 20X attenuators, physically mounted in
the probe tip, are relay-switched into the
input signal path at the appropriate deflec-
tion factor. This frees the operator: he need
not concern himself with manual plug-in at-
tenuators and dynamic signal range.

Deflection Factor — 5 mV/div to 20 V/div in 12 cali-
brated steps (1-2-5 sequence). Accuracy is within
2% of gain adjustment at 0.1 V/div. Uncalibrated
VARIABLE is continuous between steps to at least 50
V/div.

Input R and C — 1 MQ within 1%; ~ 5.8 pF (5§ mV/div
to 50 mV/div), ~ 3.4 pF (0.1 V/div to 1 V/div), = 2 pF
(2 V/div to 20 V/div).

Signal and Offset Range

7000-Series Oscilloscopes

Deflection 5 mV/div

Factor to 50 0.1 V/div 2 V/div

Settings mV/div to 1 V/div to 20 V/div

Offset +1Vto -+20 V to -+400 V to

Range -1V —20V —400 V

Offset 1:1 within 20:1 within | 400:1 within

Range to 1% 1.5% 2%

Offset Out +0.5 mV +0.5 mV +0.5mV
200 V (Dc 200 V (Dc 200 V (Dc

Max Dc- -+ Peak Ac, | 4+ Peak Ac, | + Peak Ac,

coupled Ac Com- Ac Com- Ac Com-

Input ponent to ponent to ponent to
50 kHz) 40 MHz) 70 MHz)

Max Ac-

coupled

Input =+200 V

(Dc Com-

ponent)

Dc Stability — Drift with time (constant ambient tem-
perature and line voltage): short term, 0.1 div or less
per minute after 20 minute warm-up. Long term, 0.3

50

div or less per hour after 20 minute warm-up. Drift
with ambient temperature (constant line voltage), 200
uV/°C or less.

Displayed Noise — 0.5 mV or 0.1 div, whichever is
greater, in FULL BANDWIDTH mode, measured
tangentially.

Offset Function — An internal dc source, continuously
variable between +1 V and —1 V, may be used to
offset the trace. (See chart for offset range.) An OFF-
SET OUT jack allows for monitoring of the offset
voltage. OFFSET OUT source resistance is 500 Q
within 3%.

Included Accessories — Capacitor-coupler head (011-
0110-00); retractable hook tip (013-0106-00); probe tip
ground adapter (013-0085-00); 3 in ground lead (nose)
(175-0849-00); 3 in ground lead (screw-in) (175-0848-
00); 12 in ground lead (screw-in) (175-0848 02); three
miniature alligator clips (344-0046-00); two insulated
sleeves (166-0404-01); probe hook tip (206-0114-00);
probe tip to GR 50 Q termination (017-0088-00); 18 in
cable (offset out) (175-1092-00).

Order 7A11 Amplifier .............. $1225

Dc-to-80 MHz Bandwidth (7900 Family)

5 mV/div to 10 V/div
Calibrated Deflection Factors

500 xV/div at 10 MHz (X10 Gain)

The 7A15A is a wideband amplifier that fea-
tures a X10 magnifier to increase the sensi-
tivity to 500 xV/div at 10 MHz. It has a con-
stant bandwidth at all deflection factors in
the X1 setting. Polarity of the display is
selectable. The 7A15A may also be used in
the horizontal channel for X-Y operation.

Deflection Factor — 5 mV/div to 10 V/div in 11 cali-
brated steps (1-2-5 sequence). X1 gain accuracy is
within 2% with X1 gain adjusted at 10 mV/div. X10
gain (increases sensitivity to 500 uV) accuracy is
within 10% at 10-MHz bandwidth throughout deflec-
tion factor settings. Uncalibrated VARIABLE is con-
tinuous between steps to at least 25 V/div.

Input R and C — 1 MQ within 2%; =~ 20 pF.

Max Input Voltage — Dc-coupled: 250 V (dc + peak
ac), ac component 500 V p-p max, 1 kHz or less. Ac-
coupled: 500 V (dc + peak ac), ac component 500 V
p-p max, 1 kHz or less.

Order 7A15A Amplifier .. ............ $310

7A16A

Dc-to-225 MHz Bandwidth (7900 Family)

5 mV/div to 5 V/div
Calibrated Deflection Factors

The 7A16A is a wideband amplifier. It fea-
tures constant bandwidth over the deflec-
tion factor range of 5 mV/div to 5 V/div.
Polarity of the display is selectable; band-
width is selectable to FULL or limited to 20
MHz for low-frequency applications.

Deflection Factor —5 mV/div to 5 V/div in 10 cali-
brated steps (1-2-5 sequence). Accuracy is within 2%
with gain adjusted at 10 mV/div. Uncalibrated VARI-
ABLE is continuous between steps to at least 12.5
V/div.

Input R and C — 1 MQ within 2%; =~ 20 pF.

Max Input Voltage — Dc-coupled: 250 V (dc + peak
“ac); ac component 500 V p-p max, 1 kHz or less. Ac-
coupled: 500 V (dc + peak ac); ac component 500 V
p-p max, 1 kHz or less.

Dc Stability — Drift with ambient temperature (con-
stant line voltage) is 0.01 div/°C. Drift with time
(ambient temperature and line voltage constant) is
0.02 div in any one minute after 1 hour warm-up.

Order 7A16A Amplifier . ............. $525



NpUT
500 SOmV/DIV
. W 5V RMS MAX

7A17

Low Cost
c-to-150 MHz Bandwidth (7900 Family)

50 mV/div Calibrated Deflection Factor
Easy to Customize

The 7A17 is a unique wideband, plug-in
amplifier electrically and mechanically suit-
able for do-it-yourself design and modifica-
tion.

The layout of the circuit board assembly
provides a blank soldering pad matrix and
ground plane surface totaling approximately
40 square inches. Circuits may be installed
here. Mainframe power is identified and
available on the circuit board. The front sub-
panel is prepunched with holes of various
sizes and shapes which allow for the mount-
ing of connectors, switches, indicators, etc.

Deflection Factor — Adjustable to 50 mV/div. There
is no step attenuation.

Input Z — 50 Q.
Max Input Voltage — 5 V rms.
Order 7A17 Amplifier ............... $150

MAK WIS IWIUT VL iADE

VOLTS/DIV
s

AMPLIFIER

7A19

Dc-to-500 MHz Bandwidth (7900 Family)

10 mV/Div to 1 V/Div
Calibrated Deflection Factors

Optional =500 ps Variable Delay Line

The 7A19 is a high-performance, wide-band-
width, single-trace plug-in amplifier de-
signed primarily for use with the 7900-, 7800-,
and 7700-Family mainframes. The polarity
of the display is selectable, either normal
or inverted.

Deflection Factor — 10 mV/div to 1 V/div in 7 cal-
ibrated steps (1-2-5 sequence). Accuracy is within 3%.
Input R — 50 Q.

Option 4, Variable Signal Delay — Permits matching
the transit time of two preamps and probes to better
than 50 ps. Range is =500 ps.

Max Input — 2 W average or 50 div peak; 100 V dc
in both dc- and ac-coupled mode.

Order 7A19 Amplifier ............... $900

7A19 OPTION

Order Option 4 Variable Sig
Delay .f. . S8 L S e s Add $150

7000-Series Oscilloscopes
Single-trace Amplifiers and Direct Access Unit

7TA17
7A19
7A21N

7A21N

Bandwidth to 1 GHz
(7900 & 7800 Family Only)

Less than 4 V/Div Deflection Factor
Single and Differential Inputs
Positioning Control

The 7A21N unit is designed so that high-
frequency or fast-rise time signals may be
ac-coupled directly into the wide-bandwidth
crt of the 7900- and 7800- Family Oscillo-
scopes. Two front-panel input connectors
allow single-ended or differential operation
(internally selected). Vertical-trace position-
ing is controlled on the front-panel.

Direct access means that the vertical ampli-
fier is bypassed. Interconnection boards and
coupling cables are supplied with each
7A21N. The 7A21N does not incorporate crt
readout or an internal trigger.

When used in 7900-Family Oscilloscopes,
vertical mode switching is inoperative, and
plug-ins can’t be used in the adjacent verti-
cal channel.

With the 7844 or R7844 Oscilloscopes, the 7A21N may
be used in one or both vertical compartments. When
one 7A21N is used with Beam 1 left vertical compart-
ment, preamps or specialized plug-ins may be used
with Beam 2 right vertical compartment, leaving the
crt readout operative for Beam 2 and the horizontal
compartments. Vertical mode switching is inoperative
when a 7A21N is used in Beam 1. When two 7A21Ns
are used, crt readout and vertical mode switching are
inoperative. Horizontal mode switching is always oper-
ative.

An 80-ns pretrigger should be provided for fast single-
shot events. If this is impractical, use a 7M11 Dual
Delay Line in the signal path. The 7A21N is compat-
ible only with the 7900- and 7800-Family Oscillo-
scopes.

Bandwidth — 20 kHz to 1 GHz.

Deflection Factor — Less than 4 V/div.

Input Z — 50 Q.

Max Input Voltage — 25 V dc, 100 V pulsed ac.

Included Accessories — Interconnecting board as-
sembly.

Order 7A21N Direct Access . ......... $600




7A13
7A22

Differential Amplifiers

COMPARISON
VOLTAGE Vel
COARSE -9~ FINE

DIFFERENTIAL COMPARATOR |«

7A13
7A13

Dc-to-105 MHz Bandwidth (7900 Family)

1 mV/div to 5 V/div
Calibrated Deflection Factors

20,000:1 Cmrr
10,000 Cm Effective Screen Height
Lit Pushbuttons

The 7A13 is a differential comparator am-
plifier. It incorporates a number of features
which make it particularly versatile, especi-
ally in multitrace combination with other
7000-Series vertical plug-ins.

As a conventional amplifier the 7A13 has excellent
and constant bandwidth over the 1 mV/div to 5 V/div
deflection factor range. The bandwidth is selectable
to FULL or 5 MHz for best displayed noise conditions
during low-frequency applications.

As a differential amplifier the 7A13 provides a bal-
anced (4 and —) input for applications requiring re-
jection of a common-mode signal. The cmrr is 20,000:1
from dc to 100 kHz, derating to 200:1 at 20 MHz. The
unit can reject up to 10 V of common-mode signal at
a deflection factor setting of 1 mV/div, increasing to
100-V rejection potential at 10 mV/div (X10 Vc pulled)
and 500 V at 0.1 V/div.

As a comparator amplifier the 7A13 uses its differen-
tial capabilities, but provides an accurate (0.1%)
positive or negative internal offsetting voltage cover-
ing the common-mode signal range of the unit. A
signal of up to =10 V may be applied to an input
(4+ or —) at a deflection factor setting of 1 mV/div
and, with an opposing Vc (offset voltage), viewed in
10,000 segments of 1 mV. The offset voltage is also
available as an output for external monitoring.

Input R and C — 1 MQ within 0.15%; =~ 20 pF. R in
~ oo, is available in the 1 mV to 50 mV/div range,
selectable by an internal switch.

Deflection Factor — 1 mV/div to 5 V/div in 12 cali-
brated steps (1-2-5 sequence). Accuracy is within
1.5% with gain adjusted at 1 mV/div. Uncalibrated
VARIABLE is continuous between steps to at least
12.5 V/div.

Signal Range

10 mV to

; 50 mV/div 0.1 Vto 0.5
Deflection (X10 Ve out) | V/div (X10 Ve
Factor imVto |and 0.1 Vto| out)and 1V
Settings 50mV/div| 0.5 V/div to 5 V/div
Common-
mode Signal *+10 V =+100 V =500 V
Range
Max Dc-
coupled Input|
(Dc + Peak +40V =400 V =500 V
Ac at 1 kHz
or Less)
Max Ac-
coupled Input| =500 V
(Dc Voltage)
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Max Input Gate Current — 0.2 nA or less from 0°C
to +35°C; 2 nA or less at +35°C to +50°C.

Dc Stability — Drift with time (constant ambient tem-
perature and line voltage): short term, 1 mV p-p or
0.1 div, or less (whichever is greater) over any 1-
minute interval after 20 minutes warm-up. Long term,
1 mV p-p or 0.1 div or less (whichever is greater)
during any 1 hour interval after 20 minutes warm-up.
Drift with ambient temperature (constant line voltage),
2 mV/10°C or 0.2 div/10°C or less, whichever is
greater.

Displayed Noise (Tangentially measured) — With X10
Vc in, 400 uV (200 uV rms) or less at 1 mV/div; 0.2
div or less at 2 mV/div to 5 mV/div; 0.05 div or less
at 10 mV/div to 5 V/div. With X10 Vc out, 0.4 div or
less at 10 mV/div to 0.5 V/div.

Overdrive Recovery — 1 us to recover to within 2 mV
and 0.1 ms to recover to within 1 mV after a pulse of
+10 V or less, regardless of pulse duration.

Internal Comparison Voltage — Range, 0 V to =10 V;
accuracy, ==(0.1% of setting + 3 mV); Vc output R,
approx 15 k.

Common-Mode Rejection Ratio

T T T I

CMRR Specification (1 mV/div to 50 mV/div only)

=== P.p Amplitude ‘Sinusoid Test 'Signal
|
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FREQUENCY

At least 2000:1, 10 mV/div to 50 mV/div (X10 Vc out)
and 0.1 V/div to 5 V/div. Ac-coupled input at least
500:1 at 60 Hz.

Order 7A13 Amplifier .............. $1495

Dc-to-1 MHz Bandwidth

10 »V/div to 10 V/div
Calibrated Deflection Factors

100,000:1 Cmrr

Selectable Upper and Lower —3 dB Points
Dc Offset

10 «V/Hour Dc Drift*

The 7A22 is a differential amplifier welli'
4

suited for difficult low-amplitude, low-fre
quency measurements.

*With constant temperature. See dc stability specifi-
cations.

Bandwidth — Hf —3 dB point; selectable in 9 steps
(1-3 sequence) from 100 Hz to 1 MHz, accurate within
10% of selected frequency; rise time in 1 MHz posi-
tion is 350 ns *=9%. Lf —3 dB point; selectable in 6
steps (1-10 sequence) from 0.1 Hz to 10 kHz, accurate
within 12% of selected frequency. The switch also
contains dc and dc with OFFSET positions. Ac-
coupled at input, 2 Hz or less.

Deflection Factor — 10 uV/div to 10 V/div in 19 cali-
brated steps (1-2-5 sequence). Accuracy is within 2%
with gain adjusted to 1 mV/div. Uncalibrated VARI-
ABLE is continuous between steps to at least 25
V/div.

Input R and C — 1 MQ within 1%; =~ 47 pF.

Max Input Gate Current — Differentially measured, 40
pA (+25°C) and 200 pA (+50°C) at 10 uV/div to 10
mV/div; 10 pA (+425°C) and 20 pA (+4-50°C) at 20
mV/div to 10 V/div. Single ended, one-half the differ-
ential measurement. Display shift is =4 div (+425°C)
and =20 div (+50°C) at 10 uV/div (ac-coupled).

Signal and Offset Range

Deflection 10 uV 20 mV 0.2V 2V
Factor to 10 to 0.1 to 1 to 10
Settings mV/div V/div V/div V/div
Coré\mon-
mode
Signal +10V | =100 V =+500 V
Range
Max Dc-
couple(d
Input (dc
 Peak ac +15V | =200 V =+500 V
at 1 kHz
or Less) i
Max Ac- >
coupled =+500 V
Input (dc dc Rejection, at least 4 x 105:1
Voltage)
Dc Offset +J)V +:gv +1t(()>0V +1&oov
Range

—1V —10V | —100V | —1000 V

Dc Stability — Drift with time (constant ambient tem-
perature and line voltage): short term, 5 uV (p-p) or
0.1 div, whichever is greater in any minute after 1 hour
warm-up. Long term, 10 uV (p-p) or 0.1 div, whichever
is greater in any hour after 1 hour warm-up. Drift with
ambient temperature (constant line voltage) is 50
uV/°C or less.

Displayed Noise — 16 uV or 0.1 div (whichever is
greater) at max bandwidth; source resistance 25 Q
or less measured tangentially.

Overdrive Recovery — 10 us or less to recover within
0.5% of zero level after removal of a test signal
applied for 1 s (signal amplitude not to exceed dif-
ferential dynamic range). Front-panel OVERDRIVE
light indicates that an overdrive condition is being
approached.

Common-mode Rejection Ratio (For Signals not Ex-

ding C mode Si | Range)
¥ A veRiFicaTion POINTS
100,001
T |
|
10 yv /dlv = 10mV/div 'z: 2%\6:&%7
20,00011
St e
10,0001 > ‘ = i
b3 |
g 7 =y
= 4
£ /7 i /gg SOUPLED 20y /ate = 10 v /i
g
2 e =
w =N e
8 // | = 500:1 -
H —— 3
3 |
H
E
- |
oo L S
10 m 100 ne e 10 kns 100 ks
FREQUENCY
Order 7A22 Amplifier ............... $715
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7A18

Dc-to-75 MHz Bandwidth

5 mV/div to 5 V/div
Calibrated Deflection Factors

The 7A18, the basic building block of 3- and
4-trace operation, is a dual-trace plug-in
amplifier. The 7A18 features constant band-
width for all deflection factors, 5 operating
modes (CH 1, CH 2, ALT, CHOP, ADD), trig-
ger source selectivity and color-keyed con-
trol grouping. The 7A18 has a trace identify
function. Polarity of channel 2 is selectable.

Deflection Factor — 5 mV/div to 5 V/div in 10 cali-
brated steps (1-2-5 sequence). Accuracy is within
2% with gain adjusted to 10 mV/div. Uncalibrated
VARIABLE is continuous between steps to at least
12.5 V/div.

Input R and C — 1 MQ within 2%; ~ 20 pF.

Max Input Voltage — Dc-coupled: 250 V (dc + peak
ac); ac component 500 V p-p max, 1 kHz or less.
Ac-coupled: 500 V (dc + peak ac); ac component
500 V p-p max, 1 kHz or less.

Dc Stability — Drift with ambient temperature (con-
stant line voltage) is 0.01 div/°C. Drift with time
(ambient temperature and line voltage constant) is
0.02 div in any one minute after 1 hour warm-up.

Common-Mode Rejection Ratio — At least 10:1, dc-
to-50 MHz.

Order 7A18 Amplifier ............... $615

DC OFFSET OPTION

Option 6, Dc Offset — Two separate Channel-1 and
Channel-2 variable offset controls are concentric with
the position controls replacing the identify push-
buttons of the standard 7A18. The ac-dc-ground
switch of each channel is expanded to accommodate
a fourth position for dc offset.

Offset Range Display — =200 div max, equivalent to
=1V at 5§ mV/div.

Accuracy — When in DC OFFSET the deflection ac-
curacy is derated by 1%.

Order Option 6 Dc Offset........ Add $115

B G pusn
VARIABLE CAL IN)
VOLTS/DI
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7A24

Dc-to-350 MHz Bandwidth (7900 Family)

5 mV/Div to 1 V/Div
Calibrated Deflection Factors

50-Q Input

The 7A24, a dual-trace plug-in amplifier, is
a basic building block for 3- or 4-trace oper-
ation. It features constant bandwidth for
all deflection factors, 5 operating modes
(CH 1, CH 2, ALT, CHOP, ADD), trigger
source selection (CH 1, CH 2, MODE), and
color-keyed control groupings. Polarity of
channel 2 is selectable.

Deflection Factor —5 mV/div to 1 V/div in 8 cali-
brated steps (1-2-5 sequence). Accuracy is within 2%
with gain adjusted to 5 mV/div. Uncalibrated VARI-
ABLE is continuous between steps to at least 2.5
V/div.

Input R — 50 Q within 0.5%; VSWR 1.25:1 or less at
5m/div and 10 mV/div, 1.15:1 or less from 20 mV/div
to 1 V/div at 250 MHz.

Max Input — 5V rms; 0.5 W max input power, intern-
ally protected.

Common-Mode Rejection Ratio — At least 10:1 dc-to-
50 MHz.

Dc Stability — Drift with ambient temperature (con-
stant line voltage) is 0.02 div/°C. Drift with time (am-
bient temperature and line voltage constant), 0.02 div
in any one minute after 1 hour warm-up.

Order 7A24 Amplifier .............. $1150

7000-Series Oscilloscopes
Dual-trace Amplifiers

7A18
7A24
7A26

Dc-to-200 MHz Bandwidth (7900 Family)

5 mV/Div to 5 V/Div
Calibrated Deflection Factors

1-M@Q Input

The 7A26, a dual-trace plug-in amplifier, is
a basic building block for 3- or 4-trace oper-
ation. It features constant bandwidth for all
deflection factors, 5 operating modes (CH
1, CH 2, ALT, CHOP, ADD), trigger source
selection (CH 1, CH 2, MODE), and color-
keyed control groupings. Polarity of channel
2 is selectable. Bandwidth may be set at
FULL or limited to 20 MHz for low-frequency
applications.

Deflection Factor — 5 mV/div to 5 V/div in 10 cali-
brated steps (1-2-5 sequence). Accuracy is within 2%
with gain adjusted at 10 mV/div. Uncalibrated VARI-
ABLE is continuous between steps to at least 12.5
V/div.

Input R and C — 1 MQ within 2%; =~ 20 pF.

Max Input Voltage — Dc-coupled: 250 V (dc + peak
ac); ac component 500 V p-p max, 1 kHz or less. Ac-
coupled: 500 V (dc -+ peak ac); ac component 500 V
p-p max, 1 kHz or less.

Common-Mode Rejection Ratio — At least 10:1, dc-to-
50 MHz.

Dc Stability — Drift with ambient temperature (con-
stant line voltage) is 0.02 div/°C. Drift with time
(ambient temperature and line voltage constant) is
0.02 div in any one minute after 1 hour warm-up.

Order 7A26 Amplifier . ............. $1150
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7B50A
7B53A

5 ns/div to 5 s/div Calibrated Time Base
Triggering to 150 MHz

Variable Trigger Holdoff

Peak-to-Peak Auto Triggering
Single-Sweep Operation

The 7B50A Time Base is recommended for
use with 7313 and 7600-Series mainframes
to provide optimum bandwidth/sweep-speed
compatibility. It may, however, be used in
any 7000-Series mainframe. The fastest rate
(5 ns/div) is obtained with the X10 MAG-
NIFIER.

This new time base features expanded capa-
bility in maximum triggering frequency —
now 150 MHz — and in the addition of vari-
able trigger holdoff—for stability on lengthy
asynchronous data trains.

Twelve pushbutton positions program trig-
gering mode, coupling method, and source.
For routine applications, hands-off trigger-
ing is accomplished by actuating three
switches: INT SOURCE, AC COUPLING, and
P-P AUTO MODE. The P-P AUTO MODE
provides a baseline trace in the absence of
a signal and a triggered trace at any posi-
tion of the LEVEL/SLOPE control when a
signal of 0.5 div or greater is present. Ex-
cept for the selection of + or — SLOPE
this mode is automatic. The other triggering
positions are useful for specific applications.

AC LF REJ attentuates undesirable trigger
components below 30 kHz. AC HF REJ at-
tenuates components above 50 kHz, which
can cause triggering problems during low-
frequency applications. Single-sweep func-
tions with lighted READY indicator and man-
ual reset are associated with the trigger
mode controls.

X-Y displays are available with Option 2
installed. A front-panel button (DISPLAY
MODE) selects either normal sweep or X-Y
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display. Both signals are applied to vertical
(Y) amplifiers and the desired horizontal (X)
signal is then routed through plug-in and
mainframe trigger paths to the 7B50A. An
X-Y mode selection then applies the signal
to the horizontal deflection system.

CHARACTERISTICS
Sweep Rates — 0.05 us/div to 5 s/div in 25 steps
(1-2-5 sequence). 5 ns/div, the fastest calibrated
sweep rate, is obtained with the X10 MAGNIFIER.
The uncalibrated VARIABLE is continuous between
steps to 12.5 s/div.

Sweep Accuracy — Measured over the center 8 div.

Time/Div Ui ified Magnified
+15°C 0°C +15°C 0°C
to to to to

-+35°C | +50°C | +35°C | 4-50°C

5 s/div to

1 s/div 4% 5% 5% 6%

0.5 s/div to

0.5 us/div 2% 3% 3% 4%

0.2 us/div to

0.05 us/div 3% 4% 4% 5%

(Fastest calibrated sweep rate is limited by some
mainframes.)

Trigger Holdoff Time —

MIN Holdoff 5 s/div to 2 times TIME/DIV
Setting 1 us/div setting or less
MIN Holdoff 0.5 us/div to 2.0 us or less
Setting 50 ns/div
Variable Extends holdoff time through at least
Holdoff Range 2 sweeps lengths for sweep rates

of 20 ms/div or faster

Triggering —
Sensitivity (AUTO and NORM modes)

Triggering Min Signal Required

Coupling Frequency Range! Int Ext
AC 30 Hz to 50 MHz 0.3 div 50 mV

50 MHz to 150 MHz 1.5 div 250 mV
AC LF 30 kHz to 50 MHz 0.3 div 50 mV
REJ? 50 MHz to 150 MHz | 1.5div | 250 mV
ACHF | 30 Hzto 50 kHz 03div | 50mv
DC: DC to 50 MHz 0.3 div 50 mV

50 MHz to 150 MHz 1.5 div 250 mV

! Triggering frequency ranges are limited to the fre-
quency of the vertical system when operating in the
Internal mode.

2 Will not trigger on sine waves of less than 8 div Int,
or 3 V Ext, at or below 60 Hz.

3 Triggering Frequency Range for dc coupling applies
to frequencies above 30 Hz when operating in the
AUTO TRIGGERING MODE.

Sensitivity (P-P AUTO MODE) (Ac or Dc Coupling)

Triggering Frequency Min Signal Required
Range Int Ext

200 Hz to 50 MHz 0.5 div 125 mV
50 MHz to 150 MHz 1.5 div 375 mV

Option 2

X-Y Phase Shift — (Determined by the circuitry in
mainframe) For mainframes without X-Y horizontal
compensation, the mainframe phase shift specifica-
tion is retained for frequencies of 50 kHz and below.
For mainframes with optional X-Y horizontal compen-
sation, the extra delay adds to the phase shift error
above 50 kHz.

Order 7B50A TimeBase . ............ $525
7B50A OPTION
Order Option 2, X-Y ..........coiiiivnnnnnn Add $50

7B53A

5 ns/Div to 5 s/Div Calibrated Time Base
Calibrated Mixed Sweep

Triggering to 100 MHz
Single-Sweep Operation
Optional Tv Sync-Separator Triggering

The 7B53A Dual Time Base is recommended
for use with the 7600 and Storage Families
to provide bandwidth/sweep-speed compat-
ibility.
The 7B53A time base features four kinds of
sweep: normal, intensified delaying, delayed,
gnd mixed. The pushbutton switches cannot
e lit.

TV SYNC

Option 5, Tv Sync Separator Triggering — Permits
stable internal line or field rate triggering from dis-
played composite video or composite sync waveforms.
Conventional waveform displays and measurements
can be made from standard broadcast or closed
circuit tv systems, domestic or overseas, with up to
1201-line, 60-Hz field rates. Individual lines may be
displayed with delayed sweep features. The wide
range of delayed sweeps permits accurate alternate-
frame, color-burst observations in the PAL color
system.

DELAYING SWEEP

Sweep Rate — 0.05 us/div to 5 s/div in 25 steps
(1-2-5 sequence). 5 ns/div, the fastest calibrated
sweep rate, is obtained with the X10 MAGNIFIER,
The uncalibrated VARIABLE is continuous between
steps and to 12.5 s/div. The variable control is in-
ternally switchable between main, delayed sweep,
and variable main sweep holdoff.

Sweep Accuracy — Measured over the center 8 div.

Time/Div Unmagnified Magnified
+15°C 0°C +15°C 0°C
to to to to
-+35°C | 4-50°C | +435°C | +50°C
55
.1 s/div an
0.2 us/div to 3% 4% 3.5% 5%
0.05 us/div
e g% | a% | 25% | 4w

Delay Time Multiplier Range — 0 to 10 times the
DELAY TIME/DIV setting from 5 s/div to 1 us/div.

Differential Delay Time Measurement Accuracy — 5
s/div to 1 s/div =1.4% of measurement + 0.3% of
full scale; 0.5 s/div to 1 us/div: =0.7% of measure-
ment +0.3% of full scale. Full scale is 10 times the
DELAY TIME/DIV setting. Accuracy applies over the
center 8 DTM divisions from +15°C to +35°C.

Jitter — | part or less in 20,000 of X10 the TIME/DIV
setting.
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Triggering —
Triggering Min Signal Required
Coupling Frequency Range Int Ext
Ac 30 Hz—10 MHz 0.3 div | 100 mV
10 MHz—100 MHz 1.5 div | 500 mV
30 kHz—10 MHz 0.3 div —
Ac Lf Rej* 150 kHz—10 MHz 100 mV
10 MHz—100 MHz | 1.5 div | 500 mV
Ac Hf Rej 30 Hz—50 kHz 0.3 div | 100 mV
Dc Dc—10 MHz 0.3 div | 100 mV
10 MHz—100 MHz | 1.5 div | 500 mV
*Will not trigger on sine waves of 3 div or less INT

or 1.5 V EXT below 120 Hz.

Single Sweep —.Triggering requirements are the
same as normal sweep. When triggered, sweep gen-
erator produces one sweep only until reset.

Internal Trigger Jitter — 1 ns or less at 75 MHz.

External Trigger Input — Max input voltage is 500
V (dc + peak ac), 500 V p-p ac at 1 kHz or less.
Input R and C is 1 MQ within 2%, 20 pF within
2 pF. LEVEL range is at least +-1.5 V to —1.5 V in
EXT, at least +15 V to —15 V in EXT - 10.

DELAYED SWEEP

Sweep Rate — 0.05 us/div to 0.5 s/div in 22 steps
(1-2-5 sequence). 5 ns/div, the fastest calibrated
sweep rate, is obtained with the X10 MAGNIFIER.
The uncalibrated VARIABLE is continuous between
steps to at least 1.25 s/div and is switchable between
thel main, delayed sweep, and variable main sweep
holdoff.

Sweep Accuracy — Measured over the center 8 div.

Time/Div Unmagnified Magnified
—|—15°C 0°C —|—15°C 0°C
+35°C +é8°C +35°C +§8°C

0.5 s/div to 0.1

SMandOZ | 4% | % | 4s% | e%
us/div

S ordivio 08 30 | 4% | 35% | 5%

Delayed Sweep Gate — Output voltage is approx
-+3.5 V into at least 10 kQ shunted by 100 pF or less,
or 0.5 V into 50 Q. Rise time is 50 ns or less; output
R is 350 Q within 10%. Gate is available at the DLY'D
TRIG IN connector when the delayed sweep source
switch is set to INT.

Triggering —
Coupling Triggering Min Signal Required
Freq y Range
Int Ext

Ac 30 Hz—10 MHz 0.3 div | 100 mV
10 MHz—100 MHz | 1.5 div | 500 mV

Do Dc—10 MHz 0.3 div | 100 mV
10 MHz—100 MHz | 1.5 div | 500 mV

Internal Trigger Jitter — 1 ns or less at 75 MHz.

External Trigger Input — Max input voltage is 500 V
(dc + peak ac), 500 V p-p ac at 1 kHz or less. Input
R and C is 1 mQ within 2%, 20 pF within 2 pF. LEVEL
range is at least 41.5 Vto —1.5 V in EXT.

MIXED SWEEP

Sweep Accuracy — Within 2% plus measured main
sweep error. Exclude the following portions of mixed
sweep: first 0.5 div after start of main sweep display
and 0.2 div or 0.1 us (whichever is greater) after
transition of main to delayed sweep.

EXT HORIZONTAL INPUT
Deflection Factor — 10 mV/div within 10% when in
EXT, MAG X10, 100 mV/div within 10% when in EXT;
1'V/div within 10% when in EXT — 10

Bandwidth
Coupling Lower —3 dB Upper —3 dB
Ac 40 Hz 2 MHz
Ac Lf Rej 16 kHz 2 MHz
Ac Hf Rej 40 Hz 100 kHz
‘ Dc 2 MHz
JOrdt-:r 7B53A Dual Time Base ........ $925
7B53A OPTION
Order Option 5 TV Triggering .............. Add $75

Option 5 — deletes ac line trigger and External — 10
from trigger source.

Delayed and A Delaying Time Bases

7B85 Features:
Delay Time with CRT Readout
A Time with CRT Readout

Vertical Trace Separation
Between Two Delayed Sweeps

Both Feature:

1 ns/div to 5 s/div Calibrated
Time Bases

Triggering to 400 MHz
Variable Trigger Holdoff
Peak-to-Peak Auto Triggering

TexTRONIN S

, 7B80 w.

The 7B80 and 7B85 are horizontal time bases
recommended for use with 7700-, 7800-, and
7900-Series mainframes to provide optimum
bandwidth/sweep-speed compatibility.(Each
may, however, be used in any slower 7000-
Series mainframe with some reduction in
sweep accuracy.)

Together they provide delaying sweep and
dual delaying sweep with crt digital readout
of A sweep time. The 7B85 provides the de-
laying and dual delaying sweep, while the
7B80 provides the delayed sweep.

Dual delays provide fast, accurate, and con-
venient timing measurements with the time
difference read directly from the crt A time
display. By overlapping the two expanded
waveforms, or by aligning appropriate points
on each to the same vertical graticule, the
digital display indicates the desired A time
measurement.

In a conventional delaying sweep mode, the
time delay to the start of the delayed sweep
is shown on the crt digital readout.

Fig 1. Delaying and delayed sweeps are shown with
the mainframe selecting ALT sweep modes. The delay
time to the start of the delayed sweep is digitally
presented on the lower edge of the crt.

By rotating the TRACE SEPARATION con-
trol out of the A TIME OFF position, the
A delay time mode is activated. Two inten-
sified zones can be independently control-
led. As in the conventional delay mode, the

7B80
7B85
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)

7B80 7885
DELAY TIME knob adjusts the time to the
first delayed sweep; the A TIME knob ad-
justs the time between the two delayed
sweeps. Now, the crt digital readout shows
the A time between the two delays.

Fig 2. With the mainframe still selecting ALT sweeps,
delaying and both delayed sweeps are shown. The
digital readout on the lower crt edge shows the time
between the two sweep delays. The TRACE SEPARA-
TION knob is used to position the second delayed
sweep below the first delayed sweep with up to 3 div
of separation.

Either plug-in can be used separately as an
independent single time base, or they can
be combined in any mainframe with two
horizontal compartments for delaying and
delayed operation.

X-Y displays are available using a 7B80 with
Option 2. A front-panel button (DISPLAY
MODE) selects either normal sweep or X-Y
display. Both signals are applied to vertical
(Y) amplifiers, and the desired horizontal
(X) signal is then routed through plug-in and
mainframe trigger paths to the 7B80. An X-Y
mode selection then applies the signal to
the horizontal deflection system.

CHARACTERISTICS

Characteristics are common to both units unless
otherwise noted.

Sweep Rates — 5 s/div to 10 ns/div in 27 steps (1-2-5
sequence). X10 MAGNIFIER extends fastest calibrated
sweep rate to 1 ns div. The uncalibrated VARIABLE
is continuous to at least 2.5 times the calibrated
sweep rate.



7B92A

Dual Time Base

Sweep Accuracy — Over center 8 div, with 7700, 7800,
or 7900 series mainframe.!

7000-Series Oscilloscopes

Time/Div Unmagnified Magnified
+15°C| 0°C | +15°C | 0°C
Setting to to to 1o
-+35°C | +15°C 350C +50°C
? 255:5 3 4.0% 5.0% 5.0% 6.0%
et 15% | 25% | 2.5% | 3.5%
§0.ng alvilo 25% | 35% | 4.0% | 5.0%

(Fastest calibrated sweep rate is limited by some
mainframes.)

\/f used in the slower 7300 or 7600 mainframes, the
sweep accuracies at 0.2 us/div and 0.1 us/div are
derated to the 50 ns/div accuracy. The two fastest
sweep rates permitted by these mainframes are speci-
fied only for magnified sweeps.

Trigger Holdoff Time —

2 times
Minimum 5 s/div to TIME/DIV
Holdoff 1 us/div setting or less
Setting 0.5 us/div to 2.0 us or less
10 ns/div

Variable Extends holdoff time through at least
Holdoff 2 sweep lengths for rates of 20 ms/
Range div or faster

/\ Time Range — 0 to at least 9 times TIME/DIV
setting.

/\ Time Accuracy — (+15°C to +-35°C).
0.5 s/div to l within (0.5% measurement +0.1% full

50 ms/div scale | 1 least significant digit)
20 ms/div to | within (0.5% measurement +0.03% full
100 ns/div scale + 1 least significant digit)

(Full scale equals 10 times the TIME/DIV setting.)

Trace Separation Range — Functional only in A
Delay Time mode when alternating or chopping be-
tween time-base units. The second delayed sweep
display can be vertically positioned at least 3 div
below the first delayed sweep display.

Delay Time Range — 0.2 or less to at least 9.0 times
TIME/DIV setting.

Jitter — (0.002% of full scale +0.1 ns) or less.

TRIGGERING

Triggering Sensitivity (Auto and Norm Modes) —
(From repetitive signals)

Triggering Min Signal Required
Coupling | Frequency Range! Int Ext
AC 30 Hz to 50 MHz 0.3 div 50 mV

50 MHz to 400 MHz 1.5 div 250 mV
AC I;F 30 kHz to 50 MHz 0.3 div 50 mV
REJ 50 MHz to 400 MHz | 1.5 div_| 250 mV.
A HF 130 Hz to 50 kHz 03div | 50mV
DC? DC to 50 MHz 0.3 div 50 mV

50 MHz to 400 MHz 1.5 div 250 mV

1 Triggering frequency ranges are limited to the fre-
quency of the vertical system when operating in the
Internal mode.

2 Will not trigger on sine waves of less than 8 div
Int, or 3 V Ext, at or below 60 Hz.

3 Triggering Frequency Range for dc coupling applies
to frequencies above 30 Hz when operating in the
AUTO TRIGGERING MODE.

Single Sweep — Requirements are same as for repe-
titive inputs.

Internal Trigger Jitter — 0.1 ns or less at 400 MHz.
Sensitivity (P-P AUTO Mode) — (Ac or Dc Coupling)

Triggering Min Signal Required
Frequency Range Int Ext
200 Hz to 50 MHz 0.5 div 125 mV
50 MHz to 400 MHz 1.5 div 375 mV
Low Frequency Response: :
At least 50 Hz 2.0 div 500 mV

56

External Trigger Input — Max input voltage is 250 V
(dc + peak ac). Input R and C are 1 MQ within 5%
and 20 pF within 10%. The level range (excluding P-P
AUTO) is at least =1.5 V in EXT = 1, and at least
*15 V in EXT = 10.

7B80 Option 2

X-Y Phase Shift — (Determined by the circuitry in
mainframe). For mainframe without X-Y horizontal
compensation, the mainframe phase shift specifica-
tions are retained for frequencies of 50kHz and below.
For mainframes with optional X-Y horizontal compen-
sation, the extra delay adds to the phase shift error
above 50 kHz.

Order 7B80 TimeBase .............. $725
Order 7B85 Delaying Time Base . . . ... $875
7B80 OPTION
Order Option 2, X-Y . .......c.ciiiiinennnn, Add $50

7B92A

0.5 ns/div to 0.2 s/div Calibrated Time Base
Triggering to 500 MHz

Alternate Display of Intensified
Delaying and Delayed Sweeps

Contrast Regulation Between
Delaying and Delayed Sweeps

Lit Pushbuttons

The 7B92A Dual Time Base is recommended
for use in the 7700-, 7800-, and 7900-Fami|ies[;(
of high-frequency oscilloscope mainframes:
It is compatible with any other 7000-Series
Oscilloscope up to the limits of the main-

frame.

There are four display modes: normal sweep,
intensified delaying sweep, delayed sweep,
and alternate sweep (excepting alternate in
R7704).

The 7B92A features calibrated sweeps from
0.2 s/div to 0.5 ns/div. Other features in-
clude alphanumeric readout for those oscil-
loscopes having crt readout systems, con-
trast control to regulate intensity differences
between main and delayed sweeps, and con-
tinuous sweep delay from 0 to 9.8 times the
delay time selector setting. When operating
in the AUTO mode of main triggering, a
bright baseline is displayed in the absence
of a trigger signal.

DELAYING SWEEP (MAIN SWEEP)

Sweep Rate — 0.2 s/div to 10 ns/div in 23 calibrated
steps (1-2-5 sequence). An uncalibrated variable rate
is continuous between steps, and extends sweep rate
to at least 0.5 s/div. The VARIABLE control is in-
ternally switchable between delaying and delayed
sweeps.

Sweep Accuracy — Measured over the center 8 div in
a 7900-Family Oscilloscope:

Time/div +15°C to +-35°C  0°C to +50°C
0.2 s/div to
20 ns/div Within 2% Within 3%
10 ns/div Within 3% Within 4%

Delay Time Multiplier Range — 0 to 9.8 times the DLY
TIME/DIV setting from 0.2 s/div to 10 ns/div (0 to 1.96
seconds).



Differential Delay Time Measurement Accuracy —

0(+15°c to +35°C).
Sweep Speed

0.2 s/div to | Both delay time =+(0.75% of meas-

0.1 us/div mult dial urement + 0.25%
settings at 0.5 of full scale)
or greater

=+(0.75% of meas-
urement + 0.5% of
full scale + 5 ns)

One or both delay
time mult dial
settings at less
than 0.5

Sweep Accuracy — Measured over the center 8 div in
a 7900-Family Oscilloscope:

7000-Series Oscilloscopes
Alphanumeric Display

50 ns/div to | Both delay times
10 ns/div equal to or
greater than 25 ns

*(1% of measure-
ment + 0.5% of
full scale)

One or both =+(1% of measure-
delay times less ment + 1% of full
than 25 ns scale + 5 ns)

Full scale is 10 times the TIME/DIV or DLY TIME
setting. Accuracy applies over the center 8 Delay
Time Multiplier div from +15°C to 435°C.

Delay Time Jitter — Not applicable for the first 2% of
max available delay time (DELAY TIME MULT dial
setting greater than 0.2).

0.2 s/div to 1 part in 50,000 of the max
50 us/div available delay time

20 us/div to 1 part in 50,000 of the max

10 ns/div available delay time + 0.5 ns

Max available delay time is 10 times the TIME/DIV
or DLY TIME switch setting.

MAIN TRIGGERING

Auto, Norm
Coupling ameiing L;i:qﬂg::l
Frequency Range oy Ext
0 30 Hz—20 MHz | 0.5 div | 100 mV
Ao 20 MHz—500 MHz | 1.0 div | 500 mV
Ac Lf Re] 30 kHz—20 MHz | 0.5 div | 100 mV
20 MHz—500 MHz | 1.0 div | 500 mV
Ac Hf Rej 30 Hz—50 kHz 0.5 div | 100 mV
Dc—20 MHz 0.5 div | 100 mV
be 20 MHz—500 MHz | 1.0 div | 500 mV

EXT —= 10 switch attenuates external signal 10 times.

HF SYNC — Triggering sensitivity is 0.5 div INT or
100 mV EXT, from 100 MHz to 500 MHz for any
coupling except Ac Hf Rej.

Single Sweep — Triggering requirements are the same
as normal sweep. When triggered, time base pro-
duces one sweep only until reset.

Internal Trigger Jitter — 50 ps or less at 500 MHz.

External Trigger Input — Selectable 50 Q or 1 MQ in-
puts (1 MQ is paralleled by approx 20 pF). Max safe
input is 250 V (dc + peak ac) for 1 MQ input, and 1
W average for 50 Q input. Range of trigger level is at
least =3.5 V in EXT, and at least =35 V in EXT — 10.

DELAYED SWEEP

Sweep Rate — 0.2 s/div to 0.5 ns/div in 27 steps
(1-2-5 sequence). An uncalibrated variable rate is con-
tinuous between steps, and extends sweep rate to at
least 0.5 s/div. The VARIABLE control is internally
switchable between delaying and delayed sweeps.

C

Time/div +15°C to +-35°C | 0°C to +50°C
O2nidit i Within 2% Within 3%
bt g Within 3% Within 4%
i Within 4% Within 5%
0.5 ns/div Within 5% Within 6%
Delayed Triggering

Min Signal
i Triggering Required
Coupling qu
Frequency Range Int Ext
A 30 Hz to 20 MHz 0.5div. 100 mV
c
20 MHz to 500 MHz 1.0div. 500 mV
. Dc to 20 MHz 0.5div. 100 mV
¢
20 MHz to 500 MHz 1.0 div. 500 mV

Internal Trigger Jitter — 50 ps or less at 500 MHz.

External Trigger Jitter — Selectable 50 2 or 1 MQ in-
puts (1 MQ is paralleled by approx 20 pF). Max safe
input is 250 V (dc + peak ac) for 1-MQ input, and 1 W
average for 50-Q input. Range of trigger level is at
least == 3.5 V in EXT.

Order 7B92A Dual Time Base ... .. .. $1625

7M13

READOUT UNIT

7M13

Easy and Convenient Identification
of Photographed Displays

Automatic Sequence Advance
with Each Camera Exposure

The 7M13 Readout Unit provides front-panel
keyboard operation for convenient access to
the crt readout characters. The 7M13 is de-
signed for use in all 7000-Series mainframes
with crt readout. A remote-advance cable is
supplied with the 7M13 to connect it to the
shutter x-sync connector of the C-50-Series
Cameras. An optional cable is available for
cameras using an ASA connector for x-sync.

Included Accessories — Remote-advance cable (012-
0339-01).

Order 7M13 Readout Unit . . ......... $425

The photograph above was dated and identified as
TEST 14 by using the 7M13 in a 7704A Oscilloscope.

Optional Accessory — Remote-advance cable with
ASA connector for camera x-sync

Order 012-0364-01 .................ccoonnnnn $15.00
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7D11

Digital Delay Unit

TRIBGER SVENTS START I
TRIGGER

e @

vy anomd
LeVEL

Delay by Time or Events

Digital Delay Readout to 772 Digits
100-ns to 1-s Delay Time f

1-ns Resolution

Less than 2.2 ns Jitter

0.5-ppm (*+2 ns) Accuracy

Delay Interval Crt Display

The 7D11 Digital Delay plug-in gives ac-
curate and stable delayed triggers for meas-
urements requiring low jitter and precision
time delays. The 7D11 may be used in any
compartment of a 7000-Series mainframe
equipped with crt readout. It provides a vari-
ety of outputs.

The delay-by-events mode is used to elimin-
ate jitter in mechanically based systems
such as disc file memories. It is also useful
for selecting a certain time frame in data
for analysis and for making other measure-
ments under complex timing conditions.

In the delay-by-events, the 7D11 counts ar-
bitrary trigger events, periodic or aperiodic,
and delivers an output after the preselected
count has been reached (see fig 2).

An accurate delay-by-time is very useful
when working with digital logic, PCM telem-
etry, sonar, radar, shock tube testing, and
delay line measurements, to name a few.
On receipt of a trigger, the 7D11 in the delay-
by-time mode counts a highly accurate
clock; at the selected delay time, it delivers

Y
BV AER
RSO

Fig 1: Delay-by-time. A 0.2 us time marker delayed
4.9998 ms by the 7D11 and displayed at 5 ns/div.
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a delayed trigger to its front-panel connec-
tor and mainframe. In both modes, delay
time or number of events to be counted is
selected by a single front-panel control.

The 7D11 generates signals which, when ap-
plied to the vertical channel and Z-axis, aid
in obtaining the proper delay. When the 7D11
is installed in a vertical compartment, the
crt will display a waveform that lasts for the
duration of the delay interval. This wave-
form may be displayed together with the
signal waveform the 7D11 triggers on. From
a vertical compartment, the 7D11 can trigger
a time base such as 7B80, 7B53A, or another
7D11 through the internal mainframe trigger
path.

In any horizontal compartment, the 7D11
generates a blanking pulse for the duration
of the delay interval. This provides a display
similar to the “A Intensified By B” mode of
conventional delayed sweep (see fig 2).
When used in the A horizontal compartment,
the 7D11 B sweep delay mode controls will
permit the B sweep to run or be triggerable
after the delay generated by the 7D11. This
delay interval is also available at the front
panel for such uses as gated interval counter
measurements and generating pulses of
highly accurate width.

In delay-by-events, an external pulse (events
start trigger) may be used to enable count-
ing of the events. In such applications as a
line selector on a video monitor, the vertical
sync pulse is the events start trigger. Then
the 7D11 counts “n” number of horizontal
sync pulses (events) into the field or frame.
In a similar manner, the origin pulse of a
disc memory can be used as the events start
trigger, and the disc clock pulses become
the events that are counted.

For timing measurements that require a
higher degree of accuracy than the 0.5 ppm
source available in the 7D11, the delay-by-
time clock may be referenced to an external
1-MHz timing standard through the EXT
1-MHz input.

Time delay resolution up to 1 ns may be
obtained by using the front-panel fine delay
control.

By setting an internal switch, the indicated
delay time is half the actual delay time. In
such applications as TDR, radar timing, etc.,
the crt readout would display the ‘““one-way-
trip”’ time.

0000265 218
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Fig 2: Delay by events. The lower trace is the master
clock in our logic circuit. The top trace is our data

which is delayed by 265 clock pulses.

EVENTS DELAY
Events Delay Range — One to 107 events.
Delay Increment — One event. A
Insertion Delay — 35 ns =5 ns.
Recycle Time — Less than 500 ns.
Max Event Frequency — At least 50 MHz.

TRIGGERING
External Trigger
Source Int, Line, Ext, Ext +— 10
Coupling | Dc, Ac, Ac Lf Rej, Ac Hf Rej
Max
Input 150 V dc -+ peak ac
Voltage
Level +1.75 V in Ext
Range =+17.5 V in Ext = 10
pput | 1MQ 5%, 20 pF =2 pF
Min Signal
Coup- Frequency Required
ling Range
Int Ext
Ac 30 kHz—10 MHz | 0.3 div 150 mV
10 MHz—50 MHz | 1.0 div 750 mV
Sensi- 5
1o 30 kHz—10 MHz | 0.3 div —
i RS Lf | 150 kHz—10 MHz| — 150 mv
1" | 10 MHz—50 MHz | 1.0 div 750 mV
Age*j” 30 Hz—50 kHz | 0.3 div 150 mV
Dc Dc—10 MHz 0.3 div 150 mV
10 MHz—50 MHz | 1.0 div 750 mV

*Will not trigger on sine waves of 3 div or less INT
or 1.5 V EXT below 120 Hz.

Events Start Trigger

Source External Only

Coupling Dc Only

Max Input

Voltage 150 V dc + peak ac

Level Range 3V

g‘gﬁg c 1 MQ within 5%, 20 pF = 2 pF

Sensitivity 100 mV minimum, 30 Hz to 2 MHz;
increasing to 250 mV, 2 MHz to 20
MHz; increasing to 500 mV, 20 MHz
to 50 MHz.

TIME DELAY

Digital Delay Range — Normal mode: 100 ns to 1 s
in 100 ns increments. Echo mode: 200 ns to 2 s in
200 ns increments.

Analog Delay — Continuously variable from 0 to at
least 100 ns, accuracy within 2 ns of indicated delay.
Jitter with Internal Clock — 2.2 ns or delay time X10-7
whichever is greater.

Insertion Delay — Zero within 2 ns.

Recycle Time — Less than 575 ns.

Time Base — 500 MHz oscillator phase-locked to in-
ternal or external clock.

Internal Clock — 5 MHz crystal oscillator. Accuracy
is 0.5 ppm.

External Clock — 1 MHz within 1%, ac coupled, 50 Q.

OUTPUTS

Delayed Trigger Out — Amplitude: 2 V or greater into
open circuit, 1 V or greater into 50 Q. Rise time into
50 Q Load: 2 ns or less. Fall time into 50 Q. Load: 5 ns
or less. Pulse width: 200 to 250 ns.

Delay Interval Out — Amplitude: 2 V or greater into
open circuit, 1 V or greater into 50 Q. Rise time and
fall time: 5 ns or less. Accuracy: equal to delay in-
terval less 20 to 30 ns.

READOUT

Display — 772 digit with leading zero suppression, ms
legend in time delay mode. Plus () symbol reminds
the operator to add on the FINE DELAY (ns) setting.

Order 7D11 Digital Delay Unit . ... ... $1525



Versatile 0.01% A/D Converter
with Vertical Amplifier

3 Plug-in Modules Available
Automatic, Manual, or External Triggering

Automatic, Polarity, and Overrange
Indicators

100-MHz Vertical Analog-display Capability
Lit Pushbuttons

The 7D12 A to D Converter, constructed in
modules, is a versatile and expandable DVM
measurement system. The 7D12 and three
interchangeable modules will make most
DVM measurements, including dc volts, re-
sistance, temperature, one- or two-point
sample and hold, and true rms volts.

The 7D12 is designed for use with all 7000-
Series Oscilloscope mainframes with crt
readout.

7D12/M1 MULTIFUNCTION MODULE

X DISPLAY
ATTEN —G— FaeiTie

extRomix 7
A - %,

- TooND

| M1 MULTIFUNCTION MODULE

- e

—— ocmowxs A/D CONVERTER
7012 .

Temperature Mode

47> Digit Crt Readout

100-..V Resolution

Probe Measures Temperature or Voltage

The M1 Multifunction Module measures dc
volts, resistance, and temperature. The input
can be elevated 1 kV above ground, with a
10-MQ input impedance on the dc scale.
When the temperature probe is used, a
front-panel analog output of 10 mV/°C (0°C
= 0 V) is available regardless of mode
selected.

7000-Series Oscilloscopes

7D12

A/D Converter with Interchangeable Modules

Dc Voltage Range — 0 to 1000 V in four ranges. 4Y2-
digit presentation of 1.9999 V, 19.999 V, 199.99 V,
1.0000 kV. Accuracy is #=0.03% of reading ==0.005%
of full scale from 4-20°C to 4-30°C; *0.04% of read-
ing #0.005% of full scale from -}-15°C to --40°C.
Input impedance is 10 MQ on all ranges. Max safe
input is 1 kV peak between either connector and
ground. Polarity is automatic. Cmrr is at least 80 dB
at 60 Hz (100 Q2 imbalance). Normal-mode rejection
ratio is at least 50 dB at 60 Hz.

Resistance Range — 0 to 20 MQ in six ranges. 4%2-
digit presentation of 199.99 Q, 1.9999 k2, 19.999 kQ,
199.99 k@, 1.9999 MQ, 19.999 MQ full scale. Accuracy
is *0.09% of reading #0.01% of full scale from
+15°C to 4-40°C. Input is fuse protected.

Temperature Range — —55°C to -}150°C in one
range. Accuracy (+415°C to -40°C ambient) is
*1°C from —55°C to +125°C, #=2°C above +125°C.
Temperature out is 10 mV/°C into a load of at least
2 kQ.

Settling Time — 2 s or less to within 1 count of final
reading (voltage and resistance modes).

Measurement Rate — External Trigger: 1 to 12 mea-
surements per second, depending on external trigger
frequency and internal adjustment. Auto Trigger: 1 to
4 measurements per second, internally adjustable.
Overrange Indication — When overrange occurs, a >
symbol appears to the left of the reading.

Included Accessories — P6058 voltage/temperature

probe package (010-0260-00); pair of test leads
(012-0427-00).

7D12/M2 SAMPLE/HOLD MODULE

4 vesmicaL pisPLAY Tmicgering |
| ATTEN —@— PO -

Oscilloscope-controlled Sampling DVM
10-ns Aperture Uncertainty

Input Signal and Sample Points
Displayed on Crt

32 Digit Crt Readout

Approaching 0.25% Accuracy

1-mV Resolution

25-MHz Bandwidth

0-to-2 V and 0-to-20 V Input Range, 200 V
with P6055 Probe

The M2 Sample/Hold Module measures volt-
age amplitude from ground to a selected
point or the difference voltage between any
two selected points (independent control of
each point). The sample point(s) may be
triggered automatically, manually, or ex-
ternally from sources such as the oscillo-
scope’s Delayed B gate, the 7D15’s pseudo
gate, 7D11’s delayed trigger out, etc.

On command, the 7D12/M2 samples the
displayed waveform and also generates a
gate display. Both the signal and 7D12/M2
gate are displayed together, providing a
visual indication of where the sample(s)
are taken. In the S1 mode (sample one), a
single sample coincident with the rise of the
7D12/M2 displayed gate is taken, and the
voltage amplitude, from the 0 V level, is
digitally displayed on the crt readout. In the
S2-S1 mode (sample two minus sample one),
two samples are taken, one at the rise and
one at the fall of the 7D12/M2 displayed
gate, and the voltage difference between
these two points is digitally displayed on the
crt readout.

Sample-gate Display Amplitude — 2 div, rise time and
fall time 5 ns or less.

Analog-signal Display — Bandwidth is dc to 25 MHz
(dc-coupling), 3.4 Hz to 25 MHz (ac-coupling). Vertical
sensitivity is 100 mV/div to 5 V/div in 6 steps (1-2-5
sequence in combination with M2 range and 7D12
vertical display attenuation). Accuracy is within 5%.
Input R and C — 1 MQ and 20 pF.

Max Input Voltage — 100 V peak.

Measurement Readout — 0 to 20 V in two ranges. 3%2-
digit presentation of 1.999 V and 19.99 V full scale,
extended to 199.9 V with P6055 probe.

Overrange Indication — When overrange occurs, a >
symbol appears to the left of the reading.

Aperture Uncertainty — 10 ns or less.

Pulse-width Sample Time (S2-S1 mode) — 30 ns to
5 ms with repetitive signal. 150 us to 5 ms with single-
shot signal.

Measurement Rate — External Trigger: 1 to 12 mea-
surements per second, depending on external trigger
frequency and internal adjustment. Auto Trigger: 1 to
4 measurements per second, internally adjustable.

Settling Time — 40 ns.

Accuracy without Probe (40 ns after Input Signal Step
Function)

Temperature
Range S$1 Mode S$2-S1 Mode
=+0.15% of p-p in- | *=0.25% of p-p
4-20°C to put voltage, ==0.1% | input voltage,
t300C of reading, == 2 =+0.15% of reading,
counts, = % of ac | == 2 counts, == %
decay* of ac decay*
+0.25% of p-p in- | ==0.35% of p-p
4159C to put voltage, #=0.2% | input voltage,
1-40°C of reading, = 3 =+0.25% of reading,
counts, == % of ac | == 3 counts, = %
decay* of ac decay*

*Applicable when M2 is ac-coupled.

Included Accessories — 3.5 ft P6055 probe package
(010-6055-01).

more on next page

59




7D12
7D13

VERTICAL DISPLAY
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7D12

7D12/M3

True Rms Measurements with Isolated-
analog Display (Floating Common-mode
Capability)

Measures Ac + Dc or Ac Only

40 Hz-to-100 kHz Ac Voltage Range
0.25% Accuracy from 40 Hz to 40 kHz
32 Digit Crt Readout

1 mV Resolution

500 V Max Peak Common-mode Voltage

The M3 RMS Volts Module measures the
true rms voltage of signals from 40 Hz to
100 kHz. Voltages up to 1 kV peak may
be measured while floating the input con-
nectors.

Input R and C — 1 MQ; ~ 50 pF. E
Max Crest Factor — 5 (crest factor — _P_“).
Max Input Voltage Erws

7000-Series Oscilloscopes
RMS Volts Module and Digital Multimeter

2V,20V,

Range 200V 0.5 kv
Max Input 2.5 X Range | 500 RMS,
between Peak 1 kV Peak

'3:" Connectors

Dc- Max Input 500 V Peak |500 V Peak

coupledt| between either
Connector and
Chassis Ground

tAc-coupling adds an additional 220 V dc isolation.

Digital System Cmrr — 66 dB at dc-to-60 Hz, decreas-
ing 20 dB per decade for higher frequencies (100-Q
imbalance load).

Measurement Readout—0 to 500 V rms in four
ranges. 3%z digit presentation of 1.999 V, 19.99 V,
199.9 V, .500 kV full scale.

Overrange Indication — When overrange occurs, a
> symbol appears to the left of the reading.
Measurement Rate — External Trigger: 1 to 12 mea-
surements per second, depending on external trigger
frequency and internal adjustment. Auto Trigger: 1 to
4 measurements per second, internally adjustable.
Accuracy — Stated with form factor of 1.2 or less
(form factor — _ERMS ). | 150G to +400C*,

average

40 Hz to| 4 kHz to| 40 kHz to
Range Dc 4 kHz 40 kHz 100 kHz
2V,20V |[*+0.5% | *=0.25% |[=*0.25% |=*=0.5%
200V *+0.5% | *£0.25% | *£0.5% =+0.5%
plus 1% |plus 1%
of reading | of reading
500 vV *+1% *+1% +2% +2%
plus 1% | plus 1%
of reading| of reading

*Accuracies represent a percentage of full scale. For
signals with form factors greater than 1.2, add =
[0.1% x (form factor —1)] to the above percent of full
scale accuracy specifications.
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Analog-Signal Display — Bandwidth is dc-to-700 kHz,
max slew rate limited to full scale voltage = 1 us
(100 V/us max). Vertical sensitivity is 100 mV/div
to 500 V/div in 12 steps (1-2-5 sequence, combining
M3 and 7D12 vertical display attenuation). Accuracy
is within 5%, and aberrations are 5% or less.

Included Accessories — Pair of test leads (012-

0427-00).

7D12/M1/M2/M3
ORDERING INFORMATION

7D12 A/D Converter (Modules

not Included) . i i o doitnerons sne st ot $775
M1 Multifunction Module ........... $375
Option 2 without P6058. ......... Sub $100
M2 Sample/Hold Module ............ $725
Option 2 without P6055. ......... Sub $120
M3 RMS Volts Module . ............. $575

MODE/RANGE

2ma m;gc

_ DIGITAL MULTIMETER
-3 -

7D13

Temperature Mode

1.5 kV Max Common-mode Voltage
Probe Measures Temperature or Voltage
32 Digit Crt Readout

The 7D13 is a digital multimeter designed
for use in all 7000-Series Oscilloscope main-
frames with crt readout. The 7D13 functions
in any compartment.

The 7D13 measures dc volts, dc current,
and resistance. It also measures temperature
from a temperature sensor on the tip of the
P6058 voltage/temperature probe. The tem-
perature probe functions regardless of 7D13
mode or range setting and provides a front-
panel analog signal output of 10 mV/°C
(0°C = 0 V). Temperature may be measured
simultaneously along with any other func-
tion. AlImost any NPN transistor may be used
as a separate sensor to make small-space
“free air’” measurements.

When the 7D13 is used, the character gen-
erator traces out a 3%z digit display on the
crt and a legend for units like k@, mA, °C.

Dc Voltage Range — 0 to 1000 V in four ranges. 3Y2-
digit presentation of 1.999 V, 19.99 V, 199.9 V, and
1000 V full scale. Accuracy is #0.1% of reading =1
count from +15°C to +40°C, #0.2% of reading %2
counts from 0°C to -50°C. Input impedance is 10
MQ on all ranges. Max safe input is 1.5 kV peak be-
tween either contact and ground, 1.0 kV peak between
voltage contacts.

Dc Current Range — 0 to 2A in four ranges. 32 digit
presentation of 1.999 mA, 19.99 mA, 199.9 mA, and
1999 mA full scale. Accuracy is #0.5% of reading
=2 counts from 4-15°C to +40°C, *0.7% of reading
=4 counts from 0°C to +4-50°C. Max input is 3A (fuse
protected). Input impedance is 0.2 V/full scale cur-
rent +0.3 Q.

Resistance Range — 0 to 2 MQ in five ranges. 3%2-
digit presentation 199.9 @, 1999 Q, 19.99 kQ, 199.9
k?, and 1999 kQ full scale. Accuracy is *=0.5% of
reading =1 count from +415°C to +40°C, *0.8% of
reading =2 counts from 0°C to +-50°C. Input is fuse
protected.

Temperature Measurement Range — —55°C to
-+150°C in one range. 3% digit presentation to
+150°C. Accuracy (+5°C to -40°C ambient) is
=*+1°C from —55°C to +125C, *=2°C above -125°C.
Accuracy (0°C to --50°C ambient) is ==2°C from
—55°C to 4-125°C, £3°C above +125°C.

Settling Time — 1.5 s or less (voltage, current, and
resistance modes).

Polarity — Automatic indication.

Max Common-mode Voltage — 1.5 kV peak between
two terminals and ground.

Normal-mode Rejection Ratio — At least 30 dB at
60 Hz increasing at 20 dB/decade.

Common-mode Rejection Ratio — With a 1 kQ imbal-
ance, at least 100 dB at dc; 80 dB at 60 Hz.

Overrange Indication — When overrange occurs, the
readout blinks and the most significant digit displays
a2.

Recycle Time — 5 measurements per second.

Temperature Out — 10 mV/°C into a load of at least
2 kQ.

Included Accessories — P6058 Voltage/Temperature
Probe package (010-0260-00); pair of test leads (003-
0120-00).

Order 7D13 Digital Multimeter........ $650

7D13 OPTION
Order Option 2
without P6058 Probe............. Sub $90

P6058 PROBE

The P6058 Probe is a combination 1X dc
voltage and temperature measuring device.
The temperature-sensing element consists
of a transistor installed in the tip that plugs
into the end of the probe body. For voltage
measurements, a twelve-inch and five-inch
“common” (low) strap is provided. There
is no external ground on the P6058 body;
ground or the low-potential point of the cir-
cuit under test is referenced to the common
strap, a floating common that has no tie to
chassis ground. This lead may be floated at
up to 40 V dc above chassis ground. The
probe tip may be 500 V above ground.



probe when voltage measurements are
made.

] 6\: retractable hook-tip must be used on

Temperature is measured by applying the
flat surface of the probe tip to the device to
be measured.

Dc Voltage Range —0 to 1000 V. Accuracy is
=+0.1% of reading ==1 count.

Max Safe Input — 500 V peak between high and com-
mon; 40 V peak between common and chassis ground.

Temperature Range — See the 7D13 for the accuracy
of a P6058/7D13 combination.

Cable — 46 in including probe body. Output connector
is four-pin locking type for attaching the P6058 to
the 7D13. Supplies power to the probe sensor tran-
sistor and signal to the digital multimeter.

Net Weight — Approx 5 oz.

P6058 Voltage/Temperature Probe.
Order 010-0260-00 ................. $100

Includes P6058 Probe (010-0259-00): probe retractable
hook tip (013-0121-00); 12 in ground lead screw-in
(175-0991-00); two miniature alligator clips (344-
0046-00).

TRIGGER
LEVEL/SLOPE

REMENT
RVAL

oate

Frequency Measurements Directly to
525 MHz

Trigger Indicator Display
No-warm-up Oscillator

50-0 and 1-MQ Inputs

10-uV Sensitivity at 1 MHz with 7A22

Full Signal Conditioning to 525 MHz

Lit Pushbuttons

The 7D14 is a directly gated digital counter
plug-in unit designed for use in all 7000-
Series Oscilloscope mainframes with crt
readout. It will function in any plug-in com-
partment. The 7D14 has three modes of
operation: frequency—0 to 525 MHz, fre-
quency ratio (A/B)—0 to 10°:1 and total-
ize— 0 to 10°

The 7D14 counts directly to 525 MHz. The
gated approach makes possible ‘‘single
event” counting which is frequently very de-
sirable in rapid burst measurements. The
resolution and accuracy can be improved by
increasing the measurement interval.

Measurements which were previously impos-
sible can now be made with an oscilloscope
having a digital counter plug-in. By locating
the counter in one of the vertical compart-
ments of the oscilloscope and operating the
scope in the delaying time-base mode, the
B sweep (delayed sweep) can drive the
counter gate. By doing this, signals may be
displayed on the screen. Those being
counted will be intensified.

With the 7D14 in a vertical compartment, the
output of its trigger circuit can be displayed
directly on the crt. This provides an indica-
tion of the actual triggering point, thus many
signals that were difficult to trigger on in the
past can now be measured with much
greater reliability. Selective triggering is now
possible too.

When the 7D14 is used in a horizontal
plug-in compartment, a signal connected to
a vertical plug-in may be internally routed to
it by the trigger source switches. All the
7000-Series vertical plug-ins are available as
signal conditioners for the counter. Another
advantage is the reduction of circuit loading.
One connection to the oscilloscope deflects
the vertical and provides the input for the
counter.

FREQUENCY MEASUREMENTS

Input — Channel A, 0 to 525 MHz. Upper bandwidth
may be restricted to 5 MHz to filter incoming high
frequency noise.

Measurement Interval (Time Base) — 1 ms to 10 s in
five decade steps. Up to 0.1 Hz resolution can be
obtained.

Accuracy — Within = = time base.

1
total count

Time-base Stability — Within =0.00005%, 0°C to
-+50°C ambient temperature.

Long-term Drift — 1 part or less in 107/month.

7000-Series Oscilloscopes

Digital Counter
Input Characteristics
Channel A ChannelB | Internal
Trigger
50 Q 1 MQ Source
Dc- Dc to Dc to Ac- Ac-
coupled | 525 MHz | 525 MHz coupling| coupling
Only Only
Ac- 200 kHz |5 Hz to 10 Hz to |5 Hz to
coupled | to 525 MHz 2 MHz |525 MHz*
525 MHz
Sensi- 100 mV (100 mV p-p |800 mV |1.5
tivity p-p (85 [(35 mV rms) |p-p Graticule
mV rms) Div*
Input 50 Q 1 MQ 10 kQ Depends on
R&C ~20 pF ~30 pF |Amplifier
Plug-in
Used
Max 10 Vrms|200 V (Dc + |15 V (Dc|Depends on
Voltage Peak Ac) to |+ Peak |Amplifier
MHz Ac) to Plug-in
50 V (Dc 4 |2 MHz |[Used
Peak Ac)
5 MHz to
525 MHz

*Bandwidth and sensitivity limited by mainframe,
sensitivity derated above 150 MHz.

FREQUENCY RATIO

Range — Channel A: 0 to 525 MHz.
Channel B: 10 Hz to 2 MHz.

TOTALIZE
Range — 0 to 108.

Gating — Operated manually or with an electrical
gate. The external gate input is compatible with the
sweep gate from the oscilloscope mainframe. Reset
and external gate signals compatible with TTL logic.

MONITORS

Monitor/Ext Gate — Provides crystal-based time
markers of -5 V; width determined by the measure-
ment interval.

REF FREQ/CH B Monitor — Provides a crystal-based,
1-MHz, 5-V output pulse. This connector functions
as CH B input in the EXT IN mode.

READOUT

Display — Eight digits with leading zero suppression,
positioned decimal, MHz or kHz legend.

Display Time — 0.1 to 5 s; also a present position for
infinite display time.
TRIGGERING

Level/Slope Range — + and —0.5 V with INPUT at
100 mV.

Displayed Trigger Indicator — Displayed amplitude of
Schmitt trigger output is approx 0.2 div.

Included Accessories — BSM male to BNC female
adapter (103-0036-00).

Order 7D14 Digital Counter . .. ... ... $1550




7D15

Universal Counter/Timer
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COUNTER/TIMER

Oscilloscope-controlled Time and
Frequency Measurements

10 ns “Singleshot” Time Interval
Measurement Resolution

Time Interval Averaging

Crt Display of Counting Interval and
Schmitt Trigger Signal

10 ps Period Averaging Resolution

Signal Conditioning via Mainframe
Trigger Source

Frequency Measurements Directly
to 225 MHz

Accurate “Time Mark” Outputs
Lit Pushbuttons

The 7D15 is a universal counter/timer de-
signed for use in all 7000-Series Oscillo-
scope mainframes with crt readout.

The 7D15 offers all the measurement capa-
bilities of the counter/timer, such as time
interval, period, frequency, frequency ratio,
totalize, and manual stop watch.

Three displays, the pseudo gate, Ch B
Schmitt trigger output, and true gate, are
obtainable from a 7D15 front-panel switch
and are also available at a front-panel
connector.

The 7D15 can also be completely controlled
by the oscilloscope’s delayed or B gate.
Arming inputs are provided for each chan-
nel. By using the delayed B gate to control
the start and stop count points, visually
selective measurements can be made at any
point on the crt display.

Two identical high-speed trigger circuits
provide complete signal processing. Iden-
tical trigger circuits also allow single-shot
time interval measurements to be made with
10 ns resolution. With repetitive signals,
time interval averaging will increase the ac-
curacy of a measurement by a factor of ten
or more.
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The 7D15 has high resolution because of a
10 ns clock, one of five clock positions ob-
tainable from the front panel. A front-panel
Clock Out connector makes the selected
clock signal available at a front-panel con-
nector. This provides a time mark function
that is TTL compatible and will drive a 50 @
load.

The Ext Clock In connector allows an ex-
ternal 1 MHz timing standard to be used for
measurements requiring a higher degree of
accuracy than that provided by the internal
time base.

The 7D15 may be used in vertical or hori-
zontal compartments of 7000-Series main-
frames. It provides a full 8 digit crt display
with leading zero suppression and posi-
tioned decimal. Legend and averaging

information appear at the bottom of the crt
display.

Fig 1: Oscilloscope-controlled digital measurements
using the delayed B gate as the arming input logic
allow user to make precise time measurement from
third to fifth pulse on crt display. Counter Ch A is
“‘armed” with leading edge of B gate while Ch B
Counter is ‘‘armed’ with falling edge of B gate.
Lower trace is pseudo gate of 7D15. Crt readout dis-
plays the result of 197.548 us.

somy  nS

T

Fig 2: The delay time between the input of a delay
line (upper trace) and the output of the delay line
(middle trace) is measured digitally. Lower trace is
7D15 pseudo gate display. Crt readout displays the
result of 58.45 ns.

Modes of A
Operation
Range Dc to 225 MHz h
Resolution 0.1 Hz maximum
Frequency 1
Mode Accuracy | €rreqrzy = * TB * fip t
Range ns to 10° seconds with averaging times
ol X1 to X1000 in decade steps.
Period and 10
Multi-Period
Mode Accuracy 100, ook Pax
€period(s) = £ TB * P & =t &, 0
=M
dr
Range 6ns to 10° seconds with averaging times
of X1 to X1000.
0.1 ns resolution (usable)
Time Interval
II and )m 7
verage ccuracy P 2E0x
de Worst Case TP t-X 100t
(Nominal) | T!ts) . dv
dat
Frequency Range 10-7 to 10¢
Ratlo, CH B/
Ext Clock
Manual Stop Range 0 to 10° seconds
Watch
Totalize, Range 0 to 10® counts
Ch B

NOTE: Formulas given where € is the error; TB
(expressed as a decimal) is the time base accuracy;
Pin is the period or time interval of unknown signal;
M is the number of averages given; Pck is the mea-
surement clock period; T is the gate time; fin is the
frequency of the unknown signal; Enpk equals peak
noise pulse amplitude as presented to Schmitt trigger
circuit; dv/dt equals signal slope at input to Schmitt
trigger (volts per second).

Fig 3: Independent slope and level control allows the
user to select precise points on the waveform where
the counter starts and stops. Crt readout displays the
result of 37.68 us.

INTERNAL TIME BASE

Crystal Oscillator — Accuracy: within 0.5 ppm (0°C
to +50°C ambient). Long-term drift: 1 part or less
in 107 per month. Oscillator is temperature compen-
sated; no warm up is required.

OUTPUT SIGNALS

Clock Out — Logical 1 > 0.5 V into 50 Q. Logical 0
< 0 V into 50 Q. TTL compatible without 50 @ load
(1.6 mA current capacity).

A and B Trigger Level — Zout =~ 1 k@, Vout — =*0.5
V into 1 MQ.

Displayed Waveform (Internally Connected) — Front-
panel switch selects true gate, pseudo gate, or chan-
nel B signal out. Position controlled by front-panel
screwdriver control.

External Display — Same as internal except positiog
control has no effect.

Display Mode Switch — Allows selection of readout
“follow or store.”

Display Time — 0.1 to 5 s; also a preset position for
infinite display time.



ant have zero suppression. Overflow indicated by a

Readout — Eight-digit display; the four most signifi-
Q symbol.

INPUT SIGNALS CH A & B

Frequency Range (CH B only) — Dc-coupled: dc-to-
225 MHz. Ac-coupled: 5 Hz to 225 MHz.

Sensitivity (Ch A and B Inputs) — 100 mV p-p. Trigger
source: 0.5 div of vertical deflection.

Input R and C — 1 MQ and 22 pF.

Triggering (Preset Position) — Automatically triggers
at 0 V.

Level Control Range (CH A and B Inputs) — 100-mV
range: =500 mV; 1-V range: =5 V; 10-V range: =50 V.

Arming Inputs — Input R and C: 10 k2 and 20 pF.
Sensitivity arm A: logical 1 > -+40.5 V, logical 0
< +4-0.2 V. Sensitivity arm B: logical 1 < 40.2 V,
logical 0 > 0.5 V.

External Clock-In — 20 Hz to 5 MHz.

Reset Front Panel — Reset readies the instrument.
All counters are affected, including averaging cir-
cuits.

Included Accessories — Two cables RF 44 in (012-
0403-00, Sealectro to BNC connector).

Order 7D15 Universal
Counter/Timer ................... $1600

NOMINAL MEASUREMENT ERROR 10, 100, 1000, AVERAGES

WORST CASE MEASUREMENT ERROR — PERIOD MODE

7D15 Universal Counter/Timer

ACCURACY
TIME INTERVAL MODES
T . 1ms Clock Avtv=
Conditions: 1ms Clock 10 Averages
* Internal oscillator
W 100usi— * 0-50°C operation e Clock 100 oo
g 3 * Within 3 months since calibration
& * Peak noise level does not exceed
: - effective counter hysteresis SO0 Cla i
~ "™ £ * Signal risetimes as encountered
= e ] in typical TTL logic environments
g ] * When more than one average is
[ made, synchronization does not 1us Clock 1 Average
z 3 become a problem (see manual) 4
z I
w 4
z ]
o 100ns Clock 1 Average
> 00ns
7]
<
w
s
uw'l 10ns Clock 1 Average A
5 1005
,_ 7 10ns Clock 10 Averages /
o 10ns Clock 100 Averages —
g T TOns Clock 1000 Averages
1ns - - il e +++
1ns 10ns 100ns Tus 10us 100us ms 10ms 100ms. 1s 10s
TIME INTERVAL MEASURED
PERIOD MODE
. 1ms Clock 1 A\
ms
100us b 1ms Clock ‘W Averages
o 10us Clock 1 Average
e 1ps Clock 1 Average
1000 1000z Clock 1 Average /
10ns Clock 1 Aver: /
10n:s ey
e C s
F * Internal oscillator
[ 10nsClock 10 Averages * 0-50° operation
1ns <
3 * Within 3 months since calibration
r " i
10ns Clock 100 Averages | 1 Peak noise level does not gxceed
100ps effective counter hysteresis -
E: * Signal risetimes as encountered
10ns Clock 1000 Averages _/ in typical TTL environments
10ps - -t t et

10ns 100ns 1us 10pus 100ps 1ms 10ms. 100ms 1s 10s
PERIOD MEASURED
FREQUENCY MODE
1000
= [Messurement intorat 7
I Otsec
i E 4
o« e
IR
e +
[:< +
w
- L
i
1_sec
E 10 F 7
o T
B %
g o Conditions:
w i * Internal oscillator
2 1osec * Within 3 months since calibration__|
[SERTN - 7
pEliE * 0-50°C operation
S di * Trigger recognition occurs only
= + at desired point on waveform -
4 no false triggering
1 ‘?m umasy - 4 + il +—+—++ L -+
1000Hz 10kHz 1MHz TMHz 10MHz 100MHz 1GHz

INPUT FREQUENCY
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SAMPLING UNIT

7811

2 mV/div to 200 mV/div
Calibrated Deflection Factors

Plug-in Sampling Heads

The 7S11 is a single-channel sampling unit.
The input configuration employs the sam-
pling plug-in head concept. The heads,
which mount in the 7S11, range in band-
width from 350 MHz to 14 GHz.

The 7S11 can be used in a variety of com-
binations. Single-channel sampling uses one
7811 with a 7T11 Time Base. Two 7S11s and
one 7T11 provide dual-trace sampling. One
7511 and one 7S12 provide dual-trace sam-
pling. Two 7S11s can be used for X-Y oper-
ations.

CHARACTERISTICS

Deflection Factor — 2 units/div to 200 units/div in 7
steps (1-2-5 sequence), accurate within 3%. Uncali-
brated VARIABLE is continuous (extends deflection
factor from 1 unit/div or less to at least 400 units/div).
Deflection factor is determined by the plug-in sam-
pling head.

Bandwidth — Determined by the sampling head.
Input Impedance — Determined by the sampling head.

Dc Offset — Range, +1 V to —1 V or more. Offset
out is X10 the offset voltage within 2%. Source R is
10 kQ within 1%.

Delay Range — At least 10 ns for comparing two
signals in a dual-trace application.

Memory Slash — 0.1 div or less at 20 Hz.

Vertical Signal Out — 200 mV per displayed div within
3%.

Ambient Temperature — Performance characteristics
are valid over an ambient temperature range of 0°C
to +50°C.

Order 7S11 Sampling Unit
without Sampling Head . . .. .......... $750
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Single-channel Sampling Unit, Sampling Time Base

7T11
10 ps/div to 5 ms/div Calibrated Time Base

Random or Sequential Sampling
Equivalent or Real-time Sampling
No Pretrigger Required

The 7T11 Sampling Time Base provides
equivalent-time and real-time horizontal de-
flection for single- or dual-trace sampling.
Timing accuracy is within 3% and nonlin-
earity is well below 1%. Triggering range
is from =~ 10 Hz (sequential mode) to above
12.4 GHz.

CHARACTERISTICS

Time/Div Range — 10 ps/div to 5 ms/div (1-2-5 se-
quence) directly related to time position ranges. Un-
calibrated VARIABLE is continuous between steps to
at least 4 ps/div.

Time Position Range — Equivalent time is 50 ns to 50
us in 4 steps; real time is 0.5 ms to 50 ms in 3 steps.

Time/Div Accuracy — Within 3% for all time/div set-
tings over center 8 cm.

TRIGGERING

Ext 50-Q Input — Frequency range is dc-to-1 GHz in
X1 TRIG AMP mode. Sensitivity range is 5 mV to 2 V
p-p (dc-to-1 GHz) in X1 TRIG AMP, 0.5 mV to 2 V p-p
(1 kHz to 50 MHz) in X10 TRIG AMP. Input R is 50 Q
within 10%. Max input voltage is 2 V (dc 4 peak ac).

Ext 1-MQ Input — Frequency range is dc-to-100 MHz
in X1 TRIG AMP mode. Sensitivity range is 5 mV to
2 V p-p (dc-to-100 MHz) in X1 TRIG AMP, 0.5 mV to
2 V p-p (1 kHz to 50 MHz) in X10 TRIG AMP. Input R
is 1 MQ within 5%. Max input voltage is 100 V p-p
to 1 kHz (derating 6 dB per octave to a min 5 V p-p).

Ext HF Sync — Frequency range is 1 GHz to 12.4
GHz. Sensitivity range is 10 mV to 500 mV p-p. Input
R is 1 MQ. Max input voltage is 2 V p-p.

Int Trigger Source (Sine-wave Triggering)* — Fre-
quency range is 5 kHz to 500 MHz in X1 TRIG AMP; 5
kHz to 50 MHz in X10 TRIG AMP. Sensitivity range is
125 mV to 1 V p-p (referred to the vertical input) in X1
TRIG AMP; 12.5 mV to 1 V p-p (referred to the vertical
input) in the X10 TRIG AMP.

Random Mode Trigger Rate — 100 Hz min.

Display Jitter — Measured under optimum trigger con-
ditions with TIME/DIV switch clockwise.

*Trigger circuits will operate to dc with pulse trigger-
ing, except for HF Sync.

Time Pos Range | Seq ial Mode | Rand

50 us to 500 ns 0.4 div or less

50 ns 10 ps 30 ps
Pulse Out — Positive pulse amplitude at least 400

mV (into 50 Q) with 2.5 ns rise time or less.

Trigger Kickout — 2 mV or less into 50 Q (except HF
SYNC).

Display Scan Rate — Continuously selectable from at
least 40 sweeps/sec to less than 2 sweeps/sec.

External Scan — Deflection factor is continuously vari-
able from 1 V/div to 10 V/div. Input R is 100 kQ within
10%. Max input voltage is 100 V (dc + peak ac).

Sweep Out — 1 V/div within 2%. Source R is 10 kQ
within 1%.

Ambient Temperature — Performance characteristics
are valid over an ambient temperature range of 0°C
to +50°C.

INCLUDED ACCESSORIES

42-in BNC 50 Q cable (012-0057-01); 10X 50 Q at-
tenuator (011-0059-02); SMA (3 mm) male to BNC ad-
apter (015-1018-00); SMA (3 mm) male to GR874
adapter (015-1007-00).

Order 7T11 Sampling Sweep Unit. . . . $2200
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7812

TDR and General-purpose Sampler

O

45 ps TDR or 30 ps
General-purpose Sampler

6 Plug-in Sampling Heads Available
3 Plug-in Pulse Sources Available

1 Trigger Recognizer Head Available
1 Trigger Countdown Head Available

The 7S12 is a combined vertical-horizontal,
double-width plug-in for high-resolution TDR
or general-purpose sampling measurements.
As a TDR using the S-6 Sampling Head and
S-52 Pulse Generator Head, the 7S12 has a
system rise time of 45 ps (return from short-
circuit termination) and distance range to

0 ft in any cable. Its vertical scale is cali-
‘;ated in reflection coefficient (p) from 2
mp/div to 500 mp/div and in voltage from
2 mV/div to 500 mV/div. Two-way time or
one-way distance to a discontinuity of inter-
est is read directly from tape dial calibrated
for time, air, polyethylene, or your choice of
dielectrics. As a long line TDR using the S-5
Sampling Head as S-54 Pulse Generator
Head, distance calibration extends to 4900
ft (air line) and discontinuities to twice this
distance may be viewed. System rise time
with this combination is 1.5 ns.

General-purpose measurements may be
made by using an S-1, S-2, S-3A, S-4, S-5, or
S-6 Sampling Head with an S-53 Trigger
Recognizer Head or S-51 Trigger Countdown
Head. For dual-trace sampling displays, use
a 7811 Sampling Unit with a 7S12. The addi-
tion of a 7M11 Dual Delay Line provides the
signal delay necessary to view the triggering
event when a pretrigger signal is not avail-
able.

CHARACTERISTICS
System Performance with S-6 and S-52

System Rise Time — 35 ps or less for the incident
step. 45 ps or less for the displayed reflection from
a short-circuited, 1 ns test line.

Time and Distance Ranges — Direct-reading tape
dial gives calibrated one-way distance to at least
4C0 ft (air line). Time range is at least 0.9 us round
trip. Both ranges are limited by the duration of the
pulse from the S-52.

Pulse Amplitude — At least 4200 mV into 50 Q.

Input Characteristics — Nominal 50 Q, feed-through
signal channel (termination supplied). SMA (3 mm)
connectors.

Jitter — Less than 10 ps (without signal averaging).

Aberrations — 7%, —7% total of 10% p-p within
1.8 ns of step with reference point at 1.8 ns from
step; +2%, —2% total of 4% p-p after first 2.5 ns
with reference point at 300 ns from step.

TDR System Performance with S-5 and S-54
System Rise Time — 1.5 ns or less for the displayed
reflection from a short-circuited test line.

Time and Distance Ranges — Direct-reading tape dial
gives calibrated one-way distances to 4900 ft air line,
3240 ft solid polyethylene. Time range is 20 us round
trip.

Pulse Amplitude — At least 4400 mV into 50 Q.

Input Characteristics — Nominal 50 Q test-line con-
nection (cable and T supplied). BNC connectors.

Jitter — Less than 20 ps (without signal averaging).

Aberrations — +-4%, —6%, total of 10% p-p within
first 17 ns of step; +1.5%, —1.5%, total of 3%
thereafter.

OTHER 7S12 CHARACTERISTICS

Vertical Scale — Calibrated in mp (reflection coeffi-
cient X10-3) and mV from 2 to 500 units/div in 8 steps
(1-2-5 sequence), accurate within 3%. Uncalibrated
VARIABLE is continuous between steps.

Resolution — Reflection coefficients as low as 0.001
may be observed. Signal averaging reduces test-line
noise in display.

Dc Offset Range — -}-1 V to —1 V. Allows open-circuit
reflections to be displayed at full sensitivity. Monitor
jack provides X10 dc offset through 10 k.

Time/Distance — Tape dial is calibrated in time and
distance: full-scale ranges of 4900 ft, 490 ft, 49 ft
(air dielectric); 3200 ft, 320 ft, 32 ft (polyethylene
dielectric); and 10 us, 1 us, 0.1 us (time). Accurate
within 1%. Distance calibration may be preset for
dielectrics having propagation factors from 0.6 to 1.

Time/Div — 20 ps/div to 1 us/div (1-2-5 sequence) in
three ranges with direct-reading magnifier. Accurate
within 3%. Uncalibrated variable is continuous be-
tween steps.

Locate Button — Provides instant return to unmagni-
fied display showing entire full-scale range. Bright-
ened portion of trace indicates time position and
duration of magnified display.

Display Modes — Repetitive or single sweep, manual
or external scan.

Signal Outputs — Pin jacks provide both vertical
signal and sweep outputs.

INCLUDED ACCESSORIES

750 ps rigid ““U"” delay line (015-1017-01); short-circuit
termination (015-1021-00); TDR slide rule (003-0700-00).

Order 7S12 TDR Sampling Unit
(Tape Dial in Feet) without

Sampling Heads ........ veie......$1600
Order Option 3 Tape Dial
Change (Meters) ............. No Charge

OPTIONAL ACCESSORIES

Patch Cords — available for the OFFSET OUT, EXT
SWEEP INPUT, VERT SIG OUT, and SWEEP OUT
jacks of the 7S12. Pin-jack to pin-jack, 0.08 in dia pin.

Red, 8 in, Order 012-0179-00 ................. $2.85
Red, 18 in, Order 012-0180-00................. $2.85
Black, 8 in, Order 012-0181-00 ................ $2.85
Black, 18 in, Order 012-0182-00 ............... $2.85
Tape Dial (Calibrated in Feet)—

Order 3812027300 ..o s iszoie isssave s siaipiats o $10.50
Tape Dial (Calibrated in Meters)—

Orderi331-0276-00 .. .....ccncire simmesisine e $10.50

NOTE: See 1502-1503 Portable TDR Cable Tester on page 164.
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S-1 Sampling and TDR
S-2 Sampling Heads

TYPE §-2
SAMPLING HEAD

TYPE §-1
SAMPLING HEAD

S-3A
SAMPLING HEAD

L
Yy IND TRIGGER PickoRE)

|

$-52
PULSE GENERATOR
HEAD

LOOP THRU
20=508

TYPE 551
TRIGGER
COUNTDOWN
HEAD

INPUT

S-1

Dc-to-1 GHz Bandwidth
Clean Transient Response

The S-1 Sampling Head is a low-noise, 350-ps rise
time unit with a 50 @ input impedance. The S-1 can
be plugged in or attached by a cable for remote
use. A trigger pickoff within the S-1 provides a
trigger signal output from the plug-in unit.

Rise Time— 350 ps or less.

Bandwidth—Equivalent to dc to 1 GHz at 3 dB down.

Tr i Resp Aberrations as observed with
the 284 Pulse Generator are 40.5%, —3% or less,
total of 3.5% or less p-p, first 5ns following the
step transition; +0.5%, —0.5% or less, total of
1% or less p-p after 5ns.

Displayed Noise— 2 mV or less, unsmoothed; 1 mV,
smoothed.

Signal Range—Variable dc offset allows signals be-
tween -+1V and —1V limits to be displayed at
2 mV/div. Signals between 42V and —2V limits
may be displayed at 200 mV/div. For best dot
response with random-sampling sweep unit, signal
amplitude should be less than 500 mV p-p.

Input Characteristics—Nominally 50 Q. Safe over-
load is =5V. GR874 input connectors.

§ vvosos
TEKTRONIX

Weights (Approx)

Ib kg
Net Weight 1 0.5
Shipping Weight 3 1.4

Included Accessories— 5 ns, 50 2 RG58 A/U cable
(017-0512-00); 10X, 50 @ GR attenuator (017-0078-00).

Order S-1 Sampling Head ........ $550

S-2
Dc-to-4.6 GHz Bandwidth

Displayed Noise Less than
6 mV (Unsmoothed)

The S-2 Sampling Head is a 75 ps rise time unit
with a 50Q input impedance. The S-2 can be
plugged in or attached by a cable for remote use.
A trigger pickoff within the S-2 provides a trigger
signal output from the plug-in unit.

Rise Time— 75 ps or less.

Bandwidth—Equivalent to dc-to-4.6 GHz at 3 dB
down.

Transient Response—Aberrations as observed with
the 284 Pulse Generator are +5%, —5% or less,
total of 10% or less p-p, first 2.5 ns following a
step transition; +2%, —2% or less, total of 4%
or less p-p after 2.5 ns.

Displayed Noise— 6 mV or less, unsmoothed; 3 mV,
smoothed.

STABILITY Ts,gciﬂ _LEVEL “
L. RECOGNIZER o :

TYPE S5
SAMPLING HEAD
M 1BpF +1V 70 1y
tr=ins - 100V MAX DC

PULSE CENERATO =
fean

PULSE
UTPUT

Signal Range—Variable dc offset allows signals
between 41V and —1V limits to be displayed at
2 mV/div. Signals between 42V and —2V limits
may be displayed at 200 mV/div. For best dot
response Wwith random-sampling sweep unit, signal
amplitude should be less than 200 mV p-p.

Input Characteristics—Nominally 50 Q. Safe over-
load is =5V. GR874 input connectors.

Weights (Approx)

Ib kg
Net Weight 1 0.5
Shipping Weight 3 1.4

Included Accessories— 5ns, 50 2 RG213/U cable
(017-0502-00); 10X, 50 @ GR attenuator (017-0078-00).

Order S-2 Sampling Head ........ $575

OPTIONAL ACCESSORIES
P6040/CT-1 Current Probe

Order (Std) 015-0041-00 ................. vesse $TS
P6050 10X Passive Probe,

Order (Std) 010-6056-03 .................... $75
P6057 100X Probe,

Order (Std) 010-6057-03 ...............connn $75
Coupling Capacitor, GR874-K,

Order 017-0028-00 ...........ccovvnnvennnnnn $33
Power Divider GR874-TPD,

Order 017-0082-00 ..........cccovveeeennnns $145
GR to BNC Adapter,
Order 017-0063-00 ............ccovvvnnnnnnn 316.5( 5

P
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Compact, 4.5 Ft, 100 k2, 2.3 pF Probe
Dc-to-1 GHz Bandwidth

Displayed Noise Less than 3 mV
(Unsmoothed)

The S-3A Sampling Head is an active sampling-
probe unit with 100 kQ, 2.3 pF input impedance.
Up to 2V of dc offset may be used while maintain-
ing a 2 mV/div deflection factor.

Rise Time— 350 ps or less.

Bandwidth— (Probe Only) Equivalent to dc-to-1 GHz
at 3 dB down.

Transient Response (Probe Only)—Aberrations in the
first 2 ns following a step are +8%, —2% or less,
total of 10% or less p-p, +1%, —1% or less, total
of 2% or less p-p after 2ns, with 284 pulse dis-
played.

Displayed Noise (Probe Only)—3 mV or less re-
ferred to probe tip (includes 90% of dots).

Signal Range—Variable dc offset allows signals
between <1V and — 1V, X1 range, or 42V and
— 2V, X2 range, to be displayed at 2 mV/div. The
signal range may be increased X10 or X100 with
the probe attenuators.

Weights (Approx) Ib kg
Net Weight 3 1.4
Shipping Weight 5 2.3

Included Accessories— 10X attenuator head (010-
0364-00); 100X attenuator head (010-0365-00); cou-
pling capacitor (011-0098-00); probe tip (206-0114-
00); tip-ground adapter (013-0085-00); two test-point

0); 12%. in ground lead (175-1018-00); 3 in cable
assembly (175-0249-00); three ground clips (344-0046-
00); end cap (200-0834-00); two end caps (200-0835-
00); probe holder (352-0090-00); retractable hook tip
(013-0097-00); 50 Q voltage pickoff (017-0077-01);
carrying case (016-0121-01); 3 in elec lead (175-
0849-00); 6 in elec lead (175-0849-01).

Order S-3A Sampling Head ....... . $800
S-4

25 ps Sampling Head

Dc-to-14 GHz Equivalent Bandwidth

Displayed Noise Less than 5 mV
(Unsmoothed)

GGCRS (131-0258-00); 5%z in ground lead (175-1017-

The S-4 Sampling Head is 25 ps rise time unit with
a 50 Q input impedance. The S-4 can be plugged
into the sampling unit or attached by a sampling-
head extender for remote use. A trigger pickoff
within the S-4 provides a trigger signal output from
the plug-in unit.

Rise Time— 25 ps or less.

Bandwidth—Equivalent to dc-to14 GHz at 3dB
down.

Transient Response—Aberrations in the first 400 ps
following a step from S-50 Pulse Generator Head
are — 10%, -+ 10% or less, total of 20% or less
p-p. From 400 ps to 25 ns following a step from a
284 Pulse Generator, 0%, -+10% or less, total of
10% or less p-p with 284 pulse displayed; after
25 ns, — 2%, -+ 2% or less, total of 4% or less p-p.
Displayed Noise— 5 mV or less, unsmoothed; 2.5 mV,
smoothed (includes 90% of dots).

Signal Range—Variable dc offet allows signals

‘etween -+ 1V and — 1V limits to be displayed at

mV/div. For best dot-transient response with
random-sampling sweep unit, signal amplitude should
be less than 500 mV p-p.

Input Characteristics—Nominally 50 2. Safe overload
+5V. SMA (3 mm) input connector.

Weights (Approx) Ib kg
Net Weight 1 0.2
Shipping Weight 2 0.9

Included Accessories— 2 ns cable with SMA con-
nectors (015-1005-00); 10X 50 Q SMA attenuator
(015-1003-00); GR874 to SMA male adapter (015-
1007-00); SMA male-to-male adapter (015-1011-00);
5/16 in wrench (003-0247-00).

Order S-4 Sampling Head ........ $1150
S-5

1 MQ, 15 pF Input Impedance
Passive Probe
Internal Trigger Pickoff

The S-5 Sampling Head is a low-noise, 1 ns rise
time sampling unit with a 1 MQ, 15pF input im-
pedance. When used with the included P6010
passive probe, the input impedance increases to
10 MQ, 10 pF while maintaining the 1 ns rise time
at the probe tip. A switch on the sampling head
selects either ac or dc coupling of the input.

Rise Time—S-5 only, 1 ns or less; with 3.5 ft, P6010,
1ns or less.

Bandwidth—Equivalent to dc-to-350 MHz at 3 dB
down at input connector or probe tip.

Tr ient Resp S-5 only (driven with a 50 @
source terminated in 50 Q: aberrations -+ 2.5%,
— 5% or less, total of 7.5% or less p-p within 17 ns
after step; 4+ 1%, — 1% or less, total of 2% or
less p-p thereafter.

S-5/P6010 (3.5 ft probe, properly compensated):
aberrations -+ 5%, — 5% or less, total of 10% or
less p-p within 25 ns after step; +1%, —1% or
less, total of 2% or less p-p thereafter.

Displayed Noise—S-5 only, 500 uV or less (includes
90% of dots). S-5/P6010, 5mV or less (includes
90% of dots).

Signal Range—S-5 only: dc coupled, 1V p-p from
+ 1V to —1V; ac coupled, 1V p-p. S-5/P6010:
dc coupled (dc + peak ac), 10 V p-p; ac coupling,
dc voltage, 100 V.

Input Characteristics—S-5 only, 1 MQ within 1%
paralleled by 15 pF. S-5/P6010, 10 MQ paralleled
by approx 10 pF.

Attenuator Accuracy—Probe attenuation is 10X with-
in 3%.

Weights (Approx) Ib kg
Net Weight 9oz 0.2
Shipping Weight 2 0.9

Included Accessories—P6010 probe package (010-
0188-00), 50 Q termination (011-0049-01).

Order S-5 Sampling Head ........ $550

OPTIONAL ACCESSORIEES

Probe Tip-to-BNC Adapter,
Order 013-0084-01 ......... R it SN

Probe Tip-to-GR Adapter,
Order 017-0076-00. . ..o ssmnisnionsvismies $20.00

Probe Tip-to-GR Terminated Adapter,
Order 017-0088-00 ...... AN G065 5 $31.00

S-3A
Sampling and TDR S-4

Sampling Heads S-5

S-6
S-6

30 ps Rise Time

Displayed Noise Less than 5 mV
(Unsmoothed)

Loop-Through Input

The S-6 Sampling Head is a 50 Q feed-through unit
for high-speed applications.

Rise Time— 30 ps or less. 35 ps or less as observed
with S-52 Pulse Generator.

Bandwidth—Equivalent to dc-to-11.5 GHz at 3 dB
down.

Transient Response—Pulse aberrations following the
steps are + 7%, — 7%, total of 10% p-p within
1.8 ns of step with reference point at 1.8 ns from
step; + 2%, — 2%, total of 4% p-p after first 2.5 ns
with reference point at 300 ns from step.

Displayed Noise— 5 mV or less, measured tangen-
tially.

Signal Range— -1V to —1V (dc 4 peak ac). 1V
p-p. Dc offset allows any portion of input signal to
be displayed.

Input Characteristics—Nominally 50 2, loop-through
system, unterminated. SMA (3 mm) connectors.
Max safe overload is = 5 V.

Weights Ib kg
Net Weight 1 0.5
Shipping Weight 2 0.9

Included Accessories— 50 Q termination (015-1022-
00); 1ns 50Q cable (015-1019-00); SMA (3 mm)
female-to-female adapter (015-1012-00); SMA male-
to-GR874 adapter (015-1007-00); combination wrench
(003-0247-00); coaxial termination (015-1020-00).

Order S-6 Sampling Head ........ $1100

OPTIONAL ACCESSORIES FOR
SAMPLING HEADS

with SMA (3 mm) Connectors
2X 50 Q Attenuator, Order 015-1001-00 .... $120.00
5X 50 Q Attenuator, Order 015-1002-00 .... 120.00
10X 50 Q@ Attenuator, Order 015-1003-00 .... 120.00
50 Q Termination, Order 015-1004-00 ...... 50.00
2-ns 50 Q Signal Cable, Order 015-1005-00 ..  44.00
5-ns 50 Q Signal Cable, Order 015-1006-00 .. 60.00
Male-to-GR874 Adapter, Order 015-1007-00

......................................... 38.00
Female-to-GR874 Adapter, Order 015-1008-00 .....
................ 50.00
Male-to-N Female Adapter, Order 015-1009-00 ....
......................................... 47.00

Male-to-7-mm Adapter, Order 015-1010-00 .. 150.00
Male-to-Male Adapter, Order 015-1011-00 ..  15.00
Female-to-Female Adapter, Order 015-1012-00 .....

Coupling Capacitor, Order 015-1013-00 .... 120.00
50 Q@ Power Divider T, Order 015-1014-00 ..
500-ps 50 Q@ Semirigid Cable Order 105-1015-00 ....

........................................ 28.00
SMA T Adapter, Order 015-1016-00 ........ 25.00
SMA Male-to-BNC Female Adapter,

Order 015-1018-00 ......... SRS o Lol ocrin 5.00
1-ns 50 Q@ Cable, Order 015-1019-00 ...... 40.00
SMA Male Short-Circuit Termination, :
Order 015-1020-00 ..........covvneeeenes 15.00
SMA Female Short-Circuit Termination,

Order 015-1021-00 ..........covvevneenn . 15.00
SMA Male 50 Q Termination,

Order-i015-1022-00 . .icoivivsvoi vsvansnninis 32.00

More on next page
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S-51
S-52
S-53
S-54

Sampling and TDR

With BNC Connectors

50 @ Feed-through Termination,

Order 011-0049-01 ...........ccevnvnee.... $20.00
50 Q@ Feed-Through (5 W),

Order 011-0099-00 .........ccooovvevnnnnnnn 30.00
50 @ 2X Attenuator, Order 011-0069-02 ..... 23.00
50 @ 2.5X Attenuator, Order 011-0076-02 .... 23.00
50 @ 5X Attenuator, Order 011-0060-02 ...... 23.00
50 @ 10X Attenuator, Order 011-0059-02 .... 23.00
50 Q 18 in, Coaxial Cable,

Order 012-0076-00 ............. OO0 0 9.00
50 Q 42 in, Coaxial Cable,
Order 012-0057-01 ................. veeeees  9.00

3 ft Sampling-Head Extender,

Order 012-0124-00 ...... S0 5, ee s WRReTans, SSuaTe 135.00
6 ft Sampling-Head Extender,

Order 012-0125-00 ..........covvvuveeeennn 150.00
S-51

18 GHz Countdown
10 ps or Less Trigger Jitter

The S-51 Trigger Countdown Head is a free-running
tunnel-diode oscillator designed to provide stable
sampling displays of signals up to 18 GHz.
The S-51 has a front-panel sync control that syn-
chronizes the oscillator frequency to a subharmonic
of the input signal. The output from the S-51 is
available at a front-panel trigger output connector
and through a rear-panel connector for internal
triggering. The output signal is a direct countdown
of the input and permits triggering by a standard
sampling time-base unit.

Input Signal—Frequency range is 1 GHz to 18 GHz.
Stable synchronization on signals at least 100 mV
p-p, as measured separately into 50 2, 5V, p-p max.

Input Characteristics— 50 2 SMA (3 mm) connector.
Open termination paralleled by 1 pF.

Trigger Output—Front-panel trigger output is at least
200 mV into 509, type BSM connector. Internal
trigger output is at least 100 mV into 500 €, internal-
ly connected to sampling unit. Jitter is 10 ps or
less with signals from 5 GHz to 18 GHz; 15ps or
less with signals from 1 GHz to 5 GHz. Kickout at
signal input connector is 400 mV or less; kickout
occurs between successive samples.

Weights (Approx)

b kg
Net Weight 1 0.45
Shipping Weight 5 2.3
Order S-51
Trigger Countdown Head .......... $675

Pulse Generator Head and Trigger Countdown Head

S-52

25 ps Rise Time
200 mV into 50 @
50 & Source

Pretrigger Output

The S-52 Pulse Generator Head is a tunnel-diode
step generator designed for use with the 7S12 as a
high resolution Time Domain Reflectometer.

For TDR applications, the S-52 features automatic
bias circuit control to eliminate effects of tunnel-
diode and load changes. A 50 Q reverse termina-
tion minimizes reflections. The pulse width is suf-
ficient for distances up to 32 ft in any cable. A
pretrigger output allows the S-52 to be operated in
sequential sampling systems without a delay line.

Pulse Output—Rise time is 25 ps or less. Amplitude
into 50 @ is at least 200 mV, positive-going. Pulse
duration 800 ns, pulse period 16 us within 2 us.
Pulse aberrations following the step are —47%,
—7%, total of 10% p-p within 1.8 ns of step with
reference point at 1.8 ns from step +2%, —2%,
total of 4% p-p after first 2.5 ns with reference point
at 300 ns from step.

Pretrigger Output—Rise time is 1 ns or less. Ampli-
tude into 50 @ is at least 1V, positive going. Pre-
trigger pulse duration is 4 ns. Pretrigger occurs
85 ns (within 5ns) before the pulse output. Pre-
trigger to pulse output jitter is 10 ps or less. Pre-
trigger output is also available at rear connector
for internal triggering of the sampling sweep unit.

Output Connectors—Pulse output uses an SMA
(3 mm) connector. Pretrigger output uses a BSM
connector.

Weights (Approx)

Ib kg
Net Weight % 0.3
Shipping Weight 1 .45

Included Accessories— 1 ns, 50 Q semirigid coax
delay line (015-1023-00).

Order S-52 Pulse Generator Head .. $725

S-53
Dc-to-1 GHz Operation

10 mV Sensitivity

The S-53 Trigger Recognizer Head is intended for
use with the 7S12 to permit operation as a general
purpose sampling system. The S-53 supplies trig-
gering for the 7812 or for other applications.

Input Characteristics—Frequency range is dc to
1 GHz. Sensitivity range is 10 mV to 2V p-p into
50 Q. Kickout at input, =5 mV or less.

Output Characteristics—Rise time is 1ns or less.
Amplitude is at least 1.5V positive-going into 50 Q.
Pulse duration is 3 ns within 2 ns at the 50% ampli-
tude level. Pulse period is 27 us minimum. Trigger-
to-signal delay is 15 ns or less; jitter is 15 ps or
less.

Connectors—Trigger input connector is BNC type.
Front-panel trigger output connector is BSM type.
Trigger output is also available at rear connector
for internal triggering.

Weights (Approx)

Ib kg
Net Weight Y% 0.3
Shipping Weight 1 .45

Included Accessories— 42 in, 50 Q cable (012-0057-
01); 10X 50 @ attenuator (011-0059-01).

Order S-53
Trigger Recognizer Head .......... $550

S-54

1 ns Rise Time

P

Low Aberrations
400 mV into 50 @
50 & Source

Variable Pretrigger Lead Time

The S-54 Pulse Generator Head is a step generator
designed for use with the 7S12 as a long line Time
Domain Reflectometer unit.

Intended for TDR applications, the S-54 is 50 Q@
reverse terminated to minimize reflections and has
a 0V baseline to eliminate baseline shift with load
changes. A continuously variable front-panel control
enables adjustment of pretrigger lead time. The
pretrigger output allows the S-54 to be operated
in sequential sampling systems without a delay line.

Pulse Output—Rise time is 1 ns or less. Amplitude
into 50 @ is 4400 mV or greater. Pulse duration is
25 us within 2 us. Pulse aberrations following the
step are +1.5%, —1.5%, total of 1.5% p-p, as
displayed with S-1 Sampling Head. Baseline level
is 0V within 20 mV, terminated in 50 Q.

Pretrigger Output—Rise time is 5 ns or less. Ampli-
tude into 50 @ is at least 200 mV, positive-going.
Pretrigger pulse duration is 20 ns or less at the 50%
amplitude point. Pretrigger lead time is front panel
adjustable from 120 ns or less to 1 us or greater.
Pretrigger-to-pulse-output jitter is 100 ps or less at
120 ns lead time to 1 ns or less at 1 us lead time.

Output Connectors—Pulse output uses a BNC conj'(

nector. Pretrigger output uses a BSM connector.

Weights (Approx)

Ib kg
Net Weight Y 0.3
Shipping Weight 1 0.45

Included Accessories—BNC T connector (103-0030-
00); 8in 50 Q cable (012-0118-00).

Order S-54 Pulse Generator Head .. $425



Calibrated Delayed Sweep
Two-dot Measurements
Dc-to-1 GHz Bandwidth
Dual Trace, 2-mV Sensitivity
Crt Readout

Simplified Triggering

Operational Ease of a
Conventional Oscilloscope

The 7S14 Sampling Unit combines vertical
and time-base functions in one double-width
plug-in.

Two identical vertical channels provide dual-
trace sampling, a two-ramp time base and
.calibrated delayed sweep.

ront-panel controls are grouped by color,
and the control nomenclature is like con-
ventional oscilloscope nomenclature. Learn-
ing to operate the 7S14 requires a minimum
of effort for those familiar with conventional
oscilloscope operation.

CHARACTERISTICS
VERTICAL CHANNEL

Modes — Channel 1 only; Channel 2 only; Dual Trace;
Channel 1 added to Channel 2; Channel 2 subtracted
from Channel 1 (CH 2 INVERT); Channel 1 Vertical
(Y), Channel 2 Horizontal (X).

Input Impedance — Nominally 50 Q.
Bandwidth — Equivalent to dc-to-1 GHz.
Rise Time — 350 ps or less.

Step Aberrations — +2%, —4%, total of 6% p-p
within first 5 ns, =1% thereafter, tested with a 284
Pulse Generator.

Deflection Factor — 2 mV/div to 0.5 V/div in 8 steps
(1-2-5 sequence). Continuously variable between steps
by at least 2.5 to 1.

Accuracy — Within *=3%.

7000-Series Oscilloscopes

7514

Dual-trace, Delayed Sweep Sampler

Max Input Voltage — 5 V.

Input Signal Range — 2 V p-p max within a +2 V to
—2 V window at any sensitivity.

Dc Offset Range — At least +2 Vto —2 V.

Displayed Noise — 2 mV or less unsmoothed (meas-
ured tangentially). Low noise pushbutton reduces ran-
dom noise by a factor of 4 to 1 or more.

Vertical Signal Output — 0.2 V/div of vertical de-
flection; 10 k source resistance.

Channel Delay Difference — Adjustable to zero, or for
any time difference up to at least 1 ns.

TIME BASE
Scan Modes — Repetitive, single, manual, or external.

Delaying Sweep — May be used as the crt time base
or as a delay generator for the delayed sweep. The
sweep starts with minimum delay from the instant of
trigger recognition. When the delaying sweep mode is
selected for the time base, two bright dots in the
trace, which may be positioned anywhere on the dis-
played waveform, are generated. The time between
dots is equal to the reading on the Delay Time Multi-
plier dial multiplied by the time/div.

Delayed Sweep — This mode is used when the signal
to be displayed occurs considerably later than the
instant of trigger recognition or when the time must
be 5 ns or less per div. The delayed sweep may be
started with zero delay time with respect to the start
of the delaying sweep. Or the start may be delayed by
any time interval up to that represented by ten divi-
sions of the delaying sweep selected.

Horizontal Signal Output — 1.0 V per div of horizontal
deflection; 10 kQ source resistance.

DELAYING SWEEP

Range — 10 ns/div to 100 us/div in 13 steps (1-2-5
sequence).

Accuracy — Within *=3%, excluding first one-half div
of displayed sweep.

Delayed Zero (1st Dot) — Adjustable to correspond to
any instant within the time interval represented by the
first 9 div of the delaying sweep selected.

Delay Time (2nd Dot) — Adjustable to any portion of
the time interval represented by 10 div of the delay-
ing sweep selected.

Delay Accuracy — Within ==1% of 10 div when meas-
urement is made within the last 9.5 div.

DELAYED SWEEP

Range — 100 ps/div to 100 wgs/div in 19 steps (1-2-5
sequence). Variable between steps by at least 2.5 to 1.

Accuracy — Within ==3% excluding first one-half div
of displayed sweep.

Start Delay — Depends on the delaying sweep time
selected and the setting of the Delay Time Multiplier
dial. Adjustable from zero to any time interval up to
that represented by 10 div of the delaying sweep
selected. The delaying sweep start point corresponds
to the position of the second bright dot.

Delay Jitter — Less than 0.05% of the time repre-
sented by 1 div of the delaying sweep selected.

TRIGGERING AND SYNC

Signal Sources — Internal from Channel 1 vertical
input or external through front-panel connector.

External Triggering — Nominal 50 © input, ac coupled,
2 V p-p 50 V dc max. Trigger pulse amplitude 10
mV p-p or more with rise time of 1 us or less. 10 Hz
to 100 MHz. Sine-wave amplitude 10 mV p-p or more
from 150 kHz to 100 MHz.

Internal Triggering — Pulse amplitude 50 mV p-p or
more with rise time of 1us or less. Sine-wave am-
plitude 50 mV p-p or more from 150 kHz to 100 MHz.

Triggered Mode — Trigger recognition may be made
to occur at any selected voltage level between +0.5 V
and —0.5 V on either a + slope or a — slope of the
triggering signal.

Auto Trigger Mode — For small signals or when there
may be no triggering signal. Sampling pulses are auto-
matically generated at a low rate in the absence of a
triggering signal so that a trace may always be gen-
erated and displayed. The trigger level range auto-
matically adjusts to approx the p-p voltage of the
signal.

Holdoff — Varies the length of the interval during
which recognition is inhibited. Variation is at least 5
to 1. The control is particularly useful for displaying
digital words when triggering on binary pulses.

HF SYNC Mode — For sine waves from 100 MHz to 1
GHz, 10 mV p-p or more from external source, 50 mV
p-p or more from internal pickoff.

Order 7514 Dual Trace

Delayed Sweep Sampler ........... $2400




7M11
7CTIN
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75 ns Time Delay
Selectable Trigger Out
175 ps Rise Time

The 7M11 is a passive dual delay line unit
for use with the 7000-Series sampling sys-
tem. In low-repetition-rate applications re-
quiring the sequential mode of operation,
the 7M11 provides the trigger source and
signal delay necessary to view the triggering
event at fast time-per-div settings.

Vertical delay for two 7S11 vertical sampling
units is available with the dual 50 Q, 75 ns
delay lines. The closely matched (30 ps)
lines have GR874 input-output connectors,
175 ps rise time, and 2X signal attenuation.
Trigger selection is from either input, 5X
attenuated, with a rise time of 600 ps or less.

CHARACTERISTICS

DELAY LINE
Time Delay — 75 ns within 1 ns.
Deiay Difference — 30 ps or less between channels.
Rise Time — 175 ps or less.
Attenuation — 2X within 2% into 50 Q.
Input Impedance — 50 Q within 2%.
Max Input Voltage — =5 V rms, 50 V peak.

TRIGGER OUTPUT

Rise Time — 600 ps or less.

Attenuation — 5X within 10% into 50 Q (referred to
INPUT).

Output Impedance — 50 Q within 10%.

Ambient Temperature — Performance characteristics
are valid over an ambient temperature range of 0°C
to +50°C.

INCLUDED ACCESSORIES

10 in BNC cable (012-0208-00); two 2 ns GR cables
(017-0505-00).

Order 7M11 Delay Line Unit.......... $395
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7000-Series Oscilloscopes
Dual Delay Line and Curve Tracer

7CTIN

10 nA/div to 20 mA/div
Vertical Deflection Factors

0.5 V/div to 20 V/div
Horizontal Deflection Factors

The 7CT1N Curve Tracer plug-in displays
characteristic curves of small-signal semi-
conductor devices to power levels up to 0.5
W. The 7CT1N operates in horizontal or ver-
tical compartments of 7000-Series Oscillo-
scopes.

CHARACTERISTICS

COLLECTOR/DRAIN SUPPLY

X1 X10
Horizontal 0.5 2 5 20
Volts/Div
Voltage Range|0-7.5V|0-30V|0-75V | 0-300V
Max 240 mA |60 mA |24 mA | 6 mA
Current

Max Open Circuit Voltage — Within #=20%. Max short-
circuit current, within 30%.

Series Resistance — Automatically selected with hor-
izontal V/div switches. Peak power is 0.5 W or less,
depending upon control settings.

High Voltage Warning — When the horizontal V/div
switch is in the X10 position, a flashing warning light,
indicating that dangerous voltages may exist at the
test terminals, appears on the front panel.

STEP GENERATOR

Transistor Mode — Step amplitude range is 1 nA/st{
to 1 mA/step, 1-2-5 sequence. Max current (steps plu
aiding offset) is X15 amplitude setting. Max voltage
(steps plus aiding offset) is at least 13 V. Max oppos-
ing offset current is at least X5 amplitude setting.

FET Mode — Step amplitude range is 1 mV/step to
1 V/step, 1-2-5 sequence. Voltage amplitude (steps
plus aiding offset) is X15 amplitude setting, 13 V
max. Source impedance is 1 k@ &= 1%.

Accuracy — Incremental: within 3% between steps.
Absolute: within = (3% -} X0.3 amplitude setting).

Step Polarity — The step generator polarity is the
same as the collector/drain supply in the transistor
mode and opposing in the FET mode.

Number of Steps — Selectable in 1 step increments
between 0 and 10.

Offset — Selectable to 5 steps. Polarity aids or op-
poses the step polarity.

Vertical Deflection Factors — 10 nA/div to 20 pA/div
with the —-1000 control activated. 10 uxA/div to 20
mA/div in the X1 mode.

Vertical Display Accuracy — Within 5% in the X1
mode. Within 5% =0.2 nA per displayed horizontal volt
in the =—1000 mode.

Horizontal Deflection Factors — Selectable: 0.5 V,
2V,5V,or20V.

Horizontal Display Accuracy — Within 5% plus the
deflection factor accuracy on the plug-in being driven.
The plug-in is a vertical or horizontal amplifier with a
100 mV/div deflection factor and an input R of at
least 50 kQ when it is used in the horizontal com-
partment.

Order 7CT1N Curve Tracer........... $72¢
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5000-Series
Oscilloscopes

designed to be added to . ..

by you and by us

Low cost; easily understood controls; crt readout of deflection
factors; a choice of conventional, bistable storage, or variable
persistence storage displays; 24 diverse plug-ins and bench-

mount/rackmount convertibility, all

make 5000-Series Oscillo-

scopes an excellent choice for your measurement needs from
dc to 60 MHz. Fourteen versatile amplifiers, 7 time bases, a
dc to 1 GHz sampler, a dc to 100 kHz spectrum analyzer, and a
semiconductor curve tracer provide wide-ranging capability today
— and more are on the way.

5400 Series
5100 Series
5400 Series
5400 Series
5100 Series
5100 Series
5100 Series
5000 Series
5000 Series
5000 Series

Dc to 60 MHz Oscilloscopes

Dc to 2 MHz Oscilloscopes

Amplifier Plug-ins

Time-Base Plug-ins

Amplifier Plug-ins

Differential Amplifier Plug-ins

Time-Base Plug-ins

Curve Tracer Plug-in

Spectrum Analyzer Plug-in

Dual-Trace Delayed Sweep Sampling Plug-in

74-75-76
81-82

77
78-79-80
83-84
85-86-87
87-88

89

89

920
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Reference

5000-Series Oscilloscopes

60 MHz 5400 Series and 2 MHz 5100 Series

Low Cost

2 MHz or 60 MHz Bandwidth
Sampling to 1 GHz

0 to 100 kHz Spectrum Analysis
8 Oscilloscope Models

The 5000-Series Oscilloscope is designed
to provide optimum versatility and perform-
ance at the lowest possible price.

The 5100 Series features 2 MHz mainframes
that accommodate two vertical deflection
plug-ins and one horizontal deflection plug-
in. It can be easily converted from bench to
rackmount configuration.

To date, 17 plug-ins are available for use
with the 5100 Series. Among them are the
low-cost 5L4N Spectrum Analyzer for the
0 to 100 kHz frequency range and the 5S14N,
a general-purpose, 1 GHz dual-trace sam-
pling plug-in.

The 5400 Series takes a giant step in per-
formance; it offers 60 MHz bandwidth. The
5400 Series is capable of satisfying a wide
range of measurement needs. It features
readout of plug-in scale factors on the crt
(except with plug-ins having a suffix N:
5A22N, 5B10N, etc.). This feature, previously
available only on more sophisticated oscil-
loscopes, allows you to make measurements
more quickly and conveniently. The crt read-
out can also be externally accessed.

Like the 5100 Series, the 5400 Series fea-
tures 3 plug-in compartments and bench-
mount-to-rackmount convertibility.

Whether you choose the 2 MHz 5100 Series
or the 60 MHz 5400 Series, TEKTRONIX
5000 Series Oscilloscopes always give you
the most versatility and performance for
your dollar.

5100-Series Oscilloscopes

Five 5100 Series Oscilloscopes are available.
They include single beam, dual beam, and
storage displays. The storage display units
feature bistable, split-screen storage with
burn resistant phosphor. The dual beam dis-
play units have two writing guns and two
pairs of vertical deflection plates. One pair
of horizontal deflection plates drive both
beams.

5400-Series Oscilloscopes

Three 5400 Series display units are pres-
ently available: a single-beam, non-storage
display, a variable persistence storage dis-
play, and a true dual-beam display. All fea-
ture crt readout of plug-in scale factors.
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Dual-Beam and Storage Displays

Crt Readout (5400 Series Only)

Large 672 in Crt (8 x 10 div)

10 »V/div High Gain Differential Amplifier
1 to 8 Trace Capability

5000-Series Oscilloscopes

Delayed-Sweep Time Bases
Y-T or X-Y Operation
Color-Coded Front Panels
Bench-to-Rack Convertibility

Amplifier Plug-ins

Prod Minimum | Band-
Mainframe/ I L?:t. Page | Type [|Deflection | width | Cmrr
Display | Page|Beams | Storage sslz:y Factor |—3dB
Unit 5A13N | 85 | Single |1 mV/div | 2 MHz|[ 10,000:1
5110 81 |[Single 8 x 10 div -
(1.27 cm/div) 5A14N | 83 Four 1 mV/div 1 MHz
5111 81 |Single | Bistable | 8x 10 div 5A15N | 83 | Single | 1 mV/div | 2MHz
(1.27 cm/div) S5A18N | 83 | Dual |1 mV/div [ 2MHz
5112 82 | Dual 8 x 10 div 5A19N | 85 | Single |1 mV/div [ 2MHz| 1000:1
(1.27 cm/div) - -
T ST BT e TR T 5A20N | 85 | Single |50 uV/div | 1 MHz [100,000:1
ua Istable X v
(1.27 cm/div) 5A21N | 86 | Single |50 uV/div | 1 MHz[100,000:1
. (Voltage |0.5 mA/div
5115 81 [Single | Bistable 8 x 10 div and
(1.27 cm/div) Current)
5440 75 |[Single 8 x 10 div 5A22N | 86 | Single 10 uV 1 MHz [100,000:1
(1.22 cm/div) n -
- - 5A23N | 84 | Single [10 mV/div [1.5 MHz
5441 76 | Single | Variable 8 x 10 div - -
Persistence| (0.9 cm/div) 5A24N | 84 | Single [50 mV/div| 2 MHz
5444 74 | Dual 8 x 10 div 5A26 87 | Dual [50uV/div | 1 MHz|[100,000:1
(1.22 cm/div)

PLUG-IN VERSATILITY

Twenty-four plug-ins are now available in
the 5000 Series family. All these plug-ins are
compatible with the 5400 Series, and all but
7 are compatible with 5100 Series main-
frames.

The amplifier plug-ins include single, dual,
and four trace units, various differential
amplifiers (including one with a current
probe input), and a differential comparator
amplifier. The time-base plug-ins include
single, dual, delayed sweep units, and a
digital delay time base.

Three special-purpose plug-ins are also
available. The 5L4N is a Spectrum Analyzer
for the 0 to 100 kHz frequency range. It has
10 Hz bandwidth resolution. The 5CT1N is
a semiconductor curve-tracer plug-in. It al-
lows characteristic curves of transistors,
FETs, diodes, and other semiconductor de-
vices to be displayed on the crt. The 5S14N,
a general-purpose dual-trace, delayed sweep
sampler, extends the bandwidth of either
the 5100- or the 5400-Series to 1 GHz at
2 mV sensitivity.

More plug-ins are planned for the 5000
Series so that even greater measurement
capability will be available to you.

Back-lighted knob skirts on the plug-ins pro-
vide scale-factor readout. The correct scale
factor is automatically indicated when using
the X10 magnifier and the recommended 1X
and 10X probes.

5A38 77 Dual |10 mV/div | 35 MHz

5A45 77 | Single | 1 mV/div | 60 MHz

5A48 77 Dual 1 mV/div | 60 MHz

Time-Base Plug-ins

- Volts/
Prod- Sweep Single :
uct |Page| Type | “pae [Mag|gyeep Dﬁ‘;s:'
5B1ON | 88 1 us to 5s|X10 [ Yes |50 mV
and
500 mV
5B12N| 88 | Dual | A1us ([X10| Yes |50 mV
Delay-| to5s and
ing B2us — —_ 500 mV
to0.5s
5B13N| 87 1 us to 50 mV
100 ms
5B31 79 |Digital| 0.2 us |X10| Yes |50 mV
Delay-| to5s
ing
5B40 78 0.1 us |X10| Yes |50 mV
tob5s
5B42 78 |Delay-| A 0.1 us |X10 [ Yes |50 mV
ing to5s
BO0.1us |X10| —
to0.5s
5B44 80 | Dual 50ns [X10| Yes |50 mV
Delay-| to5s
ing

Do you need rear-panel signal inputs or out-
puts, or other special features? If so, con-
tact your Tektronix Field Engineer for de-
tails.

)



5000-Series Oscilloscopes

Special-Purpose Plug-ins 5100-Series Dimensions and Weights 5400-Series Dimensions and Weights

See probe section for complete information.

CARTS

SCOPE-MOBILE® CARTS — For cabinet models, or-
der Tek Lab Cart, Model 3; for rackmount models,
order 205:

CAMERAS

All 5000 Series — C-5A, suitable for repetitive or
stored traces.

5444 — C-27 Option 1, general purpose.

5100 Storage Instruments, 5444, 5440 (with P or R
back), 5441 (with G back) — C-59, general purpose.

See camera section for complete information.

ACCESSORIES
‘Iank Panel — (016-0195-00)

Viewing Hoods — (016-0154-00, or 016-0260-00 folding)
Protective cover — (016-0544-00)

See accessories section for complete information.

Groduct Page Description Cabinet Rack t Cabinet Rackmount
5CTIN 89 |[Semiconductor Curve Tracer Dimensions in cm in cm Dimensions in cm in cm
5L4N 89 |Low-Cost Spectrum Analyzer Height 11.9 | 30.2 5.25 | 13.3 Height 11.9 30.2 5.25| 13.5
5S14N 90 |Dual-Trace Delayed Sweep Sampler Width 84 | 213 19.0 48.3 Width 8.4 | 21.3 19.0 | 48.0
Length 20.4 51.8 19.0 48.3 Length* 20.4 51.3 20.4 51.9
5000-Series Plug-in Di fons and Weight Weights (approx) Ib kg Ib kg Weight (approx) Ib kg Ib kg
Dimensions Height | Width | Length Net 23.0 | 105 | 240 |10.9 Net 250 | 11.0 | 26.0 | 13.3
in |[em |in jem | in | cm Shipping 32.0 | 145 | 430 |195 Shipping 340 | 15.4 | 450 | 20.4
Single Width 5.0 (125 | 2.6 | 6.7|12.0|30.5 *5444 Length is 21.4 in.
Double Width 5.0|12.5 | 5.2 |13.4|12.0|30.5
Weights (approx) Net Shipping
Ib | kg Ib | kg
Single Width 28| 1.2 |10.0 | 4.5
Double Width 58| 2.6 [10.8 1 4.9
RECOMMENDED 5000-SERIES PROBES
Amplitiers Probe Type Ag::;‘mﬂ';/ Readout Feature
P6105 Voltage 10X Yes Full bandwidth
P6108 Voltage 10X No Full Bandwidth
P6101 Voltage 1X Yes Full Bandwidth
5A38 P6062A Voltage 1X/10X Yes Full Bandwidth
5A45 P6015 Voltage 1000X No 40 kV peak; 20 kV, dc, or RMS; full bandwidth
5A48 P6009 Voltage 100X Yes 1.5 kV, dc, or rms
P6202 FET 10X/100X Yes 10X Full bandwidth, high input Z
P6021 Current 2 mA or 10 mA No Ac, 120 and 450 Hz lower 3 dB point
134 Current imAto1A No Extends lower 3 dB point to 12 Hz
Amp for P6021
‘ P6060 Voltage 10X Yes Full bandwidth
P6101 Voltage 1X Yes Full bandwidth
5A13N P6015 Voltage 1000X No 40 kV peak; 20 kV, dc, or rms; full bandwidth
P6021 Current 2 mA or 10 mA No Ac, 120 and 450 Hz lower 3 dB point
134 Current 1TmAtol1A No Extends lower 3 dB point to 12 Hz
Amp for P6021
5A14N P6108 Voltage 10X No Full bandwidth
5A15N P6101 Voltage 1X Yes Full bandwidth
5A18N P6062A Voltage 1X/10X Yes Full bandwidth
5A20N P6055 Voltage Adjustable to 10X Yes Differential, 20,000:1 cmrr
5A21N P6021 Current 2 mA or 10 mA No Ac, 120 and 450 Hz lower 3 dB point
5A22N 134 Current 1mAto1A No Extends lower 3 dB point to 12 Hz
5A23N Amp for P6021
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5444
60 MHz Dual Beam

True Dual Beam

Full Beam Overlap
60 MHz Bandwidth

5 ns/div Sweep Rate
Large Screen

Crt Readout

35 Ib

5% in Rackmount

The 5444 True Dual Beam Oscilloscope is
essentially two oscilloscopes in one: each
electron beam operates completely inde-
pendently of the other. The 5444, a three-
hole mainframe, is compatible with all
5400-Series plug-ins.

With the recommended 5B44 Dual Time
Base (a plug-in with two independent time
bases) and two appropriate amplifiers, the
5444 can display one signal at two sweep
rates or two signals at the same or different
sweep rates. These signals may be posi-
tioned anywhere on the large crt screen.

With this capability, any two traces can be
compared easily and accurately, even
traces from fast single-shot events. The
5444 can also display up to four waveforms
at 60 MHz bandwidth in the alternate or
chop mode (up to eight at lower band-
widths), and four multiple-trace single-
shot events at sweep rates of up to 100
us/div in the chop mode.

CHARACTERISTICS
VERTICAL SYSTEM

Dedicated Channels—The left and center plug-in
compartments are each dedicated to their own
completely independent horizontal deflection sys-
tem. Compatible with all 5400-Series and 5100-
Series plug-ins. Crt readout is not available with
plug-ins having a suffix N (5A13N, 5B10N, etc).

Deflection Factor—Determined by plug-in unit.

Bandwidth— 60 MHz max, determined by plug-in.
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5000-Series Oscilloscopes

Note: The time-sharing modes described below
apply to multichannel amplifier plug-ins only.

Chopped Mode—Any multichannel amplifier plug-in
will chop between channels at about 200 kHz de-
pending on plug-ins and operating modes (3 us on,
2 us off). The chopped or alternate mode is
selected at the time-base unit.

Alternate Mode—In this mode, each channel of any
multichannel amplifier plug-in is swept once before
switching to the next.

Full Beam Overlap—Either beam may be positioned
to any point within the graticule area.

HORIZONTAL SYSTEM

Channels—Two independent channels are acces-
sible when the 5B44 Dual Beam Time Base is in-
serted in the right-hand plug-in compartment. They
provide two independent sweeps to 5 ns/div and
two horizontal inputs at 50 mV/div.

DUAL-BEAM DISPLAY UNIT

The dual-beam display unit provides true dual-
beam displays. Two completely separate vertical
and horizontal deflection systems provide truly inde-
pendent operation. The crt has an 8x10 div
(1.22 cm/div) display area with parallax free, in-
ternally edge-lit graticule. A bright display is
provided by an 18 kV accelerating potential and
P31 phosphor.

Crt readout labels the crt with deflection factors,
sweep rates, invert, and uncalibrated symbols. The
readout is automatically changed when magnified
sweeps and recommended 10X or 100X probes are
used.

Beam Finders—Bring traces within viewing area
and intensify traces.

External Intensity Inputs For Each Beam— -5V
will turn the beam on to full brightness from an
off level. Frequency range is dc to 2 MHz. Input
R and C is approx 10 kQ, paralleled by approx 40
pF. Max input is =50V (dc -+ peak ac).
Photographic Writing Speed — The photographic
writing speed is approx 800 cm/us when using the
C27R Option 1 Camera, 10,000 ASA film, and the
Tektronix Writing Speed Enhancer and P11 phos-
phor. This combination allows for single-shot re-
cording of waveforms up to the bandwidth and rise
time limits of the 5444.

Calibrator—Voltage amplitude is 400 mV within 1%,
current is 4 mA within 1%, frequency is twice the
line frequency.

POWER REQUIREMENTS

Line Voltage Ranges— 100, 110, 120, 200, 220,
240V ac *10%. Internally selected with quick-
change jumpers.

Line Frequency— 48-440 Hz.

Power Consumption—With typical plug-ins, 105 W.

ORDERING INFORMATION
(Plug-ins not Included)

5444 Oscilloscope ... ... e .. $3300
R5444 Oscilloscope ........... .. $3300
Options
Option 1 Without Crt Readout ........ Sub $325

Option 3—User Addressable

Cr R @A O T T e et are el s Slecs-5 oioialsTaioiots Add $65
Option 4—Protective Panel Cover

(Cabinet Model Only) ........ .......... Add $
Option 76—P7 Phosphor ............. No Chargl
Option 78—P11 Phosphor ............ No Charge

Input and output signals are accesible from the rear
panel on special order. Check with your Field
Engineer for price and availability.



Low Cost

Dc to 60 MHz

Sampling to 1 GHz

Crt Readout

3-Plug-in Flexibility

Choice of 24 Plug-ins
Bench to Rack Convertibility

The 5440 combines versatility and low cost
in a 60 MHz general-purpose plug-in oscil-
loscope. It features crt readout of plug-in
scale factors, a 3-plug-in mainframe, a

°choice of 24 plug-ins*, and bench to rack
convertibility.

:
f

Crt readout displays plug-in scale factors
on the crt, so measurement time is re-
duced: the operator can concentrate on the
crt display rather than having to look down
at the plug-in knobs. Crt readout reduces
operator errors by taking into account
magnifiers and probe attenuators. It can
also be accessed externally. This unique
ability can be used to read out dates, pic-
ture numbers, digital clock times, etc.

| All the plug-ins in the 5000 Series are com-
patible with the 5440.**

The plug-ins provide multitrace amplifiers
(up to four), differential amplifiers, a differ-
ential comparator amplifier, a transistor
curve tracer, a 1 GHz dual-trace sampler,
spectrum analyzer, and delayed sweep
time bases.

The 5440/5A48/5B42 provides 5 mV/div
sensitivity at 60 MHz and 1 mV/div sensitiv-
ity at 25 MHz. This 1 mV/div sensitivity,
for example, allows you to analyze the
heads of tape drive and disc drive units and

*Plug-ins with a suffix N (5A13N, 5B12N, etc.) do not
provide crt readout.

**The 5B10N, 5B12N, and 5B13N Time Bases do not
permit viewing the leading edge of a triggered wave-
form when used in the 5400 Series.

5000-Series Oscilloscopes

5440

60 MHz General-Purpose Plug-in Oscilloscope

determine possible problems in computer
systems.

If you’re looking for a general-purpose
60 MHz oscilloscope, the 5440 gives you
the most versatility and performance at the
lowest price.

VERTICAL SYSTEM
Channels—Left and center plug-in compartments
are compatible with all 5000-Series plug-ins. Crt
readout is not available with plug-ins having a suf-
fix N (5A13N, 5B10N, etc).
Deflection Factor—Determined by plug-in unit.

Bandwidth— 60 MHz max, determined by plug-in
unit.

Chopped Mode—The 5440 will chop between chan-
nels at approx 25 to 100 kHz, depending on plug-ins
and operating modes.

Alternate Mode—Each amplifier plug-in is swept
twice before switching to the next. A single-trace
amplifier is swept twice and each channel of a
dual-trace amplifier is swept once before the 5440
switches to the second amplifier.

HORIZONTAL SYSTEM

Channel—Right-hand plug-in compartment compat-
ible with all 5000-Series plug-ins. Crt readout is not
available for plug-ins with a suffix N.

Internal Trigger Mode—Left vertical, right vertical.

Fastest Calibrated Sweep Rate— 5 ns/div, deter-
mined by plug-in.

X-Y Mode—Phase shift within 1° from dc to 20 kHz.
CRT AND DISPLAY FEATURES

Crt—Internal parallax-free 8 x 10 div (1.22 cm/div)
graticule with edge-lit illumination.

Phosphor—P31 Standard, P7 or P11 optional.

Accelerating P ial— 15 kV.
External Intensity Input— -5V turns beam on from
off condition. —5V turns beam off from on con-

dition. Frequency range dc to 2 MHz. Input R and
C is approx 10 kQ paralleled by approx 40 pF. Max
input is = 50V (dc 4 peak ac).

Other Characteristics

Calibrator—Voltage amplitide is 400 mV within 1%.
Current is 4 mA within 1%. Frequency is 2 times
the line frequency.

Minimum Photographic Writing Speed—Using Polar-
oid film without film fogging. Writing speed can be
increased with the TEKTRONIX Writing Speed En-
hancer (see Camera Section for more information).

Writing Speed cm/us Camera Lens
P31 Phosphor P11 Phosph
10,000 | 3,000 (10,000 | 3,000
ASA | ASA | ASA | ASA
180 90 245 125 C-59R f/2.8
0.67 mag
* %k
330 160 450 230 C-50R /1.9
0.7 mag

*Slight cropping of the graticule corners.

**Requires optional battery pack (016-0270-00) for
operation with the 5440.

Beam Finder—Intensifies trace and brings it into
graticule areas.

Ambient Temperature—Performance characteristics
valid from 0°C to -+ 50°C unless otherwise specified.

Line Voltage Range— 100, 110, 120, 200, 220, and

240V ac =+10%; internally selected with quick

ggarhge jumpers. Line frequency range is 48 to
0 Hz.

Max Power Consumption— 100 W at 120 V ac, 60 Hz.
OPTIONS
Option 1 without Crt Readout—The 5440 may be

ordered without crt readout. This feature can easily
be added later with a conversion kit.

Option 3 User Addr ble Crt Read An ad-
ditional crt readout access is available for the
operator to program two 10-digit characters such as
time, operator name, or test number. The additional
display is useful for photographic records and is
programmed by external resistors and switches.

Option 4 Protective Panel Cover (Cabinet Model
Only)—The 5440 may be ordered with a protective
front-panel cover. The cover protects the front
panel and knobs during transportation and storage.

ORDERING INFORMATION

The 5440 may be ordered as a cabinet-
model oscilloscope equipped with a tilt
bail, or as a 5% in rackmount oscilloscope
with slide-out assembly.

5440 Oscilloscope ............... $1350
R5440 Oscilloscope (Rackmount) . .. $1350
OPTIONS
Option 1 without Crt Readout ............ Sub $325
Option 3 User Addressable Crt Readout ........

............................. Add $65
Option 4 Protective Panel Cover
(Cabinet Model Only) ........ Add $20
Option 76 P7 Phosphor ............... No Charge
Option 78 P11 Phosphor ..... sTerstoveratersle No Charge
Conversion Kits
Cabinet-to-Rackmount, Order 040-0583-01 ...... $55
Rackmount-to-Cabinet, Order 040-0584-02 .... $55
Crt Readout, Order 040-0691-00 .............. $436
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5441

5000-Series Oscilloscopes

60 MHz Variable Persistence Storage Oscilloscope

Low Cost

Variable Persistence Storage
Crt Readout

Dc to 60 MHz

3-Plug-in Flexibility

24 Versatile Plug-ins

Bench to Rack Convertibility

With the 5441 Variable Persistence Storage
Oscilloscope, the length of time a waveform
persists on the crt is continuously variable
simply by turning a dial. View time at
normal intensity can be varied from a frac-
tion of a second to more than 5 minutes.
In the save mode, signals can be viewed
at lower intensity for up to an hour.

High-speed events that occur only once or
at -very low repetition rates are easily
observed. You can make low-frequency
measurements more easily and accurately
by eliminating flicker or transforming a
slowly moving dot into a stable display.
Repetitions of the same signal can be com-
pared simultaneously to detect changes in
amplitude or phase. The integrating effect
of variable persistence can be used to sup-
press the random noise that obscures low
signal-to-noise ratio waveforms.

The 5441 enhances the capabilities of the
5000-Series Sampler and Spectrum Ana-
lyzer plug-ins. In sampling applications,
discrete dot traces are converted into a
continuous waveform by holding repeated
sweeps on the crt.

In spectrum analysis, slow scan rates are
used to maximize resolution. With the
5441, it is easy to display a full-scan pat-
tern simultaneously even when the scan
rate yields full-scale periods of more than a
second.

Like other 5400-Series Oscilloscopes, the
5441 offers crt readout of deflection fac-
tors for convenient, error-free measure-
ments and optional user programmable crt
readout of test information for ready iden-
tification and easy photographic recording.
With the flexibility of a 3-plug-in mainframe
and a choice of 24 plug-ins, you can make
virtually any measurement from dc to
60 MHz.
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VERTICAL SYSTEM
Channels—Left and center plug-in compartments

compatible with all 5000-Series plug-ins. Crt read-
out not available for plug-ins with suffix N.

Deflection Factor—Determined by plug-in.
Bandwidth— 60 MHz max, determined by plug-in.

Chopped Mode—The 5441 will chop between chan-
nels at approx 25kHz to 100 kHz, depending on
plug-ins and operating modes.

Alternate Mode—Each plug-in is swept twice before
switching to the next. A single-trace amplifier is
swept twice and each channel of a dual-trace ampli-
fier is swept once before the 5441 switches to the
second amplifier.

HORIZONTAL SYSTEM

Channel—Right-hand plug-in compartment com-
patible with all 5000-Series plug-ins. Crt readout
not available for plug-ins with suffix N.

Internal Trigger Mode—Left vertical, right vertical.

Fastest Calibrated Sweep Rate— 5ns/div, de-
termined by plug-in.

X-Y Mode—Phase shift within 1° from dc to 20 kHz.

CRT AND DISPLAY FEATURES

Crt—Internal, parallax-free, 8 x 10 div (0.9 cm/div)
graticule with edge-lit illumination.

Persistence—Continuously variable. May be turned
off when not needed, thus producing high-contrast
stored displays without the characteristic fading of
variable persistence.

Phosphor—P31.

A lerating Potential— 8.5 kV.

Max Stored Writing Speed—Writing speed greater
than 5 div/us for a view time of 15s.

Storage View Time—5 min with writing speeds
greater than 0.1 div/us. View time can be in-
creased to 1 hr at reduced intensity in the SAVE
mode.

Save Mode—Extends view time of stored displays
up to 1 hr; prevents erasure of stored display and
storage of unwanted displays.

Erase— 0.5s +10%.

60.0

A

SAVE TIME
CONTROL

WR’T’NG SPe,

STORAGE VIEW TIME
Minutes

o= o
N o o
o

£ED CoNTRor

o
4

1.0 5.0
STORED WRITING SPEED
(div/us at Maximum Persistence)

External Intensity Input— -5V turns beam on from
off condition. —5V turns beam off from on condi-
tion. Dc to 2 MHz usable frequency range. Input
R and C approx 10 kQ paralleled by approx 40 pF.
Max input 50 V (dc -+ peak ac).

OTHER CHARACTERISTICS

Beam Finder—Intensifies trace and brings it into
graticule area.

Calibrator—Voltage amplitude 400 mV *1%. Cur-
rent amplitude 4 mA +1%. Frequency is 2 times
line frequency.

Ambient Temperature—Performance characteristics
valid from 0°C to -50°C unless otherwise spec-
ified.

Line Voltage Ranges— 100, 110, 120, 200, 220, and

240V ac =*=10%; internally selected with quick-
change jumpers.

Max Power Consumption—100 W at 120 V ac, 60 Hz.

OPTIONS
Option 1 without Crt Readout—The 5441 may be

ordered without crt readout. This feature can
easily be added later with a conversion Kkit.

Option 3 User Addr ble Crt Readout—Crt read-
out access allows the operator to program up to
two 10-digit words.

Option 4 Protective Panel Cover (Cabinet Model
Only)—The 5441 may be ordered with a protective
front-panel cover. The cover protects the front
panel and knobs during transportation and storage.

Option 5—A 1 div/us writing speed can be ordered
(at a significantly lower price) when a writing speed
of 5div/us is not required.

ORDERING INFORMATION
(Plug-ins not Included)

5441 Oscilloscope ............... $2475
R5441 Oscilloscope (Rackmount) . $2475

OPTIONS
Option 1 without Crt Readout .......... Sub $325
Option 3 User Addressable Crt Readout . Add $ 65

Option 4 Protective Panel Cover
(Cabinet Model Only) ......... Add $ 20

Option 5 Reduce Writing Speed to
VAIVILS v ovs vove wimmvesirerss Sub $300

CONVERSION KITS (

Cabinet-to-Rackmount, Order 040-0583-01 .... $ 55
Rackmount-to-Cabinet, Order 040-0584-02 .... $ 55
Crt Readout, Order 040-0691-00 ............ $436

Line frequency range, 48-440 Hz.|



5000-Series Oscilloscopes 5A38
35 MHz Dual Trace Amplifier
60 MHz Dual Trace Amplifier 5A48
60 MHz Single Trace Amplifier 5A45

Low Cost

Dc-to-35 MHz Bandwidth

10 mV/div to 10 V/div Calibrated
Deflection Factors

The 5A38 is a dual-trace, 35 MHz plug-in
Amplifier for use in 5400-Series Main-
frames. It features 10 mV/div sensitivity
and crt readout of deflection factor.

Bandwidth—Dc coupled, to >35 MHz. Lower end
response, ac coupled, < 10 Hz.

‘ise Time— <10 ns.

Deflection Factors—Calibrated deflection factors
from 10 mV/div to 10V/div in a 1-2-5 sequence.
Accuracy < 3% from 15°C to 35°C, 4% from 0°C
to 50°C. A continuously variable control provides
>2.5X additional attenuation on each range.

Common-Mode Rejection Ratio— >50:1 up to 1 MHz.

Display Modes—Channel 1 only, channel 2 only
(normal or inverted), dual trace, and added. Alter-
nated or chopped operation determined by time
base plug-in. Internal trigger selectable from
channel 1 or channel 2.

Channel Isolation— >50:1 to 35MHz with both
traces displayed.

Input R and C— 1 MQ shunted by approx 20 pF.

Max Input Voltage—Dc coupled, 250 V (dc + peak
ac). Ac coupled, 500V (dc - peak ac). Ac com-
ponent 500V p-p max at 1kHz or less.

Stability— >0.3 mV vertical shift in any one minute
after one hour warm-up, ambient temperature and
line voltage held constant. <0.2 mV/°C vertical
shift with line voltage held constant.

5A38 Dual-Trace Amplifier ..... ... $375

5A48

Dc-t0-60 MHz Bandwidth

1 mV/div to 10 V/div
Calibrated Deflection Factors

The 5A48 is a dual-trace 60 MHz plug-in
Amplifier for use with the 5400-Series
Mainframe. The 5A48 features five oper-
ating modes and selectable trigger source.

Bandwidth—Dc coupled, dc to at least 60 MHz at
5 mV/div to 10 V/div, decreasing to dc to 25 MHz
at 1 mV/div and 2 mV/div (3 dB down). Ac coupled,
10Hz or less (1.0 Hz with a 10X probe) at all
deflection factors (lower 3 dB point).

Rise Time—5.8ns or less (5 mV/div to 10 V/div),
14 ns or less (1 mV/div and 2 mV/div).

Deflection Factor— 1 mV/div and 2 mV/div accurate
within 5%, and 5 mV/div to 10V/div, accurate
within: 3% 15° to 35°C; 4% 0° to 50°C; (1-2-5
sequence). Uncalibrated, continuously variable be-
tween steps and to at least 25 V/div.

Ci Mode Rejection Ratio— > 50:1 from 5 mV/
div to 10 V/div, up to 1 MHz. > 20:1 from 1 mV/div
to 2 mV/div, up to 1 MHz.

Display Modes— Channel 1 only, Channel 2 only
(normal or inverted), dual trace, added, alternated,
chopped (determined by time-base plug-in hori-
zontal compartment). Internal trigger source is
selectable from channel one or channel two.

Input R & C— 1 MQ within 1%, approx 24 pF.

Max Input Voltage—Dc coupled, 250V (dc -+ peak
ac); ac coupled, 500V (dc 4 peak ac). Ac com-
ponent 500 V p-p max, 1 kHz or less.

Stability— >0.3 mV vertical shift in any one minute
after one hour warm-up, ambient temperature and
line voltage held constant. <0.2 mV/°C vertical
shift with line voltage held constant.

5A48 Dual-Trace Amplifier . ......... $495

5A45

5A45 AMPLIFIER

Low Cost
DC-to-60 MHz Bandwidth

1 mV/div to 10 V/div Calibrated
Deflection Factors

The 5A45 is a single-trace, 60 MHz plug-
in Amplifier for use in 5400-Series Main-
frames. It features 5 mV/div sensitivity
(1 mV/div at 25 MHz) and crt readout of
deflection factor.

Bandwidth—Dc coupled, greater than 60 MHz for
5 mV/div through 10 V/div deflection factors greater
than 25 MHz for 1 mV/div and 2 mV/div deflection
factors. Ac coupled, lower end response <10 Hz
(<1.0 Hz with 10X probe) for all deflection factors.

Rise Time— <14 ns, 1 mV/div and 2 mV/div. <5.8
ns, 5mV/div through 10 V/div.

Deflection Factors—Calibrated deflection factors
from 1 mV/div to 10V/div in a 1-2-5 sequence.
Accuracy <5% at 1mV/div and 2mV/div, <3%
from 5mV/div to 10V/div from 15°C to 35°C,
<4% from 5mV/div to 10 V/div from 0°C to 50°C.
A continuously variable control provides >2.5X
additional attenuation on each range.

Input R and C— 1 MQ, shunted by approx 20 pF.

Max Safe Input Voltage—Dc coupled, 250V (dc
-+ peak ac). Ac coupled, 500V (dc - peak ac).
Ac component 500V p-p max, 1kHz or less.

Stability— <<0.3 mV vertical shift in any one minute
after one hour warm-up, ambient temperature and
line voltage held constant. <0.2 mV/°C vertical
shift with line voltage held constant.

5A45 Single-Trace Amplifier ... ..... $265
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5B40
5B42

5B40

5B40 TIME BASE

Low Cost

10 ns/div to 5 s/div
Calibrated Time Base

Triggering to 60 MHz

The 5B40 Time Base is designed for use
in 5400-Series Mainframes. It features
sweep rates from 10 ns/div to 5 s/div and
crt readout of the sweep rate selected.

Sweep Rate— 0.1 us/div to 5 s/div in 24 calibrated
steps (1-2-5 sequence). 10 ns/div is fastest sweep
rate obtained with X10 magnifier. Uncalibrated,
continuously variable between steps and up to
12.5 s/div.

Sweep Accuracy—Measured in 5400-Series Oscillo-
scope over center 8 graticule divisions. Valid for
100 div of magnified sweep after the first 30 ns.

5000-Series Oscilloscopes
Time Base and Delaying Time Base

5B42

| TEKTRONIX® 5B42 DELAYING TIME BASE

10 ns/div to 5 s/div Calibrated Time Base
Single-Sweep Operation
Triggering to 60 MHz

The 5B42 Dual Time Base is designed
specifically for use with 5400-Series Main-
frames. The 5B42 is designed so that the
user may easily operate the time base
in the many applications where delayed
sweep and sweep rates up to 10 ns/div
are required.

Sweep Rate— 0.1 us/div to 5s/div in 24 calibrated
steps (1-2-5 sequence). 10 ns/div is the fastest
calibrated sweep rate obtained with the X10 mag-
nifier. Uncalibrated, continuously variable between
steps and to 12.5 s/div.

Sweep Accuracy—Measured over the center 8 div.

DELAYED SWEEP

Sweep Rate— 0.1 us/div to 0.5s/div in 21 cali
brated. steps (1-2-5 sequence). 10 ns/div is the
fastest calibrated sweep rate obtained with the
X10 magnifier

Sweep Accuracy—Measured over the center 8 div.

o o . g Time/Div Unmagnified Magnified
15°C to +35°C | 0°C to'450°C 185 10] 0°C 191 F18°C To[0°C 1o
Time/Div Unmag Mag | Unmag | Mag 35°C --50°C 35°C -+-50°C
1 s/div to 3% 4% 4% | 55% 1s/div to 3% 4% 4% 5.5%
0.5 us/div 0.5 us/div
s o/div and 4% | 5% | 5% |e65%  35/qivand
s/div, .
0.2 us“/’div and 0.2dus/d|v 4% 5% 5% 6.5%
0.1 di an
Hafaiv 0.1 us/div
Triggering Triggering
Coupling | Frequency Minimum_Signal Coupling Triggering Min Signal
Range Required Required
Internal Extomnal Frequency Range Int Ext
5 Dc 5400 ampl [Dc to 10 MHz 0.4 div 100 mV
De Dc to 10 MHz | 0.4 div 60 mv 5400 ampl [10 MHz to 60 MHz | 1.0 div 400 mV
é&&"ﬁ*‘ to 1.0 div 150 mv 5100 ampl [Dc to 2 MHz 0.4 div 200 mV
= = = Ac Requirements increase
Ac Trigger requirements increase below 50 Hz
= be.low 20 Hz.' - Ac Lf Rejection|Requirements increase
Lf Rej 'g;:lgt_‘;ﬂer7r5engrements increase below 7.5 kHz
Hf Rej Tll;igger req'_lilirements increase Single Sweep—Triggering requirements are the
above 50 kHz.

Single Sweep—Triggering requirements are the same
as normal sweep. When triggered, sweep generator
produces one sweep.

External Trigger Input—Max input voltage is 350 V
dc 4 peak ac, 350V p-p ac at <1kHz. Input R
and C is 1 MQ paralleled by approx 24 pF. Trigger
level range is > = 1.5V.

External Horizontal Input—Deflection factor is
50 mV/div +3%. Input R and C is MQ paralleled
by approx 24 pF. Dc coupled bandwidth is dc to
<2MHz. The ac coupled lower response is < 50
Hz. Max input voltage is 350 V (dc - peak ac) or
350V p-p ac at <1 kHz.

5B40 Time Base .................. $325
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same as normal sweep. When triggered, sweep
generator produces one sweep.

External Trigger Input—Max input voltage is 350 V
(dc 4 peak ac), 350V p-p ac at 1kHz or less.
Input R and C is 1 MQ within 2%, approx 20 pF.
Trigger level range is at least + 2.5 V.

DELAYING SWEEP CHARACTERISTICS

Delay Time Multiplier Range— 0.2 to 10 times the
TIME/DIV setting.

Differential Time Measurement Accuracy—Within
1% plus 0.2% of full scale from 1 us to 0.5s delay
time. Within 2% plus 0.2% of full scale for 1s
to 5s delay time.

Jitter—Less than 0.05% of the time represented by
one div of delaying sweep selected.

Time/Div Unmagnified Magnified
15°C t0/0°C to|--15°C to|0°C to
35°C -+-50°C|+35°C -+50°C

0.1 s/div to 3% 4% 4% 5.5%
0.5 us/div
0.5 s/div to
0.2 s/div,
0.2 us/div 4% 5% 5% 6.5%
and 0.1 us/div
Triggering
Coupling Triggering Min Signal
Required
Frequency Range| Int
Dc 5400 ampl | Dc to 10 MHz 0.4 div
5400 ampl | 10 MHz to 60 MHz| 1.0 div
5100 Dc to 2 MHz 0.4 div

EXTERNAL HORIZONTAL INPUT
Deflection Factor— 50 mV/div within 3%.

Bandwidth—Dc coupled, dc to at least 2 MHz. Ac
coupled, 50 Hz or less to at least 2 MHz.

5B42 Delaying Time Base .......... $640



DELAY (45 OR EVENTS)

Jitter-Free Digital Delay
Delay by Time or Events
20 ns/div Sweep Rate
Crt Readout

The 5B31 Delaying Time Base with digital
design features easy and accurate opera-
tion. It adds digital delay to the line of low-
cost, high-performance 5000-Series Labora-
tory Oscilloscopes, and may be used in any
‘400-Series Mainframe.

he 5B31 can delay by time or by events,
and its digital delay system eliminates most
inherent delay jitter. The delay mode is
selected by pushbutton: the delay time
(from 1 us to 99,999 us) or number of
events (up to 99,999) is clearly displayed
on thumbwheel dials.

The 5B31 has many applications, includ-
ing analyzing high-jitter digital data or
rotating machinery and production line
testing. Its simple operation is helpful in
introducing technical and engineering stu-
dents to the concepts of delaying and de-
layed sweep.

CHARACTERTISTICS

Sweep Rate— 0.2 us/div to 5s/div in 24 calibrated
steps (1-2-5 sequence). 20 ns/div is the fastest
calibrated sweep rate obtained with the X10
magnifier. Uncalibrated, continuously variable be-
tween steps and to 12.5 s/div.

Sweep Accuracy—Measured over the center 8 div.

5000-Series Oscilloscopes

Digitally Delayed Time Base 5331
DELAY BY EVENTS
Delay Range— 1-event steps from 0 to 99,999.

Triggering—Dc coupled from left vert only. Separate
slope and level controls provided.

Time/Div Unmagnified Magnified

-+15°C 0°C —+15°C 0°C
to to to to

+35°C | 450°C | 435°C | 450°C

1 s/div to 3% 4% 4% 5.5%

0.5 us/div

5 s/div, 4% 5% 5% 6.5%

2 s/div, and

0.2 us/div

Single Sweep—Triggering requirements are the
same as normal sweep. When triggered, sweep
generator produces one sweep.

Triggering
Coupling | Amplifier| Frequency| Minimum Signal
Type Range Required
Int Ext
Dc 5400 Dc to 0.4 div | 100 mV
Plug-ins |10 MHz
10 MHz to | 1.0 div | 400 mV
35 MHz
35 MHz to |2.0 div | 600 mV
60 MHz
5100 Dc to 0.4 div
Plug-ins |2 MHz
Ac Requirements increase below
Hz.

External Trigger Input—Max input voltage is 350 V
(dc + peak ac), 350 V p-p ac at 1 kHz or less. Input
R and C is 1 MQ within 2%, approx 24 pF. Trigger
level range is at least *2.0V.

DELAY BY MICROSECOND
Delay Range— 0 to 99,999 us in 1-us steps.

Differential Time Measurement Accuracy—Within 2
parts in 105 plus 1 part in 105 per month.

Jitter—Less than 10 ns - 1 part in 107 of selected
delay.

Minimum
Amplifier Signal
Type Frequency Range Required
5400 Dc to 10 MHz 0.4 div
5400 10 MHz to 20 MHz 1.5 div
5100 Dc to 2 MHz 0.4 div

EXTERNAL HORIZONTAL INPUT
Deflection Factor— 50 mV/div within 3%.

Bandwidth—Dc coupled, dc to at least 2 MHz. Ac
coupled, 50 Hz or less to at least 2 MHz.

DELAYED GATE OUT
Amplitude—Approx 2.5V from 50-Q source will

drive one standard TTL load. Rises at end of delay,
falls at end of sweep.

5B31 Digitally Delayed Time Base . ... $600




5000-Series Oscilloscopes

Dual Time Base
CHARACTERISTICS Single Sweep—Triggering requirements are the
same as normal sweep. When triggering, swee| g
::\l/e::r :ct:;r:cl;a;{l::assured Oyergthegscenior . generator produces one sweep. Single sweep o[,,
B both A and B sweep.
Lyl +‘1’_,‘:';'('3““"t';‘é +1g!,’gnm?oc External Trigger Input—Max input voltage is 350 V
to to to to (dc + peak ac), 350V p-p ac at 1kHz or less.
-+-35°C | 450°C| +35°C | 450°C Input R and C is 1 M@ within 2%, paralleled by
1 s/div to approx 26 pF. Trigger level range is at least 2 V.
0.5 ps/div 3% 4% 4% 5.5% External trigger inputs on both A and B sweep.
2 s/div and
?.2 #’%/dlv
0
rardi 4% 5% 5% 6.5% EXTERNAL HORIZONTAL INPUTS
50 ns/div 4% 5% 6% 7% Deflection Factor— 50 mV/div £3%.
Sweep Rate— 50 ns/div to 2 s/div in 25 calibrated +00
£3 ~ F.
steps (1-2-5 sequence). 5 ns/div, the fastest cali- Input R and G—INIBE e ol pRERIRIRE by P
brated sweep rate, is obtained with the X10 Bandwidth—Dc coupled, dc to at least 2 MHz. Ac
magnifier. Uncalibrated, continuously variable be- coupled, 50 Hz or less to at least 2 MHz.
tween steps up to 5 s/div (A sweep only).
DELAYING SWEEP CHARACTERISTICS
TRIGGERING
Minimum Signal Delay Time Multiplier Range— X0.2 to X10 the A
Two Independent Sweeps Coupling Triggering Required sweep TIME/DIV setting.
Frequency Range Int Ext

5 ns/div Sweep Rate Differential Time Measurement Accuracy—Within

1 Dc Dc to 10 MHz 0.4 div | 100 mV 1% plus 0.2% of full scale from 1us to 1s of
True Dual-Sweep Operation (with 5444 i bt . &
a “ P - pe. ( = ) 10 MHz to 60 MHz [ 1.0 div | 400 mV A sweep rate setting. Within 2% plus 0.2% of
Sweep Switching in Single Beam Ac Requirements increase below 50 Hz. full scale for 1s to 2 s delay time.

Crt Readout Ac LF REJ | Requirements increase below 7.5 kHz.

Jitter—Less than 0.05% of the delaying sweep
The 5B44 Dual Time Base can be used TIME/DIV.

in all 5400-Series oscilloscopes, but is .

particularly recommended for use with the SEIRPUM TG BRI . -0 od b
5444 True Dual Beam Oscilloscope. The
5B44 features true simultaneous dual-
sweep operation with the 5444 and dual-
sweep by sweep-switching with other
5400-Series oscilloscopes. For delayed /.
sweep operation, A sweep delays B sweep. €

The 5B44 also features crt readout and an
edge-lighted s/div selector switch. For
ease of operation, the controls are sym-
metrically laid out.

A,



Low Cost

Dc to 2 MHz
Sampling to 1 GHz
Choice of 17 Plug-ins

5110

The 5110 is a single-beam nonstorage
oscilloscope featuring large screen (62 in
diagonal, 1.27 cm/div) crt.

Tailor your measurement needs with the
appropriate plug-in units to obtain high-gain
differential (10 xV/div), four-channel differ-
ential at 50 uV/div, eight-channel displays
at 1 mV/div. Or choose from our extra low
cost basic amplifier and time-base plug-ins
to suit the special needs of education and
industry.

When using two amplifiers and a dual time-
base plug-in in the dual-sweep mode, the
sweeps are slaved to the amplifiers.

VERTICAL SYSTEM

Channels—Left and center plug-in compartments
compatible with all 5100-Series plug-ins.

Deflection Factor—Determined by plug-in.
Bandwidth— 2 MHz max.

Chopped Mode—The 5110 will chop between two
amplifiers at approx 25 to 100 kHz, depending on
plug-ins and operating modes. Chop or alternate
mode is selected at the time base.

Alternate Mode—Each amplifier plug-in is swept
twice before switching to the next. A single-trace
amplifier is swept twice and each channel of a
dual-trace amplifier is swept once before the 5110
switches to the second amplifier.

HORIZONTAL SYSTEM

Channel—Right-hand plug-in compartment compat-
ible with all 5100-Series plug-ins.

Fastest Calibrated Sweep Rate— 0.1 us/div (X10
mag) with 5B10N or 5B12N.

X-Y Mode—Phase shift within 1° from dc to 100 kHz.

o CRT AND DISPLAY FEATURES

Crt—Internal 8x 10 div (1.27 cm/div) parallax-free
graticule.

Accelerating Potential— 3.5 kV.
Phosphor—P31 standard, P7 or PlI optional.

5111

The 5111 is a single-beam bistable storage
oscilloscope featuring split-screen storage
and large-screen displays (62 in diagonal,
1.27 cm/div).

The 5111 extends measurement capability
into areas requiring retention of single and
multitrace displays for long-term examina-
tion and /or photography.

The 5111 is particularly useful for recording
low and medium speed displays like those
found in audio spectrum analysis, semi-
conductor curve tracing, sampling, and the
biophysical sciences.

When using two amplifiers and a dual time-
base plug-in in the dual-sweep mode, the
sweeps are slaved to the amplifiers.

VERTICAL SYSTEM
Channels—Left and center plug-in compartments
compatible with all 5100-Series plug-ins.
Deflection Factor—Determined by plug-in.
Bandwidth— 2 MHz max.

Chopped Mode—The 5111 will chop between two
amplifiers at approx 25 to 100 kHz, depending on
plug-ins and operating modes. Chop or alternate
mode is selected at the time base.

Alternate Mode—Each amplifier plug-in is swept
twice before switching to the next. A single-trace
amplifier is swept twice and each channel of a
dual-trace amplifier is swept once before the 5111
switches to the second amplifier.

HORIZONTAL SYSTEM
Channel—Right-hand plug-in compartment compat-
ible with all 5100-Series plug-ins.

Fastest Calibrated Sweep Rate— 0.1 us/div (X10
mag) with 5B10N or 5B12N.

X-Y Mode—Phase shift within 1° from dc to 100 kHz.
CRT AND DISPLAY FEATURES
Crt—Internal 8 x 10 div (1.27 cm/div) parallax-free

graticule.

Accelerating Potential— 3.5 kV.
Phosphor—Similar to P1.

Max Stored Writing Speed—At least 20 div/ms.

Storage View Time—At least 1 hr at normal inten-
sity; up to 10 hr at reduced intensity, after which
time it may be increased to original level.

Erase Time—Approx 250 ms.

5000-Series Oscilloscopes
2 MHz Single Beam and Single Beam Storage

5110
5111
5115

5115

The 5115 is a single-beam bistable storage
oscilloscope with a writing speed of at
least 200 div/ms in the normal mode and
800 div/ms (>1000 cm/ms) in the en-
hanced mode. Storage view time is at least
1 hr at normal intensity. A variable bright-
ness control allows the storage time to be
extended to at least 10 hr at reduced inten-
sity, after which time intensity may be in-
creased to original level. Variable bright-
ness also gives optimal photographic re-
sults and allows for the integration of
multiple traces.

The 5115 is useful in a wide variety of
fields, including education, biophysical en-
gineering, component testing, and industrial
electronics.

When using two amplifiers and a dual time-
base plug-in in the dual-sweep mode, the
sweeps are slaved to the amplifiers.

VERTICAL SYSTEM

Channels—Left and center plug-in compartments
compatible with all 5100-Series plug-ins.

Deflection Factor—Determined by plug-in.
Bandwidth— 2 MHz max.

Chopped Mode—The 5115 will chop between two
amplifiers at approx 25 to 100 kHz, depending on
plug-ins and operating modes. Chop or alternate
mode is selected at the time base.

Alternate Mode—Each amplifier plug-in is swept
twice before switching to the next. A single-trace
amplifier is swept twice and each channel of a
dual-trace amplifier is swept once before the 5115
switches to the second amplifier.

HORIZONTAL SYSTEM

Channel—Right-hand plug-in compartment compat-
ible with all 5100-Series plug-ins.

Fastest Calibrated Sweep Rate— 0.1 us/div (X10
mag) with 5B10B or 5B12N.

X-Y Mode—Phase shift within 1° from dc to 100 kHz.

CRT AND DISPLAY FEATURES

Crt—Internal 8 x10div (1.27 cm/div) parallax-free
graticule.

Accelerating Potential— 3.5 kV.
Phosphor—Similar to P1.

Max Stored Writing Speed—At least 200 div/ms in
the normal mode and 800 div/ms in the enhanced
mode.

Storage View Time—At least 1 hr at normal inten-
sity; up to 10 hr at reduced intensity, after which
time it may be increased to original level.

Erase Time—Approx 250 ms.

More on next page
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5112
5113

5112

The 5112 is a dual beam nonstorage oscil-
loscope featuring two independent vertical
systems referenced against a common hori-
zontal deflection system.

The 5112 can display two simultaneous
events, either single-shot or repetitive,
against a common time base within the
bandwidth and writing rate limits of the
system. Both beams are driven by one set
of horizontal deflection plates. When using
a dual time-base plug-in in the dual-sweep
mode, both beams will be deflected by both
sweeps; with two single-trace plug-ins, four
traces will be displayed. When teamed up
with the appropriate differential amplifiers,
the 5112 can display up to four channels of
high-gain (50 xV) differential information
for use in the biophysical, electromechan-
ical, and component testing fields.

VERTICAL SYSTEM

Channels—Left and center plug-in compartments
compatible with all 5100-Series plug-ins.

Deflection Factor—Determined by plug-in.
Bandwidth— 2 MHz max.

Chopped Mode—The 5112 will chop between am-
plifier channels at approx 25 to 100 kHz, depending
on plug-ins and operating modes. Chop or alternate
mode is selected at the time-base unit.

Alternate Mode—Single-trace amplifiers are swept
full time. Each channel of a multitrace amplifier
is swept once before switching to the next channel.
No channel switching is necessary between left and
center plug-in compartments.

HORIZONTAL SYSTEM

Channel—Right-hand plug-in compartment compat-
ible with all 5100-Series plug-ins.

Fastest Calibrated Sweep Rate— 0.1 us/div (X10
mag) with 5B10N or 5B12N.

X-Y Mode—Phase shift within 1° from dc to 100 kHz.

CRT AND DISPLAY FEATURES

CRT—Internal 8 x 10 div (1.27 cm/div) parallax-free
graticule.

Accelerating Potential— 3.5 kV.

Phosphor—P31 standard, P7 or P11 optional.
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5000-Series Oscilloscopes
Dual Beam and Dual Beam Storage

5113

The 5113 is a dual beam bistable storage
oscilloscope featuring easy-to-use split-
screen storage. Stored writing speed is
at least 20 div/ms (Option 3 provides
200 div/ms for the center 6 x 8 div). View
time is at least 1 hr at normal intensity and
can be increased to 10 hr at reduced inten-
sity.

The 5113 can display two simultaneous
events, either single-shot or repetitive,
against a common time base within the
bandwidth and writing rate limits of the
system. Both beams are driven by one set
of horizontal deflection plates. When using
a dual time-base plug-in in the dual-sweep
mode, both beams will be deflected by both
sweeps; with two single-trace plug-ins,
four traces will be displayed.

The 5113 is particularly useful in biomedi-
cal research where low-repetition-rate stim-
ulus/response potentials need to be ob-
served and recorded.

VERTICAL SYSTEM

Channels—Left and center plug-in compartments
compatible with all 5100-Series plug-ins.

Deflection Factor—Determined by plug-in.
Bandwidth— 2 MHz max.

Chopped Mode—The 5113 will chop between am-
plifier channels at approx 25 to 100 kHz, depending
on plug-ins and operating modes. Chop or alternate
mode is selected at the time-base unit.

Alternate Mode—Single-trace amplifiers are swept
full-time. Each channel of a multitrace amplifier is
swept once before switching to the next channel.
No channel switching is necessary between left and
center plug-in compartments.

HORIZONTAL SYSTEM

Channel—Right-hand plug-in compartment compat-
ible with all 5100-Series plug-ins.

Fastest Calibrated Sweep Rate— 0.1 us/div (X10
mag) with 5B10N or 5B12N.

X-Y Mode—Phase shift within 1° from dc to 100 kHz.

CRT AND DISPLAY FEATURES

Crt—Internal 8 x 10 div (1.27 cm/div) parallax-free
graticule.

Accelerating Potential— 3.5 kV.
Phosphor—Similar to P1.

Max Stored Writing Speed—At least 20 div/ms.
At least 200 div/ms at lower stored brightness (over
center 6 x 8 div) with Option 3.

Storage View Time—At least 1 hr at normal inten-
sity; up to 10 hr at reduced intensity, after which
time it may be increased to original level.

Erase Time—Approx 250 ms.

Option 3 Fast Writing Speed Crt—Increases stored
writing speed to 200 div/ms (center 6 x 8 div).

OTHER CHARACTERISTICS
for 5110, 5111, 5112, 5113, 5115

Ambient Temperature-iPerformance characteristics
valid from 0°C to -}50°C.

Line Voltage Ranges— 100, 110, 120, 200, 220, and
240V ac =*=10%; internally selected with quick
change jumpers. Line frequency range, 48 to 440 Hz.

Typical Power Consumption—For 5110, 53 W. For
5111, 74 W. For 5112, 67 W. For 5113, 88 W. For
5115, 74 W.

External Intensity Input— -5V turns beam on from
off condition. —5 V turns beam off from on condi-
tion. Frequency range dc to 1 MHz. Input R and C
is approx 10 kQ paralleled by approx 40 pF. Max
input £50 V (dc 4 peak ac).

Calibrator—Voltage output 400 mV within 1%. Cur-
rent output (loop) 4 mA within 1%. Frequency is
2 times line frequency.

Beam Finder—Positions beam on screen regardless

of vertical and horizontal position control settings.

ORDERING INFORMATION
(Plug-ins not Included)

Cabinet Model

5110 Oscilloscope .............. $ 625
5111 Oscilloscope .............. $1250
5112 Oscilloscope .............. $1100
5113 Oscilloscope .............. $1650
5115 Oscilloscope .............. $1350
Rackmount Model

R5110 Oscilloscope ............. $ 625¢
R5111 Oscilloscope ............. $1250
R5112 Oscilloscope ............. $1100
R5113 Oscilloscope ............. $1650
R5115 Oscilloscope ............. $1350

OPTIONS

Option 2 Protective Panel Cover (Cabinet Models
Only)—The cover protects the front panel and knobs
during transportation and storage.

Option 2 Protective Panel Cover (Cabinet Models
ORIY) s.cuivs i Rgms ¥ oems FEHBE § HUREEue Add $20

Option 3 Fast Writing Speed Crt (5113, R5113
(071117 o e e Add $50

Option 76 P7 Phosphor (5110, R5110, 5112, R5112
(o] 11]) et e e e et e S O e g No Charge

Option 78 P11 Phosphor (5110, R5110, 5112, R5112
ORIV wons x o BT e ey Soateiale s 2 No Charge
CONVERSION KITS

Cabinet-to-Rackmount Conversion Kit,

Order 040-0583-01 ...........ccovvvvvnnnnnnen $55

Rackmount-to-Cabinet Conversion Kit,

Order 040-0584-02 ............coovvvvvennnnn $55
p
Q



.  FOUR CHANNEL
rexrnomxs SAN ©AMBLIFIER

1 mV/Div to 5 V/Div

The 5A14N Four Channel Amplifier features
simplified front panel controls and can be
used in any 5000-Series Mainframe.

5A14N operating modes are: each channel
separately, and alternated or chopped be-
tween any combination of channels. In-
ternal trigger is available from channel
one only.

CHARACTERISTICS

andwidth—Dc coupled, dc to at least 1 MHz at all
flection factors. Ac coupled, 2Hz or less to at
least 1 MHz at all deflection factors.

Deflection Factor— 1 mV/div to 5 V/div in 12 cali-
brated steps (1-2-5 sequence). Accuracy is within
2%. Uncalibrated, continuously variable between
calibrated steps and to 12.5 V/div.

Input R and C—1 MQ within 1%, approx 47 pF.

Max Input—Dc coupled, 350 V (dc - peak ac). Ac-
coupled, 350 Vdc.

Chopping Rate— 25 kHz to 100 kHz depending upon
plug-in combinations and number of traces dis-
played.

5A14N Four-Trace Amplifier ........ $665

5000-Series Oscilloscopes

5A14N
5A15N

Four Channel Amplifier, Single-Trace Amplifier, and Dual-Trace Amplifier 5A18N

5A15N

Texnonics 5AT5N AMPLIFIER

1 mV/Div to 5 V/Div

The 5A15N Single Channel Amplifier fea-
tures simplified front panel controls and
can be used in any 5000-Series Main-
frame.

CHARACTERISTICS

Bandwidth—Dc coupled, dc to at least 2 MHz at all
deflection factors. Ac coupled, 2 Hz or less to at
least 2 MHz at all deflection factors.

Deflection Factor— 1 mV/div to 5 V/div in 12 cali-
brated steps (1-2-5 sequence). Accuracy is within
2%. Uncalibrated, continuously variable between
calibrated steps and to 12.5 V/div.

Input R and C—1 MQ within 1%, approx 47 pF.

Max Input—Dc coupled, 350 V (dc + peak ac). Ac-
coupled, 350 Vdc.

5A15N Single-Trace Amplifier ... ... $145

5A18N

exrromixe BATSN DUAL TRACE AMPL

1 mV/Div to 5 V/Div

The 5A18N Dual Trace Amplifier features
simplified front panel controls and can be
in any 5000-Series Mainframe.

5A18N operating modes include channel
one or two only, channels one and two
added, and channel one alternated or
chopped with channel two. Internal trigger
source is selectable from channel one and
channel two.

CHARACTERISTICS

Bandwidth—Dc coupled, dc to at least 2 MHz at all
deflection factors. Ac coupled, 2 Hz or less to at
least 2 MHz at all deflection factors.

Deflection Factor— 1 mV/div to 5V/div in 12 cali-
brated steps (1-2-5 sequence). Accuracy is within
2%. Uncalibrated, continuously variable between
calibrated steps and to 12.5 V/div.

Input R and C— 1 MQ within 1%, approx 47 pF.

Max Input—Dc coupled, 350V (dc -} peak ac). Ac-
coupled, 350 Vdc.

Chopping Rate— 25 kHz to 100 kHz depending upon
plug-in combinations and number of traces dis-
played.

5A18N Dual-Trace Amplifier ... ..... $320
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5A23N

5A23N 5000-Series Oscilloscopes
5A24N General-Purpose, Low-Cost Amplifiers

10 mV/div to 10 V/div
Calibrated Deflection Factors

The 5A23N is a general-purpose amplifier
for the 5000-Series oscilloscopes. Featur-
ing low cost and simplicity of controls, it
is ideal for monitor and systems applica-
tions. It operates in the left or middle plug-
in compartment of the 5000-Series main-
frames for Y-T displays, or in the right
compartment for X-Y displays.

Bandwidth—Dc coupled, dc to at least 1.5 MHz at

all deflection factors. Ac coupled, 2 Hz or less to
at least 1.5 MHz at all deflection factors.

Deflection Factor— 10 mV/div to 10 V/div within
3% in 4 calibrated decade steps. A lighted multi-
plier control provides continuous variation between
steps, and extends the deflection factor range to
100 V/div. Accuracy is within 5% at X2 and X5
multiplication.

Input R and C— 1 Mz within 1%, approx 47 pF.
Max Input— 350 volts (dc - peak ac).
5A23N Single-Trace Amplifier ... ... $120

84

5A24N

50 mV/div to 1 V/div
Deflection Factors

Easy to Customize

The 5A24N is a low-cost utility plug-in pro-
viding direct access to either the vertical
or horizontal deflection system of the 5000-
Series mainframes. It contains mode
switching, crt beam positioning, trigger
pickoff for basic measurements, and a
built-in 3% x 2% in soldering pad matrix
for use by the customer who wishes to
build his own input circuits for special
applications. Customer-built circuits are
powered through the circuit board which
provides access to all mainframe power
supplies.

Bandwidth—Dc coupled, dc to at least 2 MHz at
50 mV/div, decreasing to .dc to 200 kHz at mid-
attenuator range. Ac coupled, 25 Hz to at least
2 MHz at 50 mV/div, decreasing to 25 Hz to 200 kHz
at mid-attenuator range. Uncompensated input.

Deflection Factor— 50 mV/div, accurate within 3%.
Continuously variable, uncalibrated from 50 mV/dv
to at least 1 V/div.

Input R and C—Approx 100 kQ, approx 30 pF.

Max Input— 50 volts (dc -} peak ac).

5A24N Single-Trace Amplifier ....... $75
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Dc-to-2 MHz Bandwidth

1 mV/div to 5 V/div

10,000:1 Cmrr

10,000 Div Effective Screen Height

The 5A13N is a differential comparator
plug-in Amplifier for the 5000 Series. It
incorporates a number of performance fea-
tures that makes it particularly versatile,
especially in multitrace combination with
ther 5000-Series Amplifier plug-ins. The
llowing operational areas describe the
functions of the 5A13N.

Conventional Mode—As a conventional am-
plifier, the 5A13N has constant bandwidth
over the 1 mV/div to 5 V/div deflection fac-
tor range. The bandwidth is selectable at
2 MHz or 10kHz for best displayed noise
conditions during low-frequency applica-
tions. The plus or minus inputs allow nor-
mal or inverted displays.

Differential Mode—As a differential am-
plifier, the 5A13N maintains its conventional
features and provides a balanced input for
applications requiring rejection of a com-
mon-mode signal. The cmrr is 10,000:1
from dc to 20 kHz, decreasing to 100:1 at
2 MHz. The unit rejects up to 15V of com-
mon-mode signal at a deflection factor
setting of 1 mV/div, increasing to 350V
rejection capability above 100 mV/div.

Comparator Mode—As a comparator Am-
plifier, the 5A13N uses its differential cap-
abilities, but provides an accurate positive
or negative internal offsetting voltage. A
signal of up to * 10 V may be applied to an
input (plus or minus) at a deflection factor
setting of 1 mV/div and viewed in 10,000 div
by offsetting the signal with the oppos-

A =1V com-

g comparison voltage.
arison voltage is also available for appli-

cations requiring max resolution. The off-
set voltage may be externally monitored
through a front-panel output.

CHARACTERISTICS

Bandwidth—Dc to 2 MHz. Bandwidth limit mode,
dc to 10 kHz. Ac coupled, 2 Hz or less at the lower
—3 dB point.

Deflection Factor— 1 mV/div to 5V/div in a 1-2-5
sequence. Accuracy is within 3%. Uncalibrated,
continuously variable between steps and to at
least 12.5 V/div.

Input R and C— 1 MQ, approx 51 pF.
Signal Range

Deflection
Factor
Settings

1mV to
50 mV/div

0.1V to
5 V/div

Common-Mode
Signal Range

Max Dc

Coupled Input
(Dc -+ Peak Ac
at 1 kHz or Less)

Max Ac
Coupled Input
(Dc Voltage)

*15V +350 V

+350 V +350 V

+350 V

Max Input Gate Current— 0.1 nA or less (equivalent
to 100 uV or less, depending on external loading)
at 25°C.

Overdrive Recovery— 1 us to recover to within 3.0
mV and 0.1 ms to recover to within 1.5 mV after
removal of an overdrive signal between 415V and
—15V, regardless of overdrive signal duration.

Internal Comparison Voltage—Ranges, 0V to =10V
and OV to =#=1V. Accuracy, within 0.2% of dial
setting plus 5 mV from =1V to £10 V; within 0.2%
of dial setting plus 1 mV from 25 mV to =1V on
the 0V to =1V range. From 0V to =25 mV, use the
on-screen display for greater resolution. Vc output
R, approx 15 kQ.

Common-Mode Rejection Ratio—At least 10,000:1,
dc to 10 kHz at 1 mV/div to 50 mV/div dc coupled,
with up to 20 V p-p sine wave, decreasing to 100:1
at 1 MHz. At least 400:1, dc to 10 kHz at 0.1 V/div
to 5V/div dc coupled, with up to 100V p-p sine
wave, decreasing to 40:1 at 1 MHz. For frequencies
above 5 kHz ac coupled, cmrr is the same as stated
for dc coupled. Below 5 kHz ac coupled, cmrr de-
creases to 400:1 at 10 Hz. Cmrr with two P6060
probes is at least 400:1 at any deflection factor.

5A13N Differential Comparator Amplifier . .
$650

Dc-to-2 MHz Bandwidth
1 mV/div to 20 V/div
Dc Offset

5A13N
5A19N
5A20N

The 5A19N is a low cost Differential Ampli-
fier featuring variable dc offset and sim-
plicity of controls. It is ideal for monitor
and systems applications. It operates in
the left or middle plug-in compartment of
the 5000-Series Mainframe for Y-T displays,
or in the right compartment for X-Y dis-
plays.

Bandwidth—Dc coupled, dc to at least 2 MHz at all

deflection factors. Ac coupled, 2 Hz or less to at
least 2 MHz at all deflection factors.

5000-Series Oscilloscopes

Differential Amplifiers

Deflection Factors— 1 mV/div to 20 V/div in a 1-2-5
sequence. Accuracy is within 2%. Uncalibrated,
continuously variable between calibrated steps and
to 50 V/div.

Input R and C— 1 MQ within 0.3%, approx 47 pF.
Signal and Offset Range

1 mV/div to
200 mV/div

*16V

Deflection
Factor Settings

500 mV/div
to 20 V/div

+350 V

Common-Mode
Signal Range

Max Dc

Coupled Input
(Dc -4 Peak Ac
at 1 kHz or Less)

+350 V

Max Ac Coupled +350 V

Input (Ac Voltage)

Dc Offset
Range

—+15V to 4350V to
—15V —350 V

Common-Mode Rejection Ratio—Dc coupled, 1 mV/
div to 200 mV/div, at least 1000:1 from dc to 10
kHz; decreasing to 100:1 at 500 mV/div to 20 V/div.

5A19N Differential Amplifier . .. .. ... $190

5A20N

Dc-to-1 MHz Bandwidth

10 kHz Bandwidth Limiter

50 uV/div to 5 V/div

100,000:1 Cmrr

The 5A20N is a 50 uV/div, dc coupled
Differential Amplifier for the 5000 Series.

VOLTAGE CHARACTERISTICS

Bandwidth—Dc coupled, dc to at least 1 MHz. Ac
coupled, 2 Hz or less to at least 1 MHz. Bandwidth
may be limited to 10 kHz.
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5A20N
5A21N
5A22N

Deflection Factor— 50 uV/div to 5 V/div in 16
calibrated steps (1-2-5 sequence). Accuracy is
within 2%. Uncalibrated, continuously variable
between calibrated steps and to 12.5V/div.

Differential Amplifiers

Input R and C—Voltage mode, 1 M2 within 0.15%,
approx 47 pF.

Max Input Voltage

Dc Coupled Ac Coupled
50 uV/div to 10V (dc + | 350V dc (coupling
50 mV/div peak ac) cap pre-charged),
10 V peak ac
100 mV/div 350V (dc + 350 V (dc -+
to 5 V/div peak ac) peak ac)

Input Gate Current— 100 pA or less (equivalent to
100 #V or less, depending on external loading) at
25°C.

Displayed Noise— 30 uV or less, tangentially mea-
sured.

Common-Mode Rejection Ratio—Ac coupled, 50
pV/div to 0.5 mV/div, at least 20,000:1 at 5 kHz
and above decreasing to 400:1 at 10 Hz. Dc cou-
pled, at least 100,000:1, dc to 30 kHz at 50 uV/div
and 100 xV/div with up to 20V p-p sine wave, de-
creasing by less than 20 dB/decade on sensitivity
ranges up to 50 mV/div. From 100 mV/div to 5
V/div, cmrr is at least 400:1 with up to 100V p-p
sine wave. Cmrr with two P6060 probes is at least
400:1 at any deflection factor.

5A20N Differential Amplifier . ....... $255

5A21N

Texmonxe 5A21N DIFFERENTIAL AMPL

Dc-to-1 MHz Bandwidth

10 kHz Bandwidth Limiter

50 pxV/div to 5 V/div

100,000:1 Cmrr

Voltage and Current Probe Inputs

The 5A21N is a 50 uV/div, dc coupled
Differential Amplifier for the 5000 Series.
The 5A21N has a current probe input.

VOLTAGE CHARACTERISTICS
Bandwidth—Dc coupled, dc to at least 1 MHz. Ac
coupled, 2Hz or less to at least 1 MHz. Band-
width may be limited to 10 kHz.

Deflection Factor— 50 xV/div to 5V/div in 16
calibrated steps (1-2-5 sequence). Accuracy is with-
in 2%. Uncalibrated, continuously variable between
calibrated steps and to 12.5 V/div.

Input R and C—Voltage mode, 1 MQ within 0.15%,
approx 47 pF.

Note:

5000-Series Oscilloscopes

Max Input Voltage

Crt readout for the 5A20, 5A21 and
86 5A22 (5400-Series mainframes only) is avail-

Dc Coupled Ac Coupled
50 uV/div to 10V (dc+ | 350V dc (coupling
50 mV/div peak ac) cap pre-charged),
10V peak ac
100 mV/div 350 V (dc 350 V (dc +
to 5V/div -+ peak ac) peak ac)

Input Gate Current— 100 pA or less (equivalent to
100 uV or less, depending on external loading) at
25°C.

Displayed Noise— 30 uV or less, tangentially mea-
sured.

Common-Mode Rejection Ratio—Ac coupled, 50
uV/div to 0.5 mV/div, at least 20,000:1 at 5 kHz and
above decreasing to 400:1 at 10 Hz. Dc coupled,
at least 100,000:1, dc to 30 kHz at 50 uV/div and
100 xV/div with up to 20V p-p sine wave, decreas-
ing by less than 20 dB/decade on sensitivity ranges
up to 50 mV/div. From 100 mV/div to 5 V/div, cmrr
is at least 400:1 with up to 100V p-p sine wave.
Cmrr with two P6060 probes is at least 400:1 at
any deflection factor.

CURRENT PROBE INPUT CHARACTERISTICS
(with P6021 CURRENT PROBE)

Bandwidth— 15 Hz or less, to at least 1 MHz. Band-
width may be limited to 10 kHz.

Deflection Factor— 0.5 mA/div to 0.5 A/div in 10
calibrated steps (1-2-5 sequence). Accurate within
3%. Uncalibrated, continuously variable between
steps and to 1.25 A/div.

Max Input Current— 4 A p-p (at probe loop) with
125-turn P6021 Current Probe.

Displayed Noise— 300 nA or less, tangentially mea-
sured. Performance characteristics are valid for
the 5A21N from 0°C to -50°C.

ORDERING INFORMATION

5A21N Differential Amplifier ........ $285

P6021 5-Ft Current Probe, Order 010-0237-02 $115
P6021 9-Ft Current Probe, Order 010-0244-02 $115

5A22N

Dc-to-1 MHz Bandwidth
10 uV/div to 5 V/div
100,000:1 Cmrr

Selectable Upper and
Lower —3 dB Points

Dc Offset

Many factors contribute to the usability
and performance of this high-gain, wide-
band differential amplifier. Displayed noise

(grounded inputs) is held to 20 uV or less
at 10 uV/div measured tangentially at fuf
bandwidth. Since noise is related to band-
width, the displayed noise can be greatly
reduced with the HF —3 dB point selector.
Low amplitude signals often ride a small
dc component, perhaps a few millivolts,
which would place a dc-coupled display off
screen at 10 xV/div. Or dc drift may be
present in the signal to be measured. Low-
frequency drift is minimized by using ac-
coupled inputs for frequencies above 2 Hz
or dc-coupled inputs and low-frequency
limits selected with a front-panel switch.
The same techniques are used to cancel a
dc component from the signal being mea-
sured. Adding a dc voltage opposite in
polarity to the polarity of the disturbing
dc component is a third method. This is
done by using the plug-in’s variable dc
offset. Full bandwidth is retained in this
mode of operation. These and other fac-
tors make the 5A22N well suited for mea-
surements in difficult low-amplitude, low-
frequency areas.

CHARACTERISTICS

Bandwidth—HF —3 dB point: selectable in 9 steps
(1-3 sequence) from 100Hz to 1 MHz. 100 Hz to
0.8 MHz, accurate to within 20% of selected fre-
quency; at 1 MHz, bandwidth is down 3-dB or less.
LF —3dB point: selectable in 6 steps (1-10 se-
quence) from 0.1 Hz to 10 kHz, accurate to within _
20% of selected frequency. Ac coupled, 2 Hz of
less.

Deflection Factor— 10 xV/div to 5 V/div in a 1-2-5
sequence. Accuracy is within 3%. Uncalibrated,
continuously variable between steps and to at least
12.5 V/div.

Common-Mode Rejection Ratio—Ac coupled, 10 uV/
div to 0.5 mV/div, at least 20,000:1 at 5 kHz and
above, decreasing to 400:1 at 10 Hz. Dc coupled,
at least 100,000:1, dc to 30 kHz from 10 uV/div to
100 xV/div with up to 20V p-p sine wave, decreas-
ing by less than 20 dB/decade on sensitivity ranges
up to 50 mV/div. From 100 mV/div to 5 V/div, cmrr
is at least 400:1 with up to 100V p-p sine wave.
Cmrr with two P6060 probes is at least 400:1 at any
deflection factor.

Signal and Offset Range

Deflection 10 uV to 0.1V to
Factor Settings 50 mV/div 5 V/div
Common-Mode *=10V +350 V
Signal Range

Max Dc Coupled *12V +350V

Input (Dc -+ Peak
Ac at 1 kHz or Less)

Max Ac Coupled +350 V
Input (Dc Voltage) |Dc rejection, at least 4 x 105:1

Dc Offset Range +0.5V -+50 Vv
to to

—0.5V —50V

Input R and C—1 MQ within 0.15%, approx 47 pF.

Overdrive Recovery— 10 us or less to recover with-
in 99.5% of reference level after removal of a test
signal applied for 1s. Signal amplitude not to ex-
ceed common-mode signal range.

Max Input Gate Current— 200 pA or less.

Displayed Noise— 20 uV at max bandwidth, sourc
resistance 25 Q or less, measured tangentially.

Drift with Temperature— 100 uV/°C or less.
5A22N Differential Amplifier ....... $480

able at additional cost. Contact your local
Tektronix Field Engineer for information.



Two Differential Amplifiers in One Plug-In
50 uV/div Sensitivity at 1 MHz

100,000: 1 Cmrr

Crt Readout

The 5A26 Dual Differential Amplifier com-
bines two independent differential am-
plifiers in one plug-in. Its adds no-
compromise differential measurement cap-
ability to the line of low-cost, high-per-
formance 5000-Series Laboratory Oscillo-
scopes. It may be used in any 5000-Series
ainframe.

The 5A26 provides 50 uV/div at 1 MHz, high
common-mode rejection ratio, crt readout
in any standard 5400-Series Mainframe,
trigger-source selection, and bandwidth
limit on each channel. With two 5A26s, it
is possible to observe up to four differential
channels at one time in the chop or alter-
nate mode.

The 5A26 has many applications in areas
that require dual differential performance,
especially in biomedical and electrome-
chanical fields, education, and component
manufacturing.

CHARACTERISTICS
Number of Differential Channels—Two.
Bandwidth—Dc coupled, dc to at least 1 MHz. Ac
coupled, 2 Hz or less to at least 1 MHz. Bandwidth
may be limited to 10 kHz.
Deflection Factor—50 uV/div to 5 V/div in 16 cali-
brated steps (1-2-5 sequence). Accuracy is within
2%. Uncalibrated, continuously variable between
calibrated steps and to 12.5 V/div.
Crt Readout—Crt readout of deflection factors.
Functional in crt readout-equipped 5400-Series
Oscilloscopes, nonfunctional in 5100-Series Oscillo-
scopes.
Input R and C— 1 MQ within 0.15% paralleled by
approx 47 pF.

Max Input Voltage

Dc Coupled Ac Coupled
0 uV/div to 10V (dc+ | 350V dc (coupling
! 0 mV/div peak ac) cap precharged),
10 V peak ac
100 mV/div 350V (dc -+ 350 V
to 5 V/div peak ac) (dc 4 peak ac)

5000-Series Oscilloscopes
Dual Differential Amplifier and Time Base

Input Gate Current— 100 pA or less (equivalent to
100 uV or less, depending on external loading) at
25°C.

Displayed Noise— 30 uV or less, tangentially mea-
sured.

Common-Mode Rejection Ratio

Dc Coupled
50 uV/div to At least 100,000:1 from dc
50 mV/div to 30 kHz with up to 20V

p-p sine wave
At least 300:1 from dc to

100 mV/div to

5 V/div 30 kHz with up to 100V
p-p sine wave
Ac Coupled
50 uV/div to At least 20,000:1 at 5 kHz
50 mV/div to 30 kHz, decreasing to

not less than 2000:1 at
60 Hz

400:1 at 10X probe atten-
uation

5A26 Dual Differential Amplifier ..... $525

With 2 P6062A Probes

5A26
5B13N

5B13N

1 us/div to 100 ms/div
Calibrated Time Base

External Horizontal Input

The 5B13N is a low-cost, general-purpose
time base for 5000-Series Oscilloscopes.
Sweep rates are selected by pushbutton.

The 5B13N suits applications such as basic
laboratory use by students, production
testing, scientific research, and other areas
where 100 ms/div to 1 us/div sweep rates
are needed.

CHARACTERISTICS

Sweep Rates—1 us/div to 100 ms/div within 5% in
6 calibrated decade steps. A lighted multiplier
control provides continuous, uncalibrated variation
between steps and extends the pushbutton-selected
rate to at least 1 s/div.

TRIGGERING
Coupling Sensitivity and Frequency Range
Ac Int 0.4 div from 50 Hz to 100 kHz,

increasing to 1 div at 1 MHz
Ext 200 mV from 50 Hz to 1 MHz

External Trigger Input—Max input voltage is 200V
(dc + peak ac). Input R and C is approx 100 kQ
paralleled by approx 1000 pF. Trigger-level voltage
range is +1.5V to —1.5V.

EXTERNAL HORIZONTAL INPUT

Deflection Factor— 50 mV/div, accurate to within
5%. A continuously variable deflection factor multi-
plier provides variation between 50 mV/div and
0.5 V/div.

Bandwidth—Dc to at least 100 kHz.
Input R and C—Approx 50 k@ paralleled by 1000 pF.
Max Input Voltage— 200V (dc - peak ac).

5B13N Time Base ................ $110
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5B10N

5000-Series Oscilloscopes

Single-Sweep, Time Base/Amplifier

5B12N

Dual Time Base

SB10N

100 ns/div to 5 s/div
Calibrated Time Base

Single Sweep
Direct Readout X10 Mag

Provides Alternate
and Chopped Displays

50 mV/div and 500 mV/div
Calibrated External Input

The 5B10N is a time base/amplifier plug-in
unit for generating a sweep in the 5000-
Series Oscilloscopes. An external input
allows use of the 5B10N as a voltage am-
plifier with calibrated deflection factors
of 50 mV/div and 500 mV/div.

Triggering the 5B10N is straightforward
even with the many triggering modes which
are pushbutton selected. Source positions
include left or right plug-in, composite
(from the mainframe vertical amplifier),
line, and external.

CHARACTERISTICS

Sweep Rates— 1us/div to 5s/div in 21 calibrated
steps (1-2-5 sequence). X10 magnifier extends
displayed sweep time/div to 100 ns. Uncalibrated,
continuously variable between steps and to 12.5
s/div.

Sweep Accuracy—Unmagnified, within 3% from
1 us/div to 1s/div, and within 4% at 2s/div and

5s/div. Magnified displays accurate within 1%
in addition to specified time base sweep accuracy.
TRIGGERING

Coupling To 1 MHz At 2 MHz
° Internal 0.4 div 0.6 div
[
External 200 mV 200 mV
Ac Requirements increase ,below 50 Hz

Auto Trig—Same as above except signal rate
requirements are 15Hz and above.

Single Sweep—Same as for ac and dc coupled.

External Trigger Input—Max input is 350V (dc 4
peak ac). Input R and C is 1MQ within 2%
paralleled by <70 pF. Trigger level voltage range
is +5V to —5V.

EXTERNAL HORIZONTAL MODE

Deflection Factor— 50 mV/div and 500 mV/div, ac-
curate within 3%. 10X variable extends range to at
least 5 V/div.

Bandwidth—Dc coupled, dc to at least 1 MHz.
Ac coupled, 50 Hz or less to at least 1 MHz.

Input R and C— 1 MQ within 2%, approx 70 pF.
Max Input Voltage— 350V (dc - peak ac).
... $225

5B10N Time Base/Amplifier . ...

100 ns/div to 5 s/div
Calibrated Time Base

Dual and Delayed Sweep
Direct Readout X10 Mag

The 5B12N is a time base for generating
single, dual, or delayed sweeps in 5000-
Series Oscilloscopes. The 5B12N is nor-
mally used in the right plug-in compart-
ment but is compatible with the vertical de-
flection compartments as well.

The display modes are A sweep, B sweep,
A intensified — B delayed and dual sweep.
Each mode is selectable by pushbutton
switches. Triggering sources for A and B
sweep include left and right plug-in, line,
and display composite. In the display com-
posite mode the sweep is triggered from
the composite signal being displayed. Auto
and external trigger and single sweep are
provided for the A sweep. The B sweep is
triggerable after the delay time.

When operated in the dual-sweep mode in
a dual-beam oscilloscope with two am-
plifier plug-ins, first the A sweep and then
the B sweep displays the signals from both
amplifiers; four traces will be displayed.
Both sweeps are displayed simultaneously
in chop mode.

When operated in the dual-sweep mode in
a single-beam oscilloscope with two am-
plifier plug-ins, the A sweep is slaved to

the left plug-in and the B sweep is slaved
to the right plug-in.

The display mode pushbutton selects chop
or alternate time-share switching between
vertical plug-ins and amplifier channels.
Chop rate is 25 kHz to 100 kHz depending
on plug-in combinations and number of
traces displayed.

CHARACTERISTICS

A Sweep Rates— 1 us/div to 5 s/div in 21 calibrated
steps (1-2-5 sequence). X10 magnifier extends dis-
played sweep time/div to 100 ns. Uncalibrated,
continuously variable between steps and to 12.5
s/div.

A Sweep Accuracy—Unmagnified, within 3% from
1 us/div to 1s/div and within 4% at 2s/div and
5s/div. Magnified, displays accurate to within
1% in addition to specified time-base sweep ac-
curacy.

B Sweep Rates— 0.2 us/div to 0.5s/div in 20
calibrated steps.

B Sweep Accuracy—Within 3% from 1 us/div to

0.1 s/div. Within 4% at 0.2 gs/div, 0.5 us/div,
0.2 s/div, and 0.5 s/div.
TRIGGERING

The following applies to the A and B trigger
except as noted.

Coupling To 1 MHz At 2 MHz
& Internal 0.4 div 0.6 div
c
External* 200 mV 200 mV
Ac Requirements increase below 50 Hz

*A trigger only.
B sweep operates in triggered or free-run mode
after delay time.

Auto Trig—Same as above on signal rates of

15 Hz and above.

The following characteristics apply to the A trigger
only.

Single Sweep—Same as for ac and dc coupled.

External Trigger Input—Max input voltage is 350 V
(dc + peak ac). Input R and C is 1 MQ within 2%
paralleled by approx 70 pF. Trigger level voltage
range is +5V to —5 V.

DELAYING SWEEP CHARACTERISTICS

Delay Time Accuracy— 1 us/div to 0.5 s/div, within
1%. 1s/div to 5s/div, within 2%.

Delay Time Multiplier Range— 0.2 to 10.2 times
the time/div setting.

Delay Time Multiplier Incremental Linearity—Within
0.2%.

Differential Time Measurement Accuracy—Within 1%
plus 2 minor dial div for 1 us to 0.5s delay times.
Within 2% plus 2 minor dial div for 1s to 5s delay
times.

Jitter—Less than 0.05% of the time represented by
one div of the delaying sweep selected.
EXTERNAL HORIZONTAL MODE

Deflection Factor— 50 mV/div and 500 mV/div ac-
curate to within 3%. 10X variable extends range
to at least 5 V/div.

Bandwidth—Dc coupled, dc to at least 1 MHz.

Ac coupled, 50 Hz or less to at least 1 MHz. (

Input R and C— 1 MQ within 2%, approx 70 pF.
Max Input Voltage— 350 V (dc -} peak ac).
5B12N Dual Time Base ............ $525
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Test Semiconductor
Devices to 0.5 W

10 nA/div to 20 mA/div
Vertical Deflection Factors

0.5 V/div to 20 V/div
Horizontal Deflection Factors

The 5CT1N Curve Tracer is a plug-in unit
for 5000-Series Oscilloscopes. It displays
characteristic curves of semiconductor de-
vices to power levels of up to 0.5 W. The
lug-in operates in either vertical deflec-
on compartment. Horizontal deflection is
achieved through a front-panel source
which drives the external input of either
an amplifier or a time-base plug-in unit
installed in the mainframe’s horizontal de-
flection compartment.

A variable collector/drain sweep produces
a maximum peak voltage of at least 250 V;
a base/gate step generator produces up to
10 calibrated current or voltage steps.
Ranges of step amplitudes are 1 uA/step
to 1 mA/step for current and 1 mV/step to
1V/step for voltage. Max power output
is 0.5 W. In addition, the unit has a vertical
display amplifier with deflection factors
ranging from 10nA/div to 20 mA/div,
and a horizontal display amplifier with de-
flection factors ranging from 0.5 V/div to
20 V/div.

5CTIN Curve Tracer .............. $600

See complete description on page 182.

5000-Series Oscilloscopes

Curve Tracer and Spectrum Analyzer

Low Cost

0-100 kHz Frequency Range
Resolution Bandwidth 10 Hz to 3 kHz
Log and Linear-Span Modes

Auto Resolution

5L4N

The 5L4N is a low cost, high performance
spectrum analyzer plug-in designed to
operate over the frequency range 0 to
100 kHz. Accuracy is = 3 kHz (fine tune
control midrange and span/div calibrated
for 10 kHz). Stability is within 30 Hz over
a 10 minute period at a fixed ambient
temperature.

Resolution bandwidth is continuously vari-
able from 10 Hz to 3 kHz. An auto mode
provides the best resolution for the fre-
quency span and sweep rate selected.
Linear frequency spans can be chosen
from 20 Hz/div to 10 kHz/div in a 2-5-10
sequence. A log frequency span of 100 Hz
to 100 kHz or 20 Hz to 20 kHz can also be
selected. At zero frequency span setting
the 5L4N can be used for time domain
displays within the 3 kHz bandwidth.

Unique features of the 5L4N include front
panel pushbutton selection of 50 ohm,
600 ohm, or 1 megohm input impedance
with calibration appropriate to the selected
impedance. Dynamic range is 80 dB with
intermodulation products more than 70 dB
down from two full screen signals. A built-
in tracking generator is standard.

This low-frequency swept-front-end spec-
trum analyzer operates with any 5000-Series
Oscilloscope, using two of the three main-
frame compartments. A recommended
combination consists of the 5L4N Spectrum

Analyzer plug-in with the 5111 Storage
Oscilloscope. This high performance, at-
tractively priced analyzer system weighs
only 32 pounds for easy carrying, and a
rackmount version is available at the same
price. The left mainframe compartment
holds one of the many optional 5000-
Series plug-ins.

A complete detailed description of the
5L4N Spectrum Analyzer plug-in can be
found in the spectrum analyzer section.

5L4N Spectrum Analyzer ......... $2350




5000-Series Oscilloscopes

5S14N

Dual-trace, Delayed-sweep Sampler

Dc-to-1 GHz Bandwidth

Dual Trace, 2 mV/div Sensitivity
Calibrated Delayed Sweep
Simplified Triggering

Operational Ease of
Conventional Oscilloscope

Two Dot Time Measurements

The 5S14N Sampling Unit combines am-
plifier and time-base functions in one
double-width plug-in unit designed to oper-
ate in all 5000-Series Mainframes. Com-
bining the Sampling amplifier and time-base
functions in one plug-in enables the 5S14N
to provide new economy and ease of oper-
ation.

Two identical amplifier channels provide
dual-trace sampling. A two-ramp base
introduces calibrated delayed sweep oper-
ation to sampling in an inexpensive pack-
age.

A unique feature is a system for making
two-dot time-interval measurements. This
feature provides an easy and accurate
means for measuring the time between two
points on a waveform. One bright dot on
the trace is positioned with the Delay Zero
control to the start of an event to be mea-
sured. Next a second bright dot is posi-
tioned by the Delay Time Multiplier Control
to the end of the event. The time-interval
between the selected points is then deter-
mined by multiplying the number read
directly from the Delay Time Mult Dial by
the selected time per division.

Front-panel control grouping is identified by
different shades of color on the panel and
the control nomenclature relates closely
to that encountered in conventional oscillo-
scopes. Learning to operate the 5S14N re-
quires a minimum effort for those familiar
with conventional oscilloscope operation.
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AMPLIFIER CHARACTERISTICS

Modes—Channel 1 only; Channel 2 only; Dual Trace;
Channel 1 added to Channel 2; Channel 2 subtracted
from Channel 1 (CH 2 INVERT); Channel 1 vertical
(Y), Channel 2 horizontal (X).

Input Impedance—Nominally 50 Q.
Bandwidth—Equivalent to dc-to-1 GHz.
Rise Time— 350 ps or less.

Step Aberrations— 2%, —3%, total of 5% p-p
within first 5ns, *1% thereafter, tested with 284
Pulse Generator.

Deflection Factor—2 mV/div to 0.5 V/div in 8 cali-
brated steps (1-2-5 sequence). Variable between
steps by at least 2.5 to 1.

Accuracy—Within +3%.
Max Input Voltage— +5 V.

Input Signal Range— 2V p-p max within a 42V
to —2 V window at any sensitivity.

Dc Offset Range—At least +2V to —2 V.

Displayed Noise— 2 mV or less unsmoothed (tangen-
tially measured). Low noise pushbutton reduces
random noise by factor of 4 to 1 or more.

Vertical Signal Output— 0.2 V/div of vertical de-
flection; 10-kQ source resistance.

Channel Delay Difference—Adjustable to zero or for
any time difference up to at least 1 ns.

TIME BASE CHARACTERISTICS

Scan Modes—Repetitive, Single, Manual, or Ex-
ternal.

Delaying Sweep—May be used as crt time base or
as a delay generator for the Delayed Sweep. The
sweep starts with minimum delay from the instant of
trigger recognition. When the Delaying Sweep
mode is selected for the time base, two bright
dots in the trace are generated which may be
positioned anywhere on the displayed waveform.
The time between dots is equal to the reading on
the Delay Time Multiplier dial multiplied by the
time/div.

Delayed Sweep—This mode is used when the
signal to be displayed occurs considerably later
than the instant of trigger recognition or when the
time must be 5ns or less per div. The Delayed
Sweep may be started with zero delay time
with respect to the start of the Delaying Sweep.
Or the start may be delayed by any time interval
up to that represented by ten div of the Delaying
Sweep selected.

Horizontal Signal Output— 1.0 V per div of horizontal
deflection; 10-kQ source resistance.

DELAYING SWEEP CHARACTERISTICS

Range— 10 ns/div to 100 us/div in 13 steps (1-2-{{.f
sequence). A

Accuracy—Within *=3% excluding first %2 div of
displayed sweep.

Delay Zero (1st Dot)—Adjustable to correspond to
any instant within the time interval represented by
the first 9 div of the Delaying Sweep selected.

Delay Time (2nd Dot)—Adjustable to any portion
of the time interval represented by ten div of the
Delaying Sweep selected.

Delay Accuracy—Within *1% of ten div when
measurement is made within the last 9.5 div.

DELAYED SWEEP CHARACTERISTICS

Range— 100 ps/div to 100 us/div in 19 calibrated
steps (1-2-5 sequence). Variable between steps
by at least 2.5 to 1.

Accuracy—Within *+3% excluding first 72 div of
displayed sweep.

Start Delay—Depends on the Delaying Sweep time
selected and the setting of the Delay Time Mult dial.
Adjustable from Zero to any time interval up to that
represented by 10 div of the Delaying Sweep
selected. The Delaying Sweep start point corre-
sponds to the second bright dot position.

Delay Jitter—Less than 0.05% of the time repre-
sented by 1div of the Delaying Sweep selected.

TRIGGERING AND SYNC CHARACTERISTICS

Signal Source—Internal from channel 1 vertical
input or external through front-panel connector.g

External Triggering—Nominal 50 Q input, ac cou-*
pled, 2V p-p, 50V dc max. Trigger pulse am-
plitude 10 mV p-p or more with rise time of 1 us
or less, 10 Hz to 100 MHz. Sine-wave amplitude
10 mV p-p or more from 150 kHz to 100 MHz.

Internal Triggering—Pulse amplitude 50 mV p-p or
more with rise time of 1us or less. Sine-wave
amplitude 50 mV p-p or more from 150 kHz to
100 MHz.

Triggered Mode—Trigger recognition may be made
to occur at any selected voltage level between
-+ 0.5V and — 0.5V at instants when either a 4
slope or a — slope of the triggering signal crosses
that level.

Auto Triggered Mode—For small signals or when
there may be no triggering signal. Sampling pulses
are automatically generated at a low rate in the
absence of a triggering signal so a trace may
always be generated and displayed. The trigger
level range automatically adjusts to approx the
p-p voltage of the signal.

Holdoff—Varies the length of the time interval dur-
ing which recognition is inhibited. Variation is at
least 5 to 1. The control is particularly useful for
displaying digital words when triggering on binary
pulses.

HF SYNC Mode—For sine waves from 100 MHz
to 1 GHz, 10 mV p-p or more from external source,
50 mV p-p or more from internal pickoff.

5S14N Sampler ................. $2200



ortable Oscilloscopes

From Tektronix----the first name in Portables

Tektronix offers an unmatched selec-
tion of performance-and value-leading
portable oscilloscopes. Wherever and
whatever your portable oscilloscope
application, you can choose the best
cost/performance/weight combination
for your needs from our comprehen-
sive line of 16 models.

On the following pages three out-
standing series are described. The 400
Series brings high performance to the
field with such features as wide band-
width, fast storage, and direct numeri-

cal readout of time intervals. Weights
of these instruments are in the low
to mid 20 pound range.

At 3.5 pounds (including batteries)
the 200 Series provides oscilloscopes
which make measurements anywhere.
One model even combines an oscillo-
scope and a full function digital multi-
meter.

The 7 to 10.5 pound 300 Series covers
weight and performance requirements
midway between the 400 and 200
Series.




Portable Oscilloscope Selection Considerations

Many aspects enter into an instrument’s abil-
ity to make a measurement. The following
are the areas considered most important.

MEASUREMENT CAPABILITY
Bandwidth — This specification reflects the
range of frequencies and rise times that the
instrument is capable of measuring and dis-
playing. To insure optimum fidelity, the
bandwidth/rise time capability of the scope
must exceed the frequency/rise time of the
signal to be displayed.

Dual Trace — Two or more traces are es-
sential when making time and amplitude
comparisons between events.

Vertical Deflection Sensitivity— Vertical
deflection sensitivity indicates the signal
amplitude range that can reasonably be dis-
played on the crt. With attenuating signal
probes, this range can be shifted by factors
of 10, 100, and 1000. Except for the 485, all
current TEKTRONIX Portables have probes
as an integral part of the scope or as a part
of the included accessories package.

Horizontal Sweep Rates — This is an indica-
tion of the speeds at which the crt beam is
deflected. Instruments with higher band-
widths must be capable of moving the beam
horizontally with greater velocity to permit
detailed viewing of the signal.

Crt Storage — Storage retains a non-repeti-
tive or slow-moving event on the crt, pro-
viding time for inspection. This capability,
together with single sweep, allows you to
arm the scope, then have it wait for and
automatically capture a single event. The
display is normally held until removed by the
operator. Tektronix has five portables with
storage.

DIGITAL MEASUREMENTS
Delayed sweep measurements may impose
special requirements upon oscilloscope
technique. Confidence in the accuracy of
delayed time using analog waveforms and
calibrated dials may not be appropriate to
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the overall measurement needs. Here, an
accurate direct numerical readout of sweep
delay times is needed to augment the basic
oscilloscope.

Measurement problems at times require
more accuracy than that which is conven-
tionally available in an oscilloscope. At such
times, a digital multimeter is needed to
achieve the required accuracy, while at the
same time the measurement needs the in-
terpretive capability of an oscilloscope’s
analog display.

Tektronix offers a numerical time interval
readout and digital multimeter installed
as an integral part of a 464, 465, 466, or 475
Portable Oscilloscope. The DM40 and DM43
display delay time, voltage, or resistance on
a 3% character LED panel. Additionally, the
DM43 provides temperature measurement.
The delay time counter, which offers direct
numerical readout of any time interval dis-
played on the oscilloscope, takes its input
directly from the sweep delay circuitry.

COST

Careful consideration must be given to the
total cost of owning an instrument. While
initial price is obviously important, the in-

strument must be capable of handling your
present and anticipated applications. War-
ranty and service-after-sale policies should
insure lasting performance. TEKTRONIX in-
struments are warranted against defective
materials and workmanship for one year. To
assist you if service is required, Tektronix
has service centers located worldwide.
Many years of satisfactory performance can
be gained by conducting a thorough value
analysis of the product prior to purchase.

PORTABILITY

The accessibility of the equipment to be re-.
paired dictates size and weight requirements
Some applications require that the oscillo-
scope be used in and around heavy equip-
ment; that it be carried on catwalks, cranes,
trucks, etc. Other situations required trans-
port over great distances. The TEKTRONIX
200- and 300-Series weigh only 3.5 Ib and 10
Ib respectively. At about 25 Ib, the 400-Series
offers unequalled performance in a portable
oscilloscope.

Beyond size and weight, a portable oscillo-
scope should be equipped for convenient
carrying and viewing. The small, lightweight,
200-Series miniscopes easily fit into a tool-
kit, briefcase, or glove compartment. In op-
eration, they can be rested on the equipment
under test. The 300- and 400-Series Oscillo-
scopes can be stood upright on the floor,
with the front panel horizontal, and the crt
in a position for convenient viewing.

Both the 300- and 400-Series Portables use
their handles as tilt stands for bench-top use.
The 300-Series friction locks to any desired
position, while the 400-Series has thirteen
convenient self-locking positions. In all
cases, the handles swing out of the way
when not in use. The 200-Series has a spe-
cial flip stand to tilt the instrument upward.

BATTERY AND DC OPERATION

Whether battery operation is required de-.
pends upon the availability of commer-
cial power, or whether operation while iso-
lated from the line or ground is desired. All



of TEKTRONIX Portables (except for those
with DM43 and DM40 options) can be bat-
tery powered. Some have internal batteries
while others are operated from the free-
standing 1105 Battery Power Supply. The
1106 is a snap-on power supply for 464, 465,
466, and 475 Option 7 Oscilloscopes. It pro-
vides 22 V to 26 V dc. With the detachable
1105 and 1106, the extra weight of batteries
need not be carried to sites where ac power
is available.

Portable

DURABILITY

Before an instrument can be considered
portable, it must be designed and construct-
ed to withstand the extremes associated with
mobility — temperature, altitude, humidity,
vibration, and shock. It must be rugged.

TEKTRONIX Portable Oscilloscopes are test-
ed for operation under severe environmental
conditions. Operating temperatures may
range from —15°C to +55°C. The oscillo-

Oscilloscope Selection Considerations

scopes can be operated at altitudes up to
15,000 ft and carried up to 50,000 ft non-
operating. They can withstand severe shock
and vibration. They are humidity tested using
MIL-E-16400F as a guide. TEKTRONIX Port-
able Oscilloscopes operate reliably in virtu-
ally any environment normally encountered.

Maximum Dual Delayed Fastest Battery Display Other Special
Product Page BW Sensitivity Trace Sweep Sweep Rate Power Size Features
Storage 466 & 464 101 100 MHz 5 mV/div @ BW YES YES 5 ns/div YES W/1106 8 x 10 div Writing Speed to
Models (0.9 cm/div) 1350 cm/us
434 105 25 MHz 1 mV/div (10 YES 20 ns/div YES W/1105 8 x 10 div Split Screen
mV/div @ BW) (0.98 cm/div)
314 (NEW) 111 10 MHz 1 mV/div@ BW YES 100 ns/div YES W/1105 8 x 10 div Only 10.5 Ibs.
(0.635 cm/div)
214 113 500 kHz 1 mV/div YES 1 us/div YES INTERNAL 6 x 10 div Only 3.5 Ibs.
(10 mV/div @ BW) (0.508 cm/div)
Nonstorage 485 94 350 MHz 5 mV/div @ BW YES YES 1 ns/div YES W/1105 8 x 10 div Alternate switching between
Models (0.8 cm/div) intensified/delayed sweep
475 98 200 MHz 2 mV/div@ BW YES YES 1 ns/div YES W/1106 8 x 10 div Excellent price/
(1 cm/div) performance at 200 MHz
465 98 100 MHz 5 mV/div @ BW YES = YES 5 ns/div YES W/1106 8 x 10 div Excellent price/
(1 cm/div) performance at 100 MHz
455 (NEW) 103 50 MHz 5 mV/div @ BW YES:- YES 5 ns/div YES W/1106 8 x 10 div Excellent price/
(1 cm/div) performance at 50 MHz
335 (NEW) 107 35 MHz 1 mV/div YES YES 20 ns/div YES W/1105 8 x 10 div Only 10.5 Ibs.
(10 mV/div @ BW) (0.635 cm/div)
326 108 10 MHz 1 mV/div YES 100 ns/div YES INTERNAL 8 x 10 div Only 10 Ibs.
(10 mV/div @ BW) (0.635 cm/div)
323 109 4 MHz 1 mV/div 500 ns/div YES INTERNAL 6 x 10 div Only 7 Ibs.
(10 mV/div @ BW) (0.635 cm/div)
221 112 5§ MHz 5 mV/div @ BW 100 ns/div YES INTERNAL 6 x 10 div Only 3.5 Ibs.
(0.508 cm/div)
213 (NEW) 114 1 MHz 5 mV/div 400 ns/div YES INTERNAL 6 x 10 div DMM/Oscilloscope
(20 mV/div @ BW) (0.508 cm/div)  in one 3.7 |b. unit
212 113 500 kHz 1 mV/div YES 1 us/div YES INTERNAL 6 x 10 div Only 3.5 Ibs.
(10 mV/div @ BW) (0.508 cm/div)
Options + 1105 & 1106 116  The rugged 1105 is suitable for powering any portable oscilloscope. The 1106 is a snap-on power supply for 464, 465, 466
Accessories Battery Packs and 475 Option 7 Oscilloscopes.
DM43 & DM40 96 Direct numerical readout of time intervals and a built-in DMM and for 464, 465, 466 and 475 Portable Oscilloscopes.
DD 501 116  Digital Delay, provides a delay-by-events trigger.
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Portable Oscilloscope
350-MHz Lightweight Dual-Trace

485

350 MHz at 5 mV/Div
1 ns/Div Sweep Rate
3.0 Div/ns Writing Speed

Alternate Switching between
Intensified and Delayed Sweeps

1 MQ and 50 Q Input Impedances

Input Protection 50 Q Internal
Automatic Deflection Factor Readout
Autofocus

Variable Trigger Holdoff

Pushbutton Ext Trigger View

Weighs Only 21 Lb

The 485 is a 350 MHz, 1 ns/div Portable
Dual-Trace Oscilloscope weighing 21 Ib, the
lightest weight wide-band portable oscil-
loscope on the market today. In addition
to significantly advancing portable mea-
surement capabilities, the 485 has many
other new features. These features include
selectable input impedance, adjustable
trigger holdoff, EXT TRIG display, alternate
delayed sweep with trace separation con-
trol, vertical scale-factor indication, auto-
focus, and B sweep intensity control.
Single-function pushbuttons and automatic
vertical scale-factor indication increase
operator convenience.

The 485 vertical system provides wide
bandwidth at full sensitivity with selectable
input impedances. At 5 mV/div sensitivity
(350 MHz at 50 2 and 250 MHz at 1 MQ),
the 485 offers more gain bandwidth than
any other portable oscilloscope. Selectable
input impedance provides the capability to
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measure low and high impedance points
with the same scope and without active
probes. Internal detection circuitry protects
the 50 @ input by automatically disconnect-
ing when the signal exceeds 5V rms.

Automatic vertical scale-factor readout is
provided by three light-emitting diodes
located around the edge of each input
attenuator knob. A quick glance at the
readout tells the operator the correct on-
screen V/div when the recommended
10X or 100X probes are used. The operator
no longer has to mentally compensate for
attenuating probes.

To complement the higher bandwidth, the
485 has a 1 ns/div sweep. A new alternate
sweep mode expands the delayed sweep
concept in portables. This feature allows
the delayed sweep to appear alternately
with the intensified main sweep. In this
mode, the operator sees the intensified
zone and delayed display at the same time.
He always knows exactly where in a pulse
train he is making a delayed sweep mea-
surement.

The external trigger signal may be easily
viewed on the 485 without disconnecting
leads and resetting controls. A front-panel
pushbutton automatically routes the exter-
nal signal used to trigger Time Base A to
the vertical deflection amplifier. This fea-
ture can also be used to quickly make time
comparisons between the signal of interest
and the external trigger signal.

Full bandwidth triggering and “Variable
Trigger Holdoff” provide stable presentation
of repetitive complex waveforms.

An autofocus circuit makes it unnecessary
to readjust the focus each time the intensity
is changed. The focus will always be cor-

rect in single shot photography. A bea »
current limit circuit protects the crt pho:(
phor from high intensity burns.

A new apprbach to battery operation is
offered with the 1105 Battery Power Supply.
The 485 can be powered for over 2 hours
with this stand-alone power supply. Inter-
nal batteries add weight and are not re-
quired when commercial power is available.
With the 1105, batteries are carried only
when necessary.

VERTICAL DEFLECTION
(2 Identical Channels)

Selectable Input Impedance—50Q and 1MQ im-
pedances are available at a single BNC connector
by pushbutton selection.

50 @ within 0.5%; vswr 1.25:1 or less at 5 mV/div
to 10 mV/div, 1.15:1 or less from 20 mV/div to
5 V/div to 350 MHz.

1 MQ within 1% paralleled by approx 20 pF.

Bandwidth* and rise time at all deflection factors
from 50 Q terminated source

—15°C to 4-35°C | 4-35°C to }55°C
50 Q Dc to 350 MHz, Dc to 300 MHz,
1ns 1.2ns

1 MQ Dc to 250 MHz, Dc to 200 MHz,
1.4 ns 1.8 ns

*Measured at —3 dB. Lower —3dB point, aqf
coupled from 50 © source, is 1kHz or less for 50 ¢
and 10 Hz or less for 1MQ. 20 MHz bandwidth
limit selection is provided.

Deflection Factor— 5 mV/div to 5 V/div in 10 cali-
brated steps (1-2-5 sequence), accurate within 2%.
Uncalibrated, continuously variable between steps
and to at least 12.5 V/div. Gain can be recalibrated
at the front panel.

Probe Power—Two 4 pin connectors at the rear of
the instrument provide power suitable for optional
active probes.

Display Modes—Channel 1; Channel 2 (Normal and
Inverted); Alternate; Chopped (approx 1 MHz rate);
Added; X-Y (Channel 1-Y and Channel 2-X).

Automatic Scale Factor—Probe tip deflection fac-
tors for 10X and 100X coded probes are automati-
cally indicated by three readout lights at the edge
of the knob skirts. All lights are off when the
channel is not selected for display or when the
trace identification control on the probe is de-
pressed.

50 @ Protection—Internal detection circuitry pro-
vides protection by automatically disconnecting
excessive signals of up to 50V. The ‘‘discon-
nected’” condition is indicated, and has manual
reset.

Max Input Voltage

Protection disconnect occurs for volt-
ages that exceed approx:

5V rms continuous.
50 @ 0.1 watt-second for instantaneous
voltages of 5V to 50 V.

Ac Coupled | 250V (dc + peak ac),/ ’
500V p-p to 1kHz.
Dc Coupled | 250 V (dc + peak ac),

1 MQ 500 V p-p to 1 kHz.

Ac Coupled 500 V (dc -+ peak ac),
500 V p-p to 1 kHz.
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ero reference, precharges coupling capacitor, dis-
connects 50 Q load in 50 @ mode).

OSeleclable Input Coupling—Ac; dc; GND (provides

Delay Line—Permits viewing leading edge of display-
ed waveform.

Internal Trigger Source—Normal (displayed signals),
Channel 1 or Channel 2 signal.
HORIZONTAL DEFLECTION

Time Base A and B—Calibrated sweep range; 1 ns/
div to 0.5s/div in 27 calibrated steps (1-2-5 se-
quence). Uncalibrated A is continuously variable
between steps and to at least 1.25 s/div.

Time Base A and B Sweep Accuracy

Sweep Rate -+15°C to | —15°C to
+-35°C +-55°C

1 ns/div to 20 ns/div *+3% +5%

50 ns/div to 0.1 s/div *2% *4%

0.2 s/div and 0.5 s/div +3% +5%

A Trigger Holdoff—Adjustable control permits a
stable presentation of repetitive complex waveforms.
The control covers at least the time of one full
sweep for sweeps faster than 0.2 s/div.

B Ends A—The A sweep is reset at the end of the
B sweep to allow the fastest possible sweep repeti-
tion rate for increased trace intensity in the de-
layed sweep mode.

Horizontal Display Modes—A, Intensified, Alternate,
and B (delayed sweep). A only is displayed for A
sweep rates of 1, 2, and 5 ns/div.

Alternate Display Modes—Allows the B delayed
weep to appear alternately with the intensified A
weep. Trace separation control positions B (de-
layed) sweep approx 4 div from the A sweep.

CALIBRATED SWEEP DELAY

Delay Time Range— 0 to 10 times Delay Time/Div
setting of 10 ns/div to 0.5 s/div.
Differential Delay Time Measurement Accuracy

Delay Time Setting
10 ns/div and 20 ns/div

+15°C to +35°C
+(1% of measurement
-+0.2% of full scale)

+(0.5% of measurement
-+0.1% of full scale)

+(1% of measurement
+0.1% of full scale)

50 ns/div to 1 ms/div

2 ms/div to 0.5 s/div

Full scale is 10 times the Delay Time/Div setting.

Jitter— 1 part or less in 20,000 of 10X the time/
div setting.

TRIGGERING A and B

A Trigger Modes—Normal, sweep runs when trig-
gered. Automatic, sweep free-runs in the absence
of a triggering signal and for signals below 20 Hz.
Single Sweep, sweep runs one time on the first
triggering event after the reset selector is pressed.

B Trigger Modes—B runs after Delay Time, starts
automatically at the end of the delay time. B trig-
gerable after Delay Time, runs when triggered. The
B (delayed) sweep runs once, in each of these
modes, following the A sweep delay time.

485 350 MHz Dual-Trace Portable Oscilloscope

Time Base A & B Trigger Sensitivity

Trigger Mode | To 50 MHz To 350 MHz
Internal | 0.3 div deflection | 1.5 div deflection
External | 20 mV 100 mV

Ac Signals below 16 Hz are attenuated
Ac Lf Reject | Signals below 16 kHz are attenuated

Ac Hf Reject | Signals below 16 Hz and above 50
kHz are attenuated

Dc

A External Trigger View—A momentary push-but-
ton selector overrides other vertical controls and
displays the external signal being used for A sweep
triggering. This provides quick verification of the
external signal and time comparison between a
vertical signal and the external trigger signal.
The deflection factor is approx 50 mV/div (0.5 V/div
with Ext + 10 source).

Level and Slope—Internal, permits selection of trig-
gering at any point on the postive and negative
slope of the displayed waveform. External, level is
adjustable through at least 0.5V for either polar-
ity; =5V for Ext +— 10.

A Sources—Internal, line, external, external -+ 10.

B Sources—B runs after Delay Time, internal, ex-
ternal, external -- 10.

External Inputs— 1 MQ paralleled by approx 20 pF.
Max input voltage; 500 V (dc 4 peak ac), 500 V p-p
to 1 kHz.

Jitter— 0.1 ns or less at 350 MHz and 1 ns/div.

X-Y OPERATION

Full Sensitivity X-Y (CH 1-Y, CH 2-X)— 5 mV/div
to 5V/div in 10 calibrated steps (1-2-5 sequence),
accurate within 2%. Y-axis bandwidth identical to
Channel 1. X-axis bandwidth is dc to at least
4 MHz (—3dB). Phase difference between ampli-
fiers is 3° or less to 4 MHz.

CRT

Crt— 4 in rectangular tube; 8 - 10div display
area, each div is 0.8 cm. Horizontal and vertical
centerlines further marked in 0.2div increments.
P31 phosphor normally supplied; P11 optional with-
out extra charge; 21 kV accelerating potential.

Photographic Writing Speed—At least 1.5 div/ns with
standard P31 phosphor and at least 3 div/ns with
optional P11 phosphor using the TEKTRONIX C-31-
R Camera and 3000 speed film.

Auto Focus—Automatically maintains beam focus
for all intensity settings.

Graticule—Internal, no parallax; variable edge
lighting; markings for measurement of rise time.
Graticule is dark with illumination off.

Beam Finder—Compresses trace to within grati-
cule area for ease in determining the location or
relative magnitude of an off-screen signal regard-
less of settings of vertical and horizontal position
controls.

External Z-Axis—Rise time ~15 ns. Input R =500 Q.
-+0.2V (dc to 20 MHz) blanks trace of average
intensity. 2V (dc to 2 MHz) blanks max intensity
trace.

Beam Current Limit—Automatically limits the aver-
age beam current to protect the crt phosphor.
ENVIRONMENTAL CAPABILITIES

Ambient Temperature—Operating: —15°C to -}-55°C.
Filtered forced air ventilation is provided. Non-
operating: —385°C to -}-75°C.

Altitude—Operating: to 15,000 ft; max allowable
ambient temperature decreased by 1°C/1000 ft
from 5000 to 15,000 ft. Nonoperating to 50,000 ft.

Vibration—Operating: 15 minutes along each of the
three axes, 0.025in p-p displacement (4gs at
55 Hz) 10-to-55-to-10 Hz in 1-minute cycles.

Shock—Operating and Nonoperating: 30 gs,
sine, 11-ms duration, 2 shocks per axis in each
direction for a total of 12 shocks.

Humidity—Operating and nonoperating: 5 cycles
(120 hours) to 95% relative humidity referenced to
MIL-E-16400F (par 4.5.9 through 4.5.9.5.1, class 4).

OTHER CHARACTERISTICS

Two-Frequency, Fast-Rise Calibrator—Output resis-
tance is 450 @ with a rise time (positive slope) into
50Q of 1ns or less. 1kHz, duty cycle 49.8% to
50.2%. Amplitude is 5V within 0.5% into 1 MQ
and 0.5V within 1% into 50 Q@ (+0.5%). Optional
BNC accessory current loop provides 50 mA within
1%. Selectable repetition rates are 1kHz and 1
MHz within 0.25%. Specifications apply over
-+15°C to +4-35°C range.

A Sweep Output—Open circuit, approx 10 V positive-
going sawtooth; into 50 2, approx 0.5 V.

A and B Gate Outputs—Open circuit, approx 4V
positive-going rectangular pulse; into 50 Q, approx
0.5 V.

Power Requirements—Recessed slide switch selects
nominal operating line range. Line voltage range
is 90 V to 136 V and 180 V to 272 V. 60 W max power
consumption at 115 V. Line frequency 48 to 440 Hz.

Cabinet Rack t
Dimensions in cm in cm
Height 6.6 16.8 7.0 1T
Width 12.0 30.5 19.0 48.3
Depth 18.0 45.7
handle extended 20.6 | 52.3

handle not extended | 18.5 47.0

Weights (Approx) Ib kg Ib kg
with accessories 24 10.9

without accessories 21 9.5 26.2 11.9
Shipping 33 15 54 245

Included Accessories— 50 Q2 18 in BNC cable (012-
0076-00); two BNC jack posts (012-0092-00); 50 Q
terminator (011-0049-01); accessory pouch (016-0535-
00). Rack models also include mounting hardware
and slide out assembly (351-0101-00).

ORDERING INFORMATION

485 Oscilloscope ................ $4550
R485 Oscilloscope, 7 in rack model

................................ $4670
485-1 or R485-1 Oscilloscope, without A
EXt TG DiSplayi . -t o e e Sub $100

485-2 or R485-2 Oscilloscope, without A

Ext Trigger Display and with 50 @ input

only instead of selectable input imped-

ANCO: W, St o St el Sub $350
INSTRUMENT OPTIONS

Option 4, EMC Modification ............ Add $40
The 485 may be ordered to meet the compatibility
specification of MIL-Std-461A.

Emc modified instruments include the standard ac-
cessories plus the following: BNC covers and re-
tainers (200-0678-00 and 346-0045-00); mesh filter
(378-0648-00).

Option 78, P11 Phosphor ............. No Charge

More on next page.
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OPTIONAL ACCESSORIES

Optional Accessories increase measurement capa-
bility and provide added convenience.

Probes—Due to the wide range of applications open
to the 485, probes are not provided as standard
accessories. The probes listed in the table below
are recommended for use with the 485. For a com-
plete list of available probes, with full specifications
and ordering information, consult the ‘‘Probes and
Accessories’’ section of this catalog.

*  |Bandwidth*
Input Probe Input with
Terminal | Type |Attenuation|impedance 485
50 Q P6056 10X 500 Q-1 pF | 350 MHz
Input 6 ft
P6057 100X 5000 2- | 350 MHz
6 ft 1pF
P6201 1X 100 kQ-
FET 3 pF
10X Head| 1 MQ- 330 MHz
1.5 pF
2 Meter|150x Head 1 M@-
1.5 pF
1 MQ |P6053B 10X 10 MQ- 250 MHz
Input 6 ft 12 pF
1X 1 MQI-: 6 MHz
105 p
PEYS3A | switch
10X | 10 MQ- 200 MHz
14 pF
Bandwidth
Current | Probe Cali- Insertion with
Probe Type bration |[Impedance 485
P6D22 | 1 mA/mV | .03Q @ | 130 MHz
10 mA/mV |1 MHz In-
(Select- creasing
able) to
20 @
120 MHz

*Bandwidths are measured at the upper —3 dB point,
and apply only to the cable length shown. Gen-
erally, shorter cable lengths increase bandwidth,
longer ones decrease bandwidth.

Current Loop Adapter—The adapter provides an
accurate 50 mA square-wave calibrator when con-

calibrator.

50 @ 5X Pad—Provides reverse termination for th( )
Order 011-0060-02 ..............ccvvviveunnnnn $23

Folding Viewing Hoods—Improves viewing in high
ambient light conditions.
Folds to 7/16 x 4%2 x 72 in.
Order 016-0274-00 ...................ccunnn. $8.75

Folds to 9/16 x 63 x 13% in.
Order 016-0082-00 ...............cc0vveeennnn $12

C-30A-P Compact Camera—f/1.9 lens magnification
variable from 0.7 to 1.5. Polaroid Land Pack-Film
back for type 107, 3000-speed film (includes adap-
ter 016-0306-00).

order (C=80AP" .. . cis:eivis sisivions o saimisls siaaie o/sisce $650

C-31-R High Speed Camera—f/1.2, 0.5 mag lens
with Roll-Film back for type 410 10,000-or type 47
3000 speed film.

Order=C=81=R, .. ¢\ i vudie s SLIE L R 5 seloieins $800

C-32-P Medium Speed Camera—f/1.4, 1.0 magnifica-
tion lens, Polaroid Land Pack Film back for type
47, 3000 speed film.

OrderiiC=32:=P .. . ..ccoii » sisrsinus soioiss. o sieioses o8 8.6 3 $835

SCOPE-MOBILE® Cart—Occupies less than 18in
aisle space, has storage area in base.

Order 200C ........ B T R e L

1105 Battery Power Supply—Provides 2.3 hours of
battery operation.

. ; ! Order 1105 Battery Power Supply ......... ... $625
nected to the 485 voltage calibrator. The rise time
is approx 25 ns.
Order 012-0341-00 .............coiiviniinnnnnnns $26

DM40
DM43

Digital Multimeter/with Temperature
A DMM within a Portable Oscilloscope
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Time Interval Measurement
Dc Volts, 0 mV to 1200 V
Ohms, 00 to 20 MQ

Temperature, —55°C to |150°C
(DM43 Only)

3% Digit LED Display

The DM40 or DM43 Digital Multimeter as
part of a TEKTRONIX 464, 465, 466, or 475
provides a truly remarkable measurement
package for field service. Both provide
accurate differential time measurements
between any two points on the display.
waveform, dc voltage measurements an
resistance. Additionally, the DM43, with
its included P6430 probe, provides direct-
reading probe-tip temperature measure-
ment in °C.



S

to the oscilloscope, the DM40- or DM43-
equipped portable retains the mobility and
convenience for which TEKTRONIX Port-
ables have become famous.

OAdding approximately one inch in height

A bright display consisting of five seven-
segment LEDs presents a crisp, clear 3%
digit measurement solution. Four clearly
marked pushbuttons select the desired
multimeter function (three functions only on
DM40), while a second set of buttons se-
lects measurement range. When differential
time is selected, indicator lamps adjacent
to the LEDs automatically display the prop-
er range (ms or us).

These versatile multimeters replace the
delay time dial with digital readout display.
With a simple control, they offer the unique
capability of directly displaying the time
delay between two points on the crt as a
digital number. The ease and freedom
from error of the measurement are both
enhanced since the operator does not need
to make mental calculations to arrive at
the delay time.

Delay measurements are made by selecting
the first of two points by means of the
oscilloscope’s Delay Time Position control.
The meter is set to zero at this point. Next,
the Delay Time Position control is used to
select the second point and the delay is
read out directly on the digital display.
Such delay measurement capability has
wide application in checking the critical
timing in computer installations and other
logic circuitry.

Voltage and resistance functions on the
DM43 and DM40 are electrically isolated
from the oscilloscope mainframe. Addition-
ally, the DM43 includes a P6430 tempera-
ture probe. Temperature probing of
semiconductor power components is an-
other wide-spread field servicing appli-
cation for the DM43.

The DM40 or DM43 can be ordered as a
factory-installed, integral part of the port-
able 465 or 475, or of the storage 464 or
466. Additionally, modification kits are
available to retrofit the multimeter into most
existing units from any of these four
models. (See your Tektronix field engineer
for particulars on retrofit packages.)

CHARACTERISTICS

All characteristics apply to both DM40 and DM43
except where indicated.

TIME (DIFFERENTIAL DELAY)

Accuracy— +415°C to --35°C: within 1% of read-
ing, = 1 count. —15°C to --55°C: within 1.5% of
reading, = 1 count.

Zero Reference (Initial Reset)— 0000, + 1 digit.

DC VOLTAGE

Range— 0 to 1.2 kV in five steps (200 mV, 2V, 20V,
200V, and 1.2 kV).

Resolution— 100 uV.
Accuracy—Within 0.1% of reading, *= 1 count.

Input Impedance— 10 MQ, all ranges. (User has
option to remove a wire strap to increase input
impedance to approx 1000 MQ on 200 mV and 2V
ranges.)

Normal Mode Rejection Ratio—At least 60dB at
50 Hz and 60 Hz.

C Mode Rejecti Ratio—At least 100 dB
at dc; 80 dB at 50 Hz and 60 Hz.

Recycle Time—Approx 3.3 measurements/second.
Response Time—Within 0.5 second.

Max Safe Input Voltage— 200 mV and 2V ranges:
+500V (dc -+ peak ac) between 4 and COMMON
inputs. 20V, 200V, and 1.2KkV ranges: =+ 1200V
(dc + peak ac) between 4 and COMMON inputs,
or between -} input and chassis. COMMON floating
voltage: +500V (dc - peak ac) to chassis.

RESISTANCE

Range— 0 to 20 MQ in six steps (200 Q, 2 KQ, 20 K@,
200 KQ, 2MQ, and 20 MQ).

Resolution— 0.1 Q.

Accuracy— 200 Q, 2kQ, and 20 MQ ranges: within
0.75% = 1 count. 20 kQ and 2 MQ ranges: within
0.3% = 1 count.

Recycle Time—Approx 3.3 measurements/second.

Response Time— 200 © through 2 MQ ranges: within
1 second. 20 MQ range: within 5 seconds.

Max Safe Input Voltage— 120V rms between -
and COMMON inputs for an indefinite time.

TEMPERATURE
with P6430 (DM43 Only)

Range— —55°C to +150°C in one range.

Accuracy (with constant temperature, infinite heat
source, probe calibrated to DM43) —

DM43 Temp.|+15°C to 435°C|—15°C to +55°C

P6430 —55°C [ +-125°C | —55°C [125°C
B orc to to to to
P P |4125°C |4150°C |4125°C |-+150°C

Accuracy within within within within
2°C 3°C 3°C 4°C

ENVIRONMENTAL CAPABILITIES

(See respective instrument mainframe characteris-
tics.)

OTHER CHARACTERISTICS

Mainframe 465/475 464/466

Height 7.2in (18.3cm)|7.2in (18.3 cm)
. . Ib kg Ib kg

Net Weight (with- 26.5 | 12.0 | 28.0 | 12.7
out Panel Cover)
Net Weight (with 29.5 | 134 | 31.0 | 14.0
Panel Cover
Accessories and
Accessories Pouch)
Shipping Weight 37.0 | 16.7 | 38.9 | 17.6

Included Accessories—P6430 probe pkg (010-6430-
00), DM43 only; Pair test leads (003-0120-00); Oper-
ators manual (depending upon oscilloscope main-
frame): Service manual (070-1779-00); and Accessory
pouch (016-0594-00).

®

DM40/DM43 Digital Multimeter

ORDERING INFORMATION

465 DM40 Oscilloscope/Multimeter ... ..
e TR e e e e $2385
465 DM43 Oscilloscope/Multimeter with
TemMpss: e $2470
475 DM40 Oscilloscope/Multimeter ....
................................ $3190
475 DM43 Oscilloscope/Multimeter with
femp.=. o s e e $3275
464 DM40 Storage Oscilloscope/Multime-
terale N e e RS Y $3890
464 DM43 Storage Oscilloscope/Multime-
terwithitemps ot 5 - - $3975
466 DM40 Storage Oscilloscope/Multime-
| (- (R A = RN $4590
466 DM43 Storage Oscilloscope/Multime-
ter-withitemp. . ire o viis vonse s wias s $4675

(See instrument discussions on following pages for
additional instrument options.)

OPTIONAL ACCESSORIES
Test Leads (Order 012-0427-00) .............. $12

Retrofit Kits—For 465 and 475 Oscilloscopes with
serial numbers starting B25 or higher and 466 and
464 Oscilloscopes starting B05 and higher. For
other serial numbers contact your Tektronix field
engineer.

DM40 Kit for 465, Order 040-0731-00 ....... $490
DM43 Kit for 465, Order 040-0729-00 ........ $575
DM40 Kit for 475, Order 040-0735-00 ........ $490
DM43 Kit for 475, Order 040-0733-00 ........ $575
DM40 Kit for 466 or 464, Order 040-0738-00 .. .. $490
DM43 Kit for 466 or 464, Order 040-0737-00 .... $575
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475
465

Portable Oscilloscopes
200-MHz and 100-MHz Dual-Trace

Measuring with respect to ground is im-gm,
portant in many applications. This is easil
accomplished at the probe when dc

465 pictured above is identical in appear-
ance to the 475 (not shown) except the
475 adds the 0.01 and 0.02 us TIME/DIV
and 2mV VOLTS/DIV switch positions.

200 MHz at 2 mV/Div (475)

1 ns/Div Sweep Rate (475)

100 MHz at 5 mV/Div (465)

5 ns/Div Sweep Rate (465)

8 x 10 cm Calibrated Display

Easy to Operate

Trigger View

Automatic V/Div Readout

Bandwidth Limiting

Versatile Trigger Selection

Battery Operation

Delayed Sweep

The need to view and accurately measure
complex nanosecond signals on customer
locations or in a “field” environment is
commonplace and expected. The 465 and
475 have been specifically designed to be
easy to use and meet the high perfor-

mance and portable demands of these
applications.

The exceptionally low cost of the 465 with
100 MHz at 5 mV/cm and the 475 with 200
MHz at 2 mV/cm represents an excellent
price/performance value for all portables.

98

At less than 23 1b, the 465 and 475 Por-
tables are light, short, and easy to carry
(25.3 Ib with panel cover and accessories).
Althrough lightweight, small, and rugged,
the 465 and 475 contain a big, bright, high-
resolution crt. Even in adverse ambient
light conditions, low rep-rate pulses are
easily viewed. With 8 cm vertically and
10 cm horizontally, the crt display covers
3 of the entire front panel. Though the
front panel is small in area, it is dominated
by the crt making these versatile por-
tables easy to use. Operation has been
simplified by single-function pushbuttons,
control knob design, layout, and color-
coordinated front panels.

Troubleshooting circuits and equlpment is
often more effectively accomplished by
using external trigger sources. It is es-
sential that the timing, amplitude, and other
characteristics of the external trigger wave-
forms are known. By simply pressing a
front-panel pushbutton on the 465 or 475,
any waveform applied at the A trigger in-
put is instantly displayed, thus eliminating
resetting controls and disconnecting leads.
This can be a real time-saver and con-
venience when external trigger signals are
frequently being used as timing references.

In the past, multitrace applications or
measurements requiring frequent attenua-
tion or probe changes necessitated bother-
some and error-prone deflection factor de-
termination. With the 465 and 475, probe
tip deflection factors for recommended 1X
and 10X probes are automatically indicated
by readout lights behind the knob skirts.

coupled by simply pressing the small
ground reference pushbutton on the probes
recommended for 465 and 475 use.

The 465 and 475 can be operated from
either a free-standing battery pack or one
which attaches directly to the oscilloscope.
Both are small and lightweight, providing
a handy solution for making accurate
measurements in difficult environments
such as conducted emc, ground loops,
power line fluctuations, or in the absence
of line power.

CHARACTERISTICS

All characteristics apply to both the 465 and 475
except where indicated.

VERTICAL DEFLECTION
(2 IDENTICAL CHANNELS)

Bandwidth* and rise time at all deflection factors
from 50 Q@ terminated source

—15°C to --40°C -+40°C to +455°C

465 Dc to 100 MHz, 3.5 ns 85 MHz, 4.12 ns

475 Dc to, 200 MHz, 1.75 ns 175 MHz, 2.0 ns

*Measured at —3 dB down. Bandwidth may be
limited to approx 20MHz by bandwidth limit
switch.

Lower —3 dB point, ac coupling from 50 Q@ source

465/475 | 1X Probe
[ 10X Probe

Deflection Factor

10 Hz or less
1Hz or less

465—5 mV/div to 5V/div in 10 calibrated steps**
475—2 mV/div to 5V/div in 11 calibrated steps**

**1-2-5 sequence, accurate within 3%. Uncalibra-
ted, continuously variable between steps and to at
least 12.5 V/div.

Display Modes—Channel 1; Channel 2 (normal and
inverted); Alternate; Chopped (465—approx 250 kHz
rate, 475—approx 1 MHz rate); Added; X-Y (selected
by time/div, CH 1-X, CH 2-Y)

Automatic Scale Factor Readout—Probe tip deflec-
tion factors for 1X or 10X coded probes are auto-
matically indicated by two readout lights behind
the knob skirts. All lights are off when the channel
is not displayed. Ground reference display select-
able at probe (when dc coupled).

Input R and C—1MQ within 2% paralleled by
approx 20 pF.

Max Input Voltage
250 V (dc - peak ac)
Dc Coupled ’ 500V (p-p ac at 1kHz or less)

Ac Coupled ‘ ggg\\; ((:-%tcp:ta l‘? zl‘-:l)z or less)
Signal Output—(465) CH 1 vertical signal is dc to
at least 50 MHz (—3dB), and approx 25 mV/div
terminated into 50 2, and approx 50 mV/div termi-
nated into 1 MQ. (475) CH 2 vertical signal is dc
to at least 50 MHz (—3 dB), and approx 10 mV/div
terminated into 50 Q, and approx 20 mV/div termi-
nated into 1 MQ.

Delay Line—Permits viewing leading edge of dis-
played waveform.

Probe Power (475 Only)—Connectors provide correct
voltages for two optional P6201 FET Probes.
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HORIZONTAL DEFLECTION

Time Base A—0.05 us/div to 0.5s/div in 22 cali-
brated steps (1-2-5 sequence). X10 MAG extends
max sweep rate to 5 ns/diy.

Time Base B—0.05 us/div to 50 ms/div in 19 cali-
brated steps (1-2-5 sequence) X10 MAG extends
max sweep rate to 5 ns/div.

475

Time Base A and B—O0.01 us/div to 0.5s/div in
24 calibrated steps (1-2-5 sequence). X10 MAG
extends max sweep rate to 1 ns/div.

Variable Time Control; Time Base A (465/475)—
Provides continuously variable uncalibrated sweep
rates between steps and to at least 1.25s/div.
Warning light indicates uncalibrated setting.

Time Base A and B Accuracy, Full 10 cm

--20°C —15°C to :’:20°C
to +30°C to +55°C
-+-30°C
465 475 465 475
Unmagnified | 2% *+1% *+3% +2%
Magnified +3% +2% +4% +3%

Horizontal Display Modes—A only, Mixed Sweep, A
Intensified, B Delayed.

Time Base A Sweep Modes—Auto Trigger (sweep
free-runs in absence of triggering signal), Normal
Trigger, Single Sweep. Lights indicate when sweep
is triggered and when single sweep is ready.

Time Base B Sweep Modes—B starts after Delay
Time; B triggerable after Delay Time from selected
source.

Calibrated Mixed Sweep—Displays A sweep for
period determined by DELAY-TIME POSITION con-
trol, then displays B sweep for remainder of
horizontal sweep. Mixed sweep measurements
utilize portions of the A and B sweeps. The 465
is accurate to within 2% plus measured A sweep
accuracy for the A portion of the display and to
within the B accuracy for the B portion of the
display. The 475 has a cumulative accuracy of
within 3%.

CALIBRATED SWEEP DELAY

Delay Time Range
465—0.2 to X10 Delay Time/Div settings of 200/ns
to 0.5 s (minimum delay time is 200 ns).
475—0 to X10 Delay Time/Div settings of 50 ns
to 0.5s (minimum delay time is 50 ns).

Differential Time Measurement Accuracy
Delay Time Setting -+15° to 4-35°C
over one or more within 1%

major dial divisions

less than one major

within 0.01 major
dial division

dial divisions

Jitter— 1 part or less in 50,000 (0.002%) of X10 the
A sweep time/div setting. 1 part in 20,000 when
operating from 50 Hz line.

TRIGGERING A and B

A Trigger Modes—Normal (sweep runs when trig-
gered), Automatic (sweep free-runs in the absence
of a triggering signal and for signals below 30 Hz).
Single Sweep (sweep runs one time on the first trig-
gering event after the reset selector is pressed).

B Trigger Modes—B runs after Delay Time (starts
automatically at the end of the delay time) and B
triggerable after Delay Time (runs when triggered).
The B (delayed) sweep runs once, in each of these
modes, following the A sweep delay time.

475/465 Dual-Trace Portable Oscilloscopes

Time Base A and B Trigger Sensitivity

465 475
Trigger To 25 | At 100 | To 40 At 200
Mode MHz MHz MHz MHz
Internal |0.3cm | 1.5cm | 0.8cm | 1.5¢cm
deflec- | deflec- | deflec- | deflec-
tion tion tion tion
Dc
External |50 mV [ 150 mV | 50 mV | 250 mV
Exterr[m)al 500 mV | 1.5V 500mV | 25V
Ac Requirements increase below 60 Hz
Ac Lf Reject |0.5 cm with requirements increasing
below 50 kHz
Ac Hf Reject [0.5 cm with requirements increasing
below 60 Hz and above 50 kHz

465 Jitter— 0.5 ns or less at 100 MHz and 5 ns/div
(X10 Mag).

475 Jitter— 0.2 ns or less at 200 MHz and 1 ns/div
(X10 Mag).

A Trigger View—A momentary pushbutton selector
overrides other vertical controls and displays the
signal being used for A sweep triggering. This
provides quick verification of the signal and time
comparison between a vertical signal and the
trigger signal. The deflection factor is approx

50 mV/div (0.5 V/div with Ext + 10 source).

Level and Slope—Internal, permits selection of
triggering at any point on the positive or negative
slope of the displayed waveform.

Time Base Trigger Sources—A: Norm, Channel 1,
Channel 2, Line, External, and External =+ 10. B:
starts after Delay, Norm, CH 1, CH 2, and External.
Level adjustment through at least =20V in External,
through at least =20V in External = 10.

External Inputs—R and C approx 1 MQ paralleled
by approx 20 pF. 250V (dc -+ peak ac) max input.

X-Y OPERATION

465

Full-sensitivity X-Y (CH 1 Horiz, CH 2 Vert)—
5 mV/div to 5V/div in 10 calibrated steps, accurate
within 4%. Bandwidth is dc to at least 4 MHz.
Phase difference between amplifiers is 3° or less
from dc to 50 kHz.

475

Full-sensitivity X-Y (CH 1 Horiz, CH 2 Vert)}—
2 mV/div to 5V/div in 11 calibrated steps, accurate
within 3%. Bandwidth is dc to at least 3 MHz.
Phase difference between amplifiers is 1° or less
from dc to 1 MHz.

CRT

Crt— 5 in rectangluar tube; 8 x 10 cm display area.
Horizontal and vertical centerlines further marked
in 0.2cm increments. P31 phosphor normally
supplied; P11 optional without extra charge. 18 kV
accelerating potential.

Z Axis Input—Dc coupled to crt cathode; noticeable
modulation at normal intensity with 5V or more
p-p signal; dc to 50 MHz usable frequency range.

Graticule—Internal, nonparallax; variable edge
lighting; markings for measurement of rise time.

Beam Finder—Compresses trace to within graticule
area for ease in determining the location or relative
magnitude of an off-screen signal regardless of
vertical and horizontal position controls. A pre-
set intensity level provides a constant brightness.

ENVIRONMENTAL CAPABILITIES

Ambient Temperature—Operating: —15°C to }+55°C.
Nonoperating: —55°C to 4-75°C. Filtered forced air
ventilation is provided.

Altitude—Operating: to 15,000 ft;
ambient temperature decreased by
from 5000 to 15,000 ft.
ft.

max allowable
1°C/1000 ft
Nonoperating to 50,000

Vibration—Operating: 15 minutes along each of
the three axes. 0.025 in p-p displacement (4 g's
at 55Hz) 10 to 55 to 10 Hz in 1 minute cycles.

Shock—Operating and nonoperating: 30 g's, 12 sine,
11 ms duration, 2 shocks per axis in each direction
for a total of 12 shocks.

Electromagnetic Compatibility (Option 4 Only)—
Meets the emc requirements of MIL-Std-461A, when
tested in accordance with the following test methods
of MIL-Std-462:

CE-01, CE-03, CS-01, CS-02, CS-06,

RE-02 (limited to 1 GHz), RE-04,

RS-01, and RS-02 (limited to 1 GHz).

Humidity—Operating and nonoperating: 5 cycles
(120 hours) to 95% relative humidity referenced to
MIL-E-16400F (par 4.5.9 through 4.5.9.5.1, class
4).

OTHER CHARACTERISTICS

Amplitude Calibrator ,
Output Voltage 03V 1%

o
0°C to --40°C

Output Current 30 mA

2%
+20°C to +30°C

Frequency Approx 1 kHz

Signal Outputs—Positive gates from both time
bases (approx 5 V), and a vertical signal output from
one channel.

Power Requirements—Quick-change line voltage
selector provides six ranges: 110V, 115V, 120V,
220V, 230V, and 240V, each =10%. 48 to 440 Hz,
75 watts (465) or 100 watts (475) max at 115V

and 60 Hz. Operation from 12 or 24V dc is avail-
able with Option 7.

Cabinet Rackmount
Dimensi in cm |in cm
Height 6.2 | 167| 7.0 | 17.7
Width (with Handle) 12,9 | 32.8(19.0 48.3
Depth (with Panel Cover) 18.1 46.0|18.0 45.7

Depth (Handle Extended) 20.3 51.6
Weights (Approx) 1b kg |Ib kg

Net (without Panel Cover) 22.8 10.3|29.4 13.3
Net (with Panel Cover

and Accessories) 25.3 11.5
Shipping 37.0 16.7 | 58.0 26.3
465

Included Accessories—Two 6 ft P6105 Probes with
accessories (010-6105-03); accessory pouch (016-
0535-02); blue crt light filter (337-1674-00); clear
crt light filter (337-1674-01); ground post (134-0016-
01).

More on next page.
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475

Included Accessories—Two 6 ft P6075A Probes
with accessories (010-6075-13); accessory pouch
(016-0535-02); blue crt light filter (337-1674.00);
clear crt light filter (337-1674-01); ground post
(134-0016-01).

INSTRUMENT OPTIONS

Emc Environmentalized, Option 4—Includes the
features of the 465 and 475; in addition meets
electromagnetic compatibility requirements of MIL-
Std-461A.

Tv Sync Separator, Option 5 (465 Only)—Option 5
adds a tv sync separator, providing stable sweep
triggering from composite video waveforms. With
sync separator mode selected, A sweep is automa-
tically triggered at the field rate and tv line rate
triggering is added to the signal source selection
for sweep B. The sync separator accepts sync-
positive or sync-negative video, from Channel 1,
Channel 2, or external input. Video signal re-
quirement is 2 divisions internal display or 100 mV
external input. Recognition circuits are optimized
for 405-525-625 line or 50 or 60 Hz field rate broad-
cast systems, and are compatible with closed
circuit systems up to 1201 line 60 Hz field rate.

Included A les—Two 6-32 adapters (103-
0051-01); interchangeable light filter/tv graticule
(NTSC) (337-1674-02); interchangeable light filter/tv
graticule (CCIR) (337-1674-03); Option 5 instruc-
tion book insert.

External Dc Operation, Option 7—In addition to the
standard ac line operation, Option 7 permits the
465 and 475 to be powered from 12V dc or a 24V
dc source. For battery operation, Option 7 makes
these scopes compatible with the 1106 Battery Pack.

ORDERING INFORMATION

465 Oscilloscope .. .... s o e 8 .. $2095
475 Oscilloscope ................ $2900
R465 Oscilloscope .............. $2215
R475 Oscilloscope ............ .. $3020
465 DM40 Oscilloscope/Multimeter

.......... s tene v e v e SRSOD
465 DM43 Oscllloscope/Multlmeter

with temp. .......... T $2470
475 DM40 Oscllloscope/Multlmeter

ey S o e S ounT oo, $3190
475 DM43 Oscilloscope/Multimeter

WIth OIMD: . o cteisisnsissos smsus  sisie simmonias $3275

INSTRUMENT OPTIONS

Option 4 Emc Environmental .......... Add $120
Option 5 Tv Sync Separator (465 Only) ..........
SEOR e ere  r  RT ofs s Add $175
Option 7 Ext Dc Oporatlon s s sy oA 13120
Option 78 P11 Phosphor .............. No Charge

Note: Option 7 cannot be ordered with DM40 and
DM43.
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OPTIONAL ACCESSORIES

Probes—The probes provided as standard acces-
sories to the 465/475 are recommended as the best
choice for general-purpose applications. The probes
listed in the table below are frequently used to
provide added convenience and measurement cap-
ability. For a complete list of available probes, with
full specifications and ordering information, consult
the ‘“Probes and Accessories” section of this cat-
alog.

Bandwidth*
Probe Input with
Type Attenuation Impedance | 465 475
P6063A : 1X 1 MQ- 6 6
6ft |Switchable 105pF | MHz MHz
10X 10 MQ- 90 145
14 pF MHz MHz
P6202 10X 10 MQ- 100 185
FET Probe 2 pF MHz MHz
2 Meter 400X Head 10MQ- | 100 185
2 pF MHz MHz
AC Head 10 MQ- 100 185
4 pF MHz MHz
Bandwidth
Current Insertion with
Probe Calibration Impedance | 465 475
P6022 1mA/mV 030 @ 85 125
10 mA/mV 1 MHz In- | MHz MHz
(Selectable) creasing
to
0292 @
120 MHz

*Bandwidths are measured at the upper —3 dB point,
and apply only to the cable length shown. Gen-
erally, shorter cable lengths increase bandwidth,
longer ones decrease bandwidth.

C-30A-P Option 1 Compact Camera—f{/1.9 lens,
0.8 magnification, Polaroid Land Pack Film back
for 3000 speed film (includes Adapter Frame/
Corrector Lens 016-0301-00),

Order C-30A-P Option 1 ............... ... $665

Camera Adapter and Corrector Lens—Adapts C-30A
to 465 or 475,
Order 016-0301-00 ...........ccovvvvveeee.. $50

475s to the Option 7 version. For 465s with serig
No below B042244,
Order 040-0650-05 ....... SR A D, Aol H$205

Option 7 Modification Kit—Converts existing 465 os('

For 475s with serial No below B061174,
Order 040-0665-04 ..... G s ... $210

For 465s or 475s with serial No above those listed,
Order 040-0666-05 ........... S T $210

Protective Cover—Waterproof, blue vinyl,
Order 016-0554-00 ....... e ultaa esie erens  nt 813 80 $15

Folding Polarized Viewing Hood—
Order 016-0180-00 ..............ccc0ue.... $16.25

Mesh Filter—Improves contrast and emc filtering,
Order 378-0726-01 ..........c.c0nnn Aot ) L)

SCOPE-MOBILE® Cart — Occupies less than 18
in aisle space, has storage area in base,

Order 200C ..... el SRR e e vee.. $145
1106 Battery Pack (for use with Option 7)..... $350
1105 Battery Power Supply ................... $625



J\‘ 1350 cm/yus Stored Writing Speed (466)
Dc to at Least 100 MHz Bandwidth

. 5 mV/div Vertical Sensitivity at Full
Bandwidth

5 ns/div Sweep Speed

Variable Persistence and FAST Mesh
, Transfer Storage Modes

“ ' Fully Portable—Just 26 Ib

Analysis of fast rise time and transient
electronic phenomena is no longer the
i exclusive domain of the laboratory, nor

of the designer’s work bench. Demanding
i the same precision, the scientist in re-
‘ search and development goes into the field
‘ to measure single-shot events. Electronic
service technicians must calibrate and re-
pair equipment in the field using the
same exacting standards as the designer
on his test bench. The 466 and 464 Por-
table Storage Oscilloscopes have been
designed specifically for such applications
requiring laboratory performance in the
real world.

Two modes of storage—variable persis-
tence and fast transfer—retain and display
hard-to-view phenomena such as single-
shot events or. low repetition rate pulses.
And the 466 with its reduced scan, FAST
mode is the fastest writing storage oscil-
loscope available. Its’ cathode-ray tube
with 1350 cm/us writing speed has more
than enough speed to capture and retain
pulses at the scope’s full 100 MHz band-
width.

Weighing under 30 pounds (with panel
cover and accessories, or 26 pounds for
the basic instrument), the 466 and 464 are
conveniently portable for virtually all field

Portable Storage Oscilloscopes
The Fastest Storage . .

measurement applications.
7 configuration (external dc operation), they
can operate from any 12V dc or 24V dc
source such as the clip-on 1106 Battery
Pack, thus extending stored measurement
capability beyond the reach of conventional

In an Option

power. Or the 1106 can isolate these
oscilloscopes from noisy or intermittent
power sources.

Standard with the 466 and 464 are two
TEKTRONIX P6062A Probes. These probes
have the added operator convenience of
1X or 10X input attenuation at the probe
tip. The correct deflection factor is auto-
matically indicated on the 464 or 466
front panel when the probe attenuation
factor is switched.

The trigger signal may be easily viewed
without disconnecting leads and resetting
controls. The TRIGGER VIEW front-panel
pushbutton automatically routes the Time
Base A trigger signal to the vertical de-
flection amplifier.

Operator convenience is further enhanced
with the functional groupings of related
controls. Switches and indicators for both
vertical channels are grouped to the left
of the crt. Beneath the crt are grouped all
controls for the display and storage modes.
And to the right are all controls and indica-
tors for time-base selection.

The bright, burn-resistant crt measures 8
divisions by 10 divisions with 0.90 cm/divi-
sion. A reduced scan graticule is super-
imposed over the center of the main grati-
cule, measuring 8 by 10 divisions with 0.45
cm/division. All graticules (with fully
adjustable illumination) are etched onto the
inner face of the crt to eliminate parallax
problems.

466
464

. the Most Versatile Package

If the high writing speed and reduced scan
features of the 466 are not required, the
464 at lower cost offers all other features
of the 466.

CHARACTERISTICS

All characteristics apply to both the 466 and 464,
except where indicated.

VERTICAL SYSTEM
(2 Identical Channels)

Bandwidth* and Rise Time (5Div Reference)—
at all deflection factors from 25 Q source.

—15°C to -40°C | 40°C to +55°C
Dc to 100 MHz, <3.5 ns** [ Dc to 85 MHz, <4.15 ns

*Measured at —3 dB down. Bandwidth may be
limited to approx 20 MHz by bandwidth limit switch.

**Rise time in ns is calculated from the formula,
tr = 0.35 <+~ bw (in MHz).

Lower —3 dB Point, Ac Coupling from 50 Q Source—
1X probe; 10 Hz or less. 10X probe; 1 Hz or less.

Deflection Factor— 5 mV/div to 5V/div in 10
calibrated steps (1-2-5 sequence); accurate within
3%; continuously variable between steps and to
approx 12.5 V/div.

Display Modes—Channel 1; Channel 2 (normal or
inverted); Alternate; Chopped (approx 250 kHz);
Added; X-Y.

Input R and C—1 MQ within 2% paralleled by
approx 20 pF.

Max Input Voltage—

250V (dc - peak ac)
DciGoupled ’ 500V (p-p ac at 1kHz or less)

500V (dc -+ peak ac)
Ac Coupled | 500V (p-p ac at 1kHz or less)

Cascaded Operation—Bandwidth is dc to at least
50 MHz; cascade sensitivity is at least 1 mV/div.

X-Y OPERATION

Full-sensitivity X-Y (CH 1 Horiz, CH 2 Vert)— 5 mV/
div to 5V/div in 10 calibrated steps, accurate
within 4%. Bandwidth is dc to at least 4 MHz.

HORIZONTAL SYSTEM

Time Base A— 0.05 us/div to 0.5 s/div in 22 cali-
brated steps (1-2-5 sequence). X10 MAG extends
sweep rate to 5 ns/div.

Time Base B— 0.05 us/div to 50 ms/div in 19 cali-
brated steps (1-2-5 sequence). X10 MAG extends
sweep rate to 5 ns/div.

Variable Time Control; Time Base A—Provides
continuously variable uncalibrated sweep rates
between steps and to at least 1.25 s/div. Warning
light indicates uncalibrated setting.

Time Base A and B Accuracy, full 10 cm

--20°C to -}-30°C | —15°C to -}-55°C
Unmagnified +2% +3%
Magnified +3% +4%

Horizontal Display Modes—A only, Mixed Sweep,
A Intensified, B Delayed.

Time Base A Sweep Modes—Auto Trigger (sweep
free-runs in absence of triggering signal), Normal
Trigger, Single Sweep. Lights indicate when sweep
is triggered and when single sweep is ready.

Time Base B Sweep Modes—B starts after Delay
Time; B triggerable after Delay Time from selected

source.
More on next page.
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466/464 Portable Storage Oscilloscopes

Calibrated Mixed Sweep—Displays A sweep for
period determined by DELAY-TIME POSITION con-
trol, then displays B sweep for remainder of
horizontal sweep. Mixed sweep measurements
utilize portions of the A and B sweeps. Accurate
within 2% plus measured A sweep accuracy for the
A portion of the display and to within the B ac-
curacy for the B portion of the display.

Calibrated Sweep Delay—Continuously variable from
0.2 us to at least 5 seconds.

Differential Time Measurement Accuracy—

Delay Time +15°C —15°C

Setting to to
+-35°C -+55°C

over one or +1% +25%

more major

dial div

less than +0.01 major +0.025 major

one major dial div dial div

dial div

Delay Time Jitter—1 part or less in 50,000.
0.002% of X10 the A sweep time/div setting.

TRIGGERING A and B

A Trigger Modes—Normal (sweep runs when trig-
gered), Automatic (sweep free-runs in the absence
of an adequate triggering signal), Single Sweep
(sweep runs one time on the first triggering event
after the reset selector is pressed).

B Trigger Modes—B runs after Delay Time (starts
automatically at the end of the delay time), B Trig-
gerable after Delay Time (runs when triggered). The
B (delayed sweep runs once, in each of these
modes, following the A sweep delay time.

Time Base A and B Trigger Sensitivity

Trigger To 25 MHz At 100 MHz
Mode
Int 0.3 div 1.5 div
Dc deflection deflection
Ext 50 mV 150 mV
Ext + 10 500 mV 1.5V
Ac Hf 0.5 div 1.5 div
Reject deflection; deflection
0 mV 300 mV external
external;
with
requirements
increasing
below
50 kHz

Ac Requirements increase below

30 Hz
Ac Hf 0.5 div with requirements in-
Reject creasing below 30 Hz and above

50 kHz.

Jitter— 0.5ns or less at 100 MHz and 5 ns/div
(X10 Mag).

Level and Slope—Internal, permits selection of
triggering at any point on the positive or negative
slope of the displayed waveform.

Time Base Trigger Sources—A: Norm, Channel 1,
Channel 2, Line, External, and External + 10. B:
starts after Delay, Norm, CH 1, CH 2, and External.
Level adjustment through at least = 2V in External,
through at least = 20V in External --10.

External Inputs—R approx 1 MQ; 250 V (dc 4 peak
ac) max input.

CRT AND DISPLAY FEATURES

Crt—Internal graticule with variable illumination;
8x10 div; 0.9 cm/div (normal); 8x10 div, 0.45
cm/div (reduced scan).

A lerating F
~10 kV reduced scan.

| — ~8.5kV normal mode,

Phosphor—P31.
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Z Axis— 5V p-p positive-going signal causes notice-
able modulation at normal intensity; useful fre-
quency range is dc to 50 MHz.

STORED WRITING SPEEDS

Storage*
View
466 464 Time
Full Scan
(Center 6x8 div;
0.9 cm/div)
FAST 150 div/us{110 div/us| >15s
VARIABLE 0.5 div/us | 0.5 div/us| >15s
PERSISTENCE
Reduced Scan
(Center 8 x 10 div; Reduced
0.45 cm/div) Scan not
FAST 3,000 div/ | available
us on 464 >15s
VARIABLE 3 div/us >16s
PERSISTENCE

*These times are at full stored display intensity;
they can be extended at least 25 times using re-
duced intensity in SAVE Display Mode.

OTHER CHARACTERISTICS
Amplitude Calibrator

Output Voltage 03V

1%
0°C to +40°C

Output Current 30 mA 2%
+20°C to +30°C

Approx 1 kHz

Frequency

Signal Outputs—Positive gates from both time
bases (approx 5.5V), and a vertical signal output
from one channel.

Power Requirements—Quick-change line voltage
selector provides six ranges: 110V, 115V, 120V,
220V, 230V, and 240V, each *+10%. 48 to 440
Hz, medium range 100W max at 115V and
60 Hz. Operation from 12 to 24V dc is available
with Option 7.

Dimensions in cm

Height

Width (with Handle)
Depth (with Panel Cover)
Depth (Handle Extended)

NN
W= m
aNon
1<}
1%}
=}

Weights (Approx) Ib ka

Net (without Panel Cover or 26.0 11.8
Accessories)

Net (with Panel Cover and 29.8 13.5
Accessories)

Shipping 41.5 18.8

Included Accessories—2 P6062A probes; acces-
sories pouch (016-0535-02), crt light filter (337-1674-
07), adapter, ground wire (134-0016-01).

INSTRUMENT OPTIONS

Option 4, Emc Envir lized—Meets the emc
requirements of MIL-STD-461A, when tested in ac-
cordance with the following test methods of MIL-
STD-462:

CE-01, CE-03, CS-01, CS-02, CS-06,

RE-02, (limited to 1 GHz), RE-04,

RS-01, and RS-02 (limited to 1 GHz).

Option 7, External Dc Operation—In addition to the
standard ac line operation, Option 7 permits the
466 or 464 to be powered from a 12V dc or a
24V dc source.

ENVIRONMENTAL CAPABILITIES

Ambient Temperature—Operating: —15°C to --55°C.
Nonoperating: —55° to +75°C. Forced air ventila-
tion is provided.

Altitude—Operating: to 15,000 ft; max allowable{
ambient temperature decreases by 1°C/1000 ft from|
5000 to 15,000 ft. Nonoperating to 50,000 ft.

Vibration—Operating: 15 minutes along each of
the three axes. 0.025in p-p displacement (44g’'s
at 55Hz) 10 to 55 to 10 Hz in 1-minute cycles.

\

Shock—Operating and nonoperating: 30 g's, 2
sine, 11 ms duration, 2 shocks per axis in each
direction for a total of 12 shocks.

Electr tic C

g patibility (Option 4 only)—
meets compatibility requirements of MIL-STD-461A.

Humidity—Operating and nonoperating: 5 cycles (120
hours) to 95% relative humidity referenced to MIL-
E-16400F (par 4.5.9 through 4.5.9.5.1, class 4).

ORDERING INFORMATION
(Plug-ins not Included)
466 Oscilloscope .............. .. $4300
466 DMA40 Storage Oscilloscope/Multimeter

...................... ... $4690—
466 DMA43 Storage Oscilloscope/Multimeter
withTemp ...................... SH4FTS—
464 Oscilloscope ................ $3600

464 DMA40 Storage Oscilloscope/Multimeter

464 DM43 Storage Oscilloscope/Multimeter

with Temp //ﬂ.,w;/ o /'7 b%

INSTRUMENT OPTIONS

Option 4, Emc Environmental ........... Add $120

Option 7, Ext Dc Operation y
(Option 7 cannot be ordered with DM40 and DM43)/
...................................... Add $120 ©

OPTIONAL ACCESSORIES

Probes—The probes provided as standard acces-
sories to the 464/466 are recommended as the best
choice for general-purpose applications. The probes
listed in the table below are frequently used to
provide added convenience and measurement cap-
ability. For a complete list of available probes, with
full specifications and ordering information, consult
the ‘“Probes and Accessories’” section of this cat-
alog.

Bandwidth*
Probe Input with
Type Attenuation |Impedance| 464/466
P6063A : 1X 1 MQ- 6 MHz
6 ft Switchable 105 pF
10X| 10 MQ- 90 MHz
14 pF
P6202 10X 10 MQ- 100 MHz
FET Probe 2 pF
2 meter 100X Head 10 MQ-
2 pF
AC Head 10 MQ-
4 pF
Bandwidth
Current Insertion with
Probe Calibration Impedance | 464/466
P6022 1 mA/mV 0.03Q2 @ | 85 MHz
10 mA/mV 1 MHz In-
(Selectable) creasing
to
029 @
120 MHz

&

*Bandwidths are measured at the upper —3 dB point,‘\ E
and apply only to the cable length shown. Gen-
erally, shorter cable lengths increase bandwidth,
longer ones decrease bandwidth.

o —
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OPTIONAL ACCESSORIES

01106 Battery Pack (used with Option 7) ...... $350

1105 Battery Power Supply ................ $625

Mesh Filter—Improves display contrast in high am-
bient light. Order 378-0726-01 ................ $24

466/464 Portable Storage Oscilloscopes

Protective Cover—Waterproof vinyl.
For 464, 466 order 016-0365-00 ............ $15.75

Folding Viewing Hood — Order 016-0592-00 .. $11.50
Folding Binocular Hood — Order 016-0566-00 .. $13

Polarized Collapsible Viewing Hood—
Order. 016:0180-00 .,...5x criciioca e srarsssoisiaioss sisre $16.25

C-30A-P Option 1 Compact Camera—f/1.9 lens,
0.8 magnification, Polaroid Land Pack Film back
for 3000 speed film (includes Adapter frame/
Corrector Lens 016-0301-00). Order Camera, C-30A-P
option 1 1. . verere o s ieie vinieis $OOD

SCOPE-MOBILE® CART— Occupies less than 18
in aisle space, has storage area in base.
Order 12000 =ueis i iimwims sisieiscssisiniois eimme o essolois o $145

50 MHz at 5 mV/div

5 ns/div Sweep Rate
Delayed Sweep

Trigger View

Variable Trigger Holdoff
Battery Operation (Option)
Modular Construction

The TEKTRONIX 455 is a rugged Portable
Oscilloscope with the performance and re-
liability needed for most general purpose
applications. And it's priced to accommo-
date tight test equipment budgets. Primary
features of the 455 include dual traces,
50 MHz bandwidth, 5 mV/div vertical sensi-
tivity, 5 ns/div sweep rate, and delayed
sweep.

And there’s much more to the value leading
455. Trigger signal presence and timing are
checked at the push of a button without
moving the probes. Variable trigger holdoff
provides stable displays of complex digital

tadout minimizes errors in amplitude read-
ings. 1X and 10X probes are automatically
accounted for by the readout. In the event
of damage to the 455’s modular probes, the
probe tip, cable, or compensation unit can

lsignals. Lighted vertical deflection factor

be quickly and inexpensively replaced. A
large 8 x 10 cm display permits easy viewing
of waveforms from a distance.

Modular design enhances serviceability of
the 455. Vertical amplifier and time-base
modules are easily removed for ready ac-
cess to all components and faster, less cost-
ly repairs. Lower component count means a
less expensive spare parts inventory.

A minimum number of adjustments, made
possible by actively trimmed networks, mini-
mizes calibration time.

Well laid out controls make the 455 a re-
markably easy instrument to operate. In ad-
dition to being clearly labeled and color
coded, the controls are arranged in the same
functional groups as the 464, 465, 466, and
475. The crt and its related controls are
prominently positioned in the center of the
instrument face, all vertical amplifier inputs
and controls lie to the left of the display, and
the horizontal sweep inputs and controls are
to the right of the display. This leads to mini-
mum operator training time and easier, fast-
er, more error free measurements.

Options include emc protection, a tv sync
separator, and battery power. For applica-

Portable Oscilloscope

50-MHz Dual-Trace 455

tions where ac power is available, the clip-
on battery pack detaches for lower weight.

To protect the 455 and keep it operating
under the hard use of industrial and field ap-
plications, it is housed in a rugged, attrac-
tive, mar resistant, reinforced plastic case.

VERTICAL DEFLECTION
(2 Identical Channels)

Bandwidth and Rise Time — Bandwidth dc to at least
50 MHz and rise time 7.0 ns or less, for dc coupling
and —15°C to 455°C. For ac coupling the lower 3 dB
point is 10 Hz or less with a 1X probe and 1 Hz or less
with a 10X probe.

Deflection Factor — 5 mV/div to 5 V/div in 10 cali-
brated steps (1-2-5 sequence), accurate within 3%.
Continuously variable between steps and to at least
12.5 V/div. In cascade mode (CH 2 OUT into CH 1),
sensitivity is approx 1 mV/div (at least 20 MHz band-
width) with CH 1 IN terminated in 502 and both
channels set to 5 mV/div.

Display Modes — Channel 1, channel 2 (normal or in-
verted), alternate, chopped (250 kHz rate), added, X-Y.

Automatic Scale Factor Readout — Probe tip deflec-
tion factors for 1X or 10X coded probes are automati-
cally indicated by two lighted indicators beside the
knob skirts. All lights are off when the channel is not
displayed. Ground reference display selectable at
probe (when dc coupled).

Input R and C — 1 MQ *2%, approx 20 pF.

Max Input Voltage — Dc coupled: 250 V (dc + peak
ac) or 500 V p-p ac at 1 kHz or less. Ac coupled: 500
V (dc -+ peak ac) or 500 V p-p ac at 1 kHz or less.

Delay Line — Permits viewing leading edge of trig-
gering waveform.
HORIZONTAL DEFLECTION

Time Base A — 0.05 us/div to 0.5 s/div in 22 cali-
brated steps (1-2-5 sequence) continuously variable
between steps and to at least 1.25 s/div. X10 MAG
extends fastest sweep rate to 5 ns/div.

Time Base B— 0.05 us/div to 50 ms/div in 19 cali-
brated steps (1-2-5 sequence). X10 MAG extends fast-
est sweep rate to 5 ns/div.

Time Base A and B accuracy, full 10 cm

-+20°C to +30°C | —15°C to +55°C

Unmagnified +2% +3%
Magnified +3% +4%

More on next page.
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455 50-MHz Dual-Trace Portable Oscilloscope

Horizontal Display Modes — A only, A intensified by
B, B delayed by A.

A Trigger Holdoff — Adjustable control permits a
stable presentation of complex waveforms. A sweep
holdoff time can be increased to at least 10X the
time/div setting.

CALIBRATED SWEEP DELAY

Delay Time Range — Continuously variable from 0.1
us to at least 5 sec after the start of the delaying (A)
sweep.

Differential Time Measurement Accuracy — =*=1.5%
for measurements over one or more major dial divi-
sions. #0.015 major dial divisions for measurements
of less than one major dial division.

Jitter — 1 part or less in 20,000 (0.005%) of 10X the
A time/div setting.

TRIGGERING A AND B

A Trigger Modes — Automatic (sweep free-runs in the
absence of a trigger and for signals below 20 Hz),
normal (sweep runs when triggered), single sweep
(sweep runs one time on the first triggering event after
the single sweep push button is pressed).

B Trigger Modes — B sweep starts automatically after
delay time, B sweep triggerable after delay time. The
B sweep runs once following the A sweep delay time
in each of these modes.

Coupling — Ac (attenuates signals below 60 Hz), ac
low frequency reject (attenuates all signals below 50
kHz), ac high frequency reject (attenuates all signals
below 60 Hz and above 50 kHz), and dc.

Time Base A Trigger Sources — Normal (internal dis-
play), internal channel 1, internal channel 2, line, ex-
ternal, and external = 10.

Time Base B Trigger Sources — Starts automatically
after delay, normal (internal display), internal channel
1, internal channel 2, and external.

Time Base A and B Trigger Sensitivity

Beam Finder — Limits the display to within the grati-
cule area and provides a visible display when pushed.

Z-axis Input — Noticeable modulation at normal in-
tensity with 0.5 V or more p-p signal. Usable fre-
quency range dc to 20 MHz.

ENVIRONMENTAL CAPABILITIES

Ambient Temperature — Operating: —15°C to +55°C.
Storage: —55°C to +75°C.

Altitude — Operating: to 15,000 ft; max operating
temperature decreased 1°C/1,000 ft above 5,000 ft.
Storage: to 50,000 ft.

Humidity — 5 cycles (120 hours) referenced to MIL-E-
1640F.

Vibration (Operating) — 15 minutes along each of 3
axes. 0.025 in p-p displacement (4 g’s at 55 Hz) with
frequency varied from 10 Hz to 55 Hz to 10 Hz in one
minute cycles.

Shock (Operating and Nonoperating) — 30 g's, %
sine, 11 ms duration, 2 shocks per axis each direction
for a total of 12 shocks.

Electromagnetic Capability (Option 4 only) — Meets
the emc requirements of MIL-Std-461A, when tested
in accordance with the following test methods of
MIL-Std-462.

CE-01, CE-03, CS-01, CS-02, CS-06,

RE-02 (Limited to 1 GHz), RE-04,

RS-01, and RS-02 (Limited to 1 GHz).

OTHER CHARACTERISTICS

Amplitude Calibrator — 0.3 V *=1%. Frequency ap-
prox 1 kHz.

Signal Outputs — Output from channel 2, positive
going gate output (approx 5 V) internally selectable
from either A or B time base.

Power Requirements — 100 V to 132 V, 200 V to 264
V. 48 Hz to 440 Hz. Power consumption 35 watts at 115
V, 60 Hz. Operation from 12 V or 24 V dc is available
with option 7.

To 10 MHz At 50 MHz
Internal 0.4 div deflection 1.5 div deflection
External 50 mV 250 mV

A Sweep External Trigger View — Momentary push
button overrides other vertical controls and displays
external A sweep trigger. Provides quick verification
of external trigger and time comparison between ex-
ternal trigger and the displayed signal. Deflection fac-
for approx 50 mV/div (0.5 V/div in external = 10
mode).

Level and Slope — For internal trigger, permits trig-
gering at any point on the positive or negative slopes
of the displayed waveform. For external trigger, per-
mits triggering on any level between —2 V and +2 V
(—20 V to 420 V for external <+ 10).

External Inputs — 1 MQ max voltage 250 V (dc -+
peak ac) or 250 V p-p ac (1 kHz or less).

Jitter — 0.5 ns or less at 50 MHz and 5 ns/div (X10
MAG on).
X-Y OPERATION
(Ch 1 Horizontal, Ch 2 Vertical)
Sensitivity — 5 mV/div to 5 V/div in 10 calibrated
steps, accurate within 4%. Continuously variable be-
tween steps and to at least 12.5 V/div.

Bandwidth — X-axis, dc to at least 3 MHz; Y-axis, dc
to at least 50 MHz.

DISPLAY
Crt — 5-in, rectangular tube; 8 x 10 cm display; P31

phosphor standard, P11 phosphor optional at no extra
cost. Others available.

Graticule — Internal, (non-parallax), illuminated. 8 x
10 cm markings with horizontal and vertical center-
lines further marked in 0.2 cm increments. 10% and
90% markings for rise time measurement.
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Di i in cm
Height 9.0 229
Width (with Handle) 13.7 34.7
Depth (with Panel Cover) 19.5 49.5
Depth (Handle Extended) 21.7 55.2

Weight Ib kg
Net (without Panel Cover) 24.0 10.9
Net (with Panel Cover
and Accessories) 27.0 12.2
Shipping 34.2 15:6

Included Accessories — Two X10 probes, (P6105, 2
meters long), accessory pouch (016-0339-00), clear crt
filter (337-2122-01), blue crt filter (337-2122-00).

INSTRUMENT OPTIONS

Emc Modification, Option 4 — Adapts 455 to meet the
electromagnetic compatibility requirements of MIL-
Std-461A.

Tv Sync Separator, Option 5 — Adds a tv sync sep-
arator for stable triggering from composite video
waveforms. Sweep A is automatically triggered at the
field or line rate and tv line rate triggering is added
to the signal source selection for sweep B. Sync sep-
arator accepts sync-positive or sync-negative from
channel 1, channel 2, or an external input. Recogni-
tion circuits are optimized for 405-525-625 line, 50 or
60 Hz field rate broadcast systems and are compatible
with closed circuit systems up to 1201 line, 60 Hz field
rate.

External Dc Operation, Option 7 — Adds a dc to ac
inverter which permits operation from 12 V or 24 V dc.
Protected against damage due to accidental connec-
tion to 24 V while in the 12 V mode. Makes the 455
compatible with the 1106 Battery Power Supply.

ORDERING INFORMATION y
455/A2/B2 Portable Oscilloscope. . . .$1 695\
Option 4 Emc Modification ................ Add $120
Option 5, Tv Sync Separator ............... Add $175
Option 7, External Dc Operation ........... Add $120
Option 78, P11 Phosphor ................ No Charge

OPTIONAL ACCESSORIES

Probes — The probes provided as standard acces-
sories to the 455 are recommended as the best choice
for general-purpose applications. The probes listed
in the table below are frequently used to provide
added convenience and measurement capability. For
a complete list of available probes, with full specifi-
cations and ordering information, consult the ‘‘Probes
and Accessories’’ section of this catalog.

Probe Input Bandwidth*
Type A ti Imped with 455
P6062A 1X } Switch- | 1 MQ-105 pF (6.7 MHz
6 ft 10X § able 10 MQ-14 pF |50 MHz
P6202 10X 10 MQ-2 pF |50 MHz
FET probe | 100X Head 10 MQ-2 pF
2 meter Ac Head 10 MQ-4 pF
Current Calibra- Insertion Bandwidth
Probe tion Impedance |with 455
P6022 1 mA/mV 030 @ 47 MHz
10 mA/mV 1 MHz in-

creasing to

20

120 MHz

*Bandwidths are measured at the upper —3 dB point,
and apply only to the cable length shown. Gen-
erally, shorter cable lengths increase bandwidth, h
longer ones decrease bandwidth.

C-30A-P Option 1 Compact Camera — f/1.9 lens, 0.8
magnification, Polaroid Land Pack Film back for
3000 speed film. Includes Adapter Frame/Corrector
Lens 016-0301-00.

Order C-30A-P Option 1.................unn. $665

Camera Adapter and Corrector Lens — Adapts to
C-30A to 455.
Order 016-0601-00 ..................ccovvuunnnn $55

Protective Cover — Waterproof, blue vinyl.

Order 016-0564.00 .........................0u. $15
LER

Folding Polarized Viewing Head —

Order 016-0180-00 ................coovuunnnn. $16.25
Mesh Filter — Improves contrast and emc filtering.
0rder, 378-0726:01. . . +.uusysomsie b o buszigagte i $24
SCOPE-MOBILE® Cart— Occupies less than 18
in of aisle space. Order 200 C ................ $145
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Deflection Factors to 1 mV/div
Automatic Volts/div Readout

Direct-Reading Wide-Range
Magnifier

20% Ib

5% in Rackmount

The 434 gives you bistable split-screen
storage and a 25 MHz bandwidth. The 434
is lightweight and compact and will fill
many requirements in the field and labora-

tory.

The split screen operates in three modes:
‘ full-screen storage, or upper or lower
screen storage, with the other half in a
conventional mode. Events stored on the
upper (or lower) area are stable reference
points for events displayed in a con-
ventional mode on the other half of the crt.

Vertical scale-factor readout is provided by
lighted knob skirts which automatically
indicate the correct reading, when using
the recommended probes. This feature
saves time and reduces errors by freeing
the user from having to calculate the
scale factor each time a measurement is
made with a probe.

A new approach to battery operation is
offered with the 1105 Battery Power Sup-
ply. The 434 can be powered for 1.8 hours
with this stand-alone power supply. Internal
batteries add weight and are not required
when commercial power is available. With
the 1105, batteries are carried only when
necessary.

25-MHz Dual-Trace Bistable Storage

434 STORAGE

Crt— 5 in rectangular tube, 8 x 10 div (1 div-0.98 cm)
display area.

Phosphor—Similar to P1.
Accelerating Potential—4 kV.
Graticule—Internal, parallax-free, nonilluminated.

Split-Screen Storage—3 display modes: storage on
either upper or lower half of screen with conven-
tional display on other half. Storage on entire
screen or conventional display on entire screen.
Independent operation of both halves.

Writing Speed (Center 8 Div)—Normal, 100 div/ms.
Enhanced, increases single-sweep storage writing
speed to at least 400 div/ms. (Option 1, 500 div/ms,
normal; to 5000 div/ms, enhanced.)

Storage View Time—Up to 4 hr.

Erase Time—300 ms or less.

VERTICAL SYSTEM
(2 Identical Channels)

Deflection Factor— 1 mV/div to 10V/div in 13
calibrated steps (1-2-5 sequence), accurate within
3%. Lighted knob skirts indicate correct deflection
factor for either 1X or 10X probes. Uncalibrated,
continuously variable between steps and to approx
25 V/div.

Bandwidth and Rise Time—(from 505 Q terminated
source, with or without 10X probe) Dc to at least
25 MHz at 3-dB down*, 14ns from 10 mV/div to
10 V/div, decreasing to 15 MHz, 22 ns at 1 mV/div.
Low-frequency 3-dB down point with ac coupling
is 14 Hz or less (less than 1 Hz with 10X probe).

Display Modes—Channel 1 only;
(normal or inverted); Alternate;
100 kHz); Added.

Channel 2 only
Chopped (approx

Input R and C—1 MQ *2% paralleled by approx
24 pF.

Max Input Voltage—Dc coupled: 250 V (dc - peak
ac); ac coupled: 500V (dc -4 peak ac). In either
mode the max ac is 500 V p-p at 1 kHz or less.

Portable Oscilloscope
434

Delay Line—Permits viewing of leading edge of
triggering waveform.

Internal Trigger Source—Composite (displayed
signals) or Channel 1 signal only.
*Bandwidth derating to 22 MHz at temperatures

above -+30°C.
HORIZONTAL SYSTEM

Time Base—0.2 us/div to 5s/div in 23 calibrated
steps (1-2-5 sequence). Uncalibrated, continuously
variable between steps and to 12.5 s/div. Accurate
within 3% unmagnified and 4% magnified from
-+20°C to --30°C, within 4% unmagnified and
5% magnified from —15°C to -}-55°C.

push-to-
rate to

Direct Reading Magnifier—Six-position,
turn, X50 max. Extends fastest sweep
20 ns/div.

Time Base Sweep Modes—Auto Trigger (sweep
free-runs in absence of triggering signal and
provides bright baseline at all sweep rates),
Normal Trigger, Single Sweep.

Horizontal Input—Deflection factor is
Input resistance is approx 50 k2.

External
approx 0.5 V/div.

TRIGGER
Coupling To 5 MHz At 25 MHz
Dc Internal |0.3 div deflection | 1 div deflection
External 50 mV 175 mV
Ac Same as dc at 20Hz and above,

requirements increase below 20 Hz

Same as ac at 50 kHz and above,
requirements increase below 50 kHz

at 50 kHz and below,
increase above 50 kHz

Ac Lf Reject

Same as ac
requirements

Ac Hf Reject

Sources—Channel 1 only, composite line, external
and external <+ 10. Input R approx 1 MQ. Max
external input, 250V (dc 4 peak ac). External
trigger level range is at least +2V to —2V or
-+20V to —20V.

ENVIRONMENTAL CAPABILITIES
(Oscilloscope and Probe)

Ambient Temperature—Operating, —15°C to -}-55°C.
Nonoperating, —55°C to -}-75°C.

Altitude—Operating, 15,000 ft. Max allowable oper-
ating temperature decreases 1°C/1000 ft from 5000
to 15,000 ft.

Vibration—Operating and nonoperating, 15 minutes
along each of the three major axes at a total dis-
placement of 0.025 in p-p (4g’s at 55Hz) with
frequency varied from 10 to 55 to 10 Hz in 1 minutes.

Shock—Operating and nonoperating, 30 g's, ¥z sine,
11 ms duration, 2 shocks per axis in each direction
for a total of 12 shocks.

Electromagnetic Compatibility—With the optional
mesh filter (378-0682-00) installed the 434 meets
compatibility requirements of MIL-STD-461A, when
tested in accordance with the following test
methods of MIL-STL-462.

CE-01, CE-03, CS-01, CS-02, CS-06,

RE-02 (limited to 1 GH:), RE-04,

RS-01, and RS-02 (limited to 1 GHz).

Humidity—Operating and nonoperating, 5 cycles (120
hours) to 95% relative humidity referenced to MIL-
E-16400F (par 4.5.9 through 4.5.9.1, class 4).

OTHER CHARACTERISTICS

Locate—When the 434 is operated in the stored

mode, the beam can be positioned to the left of the

graticule area to determine the vertical position of

the next sweep without disturbing a stored display.
More on next page.
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434 25-MHz Dual-Trace Bistable Storage Oscilloscope

Z Axis—Input dc coupled to crt, noticeable modu-
lation at normal intensity with 5V or more p-p, dc
to at least 20 MHz.

Amplitude and Time Calibrator— 0.6V adjustable
within 1.0% Repetition rate is adjustable to 1 kHz
within 1.0% (4-20°C to -}30°C). Output resistance
is 575 ohms.

Power Requirements—Operates on all voltages from
90V to 136V and 180V to 272V, 50 to 400 Hz,
120 VA (75W) max. Also operates from 105V dc
to 250 V dc.

OPTIONAL ACCESSORIES

Probes—The probes provided as standard acces-
sories to the 434 are recommended as the best
choice for general-purpose applications. The probes
listed in the table below are frequently used to
provide added convenience and measurement cap-
ability. For a complete list of available probes, with
full specifications and ordering information, consult
the “Probes and Accessories” section of this cat-
alog.

Bandwidth*
Probe Input with
Cabinet Rackmount Type At i Imped 434
Dimensi in cm in cm P6062A | Switch- 1X | 1 MQ@-5 pF 6.7 MHz
Height 5.6 | 14.2 53 | 13.3 6 ft able 10X | 10 MQ-14 pF 25 MHz
Width with Handle 13.0 33.0 | 19.0 | 48.3 Current | Calibration Insertion Bandwidth
Probe Impedance with
Depth 18.7 | 47.5 | 18.0 | 45.7 434
Weight (Approx) Ib kg Ib kg P6022 1 mA/mV 0032 @ 25 MHz
= 10 mA/mV 1 MHz in-
Net Weight 20.8 9.4 23.1 10.5 (Selectable) | creasing to
Shipping 30.0 | 13.6 | 49.0 | 22.2 029 @
120 MHz

Included Accessories—Two P6105 probes with
accessories (010-6105-03); accessory pouch (016-
0165-00).

Option 1, Increased Writing Speed—Increases the
normal writing speed to 500 div/ms and to 5000
div/ms in enhanced operation.

ORDERING INFORMATION

434 Storage Oscilloscope ......... $2850
R434 Storage Oscilloscope Rackmount
MO .o iierars s oisiaeva s s Rl $2900

Option 1 Increased Writing Speed (434/R434)
....................................... ADD $30
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*Bandwidths are measured at the upper —3 dB point,
and apply only to the cable length shown. Gen-
erally, shorter cable lengths increase bandwidth,
longer ones decrease bandwidth.

1105 Battery Power Supply—Provides 1.8 hours of &«
battery operation.

Order 1105 Battery Power Supply ............ $625 .
Mesh Filter—Improves contrast and emc filtering.
Order 378-0682-00 .............ccovvnnnnnnnn $22

Portable to Rackmount Assembly—Includes hardware
for converting standard 434 to 19 in rack installation.
Order 018=0272600 5.0 . oo oin e sians sinis oo o wins $90

Folding Polarized Viewing Hood—Order 016-0180-00
.......................................... $16.25

Clear Plastic Crt Filter—Order 378-0677-00 ... $1.90

C-30A-P Option 1 Compact Camera—f/1.9 lens, 0.8
magnification, Polaroid Land Pack-Film back for
3000-speed film (includes Adapter Frame/Corrector
Lens 016-0301-00).

Order C-30A-P Option 1 ............cevvvunn. $665

Camera Adapter—Mounts C-30A Series Camera to
the 434 Oscilloscope. Order 016-0301-00 ..... $50

SCOPE-MOBILE® Cart—Occupies less than 18in
aisle space, has storage area in base.
Order 200C ...........ccovvvunn eTelofseoretolasets & $145




=l

EeRd TEKTRONIX]

35 MHz, Dual-Trace, Delayed Sweep
Compact (4.4x9.3x13.6 in, 10.5 Ib)
1 mV/div Vertical Sensitivity at 25 MHz
Delay Lines Input

Variable Trigger Holdoff

Rugged Construction

The 335 Portable Oscilloscope provides the
fundamental capabilities (35 MHz band-
width, dual-trace, delayed sweep) for a
quite sophisticated level of digital and
analog servicing. And these capabilities
are provided in an easy-to-carry 10.5 Ib
package. This easy portability is a great
advantage in many troubleshooting appli-
cations.

Many additional performance and conve-
nience features enhance the capabilities
of the 335. 1 mV/div (at 25 MHz) vertical
sensitivity insures that low level signals
from magnetic recording leads, optical
read heads, or industrial control trans-
ducers can be accurately and easily mea-
sured. The use of delay lines at the inputs
provides for viewing the leading edge of
the triggering signal. Variable trigger hold-
off makes it easier to obtain stable displays
of complex waveforms. By using a com-
posite of channels 1 and 2 as a trigger
source, stable displays of non-time-related
signals can be obtained. Operation from
either ac (90 to 132V, or 180 to 264 V, 48 to
440 Hz) or dc (+11 to +14V or 422
to +28 V) sources assures that power can
be obtained at nearly any location. The
335 is constructed to withstand the wide
range of temperature and humidity and
the rough handling encountered in in-
dustrial or field environments. An included

wrap-around case offers additional protec-
tion to the 335 during operation or transit.
The case includes a pouch for probe and
manual storage and a convenient shoulder
strap for carrying.

Color coding and functional layout of the
front-panel controls make the 335 easy to
operate. Combined function controls and
side mounting of probes lead to small
size and an uncluttered control panel.

VERTICAL DEFLECTION (2 Identical Channels)

Bandwidth and Rise Time—For 20°C to 30°C band-
width is dc to at least 35 MHz and rise time is
10 ns or less for dc coupling and deflection factors
from 10mV/div to 10V/div. For 1 mV/div to
5 mV/div bandwidth is at least 25 MHz and rise
time is 14ns or less. For ac coupling the lower
3db point is 10 Hz or less with a 1X probe and
1 Hz or less with a 10X probe.

Deflection Factor— 1 mV/div to 10V/div in 13
calibrated steps (1-2-5 sequence), accurate within
3%. Continuously variable between steps and
to at least 25V/div (uncalibrated).

Display Modes—Channel 1, Channel 2 (normal or
inverted), alternate, chopped (300 kHz rate), added,
X-Y.

Input R and C— 1 MQ *2% paralleled by 24 pF.

Max Input Voltage— 500 V (dc 4 peak ac). 500V
p-p ac at 1 kHz or less.

Delay Line—Permits viewing leading edge of trig-
gering waveform.

HORIZONTAL DEFLECTION

Time Base A Sweep Rate— 0.2 us/div to 0.5 s/div
in 20 calibrated steps (1-2-5 sequence). X10
magnifier extends fastest sweep rate to 20 ns/div.
Sweep rate is continuously variable between steps
(uncalibrated).

Time Base B Sweep Rate— 0.2 us/div to 50 ms/div
in 17 calibrated steps (1-2-5 sequence). X10 mag-
nifier extends fastest sweep rate to 20 ns/div.

Portable Oscilloscope

35-MHz Dual-Trace Delayed Sweep 335

Sweep Rate Accuracy—(Time base A and B over
center 8 div).

-420°C to 430°C | —15°C to --55°C
Unmagnified +3% *+4%
Magnified +5% +6%

Horizontal Display Modes—A only, A intensified
by B, B delayed by A, B triggerable after A.

Variable Trigger Holdoff—For the A sweep an ad-
justable holdoff control permits a stable display of
complex waveforms. Sweep holdoff time can be in-
creased at least X10.

CALIBRATED SWEEP DELAY

Delay Time Range—Continuously variable from
0.2 us to at least 5s after the start of the delaying
(A) sweep.

Differential Time Measurement Accuracy— +2% for
measurements of 1 or more major dial div or
+0.02 major dial div for measurements of less than
one major dial div (for delay time dial settings be-
tween 1.0 and 9.0).

Jitter— 1 part or less in 20,000 (0.005%) of X10
the A time/div setting.

TRIGGERING A AND B

A Sweep Trigger Modes—Automatic (sweep free-
runs in absence of a signal. Permits normal trig-
gering on signals with a 20 Hz or greater repetition
rate). Normal (sweep runs when triggered, does
not run in the absence of an adequate signal).
Single sweep (sweep runs once on the first trigger
signal after the reset button is pushed).

B Sweep Trigger Modes—B sweep starts automati-
cally after delay time. B sweep triggerable after
delay time. B sweep runs once following the A
sweep delay time in each of these modes.

Trigger Coupling—Ac (blocks dc component of
triggering signal and attenuates signals below
60 Hz), ac low frequency reject (attenuates all
signals below 40 kHz), ac high frequency reject
(attenuates all signals below 60Hz and above
20 kHz), and dc.

Trigger Source—Internal channel 1, internal chan-
nel 2, internal composite (uses a composite of
channel 1 and channel 2 signals to produce trig-
ger), external, external divided by 10, and line. The
B sweep can also be started automatically at the
end of the time base A delay.

External Input Impedance—Approx 1 MQ paralleled
by 24 pF.

Trigger Sensitivity

Coupling To 10 MHz | At 35 MHz
Int 0.35 div 1.5 div
Dc Ext 70 mV 250 mV
Ext + 10 700 mV 25V
Ac above requirements increase below 60 Hz
Int 0.5 div above 2 div
40 kHz
Ext 100 mV above 360 mV
40 kHz
Ac Hf Rej | Ext =+ 10 1V above 3.6V
40 kHz
Int 0.5 div, 60 Hz
to 20 kHz
Ext 100 mV, 60 Hz
to 20 kHz
Ac Lf Rej | Ext + 10 1V, 60 Hz
to 20 kHz

More on next page.
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335 35-MHz Dual-Trace Portable Oscilloscope

X-Y OPERATION

Input—X axis input is via the external horizontal
input connection. Both channel 1 and channel 2
provide vertical inputs. Using chopped mode, two
simultaneous X-Y displays can be obtained.

X-Axis Deflection Factors—20 mV/div, 200 mV/div,
and 2 V/div from dc to at least 500 kHz.

X-Axis Input Impedance—Approx 1 MQ paralleled by
24 pF.

DISPLAY

Crt—Rectangular tube with an 8 x 10 div graticule
(0.25 in/div). P31 phosphor. 12kV accelerating
potential.

Graticule—Internal (non-parallax) non-illuminated,
8 x 10 div markings with horizontal and vertical
centerlines further marked in 0.05 in increments.

ENVIRONMENTAL CAPABILITIES

Temperature—Operating: —15°C to -+55°C. Non-
operating: —40°C to -75°C.

Altitude—Operating: 15,000 ft max, decrease max
temperature by 1°C/1000 ft from 5000 ft to 15,000 ft.
Nonoperating: 50,000 ft max.

Humidity—5 cycles (120 hours) referenced to MIL-
E-16400 F.

Vibration—Operating and nonoperating 15 minutes
along each of the three major axes at a total dis-
placement of 0.025 in p-p (4g’'s at 55 cps) 10 to 55
to 10 cps in 1 minute cycles.

Shock—Operating and nonoperating: 30 g's, 2
sine, 11 ms duration. 2 shocks per axis in each
direction for a total of 12 shocks.

OTHER CHARACTERISTICS

Amplitude Calibrator—0.5V (*£1%) at 1 kHz (+2%)
from 20°C to 30°C.

Z-Axis Input— -5V signal causes noticeable
modulation at normal intensity. Useful bandwidth
dc to 600 kHz.

Power Source—External ac source: 90V to 132V or
180V to 264V with a line frequency of 48 Hz to
440 Hz. Max power dissipation 24 W at 115V.
External dc source: 11V to 14V or 422V to
-+28V with a max current drain of 0.2 A at
+12V or 1.0 A at 24 V.

DIMENSIONS AND WEIGHTS

5
[}
3

Height
Width with Handle
Depth, Handle not Extended

fia
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Depth, Handle Extended 44.8

b kg

Net Weight without 10.5 4.7
Accessories

Shipping Weight 17.0 7.6

INCLUDED ACCESSORIES (

2 6 ft probes (010-6065-13), carrying case (016-%. =
0612-00), external dc cable assembly (012-0406-00).

ORDERING INFORMATION

335 Portable Oscilloscope ........ $1825
OPTIONAL ACCESSORIES

Viewing Hood—Order 016-0297-00 ........... $3.25

Crt Filter—Light blue. Order 378-2016-00 .... $1.00

Crt Filter—Light amber. Order 378-0843-00 ... $1.60

Crt Mesh Filter—With frame and holder. Order 378-
O0GBEO IR = %0 s o sneion o exintapore: syosate s ssecnzefelayocese $10.00

Camera Adapter—Adapts C-30A camera to 335.
Order 016-0327-00 ...........c0vvvunnennns $42.00

C-30A-P Camera—General purpose camera with
pack film back. Order C-30A-P Camera .... $650.00

1105 Battery Power Supply ................ $625

The SONY®/TEKTRONIX® 335 is manufactured and
marketed in Japan by Sony/Tektronix Corporation,
Tokyo, Japan. Outside of Japan, the 335 is avail-
able from Tektronix, Inc., its marketing subsidiaries
and distributors.

Portable Oscilloscope
10-MHz Dual-Trace

326

1 mV/div to 10 V/div
Calibrated Deflection Factors

Ac, Dc, or Battery Powered
Compact Size—Weight <13 Ib

5 MHz Bandwidth at 1 mV/div
Designed for Severe Environments

Convenient Accessory Storage

The 326 is an all solid-state, dual channel,
10 MHz Portable Oscilloscope providing
the operator the convenience of using ac,
dc, or internal rechargeable batteries for

108

powering the instrument. The 326 features
small size and light weight, together with
low power consumption. Depth is 15
inches, width is 8.7 inches, height is 4.0
inches, and weight is less than 13 pounds.
Power consumption is only 12 watts from
an external dc source and 35 watts when
powered from the ac line. Internal re-
chargeable batteries will provide up to 4
hours continuous operation. The porta-
bility/performance provided by the 326
Oscilloscope makes it most attractive for
use in “on-site” maintenance applications
such as industrial control equipment, com-
munication systems, business machines,
and computers.

y
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VERTICAL DEFLECTION

Bandwidth—Dc to at least 10 MHz at 3-dB down.
Dc to at least 5 MHz at 3-dB down using X10
gain. Low-frequency 3-dB-down point with ac
coupling is 10 Hz or less, extending to 1 Hz or less
with the included 10X probes.

Rise Time— 36 ns or less; 72 ns or less using X10
gain.

Deflection Factor— 10 mV/div to 10 V/div in 10
calibrated steps (1-2-5 sequence), 1 mV/div to
1V/div using X10 gain, all steps accurate within
3%. Uncalibrated, continuously variable between
steps and to approx 25 V/div.

Display Modes—Channel 1 only; Channel 2 only
(normal or inverted); Alternate; Chopped (approx
110-kHz rate); Added.

Input R and C—1 MQ within 2% paralleled by
approx 47 pF.

Max Input Voltage— 500 V (dc - peak ac).

Delay Line—Permits viewing leading edge of dis-
played waveform.

Internal Trigger Source—Normal (displayed signal)
or Channel 1 signal only.

HORIZONTAL DEFLECTION

Time Base—1 us/div to 1s/div in 19 calibratez( )
steps (1-2-5 sequence); accurate within 3% over
the center 8 div from 1 us/div to 0.2 s/div; accurate
within 4% at 0.5s/div and 1s/div. Uncalibrated,
continuously variable between steps .and to approx
2.5 s/div.



X10 Magnifier—Operates over full time base, in-

creases fastest sweep rate to 0.1 us/div. Accuracy

Qf magnified display is within 4% over the center

divisions from 0.5 us/div to 20 ms/div, within

5% at 0.1 us/div, 0.2 us/div, 50 ms/div, and 0.1
s/div.

External Input—Continuouly variable from approx
25 mV/div to approx 1.5V/div. Ac or dc coupled.
Dc to at least 200 kHz at 3-dB down.

O CHI VERT INPUY

OOk

lnput-output connections are on left slde panel,
freeing front-panel space fo:_' operating controls.

., GHZ VERT INPUY §
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TRIGGER

Modes—Automatic or manual level and slope selec-
tion with a single control. Automatic operation
minimizes trigger adjustments and is useful above
30 Hz. With no input, automatic triggering provides
a bright baseline at all sweep rates.

Coupling—Ac and Ac Lf Rej for internal triggering,
ac and dc for external triggering. 300-V max
input voltage (combined dc - peak ac).

Amplitude Requirements— 0.3 div deflection or 150
mV external to 1MHz increasing to 1.0 div de-
flection or 500 mV external at 10 MHz. Require-
ments increase below 30 Hz with internal or ex-
ternal ac coupling and below 50 kHz with Ac Lf
Re] coupling.

CRT

Crt— 8 x 10 div display area; each div is ¥ inch.
Crt uses low-power cathode, providing a useful
display approx two seconds after turn-on. P31

phosphor normally supplied; P7 is optional without
‘extra charge. Consult your field engineer, re-

presentative, or distributor for application informa-
tion and availability. External blanking input re-
quires +5V to 420V (dc coupled); is usable
from dc to at least 100 kHz. 50V max input
voltage (combined dc -+ peak ac).

Graticule—Internal, black, nonilluminated. Vertical
and horizontal centerlines marked in 5 minor
divisions per major ¥ inch division.

ENVIRONMENTAL CAPABILITIES

Ambient temperature—Operating: —15°C to -}-55°C.
Nonoperating: —55°C to 475°C (without batteries).
—40°C to -+60°C (with batteries). Charging: 0°C
to -+40°C.

Altitude—Operating: 15,000 ft max; max ambient
temperature must be decreased by 1°C/1000 ft
from 5000 ft to 15,000 ft. Nonoperating: 50,000 ft.

Vibration—Operating: 15 minutes along each of
the 38 major axes, 0.025 inch p-p displacement (4 gs
at 55 Hz) 10 to 55 to 10 Hz in 1-minute cycles.

Shock—Operating and nonoperating: 30 g's, 12 sine,
11 ms duration, 2 shocks per axis in each direc-
tion for a total of 12 shocks.

Humidity—Nonoperating: Meets electrical perform-
ance specifications after exposure to 5 cycles (120
hours) of MIL-Std-202C, Method 106B (omit freezing
and vibration, and allow a post-test drying period
at }25°C +5°C at 20% to 80% relative humidity).

OTHER CHARACTERISTICS

Amplitude Calibrator— 0.5V at external jack, ac-
curate within 1% from +4-20°C to -30°C, within
2% throughout the operating temperature range.
Output resistance approx 10kQ. Output also
switchable internally to vertical amplifier.

Probes—The P6049A is a miniaturized 10X probe
with 3.5 foot cable, and right-angle swivel BNC
connector. Input R and C with probe is 10 MQ
paralleled by less than 13.5 pF.

Power Sources—Internal dc source: Removable
power pack contains 9 size ““C" NiCd cells pro-
viding 1.5 to 4 hours operation. Operating time
depends on signal frequency and amplitude, the
setting of trace intensity, operating temperature
and temperature during previous battery charge.
Maximum time is achieved at 20°C to 25°C charge
and 20°C to 30°C operating temperature. Charger
provides for charging the internal batteries when
connected to the ac line, operating or nonopera-
ting. Recharge requires at least 16 hours at full
charge. A Trickle Charge mode prevents battery
self-discharge when not in use.

326 10-MHz Dual-Trace Oscilloscope

External dc source: Operates from an external dc
source of 9V to 32V, requires up to 12 W.

External ac source: Operates from an external ac
source of 90V to 136V or 180V to 272V. 48 to
440 Hz, 35 W max at 115V ac.

Di i in cm
Height 4.0 10.2
Width with handle 8.7 22.2
Depth, handle not extended

with charger 15.0 38.1

without charger 12.2 31.0
Depth, handle extended

with charger 18.2 46.2

without charger 15.8 40.1
Weights Ib kg
Net weight without accessories

with charger 13 5.9

without charger 10 4.5
Shipping weight 19 8.6

Included Accessories—Two P6049B 10X probes
(010-6049-11); carrying case (016-0532-00); strap as-
sembly (346-0098-00); viewing hood (016-0297-00);
blue light filter (426-0871-00); external dc cable as-
sembly (012-0406-00).

326 Oscilloscope, including power pack
................................ $1825

The SONY®/TEKTRONIX® 326 is manufactured and
marketed in Japan by Sony/Tektronix Corporation,
Tokyo, Japan. Outside of Japan the 326 is avail-
able from Tektronix, Inc., its marketing subsidiaries
and distributors.

OPTIONAL ACCESSORIES

Battery Set—Set of 9 NiCd cells, Order 146-0018-00

Battery Pack — Includes 146-0018-00 in battery
housing, Order 016-0296-00 .................. $85

ESSd TEKTRONIX]

Portable Oscilloscopes

4-MHz Single Channel 323

1 mV/div to 20 V/div Calibrated Deflection
Factors

Ac, Dc, or Battery Powered
Compact Size—Weight <7 Ib

Up to 7 Hours Operation from Internal Bat-
tery Pack

Designed for Severe Environments
Convenient Accessory Storage

The 323 is an all solid-state, single chan-
nel, 4 MHz Portable Oscilloscope providing
the operator the convenience of using
ac, dc, or internal rechargeable batteries
for powering the instrument. The 323 fea-
tures small size and light weight, together
with extremely low power consumption.
Depth is 10.6 inches, width is 8.5 inches,
height is 4.3 inches, weight is =7 pounds.
More on next page.
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323 4-MHz Portable Oscilloscope

Power consumption is up to 4.5 watts
(typically 1.6 watts) from an external dc
source, and 14 watts when powered from
the ac line. Internal rechargeable batteries
will provide up to 7 hours continuous
operation, sufficient for a full working day.
The portability/performance provided by
the 323 Oscilloscope makes it most at-
tractive for use in ‘“‘on-site” maintenance
applications; for example, industrial con-
trol equipment, communication systems,
business machines, and computers.

VERTICAL DEFLECTION

Bandwidth—Dc to at least 4 MHz at 3-dB down.
Dc to at least 2.75 MHz at 3-dB down using X10
gain. Low-frequency 3-dB down point with ac
coupling is 2 Hz or less, extending to 0.2Hz or
less with the included 10X probe.

Rise Time—90 ns or less; 130 ns or less using
X10 gain.

Deflection Factor— 10 mV/div to 20 V/div in 11
calibrated steps (1-2-5 sequence), 1 mV/div to 2 V/
div using X10 gain, all steps accurate within 3%.
Uncalibrated, continuously variable between steps
and to at least 50 V/div.

Input R and C— 1 MQ within 2% paralleled by
approx 47 pF.

Max Input Voltage— 500 V (dc -+ peak ac).

Input and output connections are provided on the
left side panel, freeing important front-panel space
for operating controls.

HORIZONTAL DEFLECTION

Time Base— 5 us/div to 1s/div in 17 calibrated
steps (1-2-5 sequence); accurate within 3%, over
the center 8 div, from 5 us/div to 0.2s/div;
accurate within 4% from 0.5s/div to 1s/div.
Uncalibrated, continuously variable between steps
and to at least 2.5 s/div.

X10 Magnifier—Operates over full time base, in-
creases fastest sweep rate to 0.5 us/div. Accuracy
of magnified display is within 4%, over the center
8 div, from 2 us/div to 20 ms/div, within 5% at
0.5 us/div, 1 us/idv, 50 ms/div, and 0.1 s/div.

External Input—Continuously variable from approx
20 mV/div to approx 30 V/div, ac or dc coupled.
Dc to at least 10 kHz at 3-dB down.

TRIGGER

Modes—Automatic or manual level and slope
selection with a single control. Automatic operation
minimizes trigger adjustments and is useful above
30 Hz. With no input, automatic triggering pro-
vides a bright baseline at all sweep rates.

Coupling—Ac and Ac Lf Rej for internal triggering,
ac and dc for external triggering. 300V max
input voltage (combined dc -} peak ac).

Amplitude Requirements— 0.3 div deflection or 75
mV external to 400 kHz, increasing to 0.75 div de-
flection or 190 mV external at 4 MHz. Require-
ments increase below 30 Hz with internal or ex-
ternal ac coupling and below 30 kHz with Ac Lf
Rej coupling.
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CRT

Crt— 6 x 10 div display area; each div is ¥ inch.
Crt uses low-power cathode, providing a useful dis-
play approx two seconds after turn-on. P31
phosphor normally supplied; P7 is optional without
extra charge. Consult your field engineer, rep-
resentative, or distributor for application information
and availability. External blanking input requires
—+5V to 420V (dc coupled), is usable from dc to
at least 100 kHz. 150 V max input voltage (combined
dc + peak ac).

Graticule—Internal, black, nonilluminated. Verti-
cal and horizontal centerlines marked in 5 minor
divisions per major Y4 inch div.

ENVIRONMENTAL CAPABILITIES

Ambient Temperature—Operating: —15°C to -55°C.
Nonoperating: —55°C to -+75°C (without batteries).
—40°C to --60°C (with batteries). Charging: 0°C
to --40°C.

Altitude—Operating: 30,000 feet; max ambient tem-
perature must be decreased by 1°C/1000 feet
from 15,000 feet to 30,000 feet. Nonoperating:
50,000 feet.

Vibration—Operating: 15 minutes along each of
the 3 major axes, 0.025 inch p-p displacement
(4 g’s at 55 Hz) 10 to 55 to 10 Hz in 1 minute cycles.

Shock—Operating and nonoperating: 30 g’s, 1
sine, 11 ms duration, 2 shocks per axis in each
direction for a total of 12 shocks.

Humidity—Nonoperating: Meets electrical perform-
ance specifications after exposure to 5 cycles (120
hours) of MIL-Std-202C. Method 106B (omit freez-
ing and vibration, and allow a post-test drying
period at --25°C +5°C at 20% to 80% relative
humidity).

OTHER CHARACTERISTICS

Amplitude Calibrator—0.5V at external jack, ac-
curate within 1% from -4-20°C to -+30°C, within
2% throughout the operating temperature range.
Output resistance approx 10kQ. Output also
switchable internally to vertical amplifier.

Probe—The P6049A is a miniaturized 10X probe
with 3.5 foot cable, and right-angle swivel BNC
connector. Input R and C with probe is 10 MQ
paralleled by less than 13.5 pF.

Power Sources—Internal dc source: removable
power pack contains 6 size ‘“C" NiCd cells pro-
viding 3 to 7 hours of operation. Operating time
depends on signal frequency and amplitude, the
setting of trace intensity, operating temperature
and temperature during previous battery charge.
Max time is achieved at 20°C to 25°C charge
and 20°C to 30°C operating temperature. Internal
charger provides for charging the internal batteries
when connected to the ac line, operating or non-
operating. Front-panel light indicates when internal
batteries are low, or when external dc source
is low. Recharge requires at least 16 hours at full
charge. A Trickle Charge mode prevents battery
self-discharge when not in use.

External dc source: operates from an external dc
source of 6 V to 16 V, requires up to 4.5 W, typically
1.6 W.

External ac source: operates from an external ac
source of 90 to 136V, or 180 to 272V. 48 to
440 Hz, 14 W max at 115V ac.

Dimensions in cm
Height with accessory pouch 4.3 10.8
Width with handle 8.5 21.6 P
Width with ac power cord 9.3 23.5
Depth with handle not extended | 10.6 27.0
Depth with handle extended 13.0 33.0
Weights Ib kg
Net without accessories 7 3.2
Shipping 14 6.3

Included Accessories—P6049B 10X probe (010-6049-
11); patch cord (012-0089-00); accessory pouch
(016-0113-03); viewing hood (016-0247-01); power
cord (161-0043-02); panel cover (200-0812-00); strap
assembly (346-0051-00).

323 Oscilloscope (includes power pack)
................................ $1200

OPTIONAL ACCESSORIES

Protective Cover—The protective cover for the
323 can be used during transport or storage, and
is constructed of waterproof blue vinyl,

Ordery016:01125007 oo Kok a8 500 cobame pitld $15

Power Pack—Extra power pack, in addition to the
one supplied with the 323, allows one power pack
to charge while the other is powering the oscillo-
scope. Pack contains 6 size ‘“C’" NiCd cells and
battery charger, Order 016-0119-02 .......... $145

Battery Set—Set of 6 NiCd cells,
Order 146-0012-01 .................covuuinnn. $28

PORTABLE SPECTRUM ANALYZER SYSTEM

The 323 Oscilloscope becomes a frequency domain
measurement tool when used with the TEKTRONIX
1401A 1-to-500 MHz Spectrum Analyzer Module.
Ac, dc, or battery power may be used for this
15 pound system.

The SONY®/TEKTRONIX® 323 is manufactured and
marketed in Japan by Sony/Tektronix Corporation,
Tokyo, Japan. Outside of Japan the 323 is available
from Tektronix, Inc., its marketing subsidiaries and
distributors.



Stored Viewing Time to 4 hrs
10.5 Ib Portable Package

Intergrate Mode for Intensifying Fast
Rise Time, Low Repetition Rate Signals

1 mV/div Sensitivity at 10 MHz
Designed for Severe Environments
Operates from Ac Line, 12 V Dc, or 24 V Dc

The 314 Portable Storage Oscilloscope pro-
vides bistable storage with a 4-hour viewing
time, and 1 mV/div sensitivity at 10 MHz in
a rugged 10.5 Ib package. This low weight
(less than one-half the weight of most stor-
age oscilloscopes) is an important consid-
eration where portability is needed.

°Long term storage (4 hours) provides the 314

with the capability for unattended monitor-
ing of signal lines where undesired tran-
sients are suspected. It also makes it easy
to store hard-to-repeat waveforms for later
viewing by other personnel. For fast rise
time, low repetition rate signals, an integrate
mode increases the intensity of the stored
trace.

Light-weight (10.5 Ib), small size (4.4 in x
9.3 in x 13.6 in), and operation from ac or dc
power sources mean that the 314 will easily
go wherever there is a need for a storage
oscilloscope. And rugged construction as-
sures that it will withstand field operating
conditions. Applications for the 314 occur
in industrial control systems, biophysical
instrumentation, communication terminals,
POS terminals, computer peripherals, and
communication systems. The 1 mV/div sen-
sitivity is particularly useful for measure-
ment of transducer signals such as those
from magnetic recording heads. An auto-
erase mode, with variable erase period from
1 to 5 seconds, enhances the ability of the
314 to make measurements on slowly chang-
ing analog signals such as those from a
pressure transducer.

‘Color coding and functional layout of the

ront-panel controls make the 314 easy to
operate. Combined function controls and
side mounting of probes lead to small size
and an uncluttered control panel.

CRT DISPLAY AND STORAGE FEATURES
Crt — 8 x 10 div display area (0.25 in/div).
Phosphor — P43.
Accelerating Potential — 2 kV.

Graticule — Internal, non-illuminated. Vertical and
horizontal center-lines marked in 5 minor div per
major ¥4 in div.

Display Modes — Direct view, bistable storage, and
non-store modes. Enhance mode to increase stored
writing rate in the single sweep mode. Auto erase
mode to automatically erase stored display after each
sweep. Viewing time before auto erase can be varied
from 1 sec or less to at least 5 sec. Integrate mode
increases stored brightness of very fast repetitive
signals.

Stored Writing Speed — At least 80 div/ms. In-
creases to at least 400 div/ms (250 cm/ms) in en-
hanced mode.

Storage Viewing Time — Up to 4 hours.

Erase Time — 300 ms.

VERTICAL SYSTEM

Bandwidth — Dc to at least 10 MHz. For ac coupling,
low frequency limit is 10 Hz or less; 1 Hz or less with
the included 10X probe.

Rise Time — 36 ns or less for a 4 div step input.
Deflection Factor — 1 mV/div to 10 V/div in 13 cali-
brated steps (1-2-5 sequence). All steps accurate
within 83%. Uncalibrated, continuously variable be-
tween steps and to at least 25 V/div.

Display Modes — Channel 1 only, channel 2 only (nor-
mal or inverted), chopped, alternate, added, and X-Y.

Input R and C — 1 MQ paralleled by 47 pF for oscillo-
scope alone. 10 MQ paralleled by 13.5 pF with
P6049B probe.

Max Input Voltage — 500 V (dc -+ peak ac).

Delay Line — Permits viewing leading edge of trig-
gering waveform.

HORIZONTAL DEFLECTION

Time Base — 1 us/div to 5§ s/div in 21 calibrated
steps (1-2-5 sequence). Accurate within 3% over the
center 8 divisions from 1 us/div to 0.2 s/div: accurate
within 4% from 0.5 s/div to 5 s/div. Uncalibrated, con-
tinuously variable between steps and to at least 12.5
s/div.

X10 Magnifier — Operates over all time base ranges,
increases fastest sweep rate to 0.1 us/div. Accurate
within 5% over the center 8 divisions from 50 ms/div
to 0.5 s/div, within 4% from 0.5 us/div to 20 ms/div,
and within 5% for 0.1 us/div and 0.2 us/div.

External Input — Deflection factor continuously vari-
able from 20 mv/div to 20 V/div. Bandwidth, dc to at
least 200 kHz.

Portable Oscilloscope
10-MHz Long Term Storage 314

TRIGGER

Modes — Automatic: minimizes trigger adjustment.
Sweep generator free-runs in the absense of a trigger.
Normal: sweep generator requires a trigger to gen-
erate a sweep. Single sweep: one sweep is initiated
by the first trigger after a reset.

Sources — Internal: channel 1, channel 2, or com-
posite. Coupling is ac or ac If rej. External: coupling
is dc, ac or ac If rej. Max input trigger voltage, 300
V (dc + peak ac). Line: trigger is obtained from a
sample of the line voltage applied to the instrument.

Amplitude Requirements — 0.3 div deflection or 150
mV external to 1 MHz, increasing to 1.0 div deflec-
tion or 500 mV external at 10 MHz. Requirements in-
crease below 30 Hz for ac coupling and below 50 kHz
for ac If rej coupling.

ENVIRONMENTAL CAPABILITIES

Temperature — Operating: —15°C to --55°C. Non-
operating: —40°C to 4-75°C.

Altitude — Operating: 20,000 ft max, decrease max
temperature by 1°C/1,000 ft from 5,000 ft to 20,000 ft.
Nonoperating: 50,000 ft max.

Humidity — Nonoperating: Meets electrical perform-
ance specifications after 5 cycles (120 hours) of MIL-
STD-202D, Method 106C. Omit freezing and vibration.
Test performed after a drying period at 25°C =+5°C
and 20% to 80% relative humidity.

Vibration — Operating: 15 minutes along each of the
three major axes at a total displacement of 0.025 in
p-p (4 g’'s at 55 cps). 10 to 55 to 10 cps in 1 minute
cycles.

Shock — Operating and nonoperating: 30 g's, 12
sine, 11 ms duration. 2 shocks per axis in each direc-
tion for a total of 12 shocks.

OTHER CHARACTERISTICS

Amplitude Calibrator — 0.5 V accurate within 1%
from 20°C to 30°C, within 2% from —15°C to +55°C.

Z-axis Input — Sensitive range +5 V to +20 V (dc
coupled) with a 100 kHz or greater usable frequency
range. Max input voltage, 50 V (dc -+ peak ac).

Power Sources — External ac source: 90 V to 132 V
or 180 V to 264 V with a line frequency of 48 Hz to
440 Hz. Max power dissipation 29 W at 115 V. External
dc source: +11 Vto 4+14 V or 422 V to +28 V with
a max current drain of 1.6 A at +12 V or 0.8 A at
+24 V.

DIMENSIONS AND WEIGHTS

Dimensions in cm

Height 4.4 11.2
Width with Handle 9.3 23.6
Depth, Handle not Extended 13.6 34.7
Depth, Handle Extended 17.6 44.8
Weights (approx) Ib. kg

Net Weight without Accessories 10.5 4.7
Shipping Weight 17.0 7.6

Included Accessories — Two P6049B X10 probes
(010-6049-11), carrying case (016-0612-00) external
dc cable assembly (012-0406-00).

314 Storage Oscilloscope. . . ... .....$1995

The SONY®/TEKTRONIX® 314 is manufactured and
marketed in Japan by Sony/Tektronix Corporation,
Tokyo, Japan. Outside of Japan, the 314 is available
from Tektronix, Inc., its marketing subsidiaries and
distributors.
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Portable Oscilloscope

221 5-MHz Miniscope

5 MHz Bandwidth

3.5 1b, 3x5% x9% In
Internal Battery Pack
5mV/div to 100 V/div
Integral 1 MQ Probe

The 221 has the capability needed for
on-site service of today’s complex equip-
ment. This versatile miniscope has a
5 MHz bandwidth, 5 MV/div sensitivity, and
0.1 us/div sweep speed (using X10 mag-
nifier) packaged in an impact-resistant
case. Total operating weight is just 3.5
pounds. Internal rechargeable batteries
allow at least three hours operation away
from external power sources, and the 221
will operate and charge from practically all
the world’s principal line voltages. Trav-
eler-users can connect the 221 to 90 to
250V, 48 to 62 Hz ac, or 80 to 250V dc
without making any change to the instru-
ment. The 3x5.2x9inch scope fits in a
toolbox or briefcase.

The integral 1 MQ low-capacitance probe
minimizes circuit loading and is always
there when you need it. Vertical deflection
factors extend from 5 mV/div to 100 V/div
allowing on-screen measurement of signals
up to 600V dc + peak ac. The 1 us/div
to 200 ms/div time base is enhanced by a
X10 magnifier that extends the fastest
range to 0.1 us/div. A variable control will
slow the sweep to about 0.5 s/div.

Trigger level and slope functions are
simplified to one rotary control. With no
signal input, an automatic trigger mode
provides a bright baseline at all sweep
speeds. In the auto mode, when a signal
is received, the scope triggers on the sig-
nal. Some applications require an adjust-
able trigger level. Turning the trigger con-
trol clockwise from the auto position al-
lows the user to select any combination
of trigger slope and trigger point.

In many industrial applications, it is nec-
essary to “float” the oscilloscope. These
scopes can be elevated to 700V (dc
- peak ac) above ground when operated
from batteries. Although insulated, normal
caution should be observed when con-
necting the oscilloscope probe to the test
point.

The physical and electrical characteristics
of the 221 make it a valuable and important
tool for those involved in servicing com-
puter peripherals, process control equip-
ment, machine tool controls, communica-
tion and alarm systems, data transmission
equipment, mobile electronics, and many
others.
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VERTICAL DEFLECTION

Deflection Factor—5 mV/div to 100 V/div in 14
calibrated steps (1-2-5 sequence). Accurate to
within 3% from 0°C to 4-40°C and within 5% from
— 15°C to 0°C and +40°C to +4-55°C. Uncalibrated,
continuously variable between steps and to at least
300 V/div.

Bandwidth—Dc to at least 5 MHz (—3 dB point) at
all calibrated deflection factors. Lower 3 dB down
point ac coupled is approx 2 Hz.

Input R and C—Approx 1 MQ paralleled by approx
29 pF via attached signal acquisition probe.

Insulation Voltage— 500V rms or 700 V (dc - peak
ac) when operated from internal batteries, with
the line cord stored and the plug protected. When
operated from an external line, line voltage plus
floating voltage not to exceed 250V rms; or 1.4 x
line 4 (dc -+ peak ac) not to exceed 350V.

Max Input Voltage— 600 V (dc -+ peak ac), 600 V p-p
ac, 5 MHz or less.

HORIZONTAL DEFLECTION

Time Base— 1 us/div to 200 ms/div in 17 calibrated
steps (1-2-5 sequence). Accurate to within 3% from
0°C to --40°C and within 5% from —15°C to 0°C
and -40°C to -55°C.

Sec/Div Variable—Extends minimum sweep rate to
approx 0.5s/div. Continuously variable between
calibrated settings.

Horizontal Magnifier—Increases all sweep speeds
X10 with a max sweep speed of 0.1 us/div and gives
a horizontal sensitivity of 0.1 V/div in X-Y operation.

External Horizontal Input—1 V/div within 10%,
dc to 500 kHz. Approx 0.5 MQ paralleled by approx
30 pF.

Max External Horizontal Input Voltage— 200 V (dc -
peak ac), 200V p-p ac to 500 kHz, decreasing to
20 V p-p ac at 5 MHz.

TRIGGER

Modes—Automatic or manual. Level and slope
selected with a single control. Automatic operation
minimizes trigger adjustment and provides a bright
baseline with no input.

Sensitivity—
Internal 0.5 div from 2 Hz to 1 MHz decreasing
to 1 div at 5 MHz.
External 0.5V from dc to 1 MHz decreasing to
1V at 5MHz.
CRT

Crt— 6 x 10 div display area, each div is approx
0.2 in. P31 phosphor normally supplied; P7 optional
without extra charge. 1KkV accelerating potential.

Graticule—Internal, black line, nonilluminated.

ENVIRONMENTAL CAPABILITIES -

Ambient Temperature—Operating (battery only)!
—15°C to --55°C. Charging or operating from ac ™
line, 0°C to -40°C. Nonoperating, —40°C to
--60°C.

Altitude—Operating: 25,000 ft, max operating tem-
perature decreased by 1°C/1000 ft above 15,000 ft.
Nonoperating, 50,000 ft.

Vibration—Operating and nonoperating, 15 minutes
along each of the 3 major axes at a total displace-
ment of 0.025 in p-p (4g’'s at 55 Hz) with frequency
varied from 10 to 55 to 10Hz in one minute
cycles. Held for three minutes at 55 Hz. All major
resonances must be above 55 Hz.

Shock—Operating and nonoperating; 100 g’s, V2 sine,
2 ms duration each direction along each major axis.
Total of 12 shocks.

Humidity—Operating and nonoperating; 5 days at
-+50°C, 95% humidity.

OTHER CHARACTERISTICS

Power Sources—Internal dc source contains 10 size
“A” NiCd cells providing at least 3 hours operation.
Operating time depends on trace intensity, operating
temperature, and temperature during battery charge.
Max operating time is achieved at -20°C to
-+30°C charge and operating temperature. Internal
charger provides for charging the batteries when
connected to an external power line with instrument
turned on or off. Battery operation is automatically
interrupted when battery charge drops’ to approx
10V to protect batteries against deep discharge.
Full recharge requires approx 16 hours. Extended
time charges will not damage the batteries. An
expanded scale battery meter indicates full, low, and
recharge. External power source, 90 to 250V
ac (48 to 62 Hz) or 80 to 250 V dc, 5 W or less.

Dimensions and Weights

in cm
Height 3.0 7.6
Width 5.2 13.3
Depth 9.0 22.8

Ib kg
Net Weight without 3.5 1.6
Accessories
Shipping ~8.0 ~3.6

Included Accessories—Viewing hood (016-0199-01);
carrying case (016-0512-00); neck strap (346-0104-
00); and two spare fuses (159-0080-00).

ORDERING INFORMATION
221 Oscilloscope, including batteries and
probe: .5 Rl IR RS O SR NR $825
INSTRUMENT OPTION
Option 76, P7 Phosphor .............. No Charge
OPTIONAL ACCESSORIES

Alligator Clip Kit—A pair of alligator clips that
allow connecting the probe and ground lead to
large (up to ¥ in) conductors. Includes: red clip
(015-0229-00); yellow clip (015-0230-00); 6-32 to
probe adapter (103-0051-01).

Order 015-0231-00 ...............covevenen.. $8.00
Probe-tip to BNC Panel Connector Adapter .......
Order 013-0084-01 ...........covvvvveennnn. $8.00
Probe-tip to BNC Cable Adapter ................
Order 103-0096-00 .............ccovvvuunennn $8.00

Power Cable Adapter Assembly—A short length of
two-wire power cord. One end has a female NEC
socket fitting the 200-Series power cords; the other
end is left open so that the wires can be attached
to a non-NEC male power plug. Plugs not supplied.
Order 161-0077-01 ..........covvveeneennnnn ss.so(
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3.5 Ib, 3x5% x 9% Inches
Internal Battery Pack

1 mV/div to 50 V/div
Integral 1 MQ Probe

Dual Trace

Storage (214)

The growing 200 Series of miniscopes rep-
resent a breakthrough in portable oscil-

00$cope design. Fully self-contained, these

miniature size, ultra lightweight portables
are double insulated, permitting floating
measurements. They are built of impact-
resistant plastic for applications in severe
environments. When not in use, the integral
1 MQ probes are stored in specially de-
signed compartments. The 212 and 214
probes are color matched with the vertical
deflection controls to minimize measure-
ment error. Clip-on 10X attenuators are
available for higher amplitude applications.
A convenient neck strap, which is an in-
cluded accessory, frees both hands. These
miniscopes represent an unequalled value.

Trigger level and slope functions are sim-
plified to one rotary control. With no signal
input, an automatic trigger mode provides
a bright baseline at all sweep speeds. In
the auto mode, when a signal is received,
these scopes trigger on the signal. Some
applications require an adjustable trigger
level. Turning the trigger control clockwise
from the auto position allows the user to
select any combination of trigger slope and
trigger point.

The battery operation, rugged case, and
extreme light weight and small size of these
scopes make them suitable for a wide range

‘?ﬂf installation and service applications:

achine and motor controls, audio com-
munication systems, mobile electronics,
data transmission systems, office and in-
dustrial equipment, frequency translators,

computer peripherals, hospital equipment,
and many others.

In many industrial applications, it is nec-
essary to “float” the oscilloscope. These
scopes can be elevated to 700V (dc +
peak ac) above ground when operated from
batteries. Although insulated, normal cau-
tion should be observed when connecting
the oscilloscope probe to the test point.

With the 214, storage is introduced in a
miniscope. Storage retains a nonrepetitive
or slow moving signal. This allows closer
inspection of these signals. In the single
sweep mode the 214 waits for, then records,
a single event. With this feature, the
scope’s sweep circuit is armed and will wait
for the signal to arrive before it runs. When
the signal occurs, the sweep runs once and
then waits for a manual reset. When com-
bined with storage, this provides the unique
capabilities of automatically waiting for an
event and then storing it for subsequent
viewing. The 214 is especially suited for
such applications as telephone line signals,
electromechanical information, industrial
controls and more.

VERTICAL SYSTEM

Deflection Factors— 1 mV/div to 50 V/div in 15
calibrated steps (1-2-5 sequence), accurate within
5%. Uncalibrated, continuously variable between
steps to at least 125 V/div.

Bandwidth—Dc to at least 500 kHz from 10 mV/
div to 50 V/div, reducing to at least 100 kHz at
1 mV/div. Lower —3 dB down point ac coupled is
less than 2 Hz.

Input R and C—Approx 1 MQ paralleled by approx
160 pF from 1 mV/div to 50 mV/div; and 140 pF from
100 mV/div to 50 V/div, via attached signal ac-
quisition probes. With optional 10X attenuator
adapter, input R is 4.4 M2 and input C is approx
20 pF.

Insulation Voltage— 500V rms or 700V (dc -+
peak ac) when operated from internal batteries,
with the line cord and plug stored. When operated
from ac, line voltage plus floating voltage not to
exceed 250V rms; or 1.4X line - (dc - peak
ac) not to exceed 350 V.

Portable Oscilloscopes 212

500-kHz Storage (214) Miniscopes 214

Display Modes—Channel 1 only, Channel 2 only, or
Channel 1 and Channel 2 chopped from 500 ms/div
to 2 ms/div of time base (approx 40 kHz), and al-
ternate from 1 ms/div to 5 us/div of time base.

Max Input Voltage (1X probe only)— 1 mV/div
to 50 mV/div, 600V (dc -}- peak ac), ac not over
2 kHz. 0.1V/div to 50V/div, 600V (dc - peak
ac), 600V p-p ac, 5 MHz or less.

Max Input Voltage Using Optional 10X Attenuator—
1000 V (dc + peak ac).

Channel 1-Channel 2 Isolation — 1000:1 (Signals less
than 6 divisions).

HORIZONTAL SYSTEM

Time Base — 5 us/div to 500 ms/div in 16 calibrated
steps (1-2-5 sequence); accurate to within 5%.

Variable Magnifier—Increases each sweep rate by
at least 5 times. Continuously variable between
settings. Extends max sweep rate to at least
1 ps/div.

External Horizontal Input (Channel 1)— 1 mV/div
to 50 V/div within 10%; dc to 50 kHz; X-Y phasing
to 5kHz less than 3°. Input characteristics same
as Channel 1.

TRIGGER

Internal (With Composite Trigger Source)—Triggers
on at least 0.2 div, dc to 500 kHz.

Internal (with Channel 2 Trigger Source)—Triggers
on 0.2 div from 2Hz (—3dB down) to 500 kHz.

External—1V to 16V p-p to 500 kHz. Input R
and C, 1 MQ paralleled by approx 30 pF.

Single Sweep—Sweep generator produces one sweep
when trigger is received.

CRT AND STORAGE FEATURES

Crt—Bistable storage, 6x10 div display area,
each div is approx 0.2 in.

Graticule—Internal, black line, nonilluminated.
Stored Luminance—At least 8 ft lamberts.

Writing Speed—Normal, at least 80 div/ms. En-
hanced, increases single-sweep storage writing
speed to at least 500 div/ms. Enhance is automatic
from 0.1 ms to 5 us/div in single sweep.

Storage Viewing Time—Approx 1 hr.

ENVIRONMENTAL CAPABILITIES

Ambient Temperature—Operating (battery only),
—15°C to -}-55°C; Charging or operating from ac
line, 0°C to -}-40°C; nonoperating —40°C to -60°C.

Altitude—Operating, 25,000 ft, max operating tem-
perature decreased by 1°C/1,000 ft above 15,000 ft.
Nonoperating 50,000 ft.

Vibration—Operating and nonoperating, 15 minutes
along each of the 3 major axes at a total displace-
ment of 0.025 inch p-p (4g’s at 55Hz) with
frequency varied from 10 to 55 to 10 Hz in one-
minute sweeps. Held for three minutes at 55 Hz.
All major resonances must be above 55 Hz.

Shock—Operating and nonoperating; 150 g's; %2
sine, 2 ms duration in each direction along each
major axis. Total of 12 shocks.

Humidity—Operating and nonoperating; 5 cycles
(120 hours) to 95% relative humidity, referenced
to MIL-E-16400F.

More on next page.
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212/214 500-kHz Storage (214) Miniscopes

OTHER CHARACTERISTICS

Power Sources—An internal dc source provides up
to 5 hours operation (up to 3.5 hours in 214 stored
mode). Operating time depends on trace intensity,
operating temperature, and temperature during pre-
vious battery charge. Max operating time is
achieved at -+20°C to -30°C charge and operating
temperature. Internal charger provides for charging
the batteries when connected to an ac line with
instruments turned off. Battery operation is auto-
matically interrupted when battery charge drops to
approx 10V to protect batteries against deep
discharge. Full recharge requires approx 8 hours.
Extended charge times will not damage the batteries.

Power Sources—A pilot light battery-charge indicator
light will extinguish when oscilloscope has about
10 minutes (5 min. for the 214) of operating time
remaining in the batteries.

External Ac Source— 110 to 126V, 58 to 62 Hz,
3 W. Can be operated at 104 to 110 V with result-
ing slow discharge of internal batteries. Power
options are shown below.

Dimensions in cm

Height 3.0 7.6
Width 5.3 13.3
Depth 9.5 241
Weight (approx) Ib kg

Without Accessories 3.5 1.6
Shipping 7.0 3.2

Included Accessories—Viewing hood (016-0199-01);
carrying case (016-0512-00); neck strap (346-0104-
00); 2 fuses (159-0121-00).

ORDERING INFORMATION

212 Dual-Trace Oscilloscope, including
batteries’ .annisallans. Wzl v $875

214 Dual-Trace Storage Oscilloscope, in-
cluding batteries ................ $1200

48-52 Hz POWER OPTIONS )
y

Option 1 for 220-250 V, includes batteries .....

...................................... No Charge

Option 2 for 90 to 110 V, includes batteries ......
...................................... No Charge

OPTIONAL ACCESSORIES

10X Attenuator Package—A slip-on tip to provide
lower circuit loading (4.4 MQ, approx 20 pF) and
higher max input voltage 1000V (dc -} peak ac)
includes: 10X attenuator (010-0378-01); pincher tip
(013-0071-00); flex tip (206-0060-00); banana tip
(134-0013-00); IC adapter (206-0203-00).

Order 010-0378-01 ...........ccv0vviininnnns $28

Alligator Clip Kit—A pair of alligator clips that
allow connecting the probe (or optional 10X at-
tenuator) and ground lead to large (up to 3')
conductors. Includes: red clip (015-0229-00); yellow
clip (015-0230-00); 6-32 to probe adapter (103-0051-
01).

Order 015-0231-00 ...........covvvvveennns $8.00

Probe-tip to BNC Panel Connector Adapter
Order 013-0084-01 ..............covvuiiunnnnn $8.00

Probe-tip to BNC Cable Adapter
Ordor 103-0086-00 .......cccovneeeennssnnss $8.00

Power Cable Adapter Assembly—A short length of
two wire power cord. One end has a female NEC
socket fitting the 200-Series power cords; the other
end is left open so that the wires can be attached
to a non-NEC male power plug. Plugs not supplied.
Order 161-0077-01 ...........c.covvvvnvvnnn. $3.50

Portable Oscilloscope

213 A 1-MHz Miniscope/DMM

DMM and Miniscope in One Unit
Compact—3.7 Ib, 3 x 5.2 x 8.9 in

True Rms Voltage and Current Measure-
ments

Internal Battery
Double Insulation
Rugged Construction
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The 213 combines a precision (3%2 digit)
digital multimeter and a 1 MHz oscilloscope
in one extremely compact instrument that
will go wherever you have measurements to
make. At 3.7 Ibs and 3.0 x 5.2 x 8.9 inches,
the 213 will easily fit into your briefcase or
toolkit. In operation the light-weight 213 can
be hand held, rested on the equipment being
tested, or carried on a convenient included
neck strap.

Small size and internal battery power assure
that the 213 can easily make measurements
at the top of a ladder, on a catwalk in an
industrial processing plant, in a moving ve-
hicle, in office environments, at a remote
field location, and at many other locations
often inaccessible for measurements with
such complete instrumentation. What’s
more, the 213’s rugged construction equips
it to withstand hostile industrial or trans-
portation environments as well as the hard
use of traveling field service applications.
Battery operation and a double-insulated
case aid the operator in isolating the 213
from ground or power line when making
measurements at elevated voltage.

By combining both DMM and oscilloscope
functions, the 213 provides the capabilities
required for a wide range of on-site servic-
ing applications. The 213 is the ideal instru-
ment for many troubleshooting application{
in industrial control systems, computer pe
ripherals, communications equipment, office
machines, point-of-sale terminals, mobile
electronics, and hospital equipment.



Operating controls of the 213 are designed

OO be easily understood and to speed mea-

surements. A single push button is used to
select DMM or oscilloscope operation. A
second push button selects dc or rms oper-
ation, three additional push buttons provide
quick selection of voltage, current, or (in the
DMM mode) resistance measurement. Scale
factor (volts, mA, or ohms) for both oscillo-
scope and DMM modes is selected with one
clearly labeled dial. A second dial is used to
select time/div for the oscilloscope mode.
DMM

Provides true rms readings of voltage and current.
DC AND AC VOLTAGE

Range — 0.1 V to 1000 V full scale in 5 ranges.

Resolution — 100 xV at 0.1 V full scale.

Accuracy In Dc Mode — For 25°C %5°C.

Range (Full Scale) % of Reading

0.1V Within 0.1% of reading =3 counts.
Temp Coef is (within 0.015% of
reading +0.04% of full scale)

per °C.

1V Within 0.1% of reading =1 count.
Temp Coef is (within 0.01% of
reading +0.01% of full scale)
per °C.

10 V and 100 V Within 0.15% of reading =1 count.
Temp Coef is (within 0.015% of
reading +0.01% of full scale)

per °C.

O

1000 V Within 0.2% of reading =1 count.
Temp Coef is (within 0.02% of
reading +0.01% of full scale)

per °C.

Accuracy in Rms Mode—For 25°C -5°. Temperature
coefficient (within 0.05% of reading +0.1% of full
scale) per °C.

Accuracy in Rms Mode — For 25° =5°C. Temperature
coefficient (within 0.02% of reading +0.04% of full
scale) per °C.

213 1-MHz Miniscope/DMM

Input R and C — 10 MQ paralleled by 150 pF for &
mV/div through 1 V/div and 100 pF for 2 V/div
through 100 V/div.

Max Input Voltage —

Input Condition Max Input Voltage

Dc coupled, 5 mV/div | 500 V (dc + peak ac)

to 1 V/div at 1 MHz or less
Ac coupled, 5 mV/div | 800 V (dc 4 peak ac)
to 1 V/div 500 V peak ac component

2 V/div to 100 V/div 800 V (dc + peak ac)

at 1 MHz or less

VERTICAL DEFLECTION (CURRENT)

Deflection Factor — 5 pA/div to 100 mA/div in 14 cali-
brated steps (1-2-5 sequence). Accurate within *=3%.
Uncalibrated; continuously variable between steps
and to at least 250 mA/div.

Bandwidth — Dc to at least 400 kHz (—3 dB point) for
20 uA/div through 100 mA/div deflection factors. Dc
to at least 200 kHz —3 dB point) for 5 uA/div and 10
pA/div.

Max Input Current— 2 A rms or 3 A peak for any
range (fuse and diode protection).

HORIZONTAL DEFLECTION
S p Rate — 2 us/div to 500 ms/div in 17 calibrated

Range Within % of reading shown
(Full Scale) +5 counts*
40 Hz 4 kHz
to to
Dc 4 kHz 40 kHz
0.1 mA 2.5% 1.5% 4.5%
1 mA to 1000 mA 2.5% 1.5% 3.5%

Range Within % of reading shown
(Full Scale) =+5 counts*

40 Hz 4 kHz

to to

Dc 4 kHz 40 kHz

0.1V 2.5% 1.5% 3.5%
1V,10V,and 100V | 2% 1% 1%
1000 V 2% 1% 2%

*Accuracy limit increases linearly for crest factor
greater than 2 up to twice indicated limit for crest
factor of 5.

Input Resistance — 10 MQ.

Input Capacitance — 150 pF on 0.1 V to 10 V ranges,
100 pF on 100 V and 1,000 V ranges.

Settling Time — 1.5 seconds within 0.1% of reading in
dc mode, 2 seconds within 1% of reading in rms
mode.

Max Input Voltage — 500 V (dc -+ peak ac) for 0.1 V
to 10 V ranges dc coupled, 800 V (dc + peak ac)
for 0.1 V to 10 V ranges ac coupled, 800 V (dc + peak
ac) for 100 V and 1000 V ranges.

DC AND AC CURRENT
Range — 0.1 mA to 1000 mA full scale in 5 ranges.
Resolution — 100 nA at 0.1 mA full scale.

Accuracy in Dc Mode — For 25°C =#5°C. Temperature
coefficient (within 0.02% of reading -+0.04% of full
scale) per °C.

Range Within % of reading shown
(Full Scale) =+3 counts

0.1 mA 0.5%

1 mA to 1000 mA 0.25%

*Accuracy limit increases linearly for crest factor
greater than 2 up to twice the indicated limit for
crest factor of 5.

Settling Time — 1.5 seconds within 0.1% of reading in
dc mode, 2 seconds within 1% of reading in rms mode.

Max Input Current—2 A rms or 3 A peak on any
scale (fuse and diode protection).

RESISTANCE
Ranges — 1 kQ to 10 MQ full scale in 5 ranges.
Resolution — 1 Q2 on 1 kQ scale.

Accuracy — For 25°C ==5°C.

Range % of Reading
1k 0.5% =3 counts
10kto1 M 0.5% ==1 count
10 M 1% ==1 count

Settling Time — 2 seconds within 2 counts.

READOUT
Number of Digits — 32 digits plus decimal point and
sign.
Display Size — 1 cm high by 4 cm wide (5 characters).
Overrange Capability — At least 200% of full scale.

Overrange Indication — Readout displays scrambled
characters.

OSCILLOSCOPE
VERTICAL DEFLECTION (VOLTAGE)

Deflection Factor — 5 mV/div to 100 V/div in 14 cali-
brated steps (1-2-5 sequence). Accurate within =3%.
Uncalibrated; continuously variable between steps
and to at least 250 V/div.

Bandwidth — Dc to 1 MHz (—3 dB point) for 20
mV/div to 100 V/div deflection factors. Dc to 400 kHz
(—3 dB point) for 5 mV/div and 10 mV/div. Lower
bandwidth limit (—3 dB point) for ac coupling is 1 Hz
or less.

steps (1-2-5 sequence). Accurate within *5%.

Horizontal Magnifier — Provides continuously variable
sweep rate settings between calibrated settings. Ex-
tends fastest sweep rate to at least 0.4 us/div.

TRIGGER

Internal Ac Coupled (Auto) — Triggers on deflection
of 0.5 div or more from 7 Hz to 1 MHz. Sweep free-
runs in absence of trigger signal or for frequencies
below 7 Hz.

Internal Ac Coupled (Normal) — Triggers on deflec-
tion of 0.5 div or more from 7 Hz to 1 MHz.

External Dc Coupled — Triggers on signals of 1.0 V or
more from dc to 1 MHz.

CRT

6 x 10 div display area, each div is approx 0.2 in.
Internal black line, non-illuminated graticule. P43
phosphor is standard.

ENVIRONMENTAL CAPABILITIES

Ambient Temperature — Operating (battery only),
—159C to +55°C. Charging or operating from ac line,
0°C to +40°C. Nonoperating —40°C to +60°C.

Altitude — Operating, to 25,000 ft. Max operating
temperature decreased by 1°C per 1,000 ft above
15,000 ft. Nonoperating to 40,000 ft.

Humidity — 80% or less relative humidity at 40°C or
less.

Vibration — Operating and nonoperating, 15 minutes
along each of the 3 major axes at a total displacement
of 0.025 in p-p (4 g’s at 55 Hz) with frequency varied
from 10 to 55 to 10 Hz in one-minute sweeps. Held for
three minutes at 55 Hz. All major resonances must be
above 55 Hz.

Shock — Operating and nonoperating 150 g's; %2 sine,
2 ms duration in each direction along each major
axis. Total of 12 shocks.

OTHER CHARACTERISTICS

Power Sources — Internal Ni Cd batteries provide a
typical operating period of 3.5 hours at max trace
intensity for a charging and operating temperature
between 20°C and 30°C. Internal charger provides
for charging batteries any time the instrument is
connected to an ac line even if the instrument is
turned off. Dc operation is automatically interrupted

115




213 1-MHz Miniscope/DMM

when battery voltage drops below 2 V to protect bat-
teries against deep discharge. Full recharge requires
approx 16 hours. External operation from 90 to 136
V ac (48 to 62 Hz). Option 1 allows operation from
an external 180 to 250 V ac (48 to 62 Hz) or dc
supply. Power consumption, 8 watts or less.

Insulation Voltage — 500 V rms or 700 V (dc + peak
ac) when operated from internal batteries, with line
cord and plug stored. When operated from ac, line
voltage plus floating voltage not to exceed 250 V rms
or 1.4 X line 4 dc 4 peak ac not to exceed 350 V.

Included Accessories — Viewing hood (016-0199-01),
carrying case (016-0512-00), 2 test leads (alligator clip
to banana jack) (red 012-0015-00) (black 012-0014-00),
neck strap (346-0104-00), 2 power line fuses (159-
0080-00), power line plug adapter (option 1 only)
(161-0077-01).

Options and Accessories

DIMENSIONS AND WEIGHTS

Dimensions in cm
Height 3.0 7.6
Width 5.2 13.2
Depth 8.9 22.6

Weights Ib kg
New Weight without Accessories 37 157
Shipping Weight 8.6 3.9

ORDERING INFORMATION

213 Miniscope/DMM including
batteries and probe ............... $1200

Instrument Option
Option 1 provides for operation on 180 to 250 V ac (48
to 62 Hz) or dc (includes batteries and probe)
..................................... No Charge

Optional Accessories
Alligator Clip Kit — A pair of alligator clips that allo!
connecting the probe and ground lead to large (u

to 3 in) conductor. Includes: red clip (015-0229-00);

yellow clip (015-0230-00); 6-32 to probe adapter (103-

0051-01).

Order. 015023 =000 50 LBty o e St $8.00
Probe-tip to BNC Panel Connector Adapter.
Orders013:-0084:01 . .oaivis oo oiies s sisisys s o $8.00
Probe tip to BNC Cable Adapter.

Order 103-0096-00 .. ..........covvnnneeennnns $8.00

Power Cable Adapter Assembly — A short length of
two-wire power cord. One end has a female NEC
socket fitting the 200-Series power cords; the other
end is left open so that the wires can be attached to
a non-NEC male power plug. Plugs not supplied.

Order 18150077010/ 5.5 "u i caieie sroraiaiors wierare ovs $3.50

EVENTS DELAY COUNT

DD 501
DIGITAL DELAY

The DD 501 is a delay by events counter in a
plug-in for the TM 500 line of test and mea-
surement instruments. At the end of an oper-
ator selected events count the DD 501 puts
out a pulse which can be used as a delayed
trigger for an oscilloscope. Because the DD
501 creates its delay by counting pulses
rather than by analog timing, stable displays
of a group of pulses can be obtained even
when they are at the end of a very long pulse
train. /

Specifications

Events Delay

Count: 0 to 99,999 events.

Max Count Rate: 65 MHz.
Insertion Delay: 30 nsec or less.
Trigger

(All characteristics apply to both events and start
triggers)

Input Impedance: 1 MQ, 20 pF.
Slope: Either 4 or —, selectable.

Sensitivity: 85 mV p-p to 30 MHz, 120 mV p-p from
30 to 65 MHz.
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Trigger Level Range: From —1.0 Vto + 1.0 V.

Frequency Response: Up to 65 MHz at 120 mV
sensitivity.

Minimum Detectable Pulse Width: 5 nsec.

Output

Width: Events pulse width plus 6 nsec or less.
Voltage: +0.8 V or less to at least +2.0 V for 3 TTL
loads (5 mA).

BRI, ..il v it i ceeie....$625%

*Also requires a TM 500 Series mainframe priced from
$125.

1106 BATTERY PACK

The 1106 is a convenient, snap-on battery power
supply for TEKTRONIX 455, 464, 465, 466, or 475
Option 7 Oscilloscopes.

Output Power—22 to 26V dc; 140 watt-hours from
full charge.

Charging Power Source—90 to 132V ac, 50 to
400 Hz; or 180 to 264V ac, 50 to 400 Hz.
Charging Time— 14 to 16 hours.

1106 Battery Pack ................ $350

1105 BATTERY POWER SUPPLY

The 1105 is a rugged, portable power supply suitable
for powering virtually any portable oscilloscope in
the field.

Frequency—Square wave, 60 Hz within 10%.

Amplitude—Approx 108 V peak, operating from 24 V
dc external or 22V internal charge. Approx 137.5V
peak, operating from 28V dc external or 30V
internal charge.

Amplitude (Option 1)—Approx 216V peak, from
24V dc external or 22V internal charge. Approx
275V peak, operating from 30 V dc external or 28 V
internal charge.

Charging Power Source— 100 to 132V ac, 48 to
440 Hz (or internal connections expand range).
Option 1—200 to 264 V ac, 48 to 440 Hz (or internal
connections expand range).

Battery Operating Time—Approx 140 VA hours.
Recommended Max Output Current— 0.9 amp.
ORDERING INFORMATION

1105 Battery Power Supply ........ $625
Option 1, 230 V Operation ........... . No Charge

y
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T921

T935

T900-Series
Oscilloscopes

Here’s an important new line of oscilloscopes
for engineers, technicians, and educators
who want the quality, reliability, and support
associated with TEKTRONIX products — all
at a moderate price. T900 Oscilloscopes are
designed for convenience and cost savings
without sacrifice of basic performance.

Easy to Use

T900 Oscilloscopes are simple to oper-
ate. Each has a large, bright (8 x 10 cm)
crt, beam finder, single knob trigger con-
trol, delay line to enable vewing of wave-
form leading edge, automatic selection of
tv line or frame display, and functionally
color-coded control panels. Convenience
is further enhanced by a full complement
of accessories, including 10X probes (in-
cluded in price), optional scope stand,
camera, and rain jacket. T900 Oscillo-
scopes are also easy to handle and fit
into small spaces. They weigh 15-18 Ibs.
and measure only 7inx 10 in x 19 in.

This New Line Includes:

T912 — (Storage Model) Dc to 10 MHz,
Dual-Trace, Mono Time Base . ............ $1195

T921 — Dc to 15 MHz; Single-Trace, Mono

TIMCHBASE. 7.0 . v - vt i s F i8S TRE 3 %) 55w 5 & & $695
T922 — Dc to 15 MHz; Dual-Trace, Mono
TIMEBASE.. oo v w6+ v wsimns 751 5 ol s sories « oty 500 $850
T932 — Dc to 35 MHz; Dual-Trace, Mono
TimeBase ............. ... oivin.. $1050




Features

T900 Series Oscilloscopes

12kV, post-deflection-accelerator

crt. Provides bright 8 x 10 cm dis-
plays of low-rep-rate signals, even under
adverse lighting conditions.

Internal graticule. Helps eliminate
parallax errors in critical measure-
ments.

Small, clearly-defined spot. En-
sures sharp traces and high resolu-
tion.

Built-in delay-line. Let's you see
the leading edge of triggering
signal.

Beam-finder. Quickly reveals pres-
ence or absence cf input signal
and locates the trace position.

116b

Power ON light. Flashes if line

voltage exceeds power supply reg-
ulation limits. (Regulated power supplies
help insure 3% accuracy in amplitude
and timing measurements.)

Color-coded controls. Shorten fa-

miliarization time and aid in easy
operation. All functionally related con-
trols are colored the same, and grouped
for greatest convenience. Green is re-
served for triggering controls, blue for
mode selectors and red for variable (un-
calibrated) controls.

e Automatic trigger mode. Provides
free-running internal trigger in ab-
sence of input signal for quick location
of sweep trace.

T900-Series
Oscilloscopes
Features

TV trigger mode. Automatically

provides line or frame-triggered
displays for best viewing of composite
tv signals.

@ Deflection factor switch. Wide
range (2mV to 10V/cm) accommo-
dates all commonly encountered signal
amplitudes. Clear windows on switch
skirt yield two readings—one for X1
probe, the other for X10 probe. No dis-
tracting mental arithmetic to perform.
Compensated step attenuator offers con-
stant input impedance across entire
bandwidth. y

Display mode switching. Dual-trace"

mode (not provided for T921) pro-
vides automatic selection of alternate or
chopped-sweep displays for best viewing,
depending on selected sweep rate.

Sweep rate selector. Provides

sweep rates from 200 ns to 0.5
s/div in 18 steps. (See pages 116¢ and
116f for T932, T935, and T912 sweep
ranges.) Clear window on switch skirt
clearly identifies sweep time/cm.

Sweep expander control. Variable

from X1 to X10. Calibrated in X10
detent position for 5% accuracy. Ex-
pands center one centimeter of display
by factor of ten (max), providing maxi-
mum equivalent sweep rate of 20 ns/div.
(See pages 116¢ and 116f for T932, T935,
and T912 sweep ranges.) For detailed
displays of selected waveforms, just posi-
tion signal to center of screen and turn
sweep expander to desired magnification
level.

@ Impact-resistant case. Molded from
tough, durable Cycoloy KHP. Pro-
vides additional structural strength and
attractive finish that doesn’t wear off.

Specially designed T900 accesso(
ies add to convenience of use, and™
protection in transport or storage.



T900 Series Oscilloscopes T912
10 MHz Oscilloscope with storage

0 cm/ms Stored Writing Speed
Dc to 10 MHz at 2mV/cm

50 ns/cm Sweep Rate (With 10X
Sweep Expander)

8 x 10 cm Bistable Storage CRT
Small and Lightweight

The T912 Storage Oscilloscope is well
suited for a wide range of applications in
education and industry. As a training
aid in basic electricity and electronics
courses, the storage feature is highly
useful in creating visual representations
of electrical signals. In physics and en-
gineering courses, storage permits the
user to capture and display single-shot
events like the pressure curve generated
in the chamber of an engine or the stress-
strain characteristics of a material under-
going destructive testing.

The T912 has similar industrial applica-
tions, where it can also be used to com-
pare input vs feedback signals in servo-
mechanisms, shock and vibration anal-
ysis, and countless other transducer-
aided measurements.

Besides bistable storage, the T912 offers
.:her features seldom found in economy-

odel oscilloscopes. These include a de-
lay line, which allows you to view the
leading edge of fast-rising signals; a 21-
step calibrated vertical attenuator; con-

T912 10 MHz Oscilloscope with Storage

stant bandwidth throughout the sens-
itivity range of 10 V to 2 mV per centi-
menter; 18 calibrated sweep rates rang-
ing from 0.5 s to 500 ns/cm; 3% ampli-
tude and timing accuracy; and minimal
corner shift over a broad vertical dynamic
range.
VERTICAL SYSTEM
Mode Selection
Ch 1 — Displays only the Ch 1 signal.
Ch 2 — Displays only the Ch 2 signal.

Dual Trace — Displays Ch 1 and Ch 2 signals
simultaneously. Alternate or chopped mode is
automatically selected by the SEC/DIV control
setting. Chopped mode is selected for settings >
1 ms/div, alternate for settings < 500 us/div.
Trigger is derived from Ch 1 signal only.

Deflection Factor

Range — 2 mV/div to 10 V/div in 12 steps in a
1-2-5 sequence.

Accuracy —
+4-20°C to +430°C. | Within 3%
0° to +45°C. [ Within 4%

Uncalibrated (VAR) Range — Continuously be-
tween settings. Extends deflection factor to at
least 25 V/div.

Frequency Response — Dc to at least 10 MHz
(measured at —3 dB).

Rise Time — 35 ns or less.

Chopped Mode Repetition Rate — ~ 250 kHz.
Input Resistance — ~ 1 megohm.

Input Capacitance — ~ 30 picofarads.

Max Input Voltage —

Dc Coupled — 400 V (dc -+ peak ac) 800 V p-p
ac at 1 kHz or less.

Ac Coupled — 400 V (dc + peak ac) 800 V p-p
ac at 1 kHz or less.

HORIZONTAL SYSTEM
Calibrated Range — 0.5 s/div to 0.5 us/div in
19 steps in a 1-2-5 sequence. Variable X1 to X10
magnifier extends max sweep rate to 50 ns/
div.

Accuracy —

Unmagnified Magnified
+-20°C to +30°C Within 3% Within 5%
0°C to -+-45°C | Within 4% | Within 6%

TRIGGERING

Trigger Mode
Auto — Permits normal triggering on waveforms
with repetition rate of at least 20 Hz. Sweep ‘‘free-
runs’ in the absence of adequate trigger signal,
or one with a repetition rate below 20 Hz.

Norm — Permits normal triggering. Sweep does
not run in the absence of an adequate trigger
signal.

Single Sweep — Displays one sweep only. Sweep
cannot be triggered again until reset.

Slope 4 Out — In— Sweep is triggered on the
positive/negative-going slope of the triggering
waveform.

Level — Variable control selects the amplitude
point on the trigger signal when sweep triggering
occurs.

Trigger Sensitivity

Auto and Norm — 0.5 div internal or 100 mV ex-
ternal from 2 Hz to 5 MHz, increasing to 1.5 div
internal or 150 mV external at 10 MHz.

Single Sweep — Displays one sweep only. Sweep
cannot be triggered again until reset.

External Trigger Input
Max Input — 400 V (dc + peak ac) 800 V p-p ac
at 1 kHz or less.
Input Resistance — ~ 1 megohm.
Input Capacitance — ~ 30 picofarads.

POWER SOURCE (AC)

Line Voltage Ranges — 100-120 V, 220-240 V line
voltage and HI/LO range are accessible extern-
ally.

100-120 V Range — HI: 108 to 132 V rms LO: 90
to 110 V rms.

220-240 V Range — HI: 216 to 264 V rms LO: 198
to 242 V rms.

Line Frequency — 50 to 60 Hz.
Power Consumption — Watts (max) 65, amps
(max) 0.6, at 120 V, 60 Hz.
CRT STORAGE DISPLAY

Writing Rate — At least 25 cm/ms.
Enhanced Writing Rate — At least 250 cm/ms.
Display Area — 8 x 10 cm, internal graticule.
Storage Phosphor — P1.
Beam Finder — Locates off screen display.
Nominal Accelerating Potential — ~ 2.76 kV.

PHYSICAL

Weight

With Panel Cover and Accessories— 18.0 |b
(8.2 kg).
Without Panel Cover and Accessories — 17.5 |b
(7.9 kg).

Specifications for X-Y operation, environmental
performance, dimensions and accessories, see
T922 information page 116e.

ACCESSORIES
(Included as standard equipment)

Probes — 2 each. P6006 general purpose 10 times
voltage probes. Provides full bandwidth capabili-
ties for the T912. o

T912 — Dc to 10 MHz, Dual-Trace,
Single Time Base Storage Oscillo-
scope (Includes Two 10X Probes). .$1195

116¢c
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T900 Series Oscilloscopes
15 MHz Oscilloscopes

T921 15 MHz Single-Trace Oscilloscope

T922 15 MHz Dual-Trace Oscilloscope

Dc to 15 MHz at 2mV/cm

20 ns/cm Sweep Rate With 10X
Sweep Expander

Bright (12kV) Display
Easy to Use

Small and Lightweight
Regulated Power Supplies

The T921 (single-trace) and T922 (dual-
trace) Oscilloscopes provide the basic
functions of a general-purpose oscillo-
scope at the lowest price consistent with
quality construction and reliable per-
formance. Small and easy to operate,
they are an excellent choice for the stu-
dent’s workbench in basic electricity,
electronics, and physics classes. The
same characteristics suit them well for
production line applications wherever
electronic components, circuits, or equip-
ment must be tested or calibrated. In
the manufacturing and servicing of con-
sumer electronics the T921 and T922 are
a cost-effective answer to most test and
measurement requirements. As a signa‘
processing, measurement and displa
device for dynamic transducer measure-
ments, both oscilloscopes offer superior
performance at a relatively low cost.

Although light weight (15 Ib) and small
(7 in x 10 in x 19 in), the T921 and T922
provide an especially bright, high resolu-
tion, 8 x 10 cm crt display. Even in high
ambient light conditions, low-rep-rate sig-
nals are easily viewed. Their features
shorten familiarization time and help
make day-to-day measurements easier
and more accurate. Functionally related
controls are color coded for easy identifi-
cation and grouped together for con-
venience. Chopped or alternate sweep
modes are selected automatically to
yield the best display for the selected
sweep rate.

Measurement accuracy of the T921 and
T922 is superior to most similarly priced
oscilloscopes. A twelve-step attenuator
provides calibrated deflection factors
ranging from 2 mV/cm to 10 V/cm. Both
models offer 3% vertical amplitude and
sweep timing accuracy, with minimal
corner shift over a broad vertical dynamic

range.



VERTICAL SYSTEM

o Mode Selections

Ch 1 — Displays only the Ch 1 signal.

Ch 2— Displays only the Ch 2 signal
(T922 only).

Dual trace (T922 only) — Displays Ch 1
and Ch 2 signals simultaneously. Alter-
nate or chopped mode is automatically
selected by the SEC/DIV control setting.
Chopped mode is selected for settings
> 1. ms/div, alternate for settings < 500
ws/div. Trigger is derived from Ch 1 sig-
nal only.

Deflection Factor

Range — 2 mV/divto10 V/divin 12 steps
in a 1-2-5 sequence.

Accuracy —
+20°C to +30°C | Within 3%
0° to +45°C [ Within 4%

Uncalibrated (VAR) Range — Continu-
ously variable between settings. Extends
deflection factor to at least 25 V/div.

Frequency Response — Dc to at least 15
MHz (measured at —3 dB).

Rise Time — 23 ns or less.

Chopped Mode Repetition Rate (Dual
Trace) — = 250 kHz.

Input Resistance — = 1 megohm.

I ’Inrnlput Capacitance — =~ 30 picofarads.

ax Input Voltage —
Dc Coupled — 400 V (dc + peak ac) 800
V p-p ac at 1 kHz or less.
Ac Coupled — 400 V (dc + peak ac) 800
V p-p ac at 1 kHz or less.

HORIZONTAL SYSTEM
Calibrated Range — 0.5 s/div to 0.2 us/
div in 20 steps in a 1-2-5 sequence. Vari-
able X1 to X10 magnifier extends max
sweep rate to 20 ns/div.

Accuracy —
+20°C to 4+30°C
0°C to 4-45°C

Unmagnified| Magnified
Within 3%|Within 5%
| Within 4%|Within 6%

TRIGGERING

Trigger Mode
Auto — Permits normal triggering on
waveforms with a repetition rate of at
least 20 Hz. Sweep ‘‘free-runs” in the
absence of an adequate trigger signal, or
with a repetition rate below 20 Hz.
Norm — Permits normal triggering. Sweep
does not run in the absence of an ade-
quate trigger signal.

Tv — Provides triggering on tv field when
SEC/DIV switch is set at 0.1 ms or
slower. Trigger on tv line when SEC/DIV
switch is set at 50 us or faster.
Slope 4 Out — In — Sweep is triggered
on the positive/negative-going slope of
the triggering waveform.
Level — Variable control selects the amp-
litude point on the trigger signal when
sweep triggering occurs.

Triggering Sensitivity
Auto and Norm — 0.5 div internal or 100
mV external from 2 Hz to 5 MHz, increas-

ing to 1.5 div internal or 150 mV external
at 15 MHz.

Tv — Composite sync 1 div internal or
100 mV external (about 2.3 div or 230 mV
of composite video).

External Trigger Input

Max Input — 400 V (dc + peak ac)
800V p-p ac at 1 kHz or less.

Input Resistance — =~ 1 megohm.
Input Capacitance — = 30 picofarads.

X-Y OPERATION

Sensitivity, Variable Magnifier — = 100/
mV/div (X10 mag) = 1 V/div X1 mag).

X-Axis Bandwidth — Dc to at least 1 MHz
(measured at — 3 dB).

Input Resistance — = 1 megohm.
Input Capacitance — = 30 picofarads.

Phase Difference Between X and Y Axis
Amplifiers — Within 5° from dc to 50 kHz.

CRT DISPLAY

Display area— 8 x 10 cm, internal grati-
cule.

Standard Phosphor — P31.

Beam Finder — Locates off screen dis-
play.

Nominal Accelerating Potential —

~12 kV.

PROBE ADJUST
Output Voltage — = 0.5 V.
Repetition Rate — < 1 kHz.

Z-AXIS INPUT

Sensitivity — 5 V causes noticeable mod-
ulation.

Usable Frequency Range — Dc to 5 MHz.
Input Impedance — = 10 kQ.

T900 Series Oscilloscopes

POWER SOURCE (AC)

Line Voltage Ranges — 100-120 V, 220-
240 V line voltage and HI/LO range are
accessible externally.

100-120 V Range — HI: 108 to 132 V rms.
LO:90to 110 V rms.

220-240 V Range — HI: 216 to 264 V rms.
LO: 198 to 242 V rms.

Line Frequency — 50 to 60 Hz.

Power Consumption — Watts (max) 36,
amps (max) 0.35, at 120 V, 60 Hz.

ENVIRONMENTAL
Temperature
Storage — —55°C to +75°C.
Operating — 0°C to +45°C.
Altitude
Storage — To 50,000 ft.

Operating — To 15,000 ft Max operating
temperature decreased 1°C/1,000 ft
above 5,000 ft.

PHYSICAL
Weight
With Panel Cover and Accessories —
15.51b (7.0 kg).
Without Panel Cover and Accessories —
15.0 Ib (6.8 kg).
Dimensions
Height (with Feet and Handle) — 10.0 in
(25.4 cm).
Width — 7.09 in (18.0 cm).
Depth —
With Panel Cover — 20.5 in (52.0 cm).
Without Panel Cover — 18.7 in
(47.5 cm).

ACCESSORIES
(Included as Standard Equipment)

Probe — P6006 general purpose 10X
voltage probe for each channel. Provides
full bandwidth capabilities for either the
T921 or the T922.

T921 — Dc to 15 MHz, Single-Trace,
Single Time Base Oscilloscope
(Includes One 10X Probe) .. ....... $695

T922 — Dc to 15 MHz, Dual-Trace,
Single Time Base Oscilloscope
(Includes Two 10X Probes)........ $850
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T900 Series Oscilloscopes
35 MHz Oscilloscopes

T

POBITION
g

T932 35 MHz Single-Trace Oscilloscope

T935 35 MHz Dual-Trace Oscilloscope

Dc to 35 MHz at 2mV/cm

10 ns/cm Sweep Rate
(with 10X Sweep Expander)

Delayed Sweep (T935)
Trigger Holdoff

Bright (12kV) CRT Display
Small and Lightweight

The T932 and T935 Dual-Trace Oscillo-
scopes are designed for cost-sensitive
applications that require greater meas-
urement capability than the T921/T922
Oscilloscopes offer. Typical applications
include design, production-line testing
and servicing of digital equipment such
as computer peripherals, point-of-pur-
chase data processors, numerical ma-
chine controls, and digital consumer elec-
tronics, as well as communications and
telemetry equipment. In these and count-
less similar applications, the T932 and
T935 are the logical choices wherever
performance and cost are equally im-
portant considerations.

The T932 and T935 are general-purpose
oscilloscopes providing performance and
convenience seldom offered in their pri
range. Their small size (7 in x 10 in x 1
in), light weight (15 Ib), and impact-resist-
ant cases adapt them equally well to a
small space on the laboratory bench, in
a car trunk, or under an airplane seat. But
they also pack the performance cap-
abilities required for many difficult meas-
urement applications.

Features seldom found in moderately
priced oscilloscopes include delayed
sweep (T935 only) and trigger holdoff ca-
pabilities. Displayed signals that reveal
insufficient detail on time-base (A) sweep
may be selectively expanded using the
delayed sweep feature. The trigger hold-
off feature permits adjustment of the
sweep repetition frequency without
changing sweep time per centimeter.
Both features are valuable measurement
aids, especially in digital design and
service applications.

For applications that require delayed
sweep the T935 is a logical choice. Ex-
cept for this feature, it is exactly like the
T932 — and only costs $200 more.

T932 — Dc to 35 MHz, Dual-Trace,
Single Time Base Oscilloscope
(Includes Two 10X Probes) . .... .. $1 05( :

T935 — Dc to 35 MHz, Dual-Trace,

Dual Time Base (with Delayed

Sweep) Oscilloscope (Includes

Two 10X Probes) ............... $1250



VERTICAL SYSTEM

Mode Selection
Ch 1 — Displays only the Ch 1 signal.
Ch 2 — Displays only the Ch 2 signal.
Dual Trace — Displays Ch 1 and Ch 2 sig-
nals simultaneously. Alternate or chopped
mode is automatically selected by the
SEC/DIV control setting. Chopped mode
is selected for settings > 1 ms/div, alter-
nate for settings < 500 us/div. Trigger
is derived from Ch 1 signal only.

Deflection Factor
Range — 2 mV/div to 10 V/div in 12
steps in a 1-2-5 sequence.
Accuracy —
420°C to 4-30°C | Within 3%

0°C to +45°C | Within 4%

Uncalibrated (VAR) Range — Continu-
ously variable between settings. Extends
deflection factor to at least 25 V/div.

Frequency Response — Dc to at least 35
MHz (measured at —3 dB).

Rise Time — 10 ns or less.

Chopped Mode Repetition Rate —

~ 250 kHz.

Input Resistance — =~ 1 megohm.
Input Capacitance — = 30 picofarads.

‘ax Input Voltage —
¢ Coupled — 400 V (dc + peak ac) 800

V p-p ac at 1 kHz or less.
Ac Coupled — 400 V (dc + peak ac) 800
V p-p ac to 1 kHz or less.

HORIZONTAL SYSTEM
Calibrated Range

A Sweep — 0.5 s/div to 0.1 us/div in 21
steps in a 1-2-5 sequence. Variable X1 to
X10 magnifier extends max sweep rate
to 10 ns/div.

B Sweep — (T935 only) 50 ms to 0.1 us/
div in 18 steps in a 1-2-5 sequence. Vari-
able X1 to X10 magnifier extends max
sweep rate to 10 ns/div.

Accuracy — Unmagnified | Magnified

4-20°C to 4-30°C | Within 3% [Within 5%

0°C to +45°C  [Within 4% | Within 6%
Delay Time Position Range — (T935 only)
0.5 to 10 div.

Delay Time Jitter — (T935 only).

One part or less in 10,000 (0.1%) of ten
times the SEC/DIV switch setting.

TRIGGERING

Trigger Mode
Auto — Permits normal triggering on
waveforms with a repetition rate of at
least 20 Hz. Sweep ‘“‘free-runs” in the ab-
sence of an adequate trigger signal, or
with a repetition rate below 20 Hz.
Norm — Permits normal triggering. Sweep
does not run in the absence of an ade-
quate trigger signal.
Tv — Provides triggering on tv field when
SEC/DIV switch is set at 0.1 ms or slow-
er. Triggers on tv line when SEC/DIV
switch is set at 50 us or faster.
Slope + Out — In— Sweep is triggered
on the positive/negative-going slope of
the triggering waveform.
Level — Variable control selects the am-
plitude point on the trigger signal when
sweep triggering occurs.
Trigger Holdoff — Permits adjustment of
time interval between end of sweep and
next acceptable trigger to achieve stable
displays of complex words.

Trigger Sensitivity

Auto and Norm — 0.5 div internal or 100
mV external from 2 Hz to 15 MHz, increas-
ing to 1.5 div internal or 150 mV external
at 35 MHz.

Tv— Composite sync 1 div internal or
100 mV (external about 2.3 div or 230
mV of composite video).

External Trigger Input

Max Input — 400 V (dc + peak ac) 800V
p-p ac at 1 kHz or less.

Input Resistance — = 1 megohm.
Input Capacitance — = 30 picofarads.

X-Y OPERATION
Sensitivity, Variable Magnifier — = 100
mV/div (X10 mag) = 1 V/div (X1 mag).
X-Axis Bandwidth — Dc to at least 2 MHz
(measured at —3 dB).
Input Resistance — =1 megohm.
Input Capacitance — = 30 picofarads.

Phase Difference Between X and Y Axis
Amplifiers — Within 3° from dc to 50 kHz.

CRT DISPLAY
Display Area — 8 x 10 cm, internal grati-
cule.
Standard Phosphor — P31.
Beam Finder — Locates off screen dis-
plays.
Nominal Accelerating Potential —
=12 kV.

T900 Series Oscilloscopes

PROBE ADJUST
Output Voltage — =~ 0.5 V.
Repetition Rate — =~ 1 kHz.

Z-AXIS INPUT

Sensitivity — 5 V causes noticeable mod-
ulation.

Usable Frequency Range — Dc to 5 MHz.
Input Impedance — = 10 kQ.

POWER SOURCE (AC)

Line Voltage Ranges — 100-120 V, 220-
240 V line voltage and HI/LO range are
accessible externally.

100-120 V Range — HI: 108 to 132 V rms.
LO:90to 110V rms.

220-240 V Range — HI: 216 to 264 V rms.
LO: 198 to 242 V rms.

Line Frequency — 50 to 60 Hz.

Power Consumption — Watts (max) 36,
amps (max) 0.35, at 120 V, 60 Hz.

ENVIRONMENTAL
Temperature
Storage — —55°C to 4-75°C.
Operating — 0°C to +45°C.
Altitude
Storage — To 50,000 ft.

Operating — To 15,000 ft Max operating
temperature decreased 1°C/1,000 ft
above 5,000 ft.

PHYSICAL
Weight
With Panel Cover and Accessories —
15.51b (7.0 kg).

Without Panel Cover and Accessories —
15.0 Ib (6.8 kg).

Dimensions
Height (with feet & handle) — 10.0 in
(25.4 cm).
Width — 7.09 in (18.0 cm).
Depth —
With Panel Cover — 20.5 in (52.0 cm).
Without Panel Cover — 18.7 in
(47.5 cm).

ACCESSORIES
(Included as Standard Equipment)

Probes — 2 each. P6108 general purpose
10X voltage probe provides full band-
width capability for either the T932 or
T935.

T932 — Dc to 35 MHz, Dual-Trace,
Single Time Base Oscilloscope
(Includes Two 10X Probes) ...... $1050

T935 — Dc to 35 MHz, Dual-Trace,

Dual Time Base (with Delayed

Sweep) Oscilloscope (Includes

Two 10X Probes) ............... $1250




T900 Series

SCOPE STAND

Supports any T900 Oscilloscope at con-
venient angle for viewing and easy ac-
cess to controls. Quickly disassembled,
it forms a lightweight (3 Ib) package that
can be neatly attached to the bottom of
the oscilloscope for easy carrying. Con-
sists of a molded plastic base, support
bracket, and a 15 in aluminum support
column.

Order: 209 Scope Stand .. ......... $50
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Accessories, Rackmount, Modifications

CAMERA

Recommended for all T900 Oscilloscopes.
Attaches directly to front panel without
adapters. Uses Polaroid® pack film. Has
fixed f/16 lens aperture and mechani-
cally-actuated shutter with speeds of 1/5,
1/10, and 1/25 seconds. Built-in linear
xenon tube flashes to illuminate graticule
when shutter opens.

C-5AICamera . . slikes FoRtinea $235

RACKMOUNT OPTION

PROTECTIVE COVERS
Front Panel Cover ( )

Snaps over the oscilloscope front panel
to protect controls during transport or
storage. Molded from high-impact-resis-
tant plastic. Storage compartment for two
probes and cables is built into inner side.

Order: Protective front cover
(01620840:-00) & o i o e e $18

Dust Cover/Rain Jacket (not shown)

Provides protection against dust accum-
ulation when not in use, and against rain
and snow during transportation. Con-
structed of 15 mil tough durable vinyl. An
opening at the top allows access to the
oscilloscope handle.

Order: Protective cover
(016-0361-00)pnsi . (AAML . bolanils $18

T922R

Specifications for T922R rackmount are the same
as those for the T922, except for the following
features:

7 BNC connectors are located at the rear of the
instrument to provide:

Vertical and External Trigger Inputs — These are
selected by switches on the front panel.

Z-Axis — This is the same as the bench mount
T922 except for internal adjustment for polarity.
Adjusted to provide intensification or blanking
with a positive-going input. This is a linear Z-axis,
regardless of which polarity selection is made.

Sweep Gate — Output voltage is approx 5 V posi-
tive-going into 1 megohm, approx 5 V into 50 @
load.

Vertical Output — A composite of CH 1 and CH 2,
with approx 0.5 V output per displayed div into a
1 megohm load. Bandwidth is at least 1 MHz. Out-
put is approx 50 mV/div with a 50 Q load.

Other Features —

Single Sweep (with LED ready light)

Graticule lllumination

Chop/Alternate is selected by a front panel push-
button switch.

Dimensions — Height: 5% in. Depth: 17 in. Width:
19 in. Weight: approx 20 Ib.

For current price of the T922R, please contact
your local Tektronix Field Office.

O



TELEQUIPMENT
Oscilloscopes

Low cost and a combination of features not
normally found in comparably priced oscillo-
scopes make Telequipment instruments an
outstanding economy value. Features such
as calibrated sweep rate and vertical step
attenuators, variable controls, triggered
sweep, probe-calibration outputs, illumi-
nated graticule, and tv or line triggering
make these instruments both versatile and
easy to use.

STABILITY

"=' 5. TelequipmenT

S — D61a TRIG LEVEL

Warranty, sales, and service are the same
as other TEKTRONIX products.

Telequipment is a division of TEKTRONIX
i Wt _ U. K. Ltd.,, a wholly owned subsidiary of
o = s e Tektronix, Inc.
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Oscilloscopes
D32 pos:
Low Cost Portability

Intensity

On
i §
ot

Dc to 10 MHz Bandwidth at 10 mV/div
Dual Trace
Weighs only 10 Pounds

Automatic Selection of Tv Line or Frame
Display

Automatic Selection of Chopped or
Alternate Modes

$1050 Includes Probes and Batteries

D32 is one of the most compact, and most
popular oscilloscopes in the TELEQUIP-
MENT line.

It offers 10 mV/div to 5 V/div sensitivity in
9 calibrated steps, automatic selection of
chopped or alternate mode (depending on
sweep speed setting), plus automatic selec-
tion of tv line or frame display.

Completely portable, the D32 measures only
4 x 9 x 11 inches, weighs only 10 Ib, and can
be easily carried. AC line or battery opera-
tion (up to 4 hours continuous) make the
D32 convenient to use in almost any environ-
ment.

118

SPECIFICATIONS

VERTICAL SYSTEM
Bandwidth — Dc coupled dc-10 MHz-3 dB approx.
Ac coupled 3 Hz-10 MHz-3 dB approx.
Rise Time — 35 ns.

Deflection Factor — 10 mV/div in 9 calibrated steps
(1-2-5 sequence) accurate within +=5%.

Input Impedance — 1 MQ/32 pF approx.
Max Input Voltage — =250 V peak.

Display Modes — Channel 1 only, channels 1 and 2
alternate sweep, channels 1 and 2 chopped (at 100
kHz approx), chop or alternate selected automatically.

HORIZONTAL SYSTEM

Sweep Speeds — 19 sweep speeds from 500 ns/div to
500 ms/div in a 1-2-5 sequence. A x5 magnifier oper-
ates over the full time base range and increases the
fastest sweep speed to approx 100 ns/div.

Time Measuring Accuracy — x1 *=5%. x5 100 ms/div-
500 ns/div *=7%. 200 ns/div-100 ns/div #=10%.
Trigger:

Level — Fully variable over 8 div on all waveforms.
Auto — Bright line in the absence of a trigger signal.
Automatic trigger on symmetrical waveforms over 1
div with restricted level control.

Mode — Ac or tv.

Tv field for sweep ranges 0.5 sec/div to 0.1 ms/div
and tv line from 50 us/div to 0.5 us/div.

Source — Channel 1, Channel 2, or external.

Slope — Positive or Negative.

Sensitivity —

Internal — 0.3 div 40 Hz-2 MHz, 1 div 2 MHz-10 MHz.

External — 500 mV approx 40 Hz-5 MHz, 1 V approx 5
MHz-10 MHz.

OTHER CHARACTERISTICS

Calibrator Output — 300 mV. ~
Cathode Ray Tube — 8 x 10 div display area, eac
div is approx 0.7 cm. P31 phosphor supplied. 3 kV"
accelerating potential.

Power Requirements — Internal rechargeable battery

contains 6 x 1.25 V ‘D’ cells (7.5 V dc) providing up
to approx 4 hrs continuous use.

A built in charger allows the batteries to be charged
in 14 hrs with the instrument switched OFF or trickle
charges the batteries if the instrument is switched ON.

Main-line Voltage — 100-125 V ac 200-250 V ac.
Frequency — 50-400 Hz.
Consumption — 14VA (line) 7VA (battery).

Dimensions and Weight:

Net
Height Width Depth Weight
4in 9in 11in 10.1 Ibs
105 mm 230 mm 288 mm 4.5 kg

Included Accessories:

Batteries — 6 ‘D’ cell, rechargeable, 1.25 V each.
Probes — 10 times passive probe, 2 each, each probe
has a minimum of a 3.5 ft cable with a BNC connec-
tor on one end and a spring loaded sheath on the
other.

Front Panel Cover — Molded plastic, fits snugly over
instrument face to protect crt, knobs and switches
from damage during transportation or storage.

TL D32 Oscilloscope ............. $1050

Carrying Case: Optional Accessory
A shoulder strap type carrying case is available as an

optional accessory. .
Order 016-0601-00 ..........c.covnveveenaennnn. $50
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10 mV/div Sensitivity at 10 MHz
Automatic Triggering
Tv Frame and Line Triggering

Can be used in Single Beam, Dual-Trace,
X-Y, and Vector Modes

Weighs under 15 Pounds

D61A Oscilloscope is a very economical, 10
MHz dual trace instrument. It is fully transis-
torized, lightweight, and easy to use. Opera-
tion is simplified by automatic selection of
chopped or alternate modes. Automatic se-
lection of line or frame displays occurs in the
tv position. Two identical input channels pro-
vide excellent X-Y capability, useful for dis-
playing vector patterns when aligning and

uch as students and technicians will find
a D61A extremely easy to view and operate.

otrouble-shooting color tv sets. New users,

voits [div
2

VERTICAL DEFLECTION

Bandwidth and Rise Time — Dc to at least 10 MHz
(—3-dB down), 35 ns rise time.

Deflection Factor — 10 mV/cm to 5 V/cm in 9 cali-
brated steps (1-2-5 sequence), accurate within =5%.

Max Deflection — 8 cm to 5 MHz, decreasing to 5 cm
at 10 MHz.

Input R and C — 1 MQ paralleled by approx 35 pF.
Max Input Voltage — 400 (dc plus peak ac).

HORIZONTAL DEFLECTION

Time Base — 500 ns/cm to 500 ms/cm in 19 calibrat-
ed steps (1-2-5 sequence), accurate within #=5%.

X5 Magnifier — Operates over full time-base range,
increases fastest sweep rate to 100 ns/cm.

Horizontal Amplifier (External X) — 2 Hz to 1 MHz (at
3-dB down); deflection factor approx 250 mV/cm; in-
put impedance 1 MQ paralleled by approx 10 pF.

TRIGGER
Modes — Automatic or Normal (Trigger Level).

TV — Triggers on TV field or line; automatically se-
lected by time/div switch.

Sensitivity — Internal, 2 mm deflection 40 Hz to 2
MHz, increasing to 1 cm at 2 MHz. External, 100 mV
40 Hz to 1 MHz increasing to 1 V at 1 MHz.

D61A

Low Cost Service Scope

X-Y OPERATION
Full Sensitivity (Ch 1-Vert, Ch 2-Vert) — 10 mV/cm
to 5 V/cm in 9 calibrated steps, accurate within 5%.
Bandwidth is dc to at least 1 MHz (—3 dB). Phase
difference between amplifiers is less than 1° at
50 kHz.

CRT

CRT — 5 in tube; 8 x 10 div 1.0 cm/div; 3.5 kV ac-
celerating potential.
Z-Axis Modulation — Z-axis input is ac coupled. A
10 V negative-going signal blanks the display with
good contrast.

OTHER CHARACTERISTICS
Voltage Calibrator — Line-frequency squarewave, 500
mV p-p accurate within 1%.
Power Requirements — Voltage settings are 100-120
Volts, 48-440 Hz line frequency, approx 25 VA.
Probe Test — Provides a negative going rectangular
pulse at time-base frequency to facilitate probe com-
pensation.

Cooling — Convection.

Temperature Limits Ambient — —15°C to +-40°C op-
erating; —25°C to 4-70°C non-operating.
DI i and Weight
in cm
Helght 11.0 28
Width 6.3 16
Depth 16.5 42
Ib kg
Net Weight 14.3 6.5
TL D61A Oscilloscope ..... (Price to be announced)

VECTOR DISPLAYS

The TELEQUIPMENT D61A Dual Trace Os-
cilloscope is excellent for displaying vector
patterns for aligning and trouble-shooting of
color TV sets. In a vector display mode it
can check phase relationships of color sig-
nals.

Color television set

R-Y
@
0—

B-Y

Connect generator ?
leads to TV set
antenna leads

Gated
rainbow
generator

Channel 2 J

Channel 1 J

Use the D61A in the ““CH 2" mode. Select equal sen-
sitivity settings for both X and Y. Connect channel 1
input to R-Y signal at picture tube. Connect channel
2 input to B-Y signal at picture tube. Generally, X10
probes would be used with vacuum tube sets. 1 with
solid state sets.

Two simple connections to the picture tube
allow the serviceman to produce meaningful
displays when used in conjunction of a
gated rainbow generator.
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Oscilloscope
Low Cost 3 MHz Oscilloscope

S51B

3 MHz Bandwidth

Auto or Normal Triggering

8 x 10 cm Viewing Area

Dc Coupled Horizontal Amplifier

Costs only $325

The S51B is an exceptionally low priced,
easy to operate, single channel 3 MHz os-
cilloscope. Horizontal sweep may be set to
reoccur continuously (auto trigger) or to
begin at any chosen waveform level (normal
trigger).

The S51B is ideal for audio, RF, and IF trou-
bleshooting, and for classroom use. The
instrument’s 5%-accurate vertical deflection
calibration provides more than ample preci-
sion for most service applications and allows
the S51B to serve double duty as a “multi-
meter’” as well as a budget priced scope.
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oscilloscope §518

VERTICAL DEFLECTION

Bandwidth — Dc to at least 3 MHz at 3-dB down. Low
frequency 3-dB down point with ac coupling is 2 Hz.

Deflection Factor — 100 mV/cm to 50 V/cm in 9 cali-
brated steps (1-2-5 sequence), accurate within 5%.

Input R and C — 1 MQ, approx 47 pF.

HORIZONTAL DEFLECTION

Time Base — 1 us/cm to 100 ms/cm in 6 calibrated
steps (1-10 sequence). Uncalibrated, continuously
variable between steps and to at least 1 s/cm. Ac-
curacy within 5% over center 8 cm (10% over first
and last 2 cm in 1 us/cm range).

X2 Magnifier (Approx) — Operates over full time base.

Time Base Sweep Modes — Auto Trigger (sweep free
runs in absence of triggering signal). Normal Trigger.

Horizontal Amplifier — DC to at least 500 k Hz at 3-
dB down. Uncalibrated, continuously variable to ap-
prox 100 mV/cm deflection factor at mid-position,
range approx 2:1. Input R and C, 1 MQ, approx 100 pF.

TRIGGER

Modes — Automatic or Normal (Trigger Level). Auto-
matic operation useful on signals from 50 Hz to 1
MHz. Trigger Level selection allows triggering at any
level on the input waveform.

TV — Triggers on TV field.

Sensitivities — Internal, 5 mm. External, 3 V P-P.

Ext Trig Input Impedance — 1 MQ, approx 30 pF.

CRT

CRT — 5 in tube; 8 x 10 cm display area, each div is
1 cm. P31 phosphor normally supplied. 3 kV acceler-
ating potential. Z-axis input coupled to the CRT grid;
noticeable modulation at normal intensity with ap-
prox 15 V.

Graticule — External, detachable green filter im-
proves contrast under high ambient light conditions.
OTHER CHARACTERISTICS

Signal Outputs (Rear Panel) — A negative-going saw-
tooth (20 V p-p, DC coupled, minimum load 100 k).

Power Requirements — Quick-change line voltage se-
lector provides these ranges: 91-130 V ac and 200-240
V ac in 5-V steps. 50 to 400 Hz, 58 VA.

Cooling — Convection.

Dimensions and Weights

in cm
Height 8 20.3
Width 7/ 17.8
Depth 15 38.1

Ib kg
Net Weight 16 7.3

Included Accessories — Test leads.

AUDIO and RF CIRCUIT ANALYSIS

The TELEQUIPMENT S51B Oscilloscope offers all the
sophistication that’s needed for most fundamental
circuit analysis. Audio waveforms can be analyzed for
clipping and other sources of distortion. Multivibrator,
gating, differentiating, and other pulse handling cir-
cuits can be analyzed for their effects on pulse shape,
duration, and other characteristics. The S51B offers
the versatility most often needed for educational and
basic service requirements at a favorable price.

S51B Oscilloscope, Order TL S51B............. $325



Logic
Analysis
Instruments

Among the broad line of TEKTRONIX Test
and Measurement Instruments are many
that are well suited for use in the design,
production testing, and servicing of digi-
tal equipment. The following pages con-
tain descriptions and specifications for
the new LA501 Logic Analyzer, the DD501
Digital Delay, the 821 Word Recognizer
and the P6401 Logic Probe. Also included
is a cross reference to other instruments
in our TM 500 Series, 7000 Series, and
5000 Series which are designed for mea-
surements on logic systems.




LA501 Logic Analyzer

TRIGGER

LA 501
LOGIC ANALYZER

ACQUIRES 16 CHANNELS
SIMULTANEOUSLY

CAPTURES SINGLE SHOT DATA
DISPLAYS DATA PRECEDING TRIGGER

Stores 4096 bits in 4, 8, or 16
Channel Format

Asynchronous Sampling to 100 MHz
16 Channels in a Single Probe
Timing Diagram Display

Selectable Trace Positioning
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The LA 501’s 4096 bits of storage can be
formatted as 4 channels X 1024 bits, 8 chan-
nels X 512 bits, or 16 channels X 256 bits to
best fit your application.

With selectable asyncronous sampling rate
up to 100 MHz, the LA 501 offers timing reso-
lution to 15 ns. Data can be synchronously
sampled (externally clocked) at up to 50
MHz. Stored data is displayed as a timing
diagram on virtually any x-y display. Vertical
and horizontal position and magnifier con-
trols on the LA 501 provide the unique
capability to zoom in on any segment of this
timing diagram for improved visual resolu-
tion. Channel to channel timing comparisons
are made easier by the ability to select any
one trace and move it vertically.

As a plug-in for any of five TM 500 Main-
frames, the LA 501 can be combined in one
compact package with a digital trigger delay,
counters, pulse generators, multimeters, and
a plug-in oscilloscope. Added to this is a
choice of benchtop, rackmount, rollabout,
or portable configurations to match your
application.

SPECIFICATIONS

DATA INPUTS

Data Input Source — Selectable by a single pushbut-
ton. Multi lead probe (P6450) provides connections for
16 data channels (approx 100 KQ paralleled by 45 pF
at the probe head). The P6450 attaches via a 25 pin
connector internal to the LA 501.

High-lmpedance Data Inputs — Four high-impedance
(1 MQ paralleled by approx 20 pF) inputs provide con-
nection to data channels 0 through 3 via 10X probes
(10 MQ paralleled by approx 13 pF at probe tip —
P6108 or equivalent).

Threshold Level — Three pushbuttons provide selecy
tion of fixed TTL or ECL compatible thresholds orf
variable threshold for use with other logic families. Q

Mode At Probe Tips
TTL +1.4V

+0.2V
ECL —1.25V

=+0.06 V
Variable From at least

—10Vto 10V

Sensitivity at Probe Tips — At least 600 mV p-p.
Max Safe Input Voltage —

At P6450 Probe Head +50 V
At high-impedance data +150 V
input connectors

At 10X (P6108) Probe Tips =+500 V

Minimum Pulse Width — At least 1 sample width +5
ns is required to insure that pulse (high or low) is
recorded.

TIMING

Modes — The Sample Interval knob selects between
internal and external sampling clocks.

Internal Sample Interval — Selectable from 10 ns/
sample to 5 ms/sample in 18 steps with a 1-2-5 se-
quence. Shortest sample interval is 10 ns in 4 channel
format, 20 ns in 8 channel format, and 50 ns in 16
channel format. Accuracy: Within 50 ppm.

External Clock Input Impedance — 1 MQ paralleled by
approx 20 pF. (10 MQ paralleld by approx 13 pF at
P6108 10X probe tip).



xternally Clocked —
| ormat Rate

4 chs x 1024 bits 50 MHz or less
8 chs x 512 bits 50 MHz or less
16 chs x 256 bits 20 MHz or less

External Clock Pulse Width —

Format Pulse Width

4 chs x 1024 bits High at least 10 ns,

Low at least 10 ns

High at least 10 ns,
Low at least 10 ns

High at least 25 ns,
Low at least 25 ns

8 chs x 512 bits

16 chs x 256 bits

External Clock Threshold — Same as data inputs or
internal switch selects ECL threshold.

External Clock Slope — Data strobed in on positive
or negative edge of clock (selectable by internal
strap).

Data Timing Requirements — With respect to strobing
edge of external clock at P6108 probe tip.

Time Requirement

Set-Up Hold

At P6108 Probe Tips 2ns 15 ns
At P6450 Probe Head 11 ns 12 ns

External Clock Monitor — A 10X probe tip jack is
provided for compensation of high impedance 10X
probes.

TRIGGER

Source — A single pushbutton provides selection be-
tween internal (ch 0) and external trigger sources.
nternal trigger level is set by the threshold controls.
‘xternal trigger input has a threshold of +1.4 V
=+0.2 V and an impedance of approx 100 KQ paralleled
by 30 pF.

Slope — A single pushbutton determines whether the
trigger circuit responds to the positive or negative
going edge of a trigger signal.

Modes — Three pushbuttons select between post-trig-
ger, center-trigger, or pre-trigger data storage and
display.

Number of Clock Pulses
Between Beginning of
Format Memory & Trigger (nominal)
Post- Center- Pre-
Trigger Trigger Trigger
4 chs x 1024 bits 60 508 956
8 chs x 512 bits 30 254 478
16 chs x 256 bits 15 127 239

Indicator — An LED lights and remains lit until reset
to indicate that the storage unit has been triggered.

MEMORY FORMATING
4 x 1024 Pushbutton — Selects data from input chan-
nels 0 through 3 for storage with 1024 bits per chan-
nel.

8 x 512 Pushbutton — Selects data from input chan-
nels 0 through 7 for storage with 512 bits per channel.

16 x 256 Pushbutton — Selects data from input chan-
nels 0 through 15 for storage with 256 bits per chan-
nel.

VERTICAL SYSTEM
Vertical Output (Y) — Provides a means of connect-
ing serial data output to display. Each channel has
dc offset to provide a vertical display raster. A varia-
ble vertical magnifier magnifies the on-screen display
om 1X to 5X. A concentric vertical position control
ositions the display raster.

Ch I Position/Selector — Two concentric rotary
controls permit selective vertical positioning of any
one of the 16 input channels for comparison with other
channels.

HORIZONTAL SYSTEM

Horizontal Output (X) — Provides a means of con-
necting the LA 501 horizontal sweep to a display. A
variable horizontal magnifier magnifies the on-screen
display from 1X to 10X. A concentric horizontal posi-
tion control positions the display raster.

Z-AXIS SYSTEM

Z-Blank Output — Provides a means of blanking crt
display during retrace. Amplitude is 0 V to +5 V or
0 V to —5 V (within 1 V) selectable by an internal
switch.

DISPLAY
Display Requirements — X-Y display capability of at
least 500 kHz bandwidth (An optimum 8 x 10 div dis-
play is obtained with a vertical deflection factor of
0.1 V/div and a horizontal deflection factor of 0.05
V/div.

Display Time — A rotary control determines the time
for which stored data will be held for display before
a new record cycle starts. Variable from approx 1 s
to approx 10 s. A detent position provides indefinite
storage of data. A Record Reset pushbutton can be
used to manually start a new record cycle at any time.

Crt Blanking — Blanks out data of a previous record
cycle when record cycle is incomplete and during
sweep retrace.

Crt Retrace —

Format Bits Blanked
4 chs x 1024 bits 2/CH
8 chs x 512 bits 1/CH
16 chs x 256 bits 0.5/CH

DATA OUTPUT CONNECTOR

Parallel Data — 16 pins provide parallel access to
stored data. ECL levels.

Serial Data — A single pin provides serial access to
stored data. ECL levels.

Z-Axis Input — +5 V intensifies display. Used with
a DD 501 to generate a cursor.

Other Control Signals — Other timing and mode con-
trol input and output signals are provided for remote
data acquisition control and output and for multiple
LA 501 slaving.

POWER

Line Voltage Ranges — Ranges are determined by
the TM 500 Mainframe.

Power Consumption — 32 W at nominal line voltage.

ENVIRONMENTAL

Temperature — Operating: 0°C to +50°C. Non-oper-
ating: —40°C to +75°C.

Altitude — Operating: To 15,000 ft. Non-operating: to
50,000 ft.

Vibration — Instrument complete and operating. Vi-
bration frequency swept from 10 to 50 to 10 cps at 1
minute per sweep. Vibrate 15 minutes along each of
three major axes at 0.15 inch total displacement. Hold
3 minutes at any major resonance, or if none, at 50
cps. Total time, 54 minutes.

Shock — Operating and non-operating. 30 g’s, 12
sine, 11 ms duration, 2 shocks in each direction along
each major axis for a total of 12 shocks.

LA 501 Logic Analyzer

SIZE AND WEIGHT

in cm
Width 5.3 13.4
Depth 121 30.7
Height 4.9 12.5
Ib kg
Weight 4.0 1.8

Note: These dimensions apply to the LA 501 plug-in
module which must in turn be housed in a TM 500
Mainframe.

INCLUDED ACCESSORIES
P6450 probe package (010-6450-01) includes two lead
sets, probe to hook tip (10 leads/set color coded);
two lead sets, probe to 0.025 in square pin (10 leads/
set color coded). Three coaxial BNC cables 509, 42
in (012-0057-01).

ORDERING INFORMATION

LA 501 Logic Analyzer ............ *$3250
TM 506 Mainframe.................. $240
TM 515 Mainframe. .. ............... $325
TM 504 Mainframe.................. $180
TM 503 Mainframe.................. $150

*A TM 500 Mainframe must be used with the LA 501
to obtain a complete operating instrument.

OPTIONAL ACCESSORIES
P6108 Probe — 10X attenuation, 2 meter cable (010-
(G0 2 Tc KR i W v A . W5 o) B = VB Yo I $45

For External Clock order one P6108 probe. For High
Z inputs order four P6108 probes.

DD 501 Digital Delay.......................... $625
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DD501 Digital Delay

EVENTS DELAY COUNT

TEXTRONIX S DD 501 DIGITAL DELAY

Delay by Events Counting Rate to 65 MHz

Divide by N Mode with Counting
Rate to 20 MHz

Separate Controls for START and
EVENTS Channels

Delays by Up to 99,999 Events

Companion Unit for LA 501 Logic
Analyzer

The DD 501 provides delay by events in a
plug-in for the modular TM 500 line of test
and measurement instruments. Using five
thumbwheels on the control panel, the op-
erator can set any desired delay from 1
through 99,999 events. When the number of
input events reaches the preset count, the
DD 501 will put out a trigger pulse which can
be used for triggering a logic analyzer, oscil-
loscope, or counter.

The Logic Analyzer memory window is easi-
ly delayed from the trigger by a selected
count using the DD 501. The DD 501 can be
also used with the LA 501 Logic Analyzer
to provide a moveable display cursor. This
facilitates time interval measurements.

Because the DD 501 creates its delay by
counting a number of pulses rather than
by analog timing of an interval, jitter is not
a problem even when viewing pulses toward
the end of a long train. Events can be counted
at frequencies up to 65 MHz, and ‘divide by
N’ operation extends to 20 MHz. With the
selected number of events clearly displayed
on the thumbwheel dials the operator knows
at all times what part of a pulse train he is
viewing on the accompanying logic analyzer
or oscilloscope. Meaningful measurements
can be made on data trains up to 100,000
bits long.
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EVENTS DELAY
Count — 1 to 99,999 events.
Max Count Rate — 65 MHz.

Insertion Delay — 30 ns or less from final event to
trigger output pulse.

Recycle Time — 50 ns or less.

Reset — Manually resets delay counter.

INPUT CHARACTERISTICS

(All characteristics apply to both events and start in-
puts.)

Input Impedance — 1 MQ, 20 pF.

Slope — Either 4 or —, selectable.

Sensitivity — 85 mV p-p @ 30 MHz.

Frequency Response — Up to 65 MHz at 120 mV sen-
sitivity.

Minimum Detectable Pulse Width — 5 ns.

Threshold Level Range — From —1.5 V to 415 V
(—15 V to +15 V with 10X probe). Can be externally
programmed or monitored at front panel jacks.

Trigger View Out — Threshold detector output, at
least 0.5 V (200 Q or less source impedance).

Events Triggered Light — Visual indication that events
are being detected.

Start Triggered Light — Visual indication that delay
is in progress.

TRIGGER OUTPUT
Pulse Width — Width of events pulse plus 6 ns O

less.

Voltage Swing — 4 0.8 V or less to at least -+
2.0 V with 3 TTL loads (~ 5 mA).

Light — Indicates output trigger.

GENERAL

Temperature — Operating: 0°C to -}-50°C. Non-oper-
ating: —40°C to +75°C.

Altitude — Operating: to 15,000 ft; Non-operating to
50,000 ft.

Shipping Weight — 3 |b.

Dimensions — 2.6 in wide, 5 in high, 12.2 in deep
(6.6 x 12.7 x 31 cm).

ORDERING INFORMATION

DD 501 Digital Delay............... *$625
TM 506 Mainframe.................. $240
TM 515 Mainframe. . ................ $325
TM 504 Mainframe.................. $180
TM 503 Mainframe.................. $150
TM 501 Mainframe. . ................ $100

*The DD501 must be plugged into a TM 500 Main-
frame to achieve a working unit.
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Four Bit Pattern Trigger for Logic Analyzer
or Scope

Pulse or Latch Output

Recognizes Word or m

Expandable Word Length

TTL Compatible

Status Indicators — Logic Probe Function

Static Pattern Generator — Logic Driver

.fhe 821 produces a trigger signal for a logic

analyzer, scope digital delay counter, uni-
versal counter, or frequency counter each
time a selected word occurs. The 821 can
also be set up to produce a trigger only the
first time the word occurs after a strobe or
manual reset or to produce a trigger each
time the strobe occurs if the selected word
is not preset.

In addition to producing trigger signals, the
821 also gives visual indications of trigger
outputs and data states.

Two or more 821s can be connected togeth-
er for word lengths of 8, 12, or 16 bits.

TO
SCOPE
TRIG

4 Bit INPUT

AFEFARFAFA
3qw
82z
9%2

COUNTE| 23 4 5 8 7 8 s oM B
_m_m
e ——  —

821 OUT (11XX)
821 OUT (X001)
821 OUTPUT (1001)

COURLy, Wong

Oty -
o e
. Hony

STa9ugy ‘7533

The application example illustrated shows
an 821 connected to the outputs of a 4-bit
counter. The 821 is set to produce a unique
trigger at the count of nine (1001). The lad-
der diagram shows the resulting output for
this selected word, plus output waveforms
for alternate words (X001, 11XX) using the
same inputs.

Modes

Norm — Selected word produces output.

Strobed Word — Absence of selected word
during strobe pulse produces output.

Word — Produces trigger output each time
the selected word is recognized.

Word Latch — Produces a low to high tran-
sition on the output when the selected word
is first recognized and a high to low transi-
tion when the strobe signal (Word Latch
Reset Selected) or the manual word latch
reset occurs.

Status Latched — Data present on the word
inputs during the strobe pulse is displayed
on the status LEDs.

Recognize — Word recognizer operation.

Drive — Word Selector produces static out-
put signals on the word inputs.

Indicators

Status — LEDs show high or low state of
each word input as on or off condition. In
the Status Latched mode, the data present
during the latest strobe input is indicated.

Output — LED flashes for each trigger out-
put or grows steadily when the trigger out-
put rate exceeds 3 per second in Word
mode. The LED lights when the selected
word has been recognized and extinguish-
es at the strobe or manual reset in Word
Latch mode.

Word Recognizer 821

SPECIFICATIONS

Input Characteristics

Word Inputs — Four permanently attached input ca-
bles with probe tips interchangeable between spring
tips and banana tips. Each input has a selector switch
to choose between TTL low (0), high (1), and don’t
care (X) conditions. Input 4 can be level or edge
responsive (edge gated mode).

Other Inputs — Expander input for connecting to the
output of another 821 to increase the number of bits
recognized. Strobe input for sampling word inputs or
resetting latch.

Levels R d (All Inputs) — TTL low (0) from
—0.83 Vto +0.8 V. TTL high from 2.0 V to 4+5.5 V.

Input Loading — Probes and strobe 1.25 TTL loads
(~2.0 mA). Expander 2.0 TTL loads (~3.2 mA).

Max Non-Destructive Input Voltage Range — —4.0 V
to +9.0 V for probes. —1.25 V to +5.5 V for strobe
and expander.

Output Characteristics

Trigger Amplitude — At least 2.0 V into 50 Q.
Drive Mode Fan Out — 6 TTL loads per probe.

Timing Specifications
Word Mode Propagation Time — 35 ns or less from
probe input to output, 28 ns or less from expander
input to output.

Word Latch Mode Set Time — 40 ns or less from
probe. 30 ns or less from expander.

Word Latch Mode Reset Time — 35 ns or less from
strobe input to output.

Strobed Word Mode — Minimum lead time of input
before strobe is 10 ns.

Minimum Input Pulse Width — 35 ns for word output,
10 ns for word latch set.

Output Pulse Width — At least 50 ns for an edge
gated input.

Input Pulse Edges — Slope must be at least 1 V/us.

Other Specifications
Power Requirements — 45 V 5% and approx 300
mA.

Power Source — 5 V can be supplied from 475, 485,
or 7000 Series oscilloscope probe power jack (only
one 821 can be powered by one oscilloscope) or from
a standard +5 V logic power supply.

Operating Temperature Range — 0°C to +50°C,

Non-operating Temperature Range — —40°C to -+
65°C.

Operating Altitude — to 15,000 ft.
Non-operating Altitude — to 50,000 ft.
Weight — 13 oz.

Dimensions — Height 2.23 in, width 5.34 in, depth
4.30 in.

Standard Accessories — Five packages of inter-
changeable probe tips. Each package includes ba-
nana probe tip, spring probe tip, probe ground lead,
miniature alligator clip, and alligator clip cover.

Optional Accessory — Adapter for connecting 821
power cable to alligator clips. For powering the 821
from a +5 V power supply other than an oscilloscope
power jack.

Ordering Information
821 Word Recognizer............... $200

Optional Power Cable Adapter — Required if probe
power is not available from the instrument to be trig-
gered.

(OA2-0845:00) . ; ovvs compivamme vswmes vaees e s $18.50




P6401 Logic Probe

TTL/DTL Compatible

Detects Steady Logic Levels
Detects Trains of Logic Pulses
Detects Abnormal Conditions
Strobed Detection of Logic Pulses
Store Mode

Protected Against Overvoltage

The small, lightweight, hand held P6401
indicates the state of logic levels in TTL,
DTL, or any other system with threshold
between 0.7 and 2.15 volts. A strobe input
can be used to detect the coincidence of
logic signals at two points. An indication
of whether a logic pulse has or has not oc-
curred can be obtained in a ‘‘store” mode.

Power may be obtained from the unit under
test or any 5 V supply.

Two bright lights in the probe tip indicate
condition of the logic signal.

Indication
Steady red light
Steady green light

Blinking red and
green light at full

State or Condition
Steady high state
Steady low state

Puise trains (normal
logic switching)

intensity
Abnormal state (be- No lights
tween high and low)
Open circuit No lights
Excessive input voltage Both red and green
greater than 6 V lights lit

Alternating between Blinking red light
high state and

indeterminate state

Alternating between Blinking green light
low state and

indeterminate state

Using STORE mode,
one light will be on
initially. Event has
occurred when second
light is lit.

Single or very low
duty cycle logic pulse

126

SPECIFICATIONS

Low State Input Voltage Range—0 V to +0.7 V
=+0.125 V.

High State Input Voltage Range — 2.175 V ==0.125 V
to Vcc.

Minimum Recognizable Pulse Width — 10 ns.

Impedance — ~ 7.5 KQ paralleled by ~ 6 pF.

Minimum Circuit Resistance for Open Circuit Indi-
cation — 10 K.

Max Safe Input — =150 V (dc or rms).

Minimum Recognizable Strobe Pulse Width — 20 ns.
Max Safe Strobe Input — =30 V (dc or rms).

Strobe Input Impedance — 5.6 KQ within 20%.

ORDERING INFORMATION
P6401 5 ft Probe (010-6401-01) ........ $90

Includes: Hook Tip (206-0114-00)
Strobe Lead (175-0958-01)
Strobe Lead (175-0958-00)
Probe Tip to 0.025 in square pin adapter
(206-0137-01)
White Plug (348-0023-00)
2 Alligator Clips (344-0046-00)
Accessory Pouch (016-0537-00) not shown &

A




Accessories and Other Logic Analysis Instruments

OPTIONAL ACCESSORIES

°P6108 — A 10X probe (10 MQ, 13 pF), for use with the

LA 501 or DD 501 Digital Delay. Order four probes for
use with the four high speed data channels of the
LA 501. For the external clock input of the LA 501,
order one additional probe.

(010-6108-03)

P6450 Probe Package — Replacement probe for LA
501 Logic Analyzer.

(012-0655-01)
Lead Sets — Color coded replacement lead set for
the 16 channel P6450 Probe used with the LA 501
Logic Analyzer. 10 leads/set. Connects probe head
to 0.025 in square pins.

(012-0655-01)
Same lead set with hook tips.

(012-0670-00) .........c.vvviiiiiiiinnennnnn $36
BNC Cable — 509, 18 in.

(012-0076-00)

Probe Tips
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1. Miniature Retractable Hook Tip — Suitable for at-
taching P6450 to compact electronics.
(206-0222-00)

2. Retractable Hook Tip — Suitable for use with
P6401 Logic Probe.

(013-0106-00) ...............coviuriinnnannn, $4.95
3. Pomona Hook Tip to 6-32 —

(344-0267-00)] <5505 s nsis o svwamicsaasn s siomwie s sa $2.60
4. Probe Pin Tip — Accepts 0.025 in IBM SLT pin.
Slip on.

(206-0209-00) ...............ciiiiiiiiiiinnn, $2.50
5. Probe Tip — Flexible probe tip to fit 0.025 in square
pin.

(206-01983-00) ..\ = it - ienitesroe s s s sieiies $5.00
6. Miniature Alligator Clip —

(344-0046-00) ...............0iiiiiiiiniinannn $1.00
7. Clothes Pin IC Clip —

(003-0709-00) .........c0vemriineeinnnoinns $24.00

8. Probe Pin Tip — Accepts 0.025 in IBM SLT pin.
Screw on.
(206-0084703)" .0 ci: o ve s sosioiminti sistoress simioiazons $3.00

Probe Ground Lead Adapter — #6-32 to 0.025 in
M SLT square pin.
(208=0187201) 7750 . 5500 e s s siater s o viaYens wi $1.30

10. Miniature Probe Tip Adapter — For testing inte-
grated circuits. Package of 10.
(0180201-01) - cicoioivmes ssiviin s o sas & 5oks siss $5.00

Lab Cart, Model 3

A rollabout cart which accepts up to two
TM 504 Mainframes which in turn house
up to eight TM 500 plug-ins such as the
LA 501 Logic Analyzer, the DD 501 Digital
Delay, and the DC 503 or DC 505A Counters.
The top tray accommodates either porta-
ble (400 Series) or Laboratory (7000 and
5000 Series) oscilloscopes for the display
of logic analyzer timing diagrams as well
as real time waveforms.

Model3LabCart .................. $285

OTHER LOGIC ANALYSIS
INSTRUMENTS

There are plug-ins for the TEKTRONIX TM
500 Series of Test and Measurement Instru-
ments as well as the 7000 and 5000 Series
Laboratory Oscilloscopes which are de-
signed specifically for analysis of digital
equipment. These include digital delays
similar to the DD 501, digital counters, and
pulse generators. Complete details on the
instruments listed below can be found on
the pages indicated.

TM 500 Series Instruments
DC 503 Universal Countey

Counting to 100 MHz with six modes: fre-
quency, period ratio, time A-B, time manual,
and totalize. Period and ratio averaging for
enhanced resolution. P 134.

DC 505A Universal Counter/Timer

DC S06A UNIVERSAL COUNTER / TIMER

A 225 MHz universal counter offering seven
modes: frequency of channel A signal, ratio
of channel A to channel B frequency, period
of channel B signal, time interval from chan-
nel A start to channel B stop, width of chan-
nel B pulse, events in channel A during B,
and totalize. Time interval averaging with
resolution to 100 picoseconds. Features dc
trigger level output. P 135.
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More on next page
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Other Logic Analysis Instruments

PG 501 Pulse Generator
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TM 500 Series Instruments

PG 502 Pulse Generator

PG 505 Pulse Generator

VAIIABLE‘}

250 MHz :
texrRONX® PG 502 PULSE GENERATOR

VAl‘llAkBLE
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TEKTRONIXS PG 505 Puw?gﬁ

PG 501

Dual output 5 Hz to 50 MHz pulse generator
featuring simultaneous plus and minus out-
puts, independent period and duration con-
trols, 0.5 V to 5 V output, and rise time of

3.5 nsor less. p.140.

7D11 Digital Delay

PG 502

PG 505

1 Hz to 100 kHz pulse generator with output
amplitude to 80 V, independently variable
period and duration controls, adjustable
rise and fall time, and delay mode (using

5 Hz to 250 MHz pulse generator with 1 ns
rise time, high and low output levels in-
dependently adjustable from —5V to +5V,
separate period and duration controls, and
switchable 50 Q back termination. p. 138.

external 0 to 10 V ramp). p. 138.

Plug-ins for Laboratory Oscilloscopes

7D15 Universal Counter/Timer

A 7000 Series Oscilloscope plug-in which
provides a delay by events trigger by count-
ing pulses from an external source or a de-
lay by time trigger (selectable from 100 ns

to 1 sec) by counting pulses from an in-

ternal clock. p. 58.
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A 7000 Series Oscilloscope plug-in provid-
ing six counting modes: time interval, per-
jod, frequency (0 to 225 MHz), frequency
ratio, totalize, and manual stop watch. p. 62.

oy |
RATOR 4

PG 508 Pulse Generator ()

TRANSITION TIME

50 WAVE
(INT PERIDO;

PG 508

50 MHz pulse generator with output top and
bottom levels independently adjustable from
—20 V to +20 V, period and duration sep-
arately variable, adjustable rise and fall
times, and 1 MQ trigger input for use with
MOS logic. p. 138.

5B31 Digitally Delayed Time Base

Pushbutton selection of delay by events (up
to 99,999 events) or delay by time (1 us k(
99,999 us). Plug-in for 5000 Series Oscil-""
loscopes. p. 79.
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o TM 500-Series

modular test and
measurement
instruments

Counters pp 132-135

o8 ! ouTPUT
Digital Multimeters pp 136-137

Signal Sources pp 138-147
Power Supplies pp 148-149
Signal Processors pp 150-152, 157
Oscilloscopes pp 153-156
Mainframes pp 158-160

TM 500 is a family of plug-in modular in-
struments, mainframes, and accessories.
While any of the instruments can be se-
lected on the basis of its performance as
an independent unit, the ability of the TM
500 family to work together through the
mainframe interface opens up many benefits
to you.

0Jntil you see TM 500 instrumentation, and
discover its capabilities for yourself, you
cannot fully appreciate how versatile yet
compact it is. These instruments offer the
quality and multiplicity of functions needed
in modern electronics — and all within reach
of your fingertips.

CURRENT LIMIT

Front Panels Here Are Actual Size!

RANGE/FUNCTION
/T:‘ 500
vouys” 200 '}vé?rs
n / =n
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TM 500 Modular Concepts and Features

Designed for Measurement
Solutions

Over 30 compact plug-in test and measure-
ment instruments which can work individu-
ally or be combined into powerful systems
— that’s TEKTRONIX TM 500.

TM 500 Plug-in Modular Instruments range
from general-purpose devices like multi-
meters and power supplies to specialized
units like oscilloscope calibration units and
a digital delay trigger generator. The main-
frames come in benchtop, rackmount,
SCOPE-MOBILE® cartmounted and portable
traveler models, with spaces for one to six
plug-ins.

TM 500 allows you to assemble a specialized
package of instruments to meet your individ-
ual measurement needs, or you can pick one
of the standard combinations suggested in
this catalog. You can also select an assort-
ment of mainframes and an inventory of
plug-in instruments, and then have the free-
dom to make one kind of measurement to-
day and an entirely different one tomorrow.

Modularity Means More than
Plug-Ins

Each TM 500 instrument is designed as a
plug-in unit, with standard and special con-
nections available at a rear connector as
well as on the front panel. Any instrument
can be plugged into any TM 500 Mainframe
slot, with a few providing extra performance
in a special high-power compartment. Plug-
ins can be rotated among mainframes or ex-
changed with supplementary unitsinseconds.

This add-on capability also means that your
TM 500 system can keep up to date without
the need to replace the complete invest-
ment. New TM 500 units can add the capa-
bility to keep up with new developments,
while your existing units go on with day-to-
day work. And both new and old units will
work together, too.
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Your TM 500 Can Be A
Measurement System

By connecting to the signal and control lines
brought out at the rear of each plug-in, the
optional mainframe interface board turns a
TM 500 package into an integrated measure-
ment system. Both standard and user-de-
fined lines are available, and simple or com-
plex systems can be assembled as the need
arises.

Signals and inputs available at the rear con-
nector of each plug-in include most front-
panel connections, many internal values,
and, on some units, bcd outputs. For auto-
matic logging and calculating, you can con-
nect a plug-in interface for TEKTRONIX
Programmable Calculators. And, as the vari-
ous industry interconnections standards de-
velop, there will be TM 500 interfaces for
many of these, too.

Flexible TM 500 Works Anywhere

TM 500 is designed to serve a wide variety
of uses. The mainframes come in benchtop,
rackmount, and a protected portable travel
case style unit. The three and four compart-
ment versions can be fitted to TEKTRONIX
SCOPE-MOBILE® carts. With the variety of
plug-ins available, this means that TM 500
is at home almost anywhere.

Since you can take TM 500 right to the prob-
lem, you can be sure that the measurement
you make in the field is the same as the one
on the bench. The measurement setup you
build in the lab can go into rackmounted
TM 500 units on the production line. And,
with your traveler mainframe, you can take
your instruments along as carry-on luggage
when the best choice is to carry your lab
equipment right to the problem.

Quality, Value, and Economy ( s

TM 500 was designed to keep costs low and
measurement value high. The mainframes
include many of the more expensive com-
ponents, such as the case and primary
power supply, so they are shared by several
plug-in instruments.

Extensive use has been made of the ad-
vanced technology and manufacturing tech-
niques pioneered in TEKTRONIX Oscillo-
scopes — including the use of many Tek-
tronix manufactured parts ranging from
control knobs to integrated circuits.

Because of the wide selection of TM 500
instruments available, you can often tailor
a TM 500 system to meet the needs of a
special application at far less cost than that
of a custom system or collection of the nec-
essary separate instruments that would
otherwise be required.

Since TM 500 is backed up by Tektronix,
you save money in the long run as well.
Worldwide customer assistance and service,
quality engineering, and readily available
parts are an important part of the value of
TEKTRONIX TM 500 equipment.
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Production Engineers

Time savings are among the most important
reasons to buy TM 500 for production line
use: time savings at the design stage, where
the interconnection capability of the TM 500
system allows the quick construction of
sophisticated measuring systems; time sav-
ings at the training and measurement stage,
where the easy-to-read digital outputs re-
duce operator error and fatigue, and where
BCD output and a calculator interface make
it possible to set up automatic testing and
measurement logging; and time savings on
repairs, where individual instruments can be
unplugged for quick replacement to get the
system back in operation immediately, elim-
inating possible production bottlenecks.

TM 500 rackmounting, portable, and mobile
cart mounting options give you a whole
range of configurations to choose from.
Single-compartment and double-wide com-
partment circuit card plug-in kits with front
panel and internal circuit board make it
possible to construct compatible interfaces
and custom circuits for further flexibility.
And for complex systems and limited areas,
the compact size of the TM 500 instruments
is also an important factor to consider.

Design Engineers
.If you’re expected to produce advanced cir-
cuit designs, then you need test instrumen-
tation that can match your measurement re-
quirements. That’s why TM 500 state-of-the-
art capability is a key benefit for design en-
gineering use.

Modularity allows you to add units to keep
up with advances in circuitry, while the com-
pact size means that a full complement of
instruments can be kept on a crowded work-
bench. Interconnection capability makes
over 30 input and output lines available, so
you can build custom test systems for
specialized design projects. And flexibility
means that TM 500 will keep up with your
imagination.

Maintenance Engineers

With portable, cartmounted, rackmount, and
desktop versions, TM 500 packages can do
the work wherever it needs to be done. For
specialized jobs, “solution” oriented instru-
ments make those measurement problems
easy to lick.

For example, the TG 501 Time Mark Genera-
tor not only provides exact pulses for cali-
bration of oscilloscope and recorder time
bases, but it also allows you to match a
variable pulse with your existing calibration,
and then read the error in percent on the
TG 501 display. Since the TM 500 units can
be brought to the job, oscilloscopes and re-
corders can be calibrated on site, eliminat-
ing the errors and added down time caused
by moving them back to a calibration bench.

For general repair work, the flexibility of the
TM 500 line means that any of the more than
30 units can be in place and running in
seconds, covering far more of the possibili-
ties than would be possible with a more
limited system. You can set up your TM 500
instruments to have the ones you need at
your fingertips, and still be able to switch
to others in seconds when the problem re-
quires an unexpected measurement.

Educational Use

With TM 500, you can build student lab sta-
tions with the full capability of a complete
range of instruments, yet assemble them
within the stringent limitations of budgets
and space that so often apply. You can sup-
ply basic TM 500 units to each student, with
more specialized instruments rotated among
groups asthe curriculum requires. This saves
the cost of duplicate purchases without
limiting vital access to the measurements
students need to make.

Why You Should Buy TM 500

Although TM 500 equipment is quite sophis-
ticated, it has been designed with human
factors in mind. Color-coded front panels,
standardization of connectors, and easy-to-
read digital displays make TM 500 quite
suitable for student use. In addition, the ac-
tual hands-on experience with commercial
equipment is a valuable experience for stu-
dents who will later be going on to further
study or employment.

Service Engineers

With TM 500’s extreme portability, you can
concentrate on electronics instead of on the
logistics of getting test equipment to where
you need it. The traveler five-compartment
mainframe will go just about anywhere you
might have to go, and the measurement pow-
er of the TM 500 instruments it carries as-
sures you that you'll rarely have to make a
second call because you couldn’t make a
vital reading.

With a choice of two oscilloscopes, five
counter/timers, and close to a dozen signal
generators, you can pick the level of per-
formance you need. The systems capability
of the TM 500 line means that you can also
assemble a package for repetitive measure-
ments, allowing you to make routine mea-
surements quickly.

Special units, such as the DD 501 Digital
Delay and temperature-measuring DM 502
Digital Multimeter, make service work easier
and more productive. And the custom inter-
face capability means that you can build
that adapter you need right in a blank plug-
in, keeping your total measurement package
neat and easy to handle.
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Counter/Timers

Digital integrated circuits and modern high-
stability quartz crystals have combined to
permit time and frequency measurements of
a greater accuracy than for any other elec-
trical parameters. The TEKTRONIX TM 500
line of digital counter/timers offers all the
versatility, operating ease, compactness, and
value available with present state-of-the-art
techniques. Five models are available: the
DC 501, DC 502, DC 503, DC 504, and DC
505A.

The counters, DC 501 and DC 502, measure
frequencies and totalize events from low
audio frequencies up through 110 or 550
MHz. The new low-cost DC 504 combines
frequency counting and totalizing, plus an
rpm capability, with the ability to measure
period for higher resolution and accuracy
at low frequencies. The DC 503 and DC 505A
are fully Universal Counter/Timers which to-
talize and measure frequency, and also pro-
vide single period, period averaging, fre-
quency ratio, and time interval capability.
The DC 503 also includes a time-manual
(electronic stopwatch) feature. The sophis-
ticated DC 505A provides time-interval aver-
aging, direct pulse width measurements, and
a unique events-A-during-B mode.

Applications for the DC 501 and DC 502 fre-
quency counters and the DC 504 period and
frequency counter cover many measure-
ments needed in communications work.
Typical measurements include carrier and
sub-carrier frequencies, modulation frequen-
cies, pulse repetition rates in data com-
munications, center frequency and corner
frequencies of tuned filters, frequency of

TM 500-Series Test and Measurement System
Comparison of Characteristics

signalling tones, and verification of discrim-
inator linearity. The totalize (event-counting)
mode is also useful in industrial control ap-
plications or research environments.

The second channel capabilities of the DC
503 and DC 505A Universal Counter/Timers
permit measurement of frequency ratios and,
more importantly, time intervals, in addition
to the frequency and total events measures
of single channel instruments. Time intervals
are measured by counting the internal clock
pulses which occur between a start event on
channel A and a stop event on channel B.
Resolution and accuracy are determined by
the instrument’s clock rate, and by whether
time interval averaging is available.

The accuracy of counter/timer measure-
ments is ultimately limited by the accuracy
of the internal time base, although at some
combinations of input frequency and coun-
ter operating controls, resolution may be
the limiting factor. Two types of time base
are available in the TM 500 family of coun-
ters. The standard time base is an uncom-
pensated quartz crystal providing a monthly
aging rate and temperature stability of 1
part in 10° (0.001%). The option 1 time base
is a high stability temperature-compensated
quartz crystal which provides a one-hundred-
times improvement in aging rate and a
twenty-times improvement in temperature
stability. Temperature-compensated time
bases have an inherent advantage over tem-
perature-controlled (oven) time bases in that
they do not require hours or days of warm-
up to reach specified accuracy. This is par-
ticularly important in portable applications.

DIGITAL COUNTERS — COMPARISON OF CHARACTERISTICS

The following is a comparison of the main characteristics of the DC 501 through the DC 505A.
A complete list of specifications appears on the following pages.

DC 501 DC 502 DC 503 DC 504 DC 505A
Number of Digits 7 7 7 5 7
Frequency Range 110 MHz 550 MHz 100 MHz 80 MHz 225 MHz
Totalize Yes Yes Yes Yes Yes
Period No No Yes Yes Yes
Period Average No No Yes No Yes
Time Interval No No Yes;1us | No Yes; 10 ns
maximum maximum clock
clock rate rate
Time Interval Average | No No No No Yes
Ratio No No Yes No Yes
Other Option 1 Option 1 Time Rpm Events A During B,
FCC type | FCC Type | Manual single-jack pulse
Approved | Approved width, dc trigger
level out
Price $650 $995 $750 $395 $1395
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DC 501

Direct Counting to 110 MHz

7-Digit LED Display

Manual Start/Stop (Totalize)

Auto Range and Time Base Options

The DC 501 Digital Counter directly mea-
sures frequency from 10 Hz to 110 MHz and
totalizes (counts number of events) from 0 to
9,999,999 at a maximum rate of 110 MHz.
Measurement readout is provided by seven-#
segment LEDs in a seven digit display. The'
decimal point is automatically positioned
and leading zeros (to the left of the most
significant digit or decimal point) are
blanked. Register overflow is indicated by a
front-panel LED. Signals to be counted can
be applied via a front-panel BNC connector
into an impedance of 1 MQ and 20 pF or via
the rear connector into an impedance of 50 Q
and 20 pF. Four gate times of .01s, 0.1s, 1s,
and 10s are provided. A standard internal 1
MHz clock is provided with 1 x 10 accuracy
(0° to 50° C) and an aging rate of 1 x 10°* per
month. An optional clock with 5 x 107 accu-
racy (0° to 50° C) and an aging of 1 x 107 per
month is available at extra cost. Input sensi-
tivity is approximately 300 mV peak-to-peak
(100 mV rms sine wave) below 110 MHz. An
automatic measurement interval option, also
at extra cost, automatically selects the gate
time (up to 10 seconds) to obtain maximum
resolution with any input signal.

DC 501 Digital Counter.............. $650
Option 1 (Time Base) ........... add $150
Option 2 (Auto Measurement) ..... add $65
Option 4 (Calculator) ............. add $20
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DC 502

Counts to 550 MHz with =10 Prescale
(50-2 Input)

Direct Counting to 110 MHz

7-Digit LED Display

Manual Start/Stop (Totalize)

Time Base Option

The DC 502 Digital Counter measures fre-
quencies from 10 Hz to 550 MHz or totalizes
events up to the register capacity of 10’-1 at
‘he max rate of 550 MHz. Frequency mea-

urements are accomplished using one of
two inputs. The DIRECT INPUT has a fre-
quency range of 10 Hz to 110 MHz, a 1
megohm input impedance, 300 mV peak-to-
peak sensitivity (100 mV rms sine wave) and
an adjustable trigger level range. The <+ 10
PRESCALE INPUT has a frequency range
from 50 MHz to 550 MHz with a 500 mV peak-
to-peak sensitivity (170 mV rms sine wave)
and a 50-Q input impedance. The manual
totalizing mode with front-panel start-stop
control is available at both inputs; from the
prescale input, 1 displayed count per 10 in-
put events will result. Measurement display
is accomplished with seven-segment LEDs
in a seven-digit readout. The decimal point
is automatically positioned by the measure-
ment interval selected, and leading zeros
(those to the left of the most significant digit
or those to the left of the decimal point) are
blanked. LEDs indicate when the gate is
armed, and whether displayed numbers are
in kHz or MHz, and when register overflow
occurs. Four gate times of 0.01s, 0.1s, 1.0s,
and 10s are provided. A standard internal 1
MHz clock is provided with 1 x 10°° accuracy
(0° to 50°C) and aging rate of 1 x 10 per
month. An optional clock with 5 x 107 accu-
racy (0° to 50°C) and aging rate of 1 x 107
qer month is available at extra cost.

C 502 Digital Counter.............. $995
Option 1 (TimeBase) ............ add $150
Option 4 (Calculator) ............ add $20

Option 7 (for use with TR 502) . .. .add $200

TM 500-Series Test and Measurement System

DC 501
DC 502

110 MHz and 550 MHz Digital Counters

COMPARISON OF CHARACTERISTICS

DC 501 DC 502

DISPLAY

7 digits (7-segment LEDs) storage, leading zero blanked. Overflow, gate open
and kHz or MHz indicators.

DIRECT INPUT
Frequency Range

10 Hz to 110 MHz

Sensitivity

300 mV p-p (100 mV rms sine wave)

Impedance

1 MQ, paralleled by 20 pF

Triggering Level

Adjustable, =2 V

Max Safe Input

500 V (dc and peak ac, or p-p ac) at < 1 kHz

Attenuation

X1, X5, X10, or X50

Resolution

0.1 Hz with 10 s gate, 1 Hz with 1 s gate, 10 Hz with 0.1 s gate,
100 Hz with 0.01 s gate

- 10 PRESCALE INPUT
Frequency Range

Sensitivity

Impedance

Max Safe Input

Resolution

50 MHz to 550 MHz

500 mV p-p (170 mV rms sine wave),
or 1-2 mV rms (see special features

Not below)
Applicable 50 ohms
10 V p-p

1 Hz with 10 s gate
10 Hz with 1 s gate
100 Hz with 0.1 s gate
1 kHz with 0.01 s gate

STANDARD TIME BASE
ACCURACY
Temp Stability, 0° to
50°C after Warm-up

Within 1 part in 105 (0.001%)

Long Term Drift

Within 1 part in 105 per month (0.001%)

Setability

Adjustable within 1 part in 107 (0.00001%)

OPTION 1 TIME BASE
ACCURACY
Temp Stability, 0° to
50°C after Warm-up

Within 5 parts in 107 (0.00005%)

Long Term Drift

Within 1 part in 107 per month (0.00001%)

Setability

Adjustable within 5 parts in 109 (0.0000005%)

FCC Type Approval

Option 1 FCC Type approved for fre-
quency monitoring in am and fm
broadcast bands and on tv channels

Option 1 FCC Type approved for fre-
quency monitoring in am and fm
broadcast bands and on tv channels

2.6 2-26
Totalize Counts events from 1 to 9,999,999 at a Same as DC 501 plus <+ 10 totalize
max rate 110 MHz. Start, stop, and reset which counts events to 99,999,990 at a
commands via front-panel pushbuttons. max rate of 550 MHz. Display is 1/10
the number of input events
REAR INPUTS —

For routing from other
compartments or from
rear-panel connectors on
Power Modules

Direct count input (50 ohms imped-
ance, resistor may be removed for 1
megohm input), reset, external display
scan clock, external time base

Reset, external display scan clock, ex-
ternal time base

REAR OUTPUTS —
For routing from other
compartments of Power
Module or to rear-panel
connectors on Power
Modules

Bed serial-by-digit, plus lines for MHz light, decimal point, internal display scan
clock, time base out, data ready, etc

SPECIAL FEATURES

Option 2—Automatically selects opti-
mum measurement interval to fill the
display, and displays appropriate kHz
or MHz indication. Overflow is indi-
cated for frequencies in excess of
99.99999 MHz

A modification is available to provide
1-2 mV sensitivity from 50-550 MHz.
See your Tektronix Field Engineer,
Representative, or Distributor for more
information.

CALCULATOR INTERFACE

Option 4—Adds appropriate decimal point output data for compatibility with
TEKTRONIX 31/53 Calculator Instrumentation System.

DC 502 Option 7 Digital Counter (for use
with the TR 502 Tracking Generator) has all
usual characteristics of the DC 502 plus
logic circuitry which allows the DC 502/TR
502/7L13 to select and determine unknown
signal frequencies within the frequency

range of the counter and with the sensitivity
of the analyzer; includes the High Stability
Time Base. The spectrum display center fre-
quency is indicated by a bright dot on the
analyzer crt and is automatically counted by
the DC 502 Option 7.
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DC 503
DC 505A

DC 503

Direct Counting to 100 MHz
Six Measurement Functions
Period and Ratio Averaging
Interval Measurement Capability

The DC 503 Universal Counter offers count-
ing to 100 MHz and provides the versatility
of six measurement functions: frequency,
period ratio, time A—>»B, time manual, and
totalize. The two channels (A and B) have in-
dividual BNC inputs and separate trigger
level, attenuator, and coupling mode con-
trols. Seven-digit readout is via seven-
segment light emitting diodes (LEDs) with
automatically positioned decimal point;
leading zeros (to the left of the most signifi-
cant digit or decimal point) are blanked. A
flashing display indicates register overflow.
The low cost DC 503 offers high performance
in a variety of applications. Its interval mea-
surement capability with selectable clock
rates is useful for digital equipment design
and maintenance, particularly digital control
and data communications work. The A-chan-
nel frequency range of dc to 100 MHz serves
in communication and rf use. High resolution
measurements of low frequencies are avail-
able quickly in the period mode with aver-
aging up to 1 million periods available. TIME
MANUAL provides an electronic stop watch
function with selectable clock rates. TOTAL-
IZE counts and displays the total number of
input events at rates from dc to 100 MHz.

DECiBO03: . . coviooto o oo o coumi ouiisionnes i = o sshsa $750
Option1 (TimeBase) ........... add $150
Option 4 (Calculator) ............ add $ 20
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100 MHz and 225 MHz Direct Counting Digital Counters

COMPARISON OF CHARACTERISTICS
I DC 505A

DC 503

DISPLAY

7 digits (7 segment LEDs

Storage, leading zeros blanked

FREQUENCY (A input)
Range

0 to 100 MHz, dc coupled
10 Hz to 100 MHz, ac coupled

0 to 225 MHz, dc coupled
10 Hz to 225 MHz, ac coupled

Gate Times

0.01 sec, 0.1 sec, 1 sec, 10 sec

Accuracy

=1 count

=+ time-base error

TIME INTERVAL
(A B

)
Resolution, Single
event

1 us to 1 sec, selectable

10 ns to 1 ms, selectable

Resolution, aver-
aging on repetitive
events

Not
Applicable

< 100 picoseconds with 10 ns clock and 10%
averaging. Clock rate selectable, 10 ns to
1 ms. Averaging factor independently select-
able from 1 to 105. 5 ns minimum pulse width
in either channel.

Accuracy

#+1 count + time-base error; other

contributions negligible

=1 count == time-base error = trigger error CH
A* = trigger error CH B* == channel delay
match error of 2 ns max =* slew rate error***
-+ 2 counts (10 ns clock rate only).

Best absolute accuracy, 3 ns

WIDTH (B input)
Resolution, single
pulse

Use ‘‘tee’’ connector and Time Interval
A—>»B mode; see specifications above

10 ns to 1 ms, selectable

Resolution, repetitive
pulses

Not
Applicable

< 100 picoseconds with 10 ns clock and 105
avg factor. Clock rate selectable 10 ns to 1
ms. Avg factor independently selectable from
1 to 105 2 ns minimum pulse width.

Accuracy

=+1 count == time-base error -+ hysteresis
error** == slew rate error*** + 2 counts (10
ns clock rate only). Best absolute accuracy,
1.5 ns.

PERIOD + PERIOD
AVERAGING (B input)
Resolution

From 1 us for single period to 1 pico-
second with 10¢ averaging

From 10 ns to 1 ms for single period; to 0.1
picosecond max with 10 ns clock and 105
averaging

Accuracy =1 count =+ time-base error #+1 count =% timebase error = trigger errort
=+ trigger error -2 counts (10 ns clock rate only).
N
RATIO (A/B) Averaged over 1 to 105 cycles of signal at B.

Avgraged over 1 to 108 cycles of signal
at

Accuracy: =1 count FREQ A == trigger jitter
chan Bt

EVENTS A DURING B

Not
Applicable

B. Accuracy: =1 count FREQ A -+ hysteresi

Averaged over 1 to 105 occurences of signal a(
error** = slew rate error***

TOTALIZE (A)

1 to 9,999,999 at max rate of 100 MHz.
Front-panel start, stop, reset control.

1 to 9,999,999 at max rate of 225 MHz. Front-
panel start, stop, reset control .

TIME MANUAL Electronic stop watch; accumulates and
displays time following activation of Not
front-panel start button. Clock rates Applicable
selectable from 1 us to 1 sec.

INPUT

SPECIFICATIONS
Freq Range, A

0 to 100 MHz, dc coupled
10 Hz to 100 MHz, ac coupled

0 to 225 MHz, dc coupled
10 Hz to 225 MHz, ac coupled

Freq Range, B

0 to 10 MHz, dc coupled
10 Hz to 10 MHz, ac coupled

0 to 225 MHz, dc coupled
10 Hz to 225 MHz, ac coupled

Sensitivity, A and B

300 mV p-p (100 mV rms sine wave)

150 mV p-p (50 mV rms sine wave) below 150
MHz. 300 mV p-p (100 mV rms sine wave) from
150 to 225 MHz

Impedance, A and B

1 M Q paralleled by 20 pF

1 M Q paralleled by 24 pF

Triggering Level,

Adjustable ==1.5 V In X1 attenuator

Adjustable 2.0 V in X1 attenuator position

A and B position
Max Safe Input, 500 V (dc + peak ac, or p-p ac) < 1 50 V (dc + peak ac, or p-p ac) in X1 attenu-
A and B kHz ator position. 250 V (dc + peak ac, or p-p ac)

< 1 kHz in X20 attenuator position

Attenuation, A and B

X1, X10, X100

X1, X20

STANDARD AND
OPTION 1 TIME BASE

Same as DC 501/DC 502

(except, no FCC Type approval)

SPECIFICATIONS

REAR INPUTS Same as DC 501

REAR OUTPUTS Same as DC 501/DC 502
CALCULATOR

INTERFACE Same as DC 501/DC 502

NOTES: SPECIAL FEATURES

0.01V

e
= (dv/dt of triggering edge

01V

)/ v

0.01V

L=
5T (dv/dt stop edge

) == (dv/dt start edge

VALE

***Input amplifier slew rate of 10 ns/volt will produce additional

error in

(1) Time A —>» B mode if A and B level controls are not set
for corresponding points on waveforms.

(2) Width B and Events A during B modes if B level control is

not set at 50% of input pulse height.

0.01V

= (dv/dt triggering edge) / N
NOTE 1: Accuracies with averaging are dependent on the laws of
statistics in Time A —) B, Width B, and Events A during

B modes.

A Out: Shaped output, after LEVEL and
SLOPE selection, of signal into CH A. This
output represents what goes into the display
of FREQ A, RATIO A/B, and TOTALIZE A.
Propagation delay from CH A INPUT to A
OUT is = 15 ns.

B or A—»B Out: Shaped output, after LEVEL
and SLOPE selection, of either CH B signal
or A—»B signal. This output represents th >
continuous signal used in generating the di{
play gating for RATIO A/B, PERIOD B, TIM
A—>»B, WIDTH B, and EVENTS A DURING
B. Logic levels out are the same as for A
OUT. Propagation delays from the channel
INPUTS to B or A—>»B OUT are =~ 15 ns.



| DCSOBA UNIVERSAL COUNTER / TIMER
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TERTRONIXS cue qyy,
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DC 505A

Dc Trigger Level Output for Accurate
Setting with Companion DMM

Direct Counting to 225 MHz
10 Nanosecond Clock Rate

Time Interval Averaging with Resolution
to 100 Picoseconds

Two Equal Bandwidth Channels for Time
Measurements on Narrow Pulses

.Events A during B

The DC 505A is a high-performance Univer-
sal Counter featuring direct counting to 225
MHz. Both channels, A and B, have equal
response for ratio, time interval, and other
measurements requiring two channels. This
new “A” version provides dc trigger level
output both at the front-panel jack and
rear interface connector. Any TM 500 Digital
Multimeter may be connected via the rear
interface to read the DC 505A trigger level
setting when the DMM input switch is pushed
to the INT position. Alternately, an external
voltmeter or oscilloscope may be connected
to the front-panel jack to perform this func-
tion. The DC 505A can perform virtually any
counting-timing function below 225 MHz.

Various functions include conventional fre-
quency operation on channel A, ratio of
channel A to B frequency, period of signal B,
time interval from channel A start to B stop,
width B, events A during B, and totalize. An
averaging feature allows measurements to
be averaged from 1 to 10° times as selected

TM 500-Series Test and Measurement System
Digital High Performance Universal Counter and Counter/ Timer

by front-panel controls with the resultant
average displayed on the LED readout. Aver-
aging factor and clock rate are independ-
ently selectable. Pulse width may be mea-
sured directly with single shot resolution to
10 ns. By use of maximum averaging on
width or interval measurements of repetitive
waveforms, resolution to better than 100
picoseconds is possible. Typical application
of the DC 505A is in the design, develop-
ment, or maintenance of logic circuitry in
high speed digital computers. It is a high-
performance counter for state-of-the-art de-
sign and measurements up to 225 MHz.

DCISOSA 7L 55 5.8 BUE e T $1395
Option 1 (Time Base)............ add $150
Option 4 (Calculator Interface). .. .. add $20

| recmowxe DC 504 countermmer

DC 504

Direct Frequency Counting to 80 MHz

Period Measurement for Resolution
at Low Frequency

Rpm Counting

5-Digit LED Display

Low Cost

The DC 504 Counter/Timer measures fre-
quency from 0 Hz (with 0.1 Hz resolution) to
80 MHz, period from 1 microsecond to
999.99 seconds, and totalizes events from 0
to 99,999 at a maximum rate of at least 80
MHz. A resolution of 0.1 Hz can be obtained
by allowing the more significant figures of
the counter to overflow. Five 7-segment
light-emitting diodes (LEDs) provide a visual
numerical display. The decimal point is auto-
matically positioned and leading zeros (to
the left of the most significant digit or deci-
mal point) are blanked. Digit overflow is in-
dicated by a front-panel LED. Signals to be
counted/timed can be applied to either a
front-panel BNC connector or to the rear
interface connector. Internal switches select
frequency or rpm operation, internal time
base or external standard, and override dis-
play storage.

DC 505A
DC 504

Display — 5 digits, LEDs.

Display Accuracy — ==1 count == time-base accuracy
(== trigger error in period mode only).

Frequency (or rpm) — Dc coupled: 0 Hz to at least 80
MHz. Ac coupled: 10 Hz to at least 80 MHz.

Frequency/rpm (Max Resolution) — kHz Positions: 0.1
Hz, 1 Hz, and 10 Hz (1 rpm, 10 rpm, and 100 rpm).*
MHz Positions: 0.1 kHz and 1 kHz (1000 rpm and 10 k
rpm).*

Sensitivity — 20 mV rms (56.6 mV p-p) below 15 MHz,
35 mV rms (99 mV p-p) at or below 50 MHz derating to
typically <175 mV rms (495 mV p-p) at 80 MHz.

Triggering Level — Adjustable over at least —1.5 V
to +1.5V.

Trigger Source — Internal (rear connector interface)
or external (front-panel BNC).

Max Voltage — 250 V (dc and peak ac) at 500 kHz
or less.

Impedance — 1 MQ paralleled by approx 20 pF.
Coupling — Dc or ac.

*Assuming transducer output is one pulse per revo-
lution.

Internal Time Base

Standard Option 1
Crystal 1 MHz 5 MHz tempera-
Frequency ture compensated
Stability (0°C Within 1 part 105 | Within 5 parts
to 50°C) after in 107
Y2 hour
warm-up

1 part or less in

Long-term Drift | 1 part or less in
107 per month

105 per month

Setability Adjustable to Adjustable to
within 1 part within 5 parts
in 107 in 107

Totalize Events (R ion) — 1

Period (Resolution) — m Sec Position: 1 us and 10 us.
Sec Position: 0.1 ms, 1 ms, and 10 ms.

Display Time — Variable from about 0.1 s to about 10
s. Detent position at cw position of DISPLAY TIME
knob provides a HOLD mode.

Data Inputs and Outputs — Available at plug-in con-
nector for intra-compartment routing in any TM 500
Power Module/Mainframe. BCD serial-by-digit (par-
allel data for one digit at a time) plus timing and con-
trol functions.

DC 504 Counter/Timer .............. $395
Option 1 (Time Base)............ add $150
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DM 501
DM 502

The digital multimeter, with the capability of
measuring voltage, resistance, and current,
is the most widely used electronic test instru-
ment employed today, with the possible ex-
ception of the oscilloscope. Modern digital
techniques have vastly improved the resolu-
tion and accuracy of the traditional volt-ohm-
milliammeter, simplified instrument use, and
reduced the possibilities of human error.
The TM 500 Digital Multimeter line consists
of two general-purpose instruments, the DM
501 and DM 502 Digital Multimeters. In addi-
tion to the usual dc and ac voltage, resist-
ance, and dc and ac current functions, both
meters offer an optional temperature mea-
surement function. Applying the tip of the
optional temperature probe to a power tran-
sistor, integrated circuit, mechanical com-
ponent, or any other surface provides an im-
mediate digital readout of the surface tem-
perature in degrees Centigrade or degrees
Fahrenheit at the user’s choice. The DM 502
further extends measurement capability by
providing a standard decibel (dB) measure-
ment feature across all ac ranges.

The DM 501 and 502 are similar instruments
in many respects. Each measures dc voltage
to 1000 volts (extendable to 40,000 volts
with the addition of the optional high-voltage
accessory probe), ac voltage to 500 volts,
both dc and ac current to 2 amps, and re-
sistance to 20 megohms. Optionally, both
provide probe measurement of surface tem-
peratures from —55°C to 4-150°C. The most
significant differences lie in the dB capabil-
ity of the DM 502, the 4%2 digits of the DM
501 versus 3% in the DM 502, and the float-

TM 500-Series Test and Measurement System
Digital Multimeter Characteristics

ing bcd output of the DM 501 (for compati-
bility with the TEKTRONIX 31/53 Calculator
Instrumentation System and other digital
readout systems).

Since the DM 501 is a 42 digit instrument,
it can provide significantly more precise val-
ues than 3% digit instruments, including the
DM 502. At a given signal level, the 4%z digit
instrument can supply 10X better resolution
and conversely it can also measure 10X as
large a signal at any given.resolution level.

For example, an exact 2.000-volt signal must
be measured on the 20-volt range on either
instrument, since full scale on the nominal
2-volt range is actually 1.999 or 1.9999 volts.
The specified possible error of the DM 502
(display 2.00) is = 0.1% of reading = 1
count, equal to = 12 millivolts, or 0.6% of
reading. The same input is displayed on the
DM 501 as 2.000, and the possible error of
+ 0.1% of reading = 2 counts is 2.2 milli-
volts, or 0.11% — almost six times better.

The dB feature of the DM 502 is of great
value in the general audio and communica-
tions industry: in mobile radio, microwave,
telephone communication, computer time-
sharing, and other applications of data trans-
mission via voice links, broadcasting, high-
fidelity and recording industries, sonar,
acoustics, audiometrics, and many other
fields. The absolute reference of the DM 502
may be selected, by internal jumper, as dBm
(0 dB=10.775V or 1 mW in 600 ©) or dBV
(0 dB =1 V). With either reference, the dy-
namic range extends from —60 dB to ap-
proximately +-56 dB.

DIGITAL MULTIMETERS DM 501 AND DM 502
COMPARISON OF CHARACTERISTICS

The following is a comparison of the major characteristics of the DM 501 and DM 502.
A complete set of specifications may be found on the following pages.

DM 501 DM 502
Number of Digits 4% 32
Dc Volts — full scale 2Vto1kV 0.2Vto1kV
Ac Volts — full scale 2Vto 500V 0.2V to 500V
Dc Current — full scale 2 mA to 200 4A to
Ac Current — full scale 2A 24
Resistance — full scale 2 kQ to 20 MQ 200 © to 20 MQ
Temperature Probe Optional Optional
dB No —60dB to 456 dB
Bed Full Floating Nonfloating
Output
Input 10M 10 M normal; FET input
Impedance on 0.2 and 2 volt scales by
internal jumper
Price $450 to $575 $325 to $450
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DM 501 DIGITAL MULTIMETER

o

DM 501

0.1% Dc Voltage Accuracy
472 Digit LED Display
Auto Polarity

Measures Volts, Current, Resistance,
Temperature

Fully Isolated Serial Bcd Output

The DM 501 Digital Multimeter measures dc p
and ac voltage and current, resistance, and /.
temperature. Dc voltage measurement ac-
curacy is 0.1%. The ac functions are aver-
age responding and rms calibrated. A single
front-panel control selects all functions and
ranges. A pushbutton selects front-panel
input or optional rear interface connector
input. Temperature measurements are made
using a TEKTRONIX P6058 Probe or other
suitable sensing devices. Front-panel pin
jacks provide external temperature readout,
at 10 mV per degree, regardless of the posi-
tion of the function switch. An internal switch
selects calibration in degrees Centigrade or
Fahrenheit. Readout is a 4% digit stored
display using seven segment LEDs. The
decimal point is automatically positioned by
the RANGE/FUNCTION switch and leading
zeros (those to the left of the decimal point
or most significant digit) are blanked. Po-
larity indication is automatic. A blinking dis-
play indicates overrange. Serial bcd output
is available at the rear interface connector.

DC VOLTAGE

Range — 2 V, 20 V, 200 V, and 1 kV full scale (19999
max reading), accurate within 0.1% of reading =2
counts.

Resolution — 100 uV.

C Mode Rejection — > 100 dB at dc, 80 dB at
60 Hz with 1 kQ imbalance. f

Step Response Time — <1 s.

Normal Mode Rejection — >30 dB at 60 Hz increasing
20 dB per decade.

Input R — 10 MQ, constant.



AC VOLTAGE
oange — 2V, 20V, 200V, and 500 V full scale (19999
max reading), average responding, rms calibrated.
Accuracy — Within 0.5% of reading %2 counts from
40 Hz to 10 kHz; 1.0% of reading =2 counts, 20 Hz to
20 kHz. Usable to 100 kHz. Typically <5% down be-
tween 0.4 V and 500 V at 100 kHz.

Resolution — 100 uV.

Response Time — <10 s.

Input R — 10 MQ paralleled by <100 pF.

AC and DC CURRENT
Range — 2 mA, 20 mA, 200 mA, 2 A full scale (19999
max reading), ac rms calibrated, average responding.
Resolution — 100 nA.
Accuracy — Dc amps, 0.2% of reading =2 counts; ac
amps, 0.6% of reading =2 counts from 40 Hz to 1
kHz =£0.6% of reading, ==10 counts, 1 kHz to 10 kHz.
Usable to 100 kHz.

0.2V

e 1Q
Range Setting 504

Input R —

RESISTANCE
Range — 2 kQ, 20 k2, 200 k@, 2 MQ, 20 MQ full scale
(19999 max reading).
Accuracy — Within 0.3% =2 counts to 2 MQ, 0.5%
=2 counts on 20 MQ scale.
Resolution — 0.1 Q.

TEMPERATURE MEASUREMENT
Range — 55°C to +150°C (—67°F to --302°F se-
lected by internal switch), using included temperature
probe. The temperature probe functions regardless of
the DM 501 mode and provides a front-panel analog
signal output of 10 mV/© (into 2 kQ or greater); thus

temperature may be measured simultaneously with
‘ny other function. If temperature probe is not de-
sired, order Option 1. If temperature capability is not
desired, order Option 2; note: capability cannot be re-
stored at a later date.
Accuracy — Within 1.5°C (2.7°F) from —55°C to
+125°C and within 2.5°C (4.5°F) from —55°C to
—+150°C.
Resolution — 0.1°,

OTHER CHARACTERISTICS
Overrange Indication — Blinking display.
Measurement Rate — 5 measurements/second.
Max Input Voltage — 1 kV. The front-panel HI and
LO connectors may be floated 1.5 kV max above
ground, the rear inputs 350 V max. Current measuring
functions are fused at 3 A. Ohms ranges are fused
at 1/16 A.
Ambient Temperature — Performance characteristics
are valid over a temperature range of +15°C to
-++40°C.
Standard Accessories — 1 Pair Test Leads (003-
0120-00), 1 P6058 Temp Probe (010-0259-00).

ORDERING INFORMATION

DM 501 Digital Multimeter .......... .$575
Option 1 without Temp Probe

(P6058) . ..... Y e e s Sub $ 95
Option 2 without Temp Capability

and Probe ... ... cpsm o Sub $125

Optional Accessories — Deluxe test lead with acces-
sories including push-on spring-loaded hook tip and
special IC package tip, high flexibility wire, red, 4 ft.

Order (012-0426-00) ..............cvveennnnnn $6.50
s above except black.
rder (012-0426-01) ..............coonivununnn $6.50
Test lead with alligator clip, 4 ft, black.
Order (012-0425-00) ............ccvvvevvnnnnns $4.20
High Voltage Probe to 40 kV
Order (010-0277-00) ..........ccvveeveennnnnnnnn $55

DM 502 DiaiTaL MULTi- METER

TEKTRONIX &

DM 502

Selectable dB Readout

Six Functions Including Temperature
and dB

0.1% Dc Voltage Accuracy
Auto Polarity
dB Readings from —60 dB to +56 dB

The DM 502 Digital Multimeter measures dc
and ac voltage and current, dBm, dBV, re-
sistance, and temperature. The ac functions
are average responding and rms calibrated.
A single front-panel control selects all ran-
ges. Front-panel pushbuttons select dB
readout of ac functions in lieu of ac voltage
or current and front-panel or rear interface
connector input. dB is obtained by adding
the selected dB scale value to the display
reading. Readout in dBm or dBV is chosen
by an internal jumper. An internal jumper
also permits selection of FET input (>>1000
M) or 10 MQ input impedance on the two
lowest dc voltage ranges.

The readout is a 3%2 digit display using sev-
en-segment LEDs. The decimal point is
automatically positioned by the RANGE/
FUNCTION switch. Polarity indication is
automatic. Maximum display at stated ac-
curacy is 1999.

Nonfloating bcd output (referenced to the
low input), is available at the rear interface
connector if user wired.

DC VOLTAGE
Range — 0.2V, 2V, 20 V, 200 V, 1000 V.
Accuracy — Within *=0.1% of reading, =1 count.

Common-Mode Rejection — >100 dB at dc, >80 dB
at 50 or 60 Hz with 1 kQ imbalance.

Normal-Mode Rejection — >80 dB at 50 or 60 Hz.
Step Response Time — <0.5 s.
Input R — 10 MQ (jumper selectable for >>1000 MQ on
0.2 V and 2 V ranges).

AC VOLTAGE
Voltage Range — 0.2V, 2V, 20 V, 200 V, 500 V.

Accuracy — Within #=0.5% of reading, ==1 count, 40
Hz to 10 kHz. #=1.0% of reading, =1 count, 20 Hz to
20 kHz. Usable to 100 kHz. Typically <<10% down be-
tween 40 mV and 500 V at 100 kHz.

DM 501, DM 502 Digital Multimeters

Response Time — <5 s.
Common-Mode Rejection — >60 dB at 50 or 60 Hz.
Input R — 10 MQ paralleled by less than 60 pF.

dB VOLTS AND CURRENT
Scales — +40, 20, 0, —20, —40 dB. Reference is
dBV (1 V) or dBm (1 mW dissipated in 600 ©Q, 0.7746
V), selected by internal jumper.
Display — #=19.99 dB on any scale, except that the
total dynamic range is limited to the range —60 dB to
approx +56 dB by a 500 V max input specification.
Accuracy

Display Frequency Max
Reading Range Error
0 to +19.99 20 Hz to 20 kHz 0.5 dB
20 Hz to 2 kHz 0.5 dB
Gitg-=in 2 kHz to 20 kHz 1.0 dB
20 Hz to 2 kHz 0.5 dB
N 2 kHz to 7.5 kHz 1.0 dB
: 7.5 kHz to 20 kHz 2.0dB

Response Time — <5 s.
Common-Mode Rejection — >60 dB at 50 or 60 Hz.

RESISTANCE
Ranges — 200 Q, 2 k@, 20 k@, 200 k2, 2 MQ, 20 MQ.
Accuracy — 200 Q range, 0.5%, =1 count, 40.1 Q;
2 kQ through 2 MQ range, #=0.5%, =1 count; 20 MQ
range, 1.0%, ==1 count.
Response Time — <0.5 s; 20 MQ range, <5 s.
Max Output Current and Voltage — 1 mA max; approx
12 V max.

AC & DC CURRENT
Ranges — 200 xA, 2 mA, 20 mA, 200 mA, 2 A.
Accuracy — Dc current 0.2% of reading ==1 count; ac
current 0.6% of reading ==1 count 40 Hz to 10 kHz.
Response Time — DC <0.5 s; ac <5 s.

Input 0.2V (<2 kQ with
Impedance — Range Setting +018 200 uA range)

TEMPERATURE MEASUREMENT
Ranges — Centigrade: —55°C to -150°C. Fahren-
heit: —67°F to --200°F.

Accuracy — With probe shipped with instrument
+20C (=*3.6°F). With any P6430 probe prior to cali-
bration with instrument, ==8°C (%=14.4°F).
The temperature probe functions in all other modes
in °C with analog signal out of 10 mV/° at rear inter-
connect.

OTHER CHARACTERISTICS
Overrange Indication — Blinking display.
Measurement Rate — 3.33 per second.
Inputs — The max input voltage is 1 kV. The front-
panel HI and LO connectors may be floated 1 kV max
above ground, the rear inputs 350 V. Current mea-
suring functions are fused at 2.5 A. Ohms functions
protected to 120 V rms indefinitely, 250 V rms 2 hour.
Ambient Temperature — Performance characteristics
are valid over a temperature range of +15°C to
—+40°C.
Standard Accessories — 1 pair Test Leads (003-0120-
00), 1 P6430 Temp Probe (010-6430-00).

ORDERING INFORMATION

DM 502 Digital Multimeter...........$450
Option 2 without Temp Capability
and Probe ........... .......Sub $125

Optional Accessories — Deluxe test lead with acces-
sories including push-on spring-loaded hook tip and
special IC package tip, high flexibility wire, red, 4 ft.

Order (012-0426-00) ............ovvvvvnnnnnnn $6.50
As above except black.

Order (012-0426-01) ...........ccovvvivnnnnnns $6.50
Test lead with alligator clip, 4 ft, black.

Order (012-0425-00) ... :.si.cninissaasssesions $4.20
High Voltage Probe to 40 kV

Order (010-0277-00) ...........covvvveiunnnnnnnn $55




Pulse Generators

TM 500-Series Test and Measurement System

Comparison of Characteristics

During the recent dynamic growth of digital
logic and computers, the pulse generator,
long a valuable signal source, has acquired
added importance. Pulse generators are es-
pecially useful for testing response of wide-
band systems and for simulating signals
from a variety of devices. Pulse generators
are also used to provide stimulus to living
tissue in physiological and biological re-
search. In addition they are used to drive
lasers, simulate data transmission signals,
test switching speeds of active devices or
memory elements, and for a wide variety of
other functions.

The TM 500 line consists of four general-
purpose pulse generator modules and a
specialized generator. The specialized gen-
erator, the PG 506, is intended primarily for
oscilloscope calibration. The PG 501 and PG

502 are designed for the 50 ohm systems,
and have repetition rates, amplitudes, and
transition times compatible with the com-
mon digital integrated-circuit families such
as TTL, DTL, and ECL. Furthermore, the PG
502, with 250 MHz repetition rate and inde-
pendent control of the pulse top and bottom
levels, is ideal for ECL design and testing.

The new PG 508 is designed for both 50 @
and higher impedance circuits such as MOS,
HTL, and CMOS logic. Its accurate 50 Q out-
put impedance allows you to deliver clean
signals into reactive loads or at the end of
an unterminated cable. The PG 508 sets a
new standard in operator convenience with
its control error light, trigger/gated light,
selectable 1 MQ or 50 @ trigger input impe-
dance, and an expanded trigger level range.

PULSE GENERATORS — COMPARISON OF CHARACTERISTICS

The following is a comparison of the main characteristics of the PG 501, PG 502, PG 505, and
PG 508. A complete list of specifications appears on the following pages.

PG 501 PG 502 PG 505 PG 508
Rep Rate Range 5 Hz to 50 MHz 10 Hz to 250 MHz 1 Hz to 100 kHz 5 Hz to 50 MHz
Pulse Width Range | 10 ns to 100 ms 2 ns to 50 ms 5usto0.5s 10 ns to 100 ms
Te+ Tr Fixed, Fixed, Variable, Variable,
<35ns <1.0ns <1usto>20ms |5 nsto50ms
Maximum =5 volts across 5volts ina =5V 80 volts behind 20 volts in a ==20 volt
Amplitude 50 Q window across 50 Q | 4 kQ window to Hi Z, 10 volts
in a =10 V window to 50 Q
Output Independent Independent pulse | Amplitude, Independent pulse
Controls Amplitude Controls | top and pulse inversion switch top and pulse bottom,
for 4+ and — bottom, complement switch
outputs complement switch
External Trigger -+1V, + Slope “+1V, 4 Slope +0.5Vto 410V, —3Vto 43V, + or —
and Ext Duration 50 Q input Z 50 Q input Z -+ Slope 10 kQ Slope, 1 MQ or 50 © input Z
(width) input Z
Other Simultaneous Manual trig, Delay anywhere 10 ns to 100 ms delay,
Pos and neg Square-wave Mode, | along 10-volt input | double pulse, three-state
outputs, selectable ramp, custom trigger/gate light, control
output LOCKED internal timing positions error light, manual trigger,
ON mode 50 © Reverse manual gate, true 50
Termination output Z, custom timing
positions, counted pulse
burst with DD 501.
Price $395 $1295 $395 $1100
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PG 508 Pulse Generator y
5 Hz to 50 MHz Plus Custom Range \
Independently Variable Rise and Fall Times
Delay and Double Pulse Capability

20 V Output in a =20 V Window to Hi Z,
10 Vto 50 ©

Independent Pulse Top and Bottom Level
Controls

True 50 © Output Impedance for Clean
Waveforms

Control Error Light Warns of Improperly
Set Switch or Variable Controls

3-State Trigger Light Indicates Proper
External Triggering

Selectable 1 MQ Trigger Input Impedance
for Optimum Match to Circuitry — Lets You
Use Your Scope Probe

The PG 508 is a high performance 50 MHz
pulse generator that occupies two compart-
ments of the TM 500 Series Power Module/
Mainframes. While it is primarily intended
to be a highly versatile general-purpose
pulse generator, it is ideally suited for logic
circuit design in MOS, CMOS, TTL, and ECL
within the 50 MHz range of the instrument.
Its broad ranges of output period, delay, dur- _
ation, transition times...and its output upf
to 20 V p-p offer you benefits equalled by
few other pulse generators on the market.
But when you consider its selectable 1 meg-
ohm/50 Q trigger input impedance, control
error light, 3-state trigger/gate light, preset
or external control of output voltage levels,
and capability of interfacing with other TM
500 Instruments, none surpass the PG 508.

The PG 508 is the only pulse generator on
the market with the convenience of preset
or external tracking of the output voltage
levels. A simple push of the preset button
changes the output from variable top and
bottom level controls to front panel screw-
driver adjustments. Preset can also be used
to track external supply voltages. This fea-
ture helps avoid the time spent in repeated
setup of commonly used voltage levels and
also avoids accidental changes in output.
Most CMOS logic circuits, for example, can
withstand only 0.3 V more input than the
supply voltage. The PG 508 is truly designed
to help you in your applications. A touch of
a button complements the output voltage
allowing an effective duty cycle range ap-
proaching 100%.

Although the PG 508 is a sophisticated in-
strument, the planning apparent in its se-
lected control functions, and in the front
panel itself, greatly simplifies its use and
reduces the chance of error in setup. A con-
trol error light indicates improper switch or
variable control settings, such as a pulse



DURATION setting greater than pulse PERI-
OD or excessive delay or transition times.

Independent rise and fall time controls allow
the PG 508 user to have up to a 100:1 differ-
ence in rise and fall times. Rise and fall
times are also not affected by changes in
output amplitude levels. The square-wave

‘mode reduces knob twisting when you want

o vary the repetition rate over a wide range
on test analog circuits.

A unique arrangement of gating, slope, and
manual controls allows you to gate the PG
508 on with a positive or negative going
signal, or manually gate the instrument on
or off by pressing the MAN button. In addi-
tion, with the DD 501 you can ‘“‘dial up” a
predetermined number of pulses in a burst
from the PG 508. And the MANUAL button
and MAN position in PERIOD let you add to
that number, one by one. This is particularly
valuable for simulating data of a given num-
ber of bits, or for checking logic circuitry
where a suspected malfunction occurs at a
specific number.

With the trigger input switched (internally)
to 1 megohm impedance, you can ‘“poke”
into the circuitry under test using a 1X or
10X scope probe to trigger the PG 508 just
as you would your favorite triggered sweep
oscilloscope. In the external duration mode,
the PG 508 can be used as a pulse regener-
ator, logic level translator, or sine wave to
pulse converter. With the trigger level ad-
justed for the appropriate input signal, the
output is set for the level of signal desired.
The PG 508 provides the output to drive
MOS, CMOS, DTL, HTL, I’L, T2L, or ECL. lts
ange of transition time control lets you cre-
ate a signal accurately duplicating actual
circuit drive observed in circuits under eval-
uation. Its high trigger input impedance
makes it the only pulse generator on the

TM 500-Series Test and Measurement System
High Performance 50-MHz Pulse Generator

market at this writing that can convert from
MOS or CMOS logic levels to other logic
families.

While the PG 508 is particularly attractive to
the logic world, the independent output level
controls, external trigger, delay, and double
pulse capability make it extremely useful in
radar, laser, rf switching, and signal pro-
cessing applications.

Pulse Period — < 20 ns to > 200 ms in seven decade
steps plus variable, with overlap on all ranges. Peri-
ods longer than 200 ms can be obtained in custom
range position. Jitter: < 0.1% + 50 ps.

Pulse Delay — (time between leading transitions in
the paired pulse mode) < 10 ns to > 10 ms in seven
decade steps plus variable, with overlap on all ranges.
Delays longer than 100 ms can be obtained in custom
range position. Duty Factor: delays to at least 70%
of pulse periods for periods of 0.2 us or greater,
decreasing to at least 50% for a 20 ns period. Jitter:
< 0.1% + 50 ps.

Pulse Duration— < 10 ns to > 100 ms in seven
decade steps plus variable, with overlap on all ranges.
Durations longer than 100 ms can be obtained in
custom range position. An additional position pro-
vides durations of approx 50% of the period setting
for square wave output. Duty Factor: pulse durations
to at least 70% of pulse periods for periods of > 0.2
us, decreasing to at least 50% for a 20 ns period.
Jitter: < 0.1% -+ 50 ps.

Pulse Transition Times — Independently adjustable
leading and trailing transition times from < 5 ns
typical (< 7 ns at some offset and amplitude levels)
to > 50 ms, measured from the 10% point to the 90%
point in six decade steps plus variable. Variable con-
trols with 100:1 range (50:1 on 5 ns) provide overlap
on all ranges. Transition times longer than 50 ms are
obtainable in the custom range position.

Pulse-Transition Linearity — Deviation from straight
line < 5% between the 10% and the 90% point for
transition times greater than 10 ns.

Pulse Amplitude — Pulse high and low levels inde-
pendently adjustable over a =20 V range from a 50 Q
low reactance source. Max pulse amplitude into a
50 Q load is = 10 V p-p; minimum is < 0.5 V p-p. Max
pulse amplitude into an open circuit is = 20 V p-p;
minimum is < 1.0 V p-p. The preset level controls are
adjustable over the same ranges.

PG 508

Pulse Aberrations — << 5%, -+ 50 mV p-p for pulse
levels between -+ and — 5 volts into a 50 Q load. May
increase to < 10%, +50 mV p-p for pulse levels out-
side this range.

Trigger Output — Amplitude > + 2 V from 50 Q.
Source Impedance: 50 Q. Duty Cycle: Internal Trig-
gering: ~ 50%. External Triggering: determined by
duty cycle of triggering signal.

Trigger/Gate Input Sensitivity — 80 mV p-p to < 10
MHz; 250 mV p-p to 50 MHz at 50 Q input impedance.
Input Impedance: internally selected, 50 2 or 1 MQ
paralleled by ~ 20 pF. Max input: =5 V peak into
50 2, =20 V peak into 1 MQ.

Minimum Input Pulse Width — 10 ns. Trigger Level:
Polarity: front panel selectable, + or — slope. Range:
*3 V.

Trig’d Gated Light — Flashing: input triggered at
greater than approx a 10 Hz repetition rate or
following the input signal at slower repetition rates.
On: (Logic True) TRIG/GATE IN input potential above
TRIG/GATE LEVEL setting with 4 SLOPE selected
or below TRIG/GATE LEVEL setting with — SLOPE
selected. Off: (Logic False) TRIG/GATE IN input po-
tential below TRIG/GATE LEVEL with 4+ SLOPE se-
lected or above TRIG/GATE LEVEL with — SLOPE
selected.

Synchronous Gate — Rate generator starts synchron-
ously with external gating signal and completes the
last output pulse.

Pulse Delay Modes—Undelayed, delayed, and paired.
Paired pulse mode limited to 25 MHz. Minimum pulse
separation governed by duration duty factor speci-
fication.

Fixed Delays — Trigger Out to Pulse Out: ~ 23 ns.
Gate Input to Trigger Out: ~ 25 ns.

Control Error Light — Steady On: indicates invalid
operating mode, output is undefined. Flashing: tim-
ing control settings selected do not properly define
the output pulse because valid limits have been
exceeded. Steady Off: indicates valid operation for
most control settings.

Counted Burst (with DD 501) — Max PG 508 repeti-
tion rate for exact count: 20 MHz. Usable to 50 MHz.
Minimum between bursts: 100 ns.

ORDERING INFORMATION

PG 508 50 MHz Pulse Generator. . ... $1100

PG 508T 50 MHz Pulse Generator. . . .$1250
(includes PG 508, TM 503 Mainframe, and 016-0195-01
blank panel)

For Counted Burst, order the

DD 501 Digital Delay (page 157)...... $625
Suggested 10 in BNC 50 Q cable (2 req) for intercon-

necting PG 508 and DD 501:
012:0208-00% | o it nnd s Sl sl Do $10.00
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PG 501
PG 502
PG 505

PG 501

5 Hz to 50 MHz Plus Triggered Mode
Simultaneous Plus and Minus Outputs

5V and 3.5 ns into 50 @

Independent Feriod and Duration Controls

Trigger Out

Pulse Period — 20 ns or less to 20 ms (within 5%
from 0.2 us to 2 ms and within 15% at 20 ms) in dec-
ade steps. Continuously variable between steps and
to at least 0.2 s.

Pulse Duration — 10 ns or less to 10 ms (within 5%
from 0.1 us to 10 ms) in decade steps. Continuously
variable between steps and to at least 0.1 s.

Duty Factor — At least 70% for periods of 0.2 us or
more. Duty factor decreases to 50% at 20 ns period.
Minimum off time is 10 ns.

Pulse Rise Time and Fall Time — 3.5 ns or less.
Aberrations — With 3.5% at 5 V amplitude.

Pulse Amplitude — 0.5 V or less to at least 5 V into
50 2 load.

Pulse Coincidence (+ and — outputs) — Leading
edge of pulse outputs within 1 ns of each other (meas-
ured at 50% amplitude points).

Trigger Output — At least 41 V into 50-Q load, oc-
curring approx 8 ns prior to pulse output. Duty cycle
~ 50% when using internal period.

External Trigger/Duration Input — At least 41 not to
exceed +5 V (dc + peak ac). Trigger/Duration rec-
ognition level, + 1 V or less. Trigger/Duration reset
level, 4100 mV or less. Minimum on and off time is
10 ns. 50 Q input impedance.

PG 501 Pulse Generator ............. $395

MANUAL (ONE-SHOT) TRIGGER
GENERATOR

The Manual (one-shot) Trigger Generator is
used for manually initiating a pulse or com-
plete train of events with instruments which
do not have amanual trigger button or where
a remote operation capability is desired,
such as with some oscilloscopes and the
PG 501, PG 505, and RG 501.

Order 016-0597-00 . ................. $35
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50 MHz, 250 MHz and 100 kHz Pulse Generators

VARIABLE _f VARIABLE
(O, | PULSE DURATION
PERIOD

250 Mz
TEKTRONIX® PG 502 PULSE GENERATOR

PG 502

10 Hz to 250 MHz
1 ns Rise Time
5V Output, =5 V Window

Independent Pulse Top and Bottom Level
Controls

Selectable Internal Reverse Termination

Manual Trigger Button

The PG 502 (250-MHz Pulse Generator) fea-
tures: fast rise and fall time; independent
top and bottom pulse levels; and adjustable
pulse duration. The fast rep rate makes the
instrument ideal for design and testing of
fast logic and switching circuits.

Pulse Period — 4 ns or less to 10 ms (within 5% in
calibrated positions except 15% on 10 ms range) in
decade steps. Continuously variable between steps
and to at least 100 ms.

Pulse Duration — 2 ns or less to 5 ms (within 5% in
calibrated positions except 15% on 5 ms range) in
decade steps. Continuously variable between steps
and to at least 50 ms. Square-wave mode approx 50%
duty factor.

Duty Factor — At least 50% in normal mode, approx
100% in complement mode. Minimum off time is 2 ns.

Pulse Rise Time and Fall Time — Less than 1 ns.

Aberrations — Within ==5% at 5 V p-p amplitude, ex-
cept negative transition aberrations may exceed 5%
for durations less than 5 ns.

Pulse Top Flatness — Within 2%, beginning 10 ns
after transition.

Pulse Amplitude — Pulse high and low levels inde-
pendently adjustable over a —5 to +5 V range, with
pulse amplitude limited between >0.5 V and <5 V.
Complement switch inverts pulse between same two
selected voltage levels. Front-panel selectable 50 Q
internal back termination divides output levels by two.

Offset — =5 V max, depends on amplitude setting.

Trigger Output — At least 1 V into 50 Q, occurring
approx 10 ns prior to pulse output. Duty cycle ~ 50%
when using internal period.

External Trigger/Duration Input — Trigger threshold
less than 1 V; reset threshold greater than 0.1 V; max
input 5 V. 50 Q input impedance.

PG 502 Pulse Generator . ........... $1295
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TEKTRONIX® PG 505 PULSE GENERATOR

PG 505

1 Hz to 100 kHz

Independently Variable Duration and Period
80 V Output

Variable Rise Time and Fall Time

Delay Mode

The PG 505 Pulse Generator features: float-
ing output; independently adjustable rise
and fall times; external control of period o
period and duration. A special position on
the pulse period and pulse duration con-
trols allows addition of an internal capacitor
to custom-select pulse period and duration.
When driven from an externally supplied 0
to 10 volt ramp, the delay control of the PG
505 permits the output pulse to occur at any
selected voltage point on the ramp, thus
providing controllable time delay to any set
time along the ramp.

Pulse Period — 10 us or less to 100 ms (within 5%)
in decade steps. Continuously variable between steps
and to at least 1 s.

Pulse Duration — 5 us or less to 50 ms (5 us to 5 ms
within 5%, 50 ms within 20%) in decade steps. Con-
tinuously variable between steps and to at least 0.5 s.

Duty Factor — (pulse duration/pulse period), 0 to
100%.

Pulse Rise Time and Fall Time — 1 us or less to 1 ms
in decade steps with Tr or Tr controls set at (X1). Tr
or Tr control extends time to at least 20 ms. Accurate
within 5% with Tr or Tk set at (X1).

Aberrations — Within 5% at max p-p output into 4 k,
20 pF load.

Pulse Amplitude — 4 V or less to at least 80 V from a
4 kQ source. Polarity selectable for +4- or — output.

Isolation of Pulse from Ground — 200 V dc.
Trigger Output — 0 to |4 V into 50 Q.

External Trigger/Duration Input — Accepts TTL Ieve(
signals. 4

Delay Mode — Delay range (with respect to delay
signal) 0 to 10 V within 5%.

PG 505 Pulse Generator ............ $395



The function generator is one of the most
erapidly growing types of signal sources due
to its extreme versatility and reasonable
cost. It provides a variety of waveshapes,
including triangular, square, sine, and, in
some cases, pulses and ramps. Triangular
waveforms, used in conjunction with oscillo-
scopes, determine the overload (clipping)
point of amplifiers. Square waveforms simul-
taneously reveal low frequency response (by
sag), high frequency response (by rise time),
and transient response (by ringing and other
aberrations) of amplifiers. Sine waves, uni-
versal in the electronics industry, show the
full frequency response of various devices.
Further, pulses and square waves are used
as clock and signal sources in logic circui-
try. Ramps and triangles provide time bases
for oscilloscopes and paper recorders, and
test signals for voltage comparators. The
high frequency coverage of modern function
generators extends into the audio, video,
and radio spectra, and is useful in the tele-
communications field as a modulation signal
source. Their extreme low frequency range
is useful in biological and geophysical simu-

FG 501

TM 500-Series Test and Measurement System

lations, servo systems, mechanical testing
and simulations, and other applications.
Built-in sweep in the FG 504 or an external
ramp applied to the vcf (Voltage Controlled
Frequency) input of any TEKTRONIX Func-
tion Generator permits the function genera-
tor to act as a sweep generator. A full 1000:1
sweep frequency range on TEKTRONIX
Function Generators provides convenient
testing of broad band amplifiers from sub-
audio to 40 MHz. Also, the same vcf input,
fed from a low-level modulating signal, pro-
vides a frequency-modulated carrier. Loga-
rithmic sweep, available in the FG 504, is
especially useful when sweeping wide (100:1
or greater) frequency ranges. It spreads out
the lower octaves, reduces the time neces-
sary to sweep the full range, and makes
Bode plots or graphs easier to read. The
gate or burst feature is useful in testing tone-
controlled systems, loud-speaker transient
response characteristics, and Automatic
Gain Control circuits. The FG 501 and FG
504 provide control over the starting phase
of the output waveform in the burst mode.

External trigger in the FG 504 allows your

FG 502

FG 503

Function Generators

signal to initiate one complete waveform
from the FG 504, particularly useful when
generating pulses or ramps. Phase lock, a
powerful tool in the FG 504, permits an ex-
ternal repetitive signal to control the output
frequency of the FG 504. Also, digital signals
can be converted to high or low voltage sine
waves, ramps, or pulses. Sine waves can be
converted to digital signals, or the FG 504’s
output frequency can be referenced to your
frequency standard. With the DD 501 Digital
Delay in the ‘“‘divide by n” mode the FG 504
can become a limited frequency synthesizer
locked to your reference frequency.

The four TM 500 Function Generators share
many similar features. All provide the three
basic waveforms (triangular, square, and
sine), independent offset and amplitude con-
trols, and a vcf or sweep capability with up
to 1000:1 range. The FG 504 provides the
highest output frequency and amplitude of
the four instruments. Further, the FG 503
and FG 504 feature a custom position on the
range switch. The FG 504 is shipped with a
capacitor in the custom position, providing
20 Hz to 20 kHz in one range.

FG 504

Waveforms

Sine, Square, Triangle, Pulse, Ramp

Sine, Square, Triangle

Sine, Square, Triangle,
Ramps & pulses with variable symmetry

Variable Symmetry no

no

no

7% to 93% duty cycle

0.001 Hz to 1 MHz

0.1 Hz to 11 MHz 1.0Hzto 3 M

Hz

0.001 Hz to 40 MHz

‘Frequency Range

(pulse, ramp 1.1 MHz max)

(usable 0.01 Hz to 5 MHz)

0.001 Hz to nominally 4 MHz
with variable symmetry

Custom Frequency Range no no With user-installed capacitor Shipped with capacitor for
20 Hz to 20 kHz range
Amplitude Open Circuit 15 V p-p max 10 V p-p max 20 V p-p max 30 V p-p max
Into 50 7.5V p-p max 5V p-p max 10 V p-p max 15 V p-p max
Output Step Attenuator no no no 0 to —50 dB in 10 dB steps
Offset =5V dc open circuit, =2.5 V dc into 50 Q load =+7.5 V dc open circuit,

=+3.75 V dc into 50 ohms

Output Impedance

50 ohms

Amplitude Flatness
Sine Wave

=+1.5 dB, 0.001 Hz-1 MHz
ref 10 kHz

#+1.5 dB, 0.1 Hz-11 MHz
ref 10 kHz

=+2 dB, 0.1 Hz to 3 MHz
ref 10 kHz

Square, Triangle

=1 dB ref sine

=3 dB ref sine

=1 dB ref sine

=+0.5 dB, 0.001 Hz to 40 kHz, ref 10 kHz
=2 dB, 40 kHz to 40 MHz, ref 10 kHz
Square wave *0.5 dB to 20 MHz,

=2 dB to 40 MHz, ref 10 kHz

Frequency Stability

<<0.05% for 10 min, <0.1% for 1 hour, <0.5% for 24 hours

Sine Wave
Distortion

<0.5% 1 Hz to 20 kHz
<1.0% 20 kHz to 100 kHz
<2.5% 100 kHz to 1 MHz

<<0.5% 10 Hz to 50 kHz
< —30 dB at all other frequencies

<0.5% 1 Hz to 30 kHz
<<1.0% 30 kHz to 300 kHz
<2.5% 300 kHz to 3 MHz

<0.5% 20 Hz to 40 kHz
—30 dB 40 kHz to 4 MHz

=
< —20 dB 4 MHz to 40 MHz

Square Wave

<100 ns rise and fall

<20 ns rise and fall

<60 ns rise and fall

<6 ns fixed

Response <5% total aberrations <3% total aberrations <3% total aberrations 10 ns to 100 ms variable

: <5% -+ 30 mV aberrations
Triangle Within 1% 0.001 Hz to 100 kHz Within 1% 0.1 Hz to 100 kHz Within 1% 1.0 Hz to 100 kHz Within 1% 10 Hz to 400 kHz
Linearity Within 2% 100 kHz to 1 MHz Within 3% 100 kHz to 1 MHz Within 5% 100 kHz to 3.0 MHz | Within 5% 400 kHz to 40 MHz

Within 5% 1 MHz to 11 MHz

typ within 2% 0.001 Hz to 10 Hz

Voltage Controlled
Frequency

1000:1 max with 0-10 V external signal

Max input slew rate, >0.5 V/us

Same except max input
slew rate > 0.3 V/us

Burst/Gate

Input impedance, 1 k2. Control

signal required +2 V; +15 V max.

Bursts are synchronous with gate
Phase continuously variable from
—90° to -90°.

Input impedance, 1 k. Control
signal required, +2 V; 415 V max.
. | Bursts are synchronous with gate.

Not applicable

Input impedance > 10 kQ
Trigger level +1 Vto 410V
Sensitivity 1 V p-p
Generator completes

integral number of cycles
—+80° phase control

Triggered Mode

no

no

no

Single waveform with external
or manual trigger

Trigger Output

TTL compatible
2.5V into 600 Q

TTL compatible
+2.5 Vinto 50 Q

TTL compatible
+2.5 Vinto 600 Q

TTL compatible
Oto>2V,50Q
Output Z

Phase Lock no no no 50 Hz to 40 MHz
Internal no no no 1000:1 frequency range
Sweep Logarithmic or linear
0.1 ms to 100 second duration
' Separate start-stop frequency dials
Amplitude no no no 100% with 10 V p-p input
Modulation
Output 0.001 Hz to 10 Hz no no 0.001 Hz to 400 Hz
Hold Mode
Price EG 500 o e ks $450| FG 502...... ........$550/ FG 503..... o $375 | FG500 ", .m0 ...$1200




FG 501, FG 502, FG 503, and FG 504 Function Generators
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FG 501

.001 Hz to 1 MHz
Five Waveforms

VCF and Gated Burst
Hold Mode

The FG 501 produces low distortion sine, square,
triangle, pulse, and ramp waveforms from .001 Hz to
1 MHz. An external VCF input permits control of the
output frequency from an external voltage source.
Frequency sweep up to 1,000:1 ratio may be accomp-
lished by applying a voltage ramp to the VCF input.
A hold control allows the operation of the generator
to be halted instantaneously at any point in its cycle.
Release of the hold will then allow the operation to
continue normally. A gate input is provided to allow
“burst’” or single cycle operation, with the phase
of the generator output at the start of the burst con-
trollable over a #=90° range. Output signal voltage is
adjustable to 7.5 V p-p into a 50-ohm load, with dc
offset also adjustable up to #=2.5 V.

FG 501 Function Generator.................... $450
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FG 502

Five Waveforms
0.1 Hz to 11 MHz
VCF and Gated Burst

The FG 502 Function Generator provides low-dis-
tortion sine, square, and triangle waveforms, and
positive or negative ramps and pulses. Output fre-
quency is continuously variable from 0.1 Hz to 11
MHz. The high frequency range from 1 to 11 MHz per-
mits the versatility of the function generator to be
extended into the medium radio frequency range.
Voltage controlled frequency input permits the FG
502 to be used as a sweep generator. The external
gate input permits the FG 502 output in any of its
modes to be controlled by an externally supplied
pulse to generate bursts of various output waveforms.
This feature has application in wireline or radio
remote control equipment and in certain phases of
the telephone industry.

FG 502 Function Generator.................... $550
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FG 503 FUNCTION GENERATOR

TOKTRORIX &

FG 503

Three Waveforms
1.0 Hz to 3 MHz
VCF

The FG 503 Function Generator provides high quality
low distortion sine, square, and triangle waveforms.
Six decade frequency multiplier steps, a custom posi-
tion for user-determined frequency multiplication, a
dial calibrated from 1.0 to 30 (uncalibrated from 0.1
to 1.0), and a frequency vernier control work together
to select frequencies in overlapping ranges from 1g
Hz to 3 MHz. The output frequency may be swep

over a 1000:1 ratio by an external voltage. Output
amplitude and offset controls are provided. A trigger
output is available for controlling external devices or
equipment. Amplitude up to 10 V p-p can be devel-
oped across a 50-ohm load (20 V p-p open circuit).
Selectable offset up to 2.5 V dc across 50 ohms (5
V dc open circuit) is also featured.

FG 503 Function Generator.................... $375

FG 504 30 volt output with 6 ns rise and fall times for
superior pulse waveforms.

True four quadrant multiplier permits normal AM or
double sideband suppressed carrier modulation.

142

Variable rise and fall times increase pulse waveform
flexibility.

FG 504 both linear or logarithmic sweep available for
a wide range of sweep applications.

FG 504 completes one waveform when triggered from
external signal on bottom trace.

Phase lock allows the FG 504 output (top trace) to
lock to virtually any periodic input waveform.



FG 504 Function Generator

e(.'!.001 Hz to 40 MHz

Three Basic Waveforms, Plus a Wide Range
of Shaping with Variable Rise and Fall
and Symmetry Controls

Logarithmic or Linear Sweep

Separate Frequency Dials Set Lower
(START) and Upper (STOP) Limits of Sweep

Up to 30 V p-p Output
Built-in Attenuator
Am and Fm

Phase Lock Mode

External and Manual Trigger or Gate

The FG 504 sets new standards in state-of-
the-art performance and versatility for func-
tion generators. It provides low distortion
sine, square, and triangle waveforms, plus
waveform shaping through variable rise and
fall times and symmetry controls for a great-
ly extended variety of waveforms. lts fre-
quency range is from 0.001 Hz to 40 MHz in
ten decades. An additional frequency range
position is also provided for your conveni-
ence in routine or most often desired appli-

ations. This range is 20 Hz to 20 kHz when

hipped from the factory. The frequency dial
is a double knob that allows the START and
STOP frequencies to be selected in swept
frequency modes of operation. The START
dial is calibrated from 1 to 40 with an uncali-
brated range from 0.1 to 1.

The FG 504 can be swept from the START
frequency dial setting to the STOP setting at
either a linear or logarithmic rate.

The output of the FG 504 may be phase
locked, gated, or triggered by a reference
signal, letting you convert from one wave-
form to another, such as pulses to sine
waves, as well as adjust phase relationships.
Post attenuator offset enables use of the full
=+7.5 V offset range with small signals. And
the FG 504 output can be amplitude or fre-
quency modulated by external signals.

The FG 504 also provides trigger output, ex-
ternal voltage control input, and sweep out-
put. (Contact your Tektronix Field Engineer
for a data sheet discussing FG 504 applica-
tions in detail.)

Note: FG 504 capabilities illustrated at left.

TM 500-Series Test and Measurement System

- SWeep
DURATION

Frequency Range — Sine, Triangle and Square Wave-
forms: 0.001 Hz to 40 MHz calibrated range. Ramps,
Pulses, or Waveforms requiring use of VARIABLE
SYMMETRY control: 0.001 Hz to nominally 4 MHz.
Multiplier switch has position for user — determined
range by capacitor selection. Instrument shipped from
factory with capacitor installed for 20 Hz to 20 kHz
range.

Variable Symmetry — Duty Cycle Range: 7% to 93%.
Actuation of VARIABLE SYMMETRY control divides
output frequency by approx ten.

Output Amplitude — 30 V p-p into an open circuit, 15
V p-p into 50 Q.

Offset Range — ==7.5 V into an open circuit, =3.75 V
into 50 . Signal plus offset may not exceed peak out-
put amplitude of =15 V into an open circuit or 7.5
V into 50 Q. Offset defeatable by front panel control.

Output Attenuator — 0 to —50 dB in 10 dB steps. Ac-
curacy *0.5 dB/step. 20 dB variable extends mini-
mum signal amplitude to 10 mV. See square wave
aberrations specification.

Dial Range — 1 to 40 calibrated, 0.1 to 1 uncali-
brated.

Dial Accuracy (+15°C to -35°C) — Start (Main)
Dial: within #=3% of full scale from 0.001 Hz to 4
MHz. Within #6% of full scale from 4 MHz to 40 MHz.
Stop Frequency Dial: 5% of the difference between
the start and stop frequencies plus the FREQUENCY
Hz (START) dial error.

Sine Wave Harmonic Distortion (4-15°C to 4-35°C)
— <0.5% from 20 Hz to 40 kHz. Greatest harmonic
at least 30 dB down from 40 kHz to 4 MHz and 20
dB down from 4 MHz to 40 MHz. Typically <1% from
0.001 Hz to 20 Hz. Output terminated in 50 Q, zero
offset, <30 dB attenuation and FREQUENCY Hz
(START) dial set between 4 and 40.

Square Wave — Rise and fall time (FIXED): <6 ns.
Aberrations: <5% p-p +30 mV into a 50 Q load.

Variable Rise and Fall Time (Square and Pulse Wave-
forms) — Range: 10 ns to 100 ms in 7 steps plus vari-
able measured from 10% to 90% points on waveform.
Period of waveform must exceed combined rise and
fall times by >20%.

MAN
TRIG

FG 504

40 MHz Function Generator

TRIG
EVEL

Internal Sweep — Range: 1000:1 except 500:1 on the
106 MULTIPLIER range. Sweep Duration: 100 s to
0.1 ms in six decades. Variable control overlaps
decades. Logarithmic Sweep: > three decades of
frequency sweep except on the 10® MULTIPLIER
range. Stop Frequency to Swept Stop Frequency
Error: within 2% max from 100 s to 1 ms sweep
duration. Within 10% max from 1 ms to 0.1 ms sweep
duration. Linear Sweep Output: amplitude, 0 V to
-+10 V from 1 kQ. Amplitude Accuracy, within =5%
from 100 s to 1 ms, within =10% from 1 ms to
0.1 ms. Sweep Trigger Input: input sensitivity, 1 V p-p.
Trigger level, 1 V through 10 V. Max input, 420 V.
Manual Trigger: front panel control.

Amplitude Modulation Input — A 10 V p-p signal pro-
vides 100% modulation of a sine wave carrier from dc
to 4 MHz with <5% distortion at 95% modulation
when driven from a source impedance of 600 Q. From
4 MHz to 40 MHz there is <10% distortion at 65%
modulation. A modulating source impedance of <10
kQ puts the FG 504 in the am mode automatically and
reduces the unmodulated output amplitude by one
half. Distortion specifications valid for modulating
frequencies from 20 Hz to 20 kHz. Modulation fre-
quency bandwidth is dc to 100 kHz.

External Trigger/Gate/Phase Lock Input — Input im-
pedance: >10 kQ. Sensitivity: 1 V p-p. Trigger level:
-+1 to +10 V. Max input amplitude: 420 V. Trigger
mode: (for triggering a single cycle of main generator
waveform) minimum period, 75 ns. Max triggered fre-
quency, =20 MHz. Generator dial frequency must be
higher than trigger input-frequency. Gate mode: (for
gating multiple-cycle bursts of main generator wave-
form) minimum period, 75 ns. Max gated frequency,
>20 MHz. Duration of gate determines number of
output cycles with integral number of cycles com-
pleted. Phase lock mode: frequency range, 50 Hz to
40 MHz. Capture range, dial frequency ==10X FRE-
QUENCY MULTIPLIER setting. Phase adjustment
range, ==80° from 50 Hz to 4 MHz.

Manual Trigger/Gate — Available at front panel.
Trigger Output — 0 V to > 2 V from 50 Q.
FG 504 40 MHz Function Generator. .$1200

FG 504T 40 MHz Function Generator. . $1350
(includes FG 504, TM 503 Mainframe, and 016-0195-01
blank panel)
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SW 503
SG 502
RG 501

The Sweep, Audio, and Ramp Generators in-
clude the SG 502 Audio Oscillator, the SW
503 Sweep Generator, and the RG 501 Ramp
Generator. The SG 502 Audio Oscillator
features extremely low distortion and wide-
range flat response for critical audio and
communication systems and component test-
ing. The RG 501 Ramp Generator provides
single or repetitive ramps of controllable
amplitude and duration, excellent linearity,
and short retrace time.

The SG 502 Oscillator is an RC design featur-
ing distortion less than 0.035% over the en-
tire audio range of 20 Hz to 50 kHz. Distor-
tion does not exceed 0.1% over the balance
of its 5 Hz to 500 kHz coverage. Output am-
plitude is flat with ==0.3 dB over the entire
range. The output impedance is the 600 ohm
audio industry standard. Amplitude control
of 70 dB is available in 10 dB steps plus
a 40 dB variable attenuator. A fixed-ampli-
tude square wave is present simultaneously.

The SG 502 is used in various applications
in conjunction with several other TM 500 in-
struments. One of these is the Audio Fre-
quency Communications package, as dis-
cussed, where it and the DM 502 and DC
504 find ready application in telephonic com-
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munications, as well as in fields which use
telephone lines for voice or low-speed data
transmission, like the broadcasting industry
and computer time-sharing industry.

The SW 503 Sweep Generator puts most of
the features associated with larger labora-
tory-type sweep generators in a single com-
partment TM 500 Plug-in.

Frequently, the RG 501 Ramp Generator is
used in conjunction with other TM 500 in-
struments; for instance, function generators,
the PG 505 Pulse Generator, the MR 501
Monitor or other TEKTRONIX Crt Monitors,
or an X-Y recorder. The ramp generator’s
output is an ideal time base for the monitor
or recorder. Used with the PG 505 Pulse
Generator, the RG 501 permits a pulse to be
triggered at any selected point along a ramp:
a single PG 505 and RG 501 can generate
pulses delayed a controlled time following
the RG 501 gate output and multiple PG
505s can be driven from one RG 501 to gen-
erate delayed pulse trains of almost any de-
scription. With any of the TM 500 Function
Generators, where vcf (voltage controlled
frequency) input is fed by the RG 501 output,
a linear frequency sweep of up to 1000:1
width may be generated.

SW 503 Sweep Generator

1 to 400 MHz Range

1,10, and 50 MHz Markers Built-in
Continuously Variable Dot Marker System
+10 dBm (+50 dBmV) Output

Remote Programming Capability

The SW 503 Sweep Generator covers a fre-
quency range of 1 to 400 MHz. It has a vari-£
able sweep rate, step attenuator, 20 dB
vernier attenuator, and a crystal controlled
marker generator which provides comb type
markers at 1, 10, and 50 MHz.

A unique feature of the SW 503 when used
in conjunction with a DC 502 Digital Counter
with Option 7 installed, is its ability to pro-
vide a variable marker covering the entire
1 to 400 MHz frequency range with the mark-
er frequency read directly on the digital
counter.

This combination will also provide a cw
output, read to the counter accuracy. This
cw signal can be amplitude or frequency
modulated by externally applied signals.

The versatility and many features of the SW
503 make it an excellent choice for special-
ized sweep testing or for general laboratory
use.

Center Frequency Range — 1 to 400 MHz. Dial accur-
acy: =8 MHz (note 1). Drift: 100 kHz/5 min — 2 MHz/
8 hrs (note 2).

Swept Frequency Range — 1 to 400 MHz. Sweep
width: 200 kHz min, 400 MHz max. Display linearity:
<2%.

£
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ignal Purity—Residual fm: <10 kHz. Harmonic

purious: >30 dB below output from 10 to 400 MHz,
>25dB below output from 1to 10 MHz. Non-
harmonic Spurious: >40 dB below output.

Output—Impedance: Model 503A 50 ¢, Model 503B
75 Q. Level: 0.7 VRMS MAX, SW 503A CALIBRATED
—40 to 10 dBm 509, SW 503B CALIBRATED 0 to
+50 dBmV 75 Q. Attenuation: Step 50 dB in 10 dB
steps, accuracy 0.2 dB/step, vernier 20dB. Flat-
ness: +0.25 dB (measured at maximum output).

Blanking—Retrace blanking of the rf output pro-
vided for sweep operation, removed for cw opera-
tion.

Aux Rf Output— 10dBm =1 dB, impedance 50 Q.

Operating Modes—Repetitive sweep, single sweep,
externally triggered sweep, line-lock sweep, manual
sweep, CW.

Sweep Time—Continuously variable from 10 ms to
100 seconds in 4 decade steps, plus vernier.

Horizontal Output — 10 volts p-p (output symmetrical
to ground reference).

Crystal Markers — Type: birdie-by-pass, comb mark-
ers. Marker comb frequency: 1, 10, and 50 MHz.
Marker accuracy: 0.005%. Marker width: automatically
changes from approx 400 kHz to 50 kHz as the sweep
width range is selected. Marker size: adjustable from
1 mV to 1 V p-p. Rectified marker: internal switch
removes the negative portion of the birdie for use
with x-y recorders. Size varies with detectors out-
put impedance. Max marker size is over 0.5 V.

Variable (Dot) Marker (use in line or 10 ms rate) —
When used in conjunction with the DC 502 Digital
Counter with Option 7, the variable (dot) marker will
‘top the sweep wherever the marker is positioned.

his in turn gates the counter on to read the fre-
quency. At the end of the counter gate, the SW 503
resumes sweeping. The accuracy of the variable
marker is limited to the counter accuracy and the dis-
play resolution, ie: reduced sweep width gives greater
resolution.

Remote Programming — Front panel jacks provide
connections for the remote control of frequency,
sweep width, and the 20 dB vernier output control. A
jack is also provided to externally trigger the sweep
circuit when the instrument is in a single sweep
mode. Provisions are also available on the front
panel for external frequency and amplitude modula-
tion. External fm: the full frequency range can be
modulated at rates up to 4 kHz. With reduced devia-
tion and linearity, modulation rates to 100 kHz are
possible. Modulation sensitivity is approx 50 MHz/
volt. Input impedance 10 kQ. External am: 90% mod-
ulation can be obtained at modulation frequencies
up to 25 kHz. Note: the output level must be reduced
at least 6 dB by the vernier output control to obtain
90% modulation. Modulation sensitivity is 1 volt p-p/
10% am. Input impedance 10 kQ.

Note 1. Increased accuracy can be obtained using the
crystal markers or the variable (dot) marker in con-
junction with the DC 502, Opt 7.

Note 2. After %2 hour warm-up at a constant ambient,
and allowing a 5 minute stabilization period after a
frequency change.

SW 503A Rf Sweep
Generator (50 Q) .. Price To be announced

SW 503B Rf Sweep
Generator (75 2) .. Price To be announced

ecommended accessories: 50 Q Precision detector
(SW 503A), 75 @ Precision detector (SW 503B).

WWMJ.‘
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SW 503, SG 502, and RG 501 Audio/Miscellaneous Generators

SG 502

5 Hz to 500 kHz Sine and Square Waves
Extremely Low Distortion Sine-wave Shape
5 V Rms Open Circuit—600 Q Source

0-40 dB Continuously Variable Plus 0-70 dB
in 10 dB Steps

SINE WAVE

Frequency Range — 5 Hz to 500 kHz in 5 decade
steps. Accurate within 5% of dial setting from 5 Hz to
less than 50 kHz; within 10% of dial setting from 50
kHz to 500 kHz.

Amplitude Response — Flatness is 0.3 dB over entire
range (1 kHz reference).

Attenuation — Selectable from 0 dB to 70 dB in 10,
20, and 40 dB steps with pushbuttons. Accurate with-
in 2% for each step selected, additive. An uncali-
brated control provides continuous variation from 0
dB to 40 dB.

Harmonic Distortion — Less than 0.035% from 20 Hz
to 50 kHz. Less than 0.1% over the remaining fre-
quency range.

Hum and Noise — Less than 0.1% of rated output.

Max Output Voltage — 5 V rms open circuit; 2.5 V
rms into 600 Q.

Output Impedance — 600 ©, single ended.

SQUARE WAVE

Frequency Range — Same as sine wave. The square
wave switches on at the 0° and 180° of sine out.

Rise and Fall Time — 50 ns or less.
Amplitude — -5V, fixed, open circuit.
Output Impedance — 600 2, single ended.

SYNC INPUT

Oscillator can be synchronized to external signal.
Sync range, the difference between sync frequency
and set frequency, is a linear function of sync voltage.

Input Impedance — 10 kQ.

Measurements made at rated output and terminated in
600 Q.

SG 502 Oscillator ......... SR $375

RG 501

10 s to 10 s Ramp Duration
Plus or Minus Output

10-V Amplitude

Scope-type Trigger Functions

Gate Out, TTL Compatible

RAMP

Ramp Duration — Decade ranges of 10 us to 1 s, ex-
tends to 10 s with 1-10 duration multiplier. Accurate
within 3% when multiplier is at X1 (multiplier not
calibrated).

Ramp Amplitude — Continuously variable from 50 mV
or less to at least 10 V, either polarity. Dc level be-
tween ramps, 0 V within 20 mV.

Gate — From a low state of 0 V, within 100 mV, the
ramp gate rises to 43 V, within 0.6 V, in 100 ns or
less. Fall time is 100 ns or less. Gate source imped-
ance is 160 Q, within 5%.

Ramp Output Characteristics — Minimum load resist-
ance, 3 kQ; max load capacitance, 300 pF.

TRIGGERING

Auto Triggering — Provides free-running signal in ab-
sence of trigger. Locks automatically to trigger with a
frequency above 20 Hz and at least 200 mV amplitude.

External Triggering — Sensitivity is at least 200 mV
p-p, dc to 100 kHz. Input impedance approx 9.5 kQ2. 50
V (dc + peak ac) max input.

Internal Triggering — Same as external except that
the trigger source is via the rear interface.

Line Trigger — Triggers at line frequency.
Trigger Level Range — =1 V.

Optional Accessory — Manual (One-Shot) Trigger
Generator.

Order 016-0597-00 ...........coo0vnunnnennncns $35

RG 501 Ramp Generator ............ $250
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PG 506, TG 501
SG 503, SG 504

TEKTRONIX TM 500 Oscilloscope Calibra-
tion Instruments set the state-of-the-art in
every respect in oscilloscope calibration.
These instruments provide the widest range
of standard amplitude square waves, fastest
rise times, lowest aberrations, fastest time
marks, and widest frequency range of leveled
sine waves available from any calibration
equipment.

Furthermore, the TM 500 Oscilloscope Cali-
bration Instruments simplify and speed up
verification procedures, assuring a high level
of performance and minimum costs. For ex-
ample, the TG 501 provides a variable mode
in addition to its crystal-controlled mode. In
the variable mode, the time mark spacing
can be quickly adjusted to exactly align with
the oscilloscope graticule marks. The result-
ing percentage timing error is then read
directly off the TG 501 digital display. The
superior multi-instrument portability of the
TM 500 concept lets this rapid verification
take place at the oscilloscope usage loca-
tion, since the entire calibration facility now
occupies one small package with a single
handle. This on-site verification increases
accuracy and time-savings still further.

TM 500-Series Test and Measurement System
Oscilloscope Calibration Instruments

PG 506 CAUSRATION GENERATOR

BEFLECTION ERROR

@

VARIABLE 0}
AMPLITUDE g
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PG 506
CALIBRATION GENERATOR

Three Square-Wave Output Modes
10 Hz to 1 MHz

Direct Readout of Oscilloscope Deflection
Error

The PG 506 is a Calibration Generator for
oscilloscopes with three modes of square-
wave output, selectable dc outputs, and a
variable-amplitude output with front-panel
digital indication of oscilloscope deflection
error. For checking attenuator performance
and transient response of oscilloscopes,
simultaneous plus and minus low-level, fast-
rise (1.0 ns) square waves or high amplitude
(60 volt) extremely clean square waves are
available at frequencies from 10 Hz through
1 MHz. A 5 milliamp calibration current loop
is useful for current probe calibration. In the
amplitude calibration mode, a 1 kHz square
wave is generated whose peak-to-peak am-
plitude is selectable in a 1-2-5 sequence
from 200 microvolts to 100 volts. In this same
mode, amplitude may be varied around the
calibrated level until the square wave aligns
with the oscilloscope vertical graticule divi-
sions; scope deflection error is then read
directly off the PG 506 digital display in per-

OSCILLOSCOPE CALIBRATION INSTRUMENTS CHART

The following chart is a comparison of the four instruments making up the
Oscilloscope Calibration Instruments.

A complete list of specifications appears on the following pages.

PG 506 TG 501 SG 503 SG 504

Calibration Generator Time Mark Generator Signal Generator Signal Generator
Primary Amplitude calibration Time-base calibration Bandwidth calibration Bandwidth calibration
functions 200 uV to 100 V 1 ns to 5 sec 250 kHz to 250 MHz 245 MHz to 1050 MHz
Secondary | Rise time and transient Testing oscilloscope General leveled rf General leveled rf
functions response testing, nonlinearity signal source signal source with

attenuator compensation frequency modulation

testing capability
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centage high or low, permitting rapid verifi
cation of oscilloscope performance. An ir(
ternal switch permits selection of continuous
dc instead of the 1 kHz square wave at the
5 milliamp current loop and the amplitude
calibration output.

AMPLITUDE CALIBRATOR MODE
Period — Fixed at approx one millisecond.
Amplitude — From 100 V p-p to 200 microvolts p-p in

1-2-5 sequence, accurate within #0.25% into 1 MQ.
5V p-p to 100 microvolts p-p into 50 Q.

Error Readout Range — *+7.5%.

Error Readout Resolution — 0.1%.

PULSE MODES

Period — One microsecond to 10 milliseconds (within
5%) in decade steps with the VARIABLE control in
CAL position. VARIABLE extends period to at least
100 milliseconds.

Symmetry — Approx 50% duty cycle.

HIGH AMPLITUDE OUTPUT

Rise Time — Unterminated: 100 ns or less. Terminated
into 50 Q: 10 ns or less.

Amplitude Range — Unterminated: 6 V or less to at
least 60 V. Terminated into 50 Q: 0.5 V or less to at
least 5 V.

Leading Edge Aberrations — Within 2% or 50 mV p-p,
whichever is greater, when terminated into 50 (2.

Polarity — Positive going from a negative potential t
ground.

Output Resistance Source — 600  within 5%.

FAST RISE OUTPUTS

Rise Time (Terminated into 50 2) — 1.0 ns or less.

Amplitude Range (Terminated into 50 () — 100 mV or
less to at least 1.0 V.

Leading Edge Aberrations — 2% or 10 mV p-p, which-
ever is greater, during first 10 ns.

Flatness — Within 0.5% after first 10 ns.

Polarity — Simultaneous positive and negative going.
Positive going is from a negative rest potential to
ground. Negative going is from a positive rest poten-
tial to ground.

Output Resistance Source — 50  within 3% at -
and — output connectors.

Trigger Output (Terminated into 50 ) — Positive-go-
ing signal of at least 1 V.

PG 506 Calibration Generator. ... ... $1195

TUNNEL DIODE PULSER

The Tunnel Diode Pulser (067-0681-01) pro-
vides a clean, fast-rise pulse for adjusting
the transient response of high-frequency
oscilloscopes and other instruments. The
Tunnel Diode Pulser can be driven by the PG
506 Calibration Generator at repetition rates
exceeding 50 Hz. Output amplitude of th
pulse is approximately 250 mV into 50 ohms,
while rise time is <125 ps; aberrations are
<1% in a 1 GHz system.

Order 067-0681-01 ........ =X ... % N2, W0 $80
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TIME MARK GENERATOR
Marker Outputs, 5sto 1 ns
Direct Readout of Oscilloscope Timing Error

External Trigger Output

The TG 501 Time Mark Generator provides
marker outputs from five seconds to one
nanosecond. A unique feature on the TG 501

a variable timing output with a front-panel
wo-digit LED display which indicates per-
centage of timing error between the normal
time interval and a variable interval set to
line up the marker pulse with graticule or
division mark on the display. This feature not
only provides direct readout in terms of per-
cent error, but also helps eliminate errors
associated with visually estimating error
from a display.

Markers — 1 ns through 5 s in a 1-2-5 sequence.
Marker Amplitude — >1 V peak into 50 € on 5 s
through 10 ns markers. =750 mV p-p into 50 © on
5 ns and 2 ns markers. =200 mV p-p into 50 © on
1 ns markers.

Trigger Output Signal — Slaved to marker output from
5 s through 100 ns. Remains at 100 ns for all faster
markers.

Internal Time Base | Standard Option 1
Crystal Frequency | 1 MHz 5 MHz
Stability (0° to 50° | within 1 part within 5 parts
C) after %2 hour in 108 in 107
warm-up
Long-term Drift 1 part or less 1 part or less
in 105 per in 107 per
month month
Setability adjustable to adjustable to
within 1 part within 5 parts
in 107 in 109

External Reference Input — Available with internal
changes. Acceptable frequencies, 1 MHz, 5 MHz, or
10 MHz. Input amplitude must be TTL compatible.

.lmin Error Readout Range — to ==7.5%. Resolution

to 0.1%.

TG 501 Time Mark Generator
Option 1, 5 MHz Time Base

TG 501, SG 503, SG 504 Oscilloscope Calibration Instruments

FREQUENCY Mtz

FREQUENCY
VARABLE

56 503 LEVELED SINE WAVE GENERRTOR

SG 503

SIGNAL GENERATOR
Leveled, Variable Output
250 kHz to 250 MHz
Digital Readout of Frequency

The SG 503 Signal Generator is a general-
purpose leveled sine-wave oscillator. It pro-
vides a leveled output amplitude which is
variable from 250 kHz to 250 MHz. The se-
lected frequency is indicated by a built-in
autoranging frequency counter with a three-
digit LED read-out on the front panel. Ac-
curately calibrated output voltage into 50
ohms is variable from 5 mV to 5.5 V peak-to-
peak.

Frequency Range — 250 kHz to 250 MHz, plus 50 kHz
reference frequency.

Accuracy — Within =0.7 of least significant digit of
indicated frequency.

Amplitude Range —5 mV to 5.5 V p-p into 50 Q
termination in three decade ranges.

Amplitude Accuracy — (50 kHz reference) within 3%
of indicated amplitude on (X1) range, 4% on (X0.1)
range, and 5% on (X.01) range.

Flatness — (p-p) From 250 kHz to 100 MHz, output
amplitude will not vary more than 1% of the value
at 50 kHz except that up to +1.5%, —1% variation
may occur between 50 MHz and 100 MHz on ampli-
tude multiplier X0.1 and XO0.01 ranges only. From
100 MHz to 250 MHz, amplitude variation is within 3%
of the value at 50 kHz.

Harmonic Content — Second harmonic at least 35 dB
down. Third and all higher harmonics at least 40 dB
down.

Other — Rear edge card connection available to ad-
dress the leveling circuit.

SG 503 Signal Generator ............ $895

SG 504

SIGNAL GENERATOR
Leveled, Variable Output
245 MHz to 1050 MHz
Frequency Modulation Capability

The SG 504 Signal Generator provides a
leveled output amplitude that is variable
from 245 MHz to 1050 MHz in two bands.
Frequency is indicated by a high-resolution
tape dial that expands each band over 28
inches. The accurately calibrated output
voltage is variable from 0.5 V to at least
4.0 V peak-to-peak into 50 ohms.

Frequency Range — Low band: 245 MHz to 550 MHz.
Highband: 495 MHz to 1050 MHz, plus 50 kHz or 6
MHz reference frequency (internally selected).

Frequency Accuracy — =2% of dial indication.
Amplitude Range — 0.5 V to at least 4.0 V p-p.

Amplitude Accuracy — (at reference) within 3% of
indicated amplitude.

Flatness — *=4% of amplitude at reference frequency.

Harmonic Content — 2nd harmonic at least 25 dB
down; 3rd and all higher at least 40 dB down.

Fm Input — Frequency range: dc to 100 kHz. Devia-
tion sensitivity: =9 V produces from =0.05% to *0.4%
deviation of carrier, depending on output frequency.

Frequency Monitor Output — >0.3 V p-p into a 50 Q
load from 245 MHz to 1050 MHz.

Rear Card Edge Connections — Address fm input,
frequency monitor output, and amplitude control.

SG 504 Signal Generator
(Includes Leveling Head) .......... $1995

Replacement Leveling Head,
Order (015-0282-00) ................ $200




PS 501-1, PS 501-2
PS 503A, PS 505

Direct current is almost invariably required
for active devices, transducers, and many
electromechanical components. Research,
development, and design activities require
supply voltages for the experimental or
breadboard circuits and devices involved.
Troubles)hooting and maintenance, particu-
larly when boards, modules, or sub-assem-
blies are removed for testing, also require
versatile sources of direct current. Measure-
ment systems often require dc for the basic
transducers. While the possible combina-
tions of voltage and current are infinite,
modern semiconductors have decreased the
typical maximum power requirements and
have also produced some standardization of
voltages. Most families of digital integrated
circuits operate with a single 5 volt supply.
Many operational amplifier ICs and other
types of linear ICs operate with supply volt-
ages in the 12 to 15 volt range, frequently
requiring both positive and negative sup-
plies. Complementary MOS (CMOS) logic
typically can be powered by potentials rang-
ing from a few volts to almost 20 volts.

The TM 500 line of power supplies features
versatility and flexibility, with up to three in-
dependent voltages available from a single
plug-in instrument. Three of the four power
supplies feature a fixed 5-volt-at-1-amp sup-
ply for logic circuits or indicators plus
one or two variable supplies. Two of these
units — the PS 501-1 and PS 501-2 — are
basically similar except for their means of
voltage adjustment and indication. Each fea-
tures a floating 0-to-20 volt output and ad-

TM 500-Series Test and Measurement System
Power Supplies

justable current limiting from 0 to 400 milli-
amps with constant current operation above
the limiting setting. The PS 501-1 precision
supply uses a multiturn potentiometer with
a mechanical digital readout for precise set-
ting and adjustment of the output voltage.
The PS 503A provides a dual —20, 0, +20
volt variable supply plus a 5 volt 1 A inde-
pendent supply. The —20, 0, +20 volt supply
can be varied in a tracked mode, or each
part set individually. The two variable out-
puts each provide up to 1 amp in the high-
power compartment of a TM 504 or TM 506,
or 400 mA maximum in all other compart-
ments of any TM 500 Mainframe. In the
tracking mode, the plus and minus supplies
are varied by one knob in proportion to the
voltage ratio set on their individual controls.
In the nontracking mode each can be set
independently to any voltage from 0 to 20 V.
Since all three of the variable supply ter-
minals are floating, any one can be grounded
or the two outside terminals used as a 0-to-
40 volt supply. Both positive and negative
variable supplies have their own current
limiting.

In the high power slot (the far right hand
compartment) the PS 505 features a floating
3-to-5.5 volt output at up to 4 amperes with
adjustable current limiting. In any other
compartment, the maximum current avail-
able is 1 ampere and the output is nonfloat-
ing (negative grounded). A front-panel indi-
cator light shows whether the PS 505 is in a
standard or a high-power compartment. The
PS 505 is particularly useful for powering
TTL and ECL circuitry.

POWER SUPPLIES—COMPARISON OF CHARACTERISTICS

The following is a comparison of the major characteristics of the power supplies.
A complete list of specifications may be found on the following pages.

PS 501-1 PS 501-2 PS 503A PS 505
Voltage/Current +5V@ +5V@ +5V @ 3-55V@
#1 1A 1A 1A 4 A*
Voltage/Current 0-20V @ 0-20V @ Oto+20V @ No
#2 400 mA 400 mA 1 A*/400 mA**
Voltage/Current No No O0Oto—20V @ No
#3 1 A*/400 mA**
Current limit 0-400 mA 0-400 mA 0-1 A*/400 mA** 0—4.0A
Min resolution 1.6 mV 10 mV 10 mV —
Foldback No No No Yes >4.0* A
current foldback to

<1.5 and latches

Over voltage No No Yes Yes
protection
Line regulation <5 mVtt <5 mVtt <5 mVttt <10 mVt
Ripple & 0.5 mVtt 0.5 mVtt 0.5 mVttt 3mVt
noise p-p
Others Multiturn Meter + — outputs

pot with for voltage independent, or

digital or current dual tracking at

readout ratio set by in-

dividual knobs

Price $175 $175 $275 $195

*In high-power (right-hand) compartment of TM 504 or TM 506.

**|n any standard mainframe compartment.
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tRefers to output #1
tt1Refers to output #2
1ttRefers to output #2 and #3

CHARACTERISTICS COMMON TO &
PS 501-1, PS 501-2, PS 503A

20 V FLOATING SUPPLY

Primary Power Input — Determined by power module
(TM 501, TM 503, etc).

Output — Floating, isolated from ground, 350 V dc +
peak ac.

Stability — (0.1% -+5 mV) or less drift in 8 hours at
constant line, load, and temperature.

Indicator Lights — Voltage variation and current limit.

+5 V GROUND-REFERENCED SUPPLY
Output — 4.8 to 5.2 V dc at 1 A (20°C to 30°C).
Load Regulation — Within 100 mV with a 1 A load
change.
Line Regulation — Within 50 mV for a 10% line volt-
age change.
Ripple and Noise (1A) — 5 mV p-p or less; 100 xV rms
or less.
Stability — 0.5% or less drift.
Overload Protection — Automatic current limiting and
over-temperature shutdown.

OPTIONAL ACCESSORY

Terminal Access Adapter Kit — For breadboarding
and fixturing. Plugs directly onto front of PS 501-1 -
PS 505. See accessory section for more details.

Order 013-0152-00 . ................ $9.75

P8 501-1 POWER SUPPLY.

PS 501-1
POWER SUPPLY

Floating Output, 0-20 V
0 to 400 mA

Precise Regulation
Low Ripple and Noise
Fixed Output + 5V

Output — 0 to 20 V dc.
Current Limit — 0 to 400 mA.

Line Regulation — Within 5 mV for a ==10% line volt-
age change.

Load Regulation — Within 1 mV with a 400 mV load
change.

Ripple and Noise — 0.5 mV p-p or less; 0.1 mV rms
or less.

Temperature Coefficient — 0.01%/°C or less.

l\ J



inimum Resolution — 1.6 mV.
oltage is selectable within 0.5% by a 10 turn poten-
tiometer with a 3 digit in-line dial and range switch.

Transient Recovery Time — 20 us or less for a con-
stant voltage to recover within 20 mV of nominal out-
put voltage after a 400 mA change in output current.

PS 501-1 Power Supply. . ............ $175

PS 501-2 POWER SUPPLY
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PS 501-2
POWER SUPPLY

Floating Output, 0-20 V
0 to 400 mA

recise Regulation

Low Ripple and Noise
Fixed Output + 5V
Dual-Range Meter Readout

Output — 0 to 20 V dc.

Current Limit — 0 to 400 mA.

Minimum Resolution — 10 mV.

Line Regulation — Within 5 mV for a =10% line volt-
age change.

Load Regulation — Within 1 mV with a 400 mV load
change.

Ripple and Noise — 0.5 mV p-p or less; 0.1 mV rms
or less.

Temperature Coefficient — 0.01%/°C or less.

Transient Recovery Time — 20 us or less for a con-
stant voltage to recover within 20 mV of nominal out-
put voltage after a 400-mA change in output current.
Meter — Dual range, 0 to 500 mA or 0 to 20 V dc.
Accuracy, *=2% of full scale. Other specifications
same as PS 501.

PS 501-2 Power Supply.............. $175

TM 500-Series Test and Measurement System

VOLTS
DUAL TRACKING
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NEW PS 503A
TRIPLE POWER SUPPLY

Independent + and — Controls
Dual Tracking Voltage Control
Oto+=20Vat1A
Fixed5Vat1A

Remote Resistance Programming
Over-voltage Protection Standard

The PS 503A features superior dual tracking
performance, over-voltage protection, and
remote resistance programming of voltage.
When operated in the high-power compart-
ment of a TM 504 or TM 506 mainframe, the
PS 503A provides up to 1 amp from both 4
and —, 0 to 20 volt supplies.

=20 V FLOATING SUPPLIES

Output — 0 to =20 V dc with respect to the common
terminal or 0 to 40 V dc across the 4 and — ter-
minals. Outputs can be varied independently or at a
constant ratio.

Tracking Mode Offset Error — If the two supplies are
set independently to any given voltage ratio and then
varied by use of the VOLTS DUAL TRACKING control,
the two supplies will maintain the same voltage ratio
as initially set within =50 mV.

Current Limit — Adjustable 0 to 1 A (high-power
compartment) or 0 to 400 mA (standard compartment)
on each supply.

Load Regulation — Within 3 mV for 1 A change (high-
power compartment) or 1 mV for 400 mA change
(standard compartment).

Ripple and Noise —3 mV p-p or less at 1 A load
(high-power compartment). 0.5 mV p-p or less at 400
mA load (standard compartment).

Indicators — Individual voltage indicators and cur-
rent limiting indicators for both 4+ and — supplies.
Non-high-power compartment (400 mA) indicator.

Other specifications same as PS 501.

PS 503A Power Supply.......... ....$275

PS 501-2
PS 503A
PS 505

Power Supplies

PS 505
POWER SUPPLY
Floating Output
3to5.5Vat4A

Overvoltage Protection Standard

Remote Resistance Programming
of Voltage

The PS 505 is a variable, low voltage, high
current, dc power supply. It is designed to
operate in the high-power compartment of a
TM 504 or TM 503 Power Module. In the
high-power compartment, it provides a float-
ing 3.0 to 5.5 V dc at 4.0 A. Operating in a
standard compartment of TM 500-Series
Power Module, the PS 505 will supply at
least 1.0 A non-floating (negative ground).

Line Regulation — Within 10 mV for a #=10% line volt-
age change.

Load Regulation — Within 5 mV for 0.5 to 4.0 A load
change.

Ripple and Noise — 3 mV p-p or less.
Temperature Coefficient — 0.01%/°C or less.
Stability — 0.1% -5 mV of drift in 8 hours.

Foldback Current — When output current exceeds 4.1
A, current folds back to less than 1.5 A and latches.

PS 505 Power Supply............... $195




AF 501
AM 501
AM 502

Signal Processors

Signal processors are used to alter the char-
acteristics of electrical signals in order to
permit improved measurement and analysis.
Typical examples include preamplification
of low-level signals, addition or removal of
dc offset, filtering to remove unwanted noise
or signals outside the spectrum of interest,
integration, differentiation, summing of mul-
tiple signals, impedance transformation, and
post amplification to provide higher ampli-
tude drive from low amplitude signal sources.

The TM 500 line of signal processors in-
cludes three versatile instruments, the AF
501 Bandpass Filter/Amplifier, the AM 501
Operational Amplifier, and the AM 502 Dif-
ferential Amplifier. Each is capable of being
used in a variety of applications.

The AF 501 Bandpass Filter/Amplifier is an
active filter whose center frequency is one-
knob tunable over the entire audio range
from 3 Hz to 35 kHz. Broad (Q==5) and nar-
row (Q=15) bandwidths are switch select-
able. Flat amplification to 50 kHz is also
available. In both filter and flat modes, amp-
lification from 1 to 500 may be selected in a
1-2-5 sequence. The AF 501 also features an
oscillator mode where the output frequency
is the same as the center-tuned frequency
in the filter modes. A signal output pulse,
used for driving counters or oscilloscopes
or for triggering stroboscopic lamps in study
of mechanical systems, is also provided. The
AF 501 selectivity permits individual analysis
of the fundamental and harmonic compon-

TM 500-Series Test and Measurement System

ents of complex waveforms, such as signals
from vibration transducers.

The AM 501 Operational Amplifier is a high-
output unit with front-panel jacks for quick
and easy change of configurations by selec-
tion of feedback components. The output
power available (== 40 volts and = 50 mA
across loads of 800 ohms) is adequate for
most electronic and many electro-mechani-
cal applications. The AM 501 is ideal for
classroom instruction and experimental use;
it can be conveniently set up for various use-
ful applications, such as differentiation, inte-
gration, summing, and impedance transfor-
mation. Where a more permanent use in a
given configuration is desired, the feedback
components may be hardwired inside the
instrument.

The AM 502 Differential Amplifier is a highly
flexible instrument giving control of gain, dc
offset, low-frequency response, and high-
frequency response. It may be used with
single-ended input or in differential mode for
maximum rejection of common-mode noise
signals. High amplification may be used
even with low-level signals having a dc com-
ponent up to one volt, since the variable dc
offset of the AM 502 can be used to cancel
the signal’s dc component. Full bandwidth
of the amplifier is 1 MHz: switch-selectable
high-pass and low-pass filters permit reduc-
ing the noise bandwidth when the full fre-
quency range is not required.

S
FREQUENCY Y cPm
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OSCILLATAR

AF 501

BANDPASS FILTER
Tunable Bandpass Filtering to 35 kHz
Signal Amplification to 50 kHz
Sine-wave Generation to 35 kHz
Strobe Trigger Synced to Oscillator or
Filter Output
Dial Readings in Hz or Cycles per Minute

The AF 501 is a Bandpass Filter/ Amplifier,
ac-coupled amplifier and sine-wave genera-
tor combined in a single TM 500-Series mod
ule. Used alone or in conjunction with othe{i
TM 500-Series instruments, the AF 501 is a
highly versatile and accurate signal analysis
tool. Developed primarily for the mechanical

SIGNAL PROCESSORS — COMPARISON CHART

The following is a comparison of the main characteristics of the AF 501, AM 501, and AM 502.
A complete list of specifications appears on the following pages.

AF 501

AM 501

AM 502

Tunable Bandpass Filter/ Amplifier

Operational Amplifier

Differential Amplifier

Amplification range

1 to 500 in 1-2-5 steps

Depends on feedback components;
open loop gain 10,000

1 to 100,000 in 1-2-5 steps

Input impedance

1 Meg

Depends on feedback components

1 Meg normal; FET input by
internal jumper

Bandwidth control

Center frequency tunable
3 Hz to 35 kHz; Q=5 or 15

Depends on feedback components;
max gain-bandwidth product
5 MHz

Independent switch-selected high-
frequency and low-frequency
filters

Maximum output

20 V p-p (Bandpass filter)

= 40V, =50 mA with 800 © load

+ 5V, == 20 mA, output resistance
5Q or less

Other features

Functions as audio oscillator, narrow
or wide bandwidth tunable filter and
flat audio amplifier

Use as inverting or non-inverting
amplifier, follower, summing ampli-
fier, integrator, differentiator, etc.,
by appropriate feedback R and C

Coarse and fine control of up to
=+ 1 V of internal dc offset, ac or
dc coupling, single-ended or
differential input, 25 uV equivalent
input noise at full bandwidth 2

,

Price
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$495

$295

$625



‘easurement domain, the AF 501 can be
ed as a manual-sweep spectrum analyzer
for complex sound and vibration signals.
Single-frequency tuning facilitates isolation
of 1X rpm signals in dynamic balancing, or
viewing higher order disturbances on a crt
monitor. An output pulse, synced to the filter
or oscillator output signal, is available for
triggering a stroboscope or oscilloscope and
for frequency counting. And, of course, the
AF 501 can be used in any application call-
ing for a conventional sine-wave generator,
ac-coupled amplifier, or bandpass filter.

BANDPASS FILTER

Center Frequency Range — 3 Hz to 35 kHz in 4 dec-
ade steps.

Frequency Dial Error — <5% dial setting between
3-20, <10% dial setting between 20-30.

Frequency Multiplier — X1, X10, X100, X1k.

Phase Shift — <10° at tuned frequency below 5 kHz.
Dial Range — 3 to 40 Hz/180-2400 cpm.

Max Filter Attenuation — >70 dB.

Filter Selectivity — Q — 5 = 1 (Broad), Q = 15 = 5
(Narrow).

Bandwidth at Half-power Points —
(—3 dB) = center frequency

Gain Range — 1-500; 1-2-5 sequence.

Gain Accuracy — == 3 dB (Broad), == 5 dB (Narrow).
Input Impedance — 1 MQ %1% paralleled by ~47 pF.
‘Max Non-Destruct Dc Input Voltage — =100 volts.

utput Voltage — 20 V p-p (Max freq times amplitude
= 400 V kHz).

Output Current — 20 mA p-p MAX (at 20 V p-p).
Output Impedance — <1 Q.

AMPLIFIER
Gain — 1 to 500; 1-2-5 sequence.
Gain Accuracy — *3%.
Bandwidth — <0.5 Hz to >50 kHz (at 3 dB point).
Input Impedance — 1 MQ ==1% paralleled by ~47 pF.
Noise — <25 mV rms (referred to output).
Output Voltage — 20 V p-p (Max freq times amplitude
= 400 V kHz).

OSCILLATOR
Sine Wave Out Range — 3 Hz to 35 kHz.
Dial Range — 3 to 40 Hz/180-2400 cpm.
Output Ampl — 1, 2, or 5 V p-p *=20%, depending on
gain position.
Waveform Distortion — <3%.
Output Current — Max 50 mA p-p.
Output Impedance — <1 Q (within 50 mA output cur-
rent limit).

TRIGGER OUTPUT

Pulse Amplitude — >10 volts.
Pulse Duration — 10 =5 us.
Min Signal Required — 500 mV, p-p
Rise and Fall Time — <1 us.
Output Impedance — ~50 Q.

AF 501 Bandpass Filter/Amplifier. . . .. $495

AF 501, AM 501, and AM 502 Signal Processors

POWER

@ o

INSTALLED
INTERNALLY

Qe @

L
= +40V,50mA MAX
Rout OPEN LOOP

= 1590
s

TEKTRONIX®  AM 501 OPERATIONAL AMPLIFIER

AM 501
OPERATIONAL AMPLIFIER

+40V, 50 mA Output
Open Loop Gain 10,000
50 V/us Slew Rate

The AM 501 Operational Amplifier features
high input impedance (FET), high slew rate,
a wide range of input and output voltage,
and high output current. Applications in-
clude: amplification; impedance transforma-
tion; integration; differentiation and sum-
ming. It is well suited as a post-amplifier or
offset-generator for signal sources, including
the TM 500 modules. Components may be
added externally or internally making it ideal
for teaching op-amp amplification theory.

OPERATIONAL AMPLIFIER
Open Loop Gain — At least 10,000 into 800 { load.

Unity Gain Bandwidth — At least 5 MHz into 800 Q
load.

Common-Mode Rejection Ratio — At least 10,000 to
1 at 60 Hz.

Slew Rate — At least 50 V/us into a 800  load.

INPUT

Common-Mode Input Voltage Range — At least =40 V.
Input Leakage Current — Less than 500 pA at 20°C.
Equivalent Input Drift — Less than 100 xV/°C.
Equivalent Input Noise — Less than 104V rms.
Max Safe Differential Input — 80 V.

OUTPUT
Voltage Range — At least =40 V.
Current Limit — At least =50 mA.
Open Loop Output R — Approx 150 Q.

AM 501 Operational Amplifier. ....... $295

ACCESSORIES

Terminal Accessory Adapter Kit
(RO CE D ) LSS G e A S $9.75

AM 502 AMPL

AM 502
DIFFERENTIAL AMPLIFIER

1-to-100,000 Gain

100 dB Cmrr

Selectable Upper and Lower —3 dB Points
Dc-to-1 MHz Bandwidth

Adjustable Dc Offset

The AM 502 Differential Amplifier features:
wide bandwidth; high cmrr; and selectable
calibrated gain and filtering. Well suited for
general purpose or laboratory work, it can
drive oscilloscopes, monitors, chart record-
ers, display, or processing devices. In the
unity gain mode, it can be used as a signal
conditioner. Input dc offsetting to =1 V is
provided.

AMPLIFIER
Gain — 1 to 100,000, 1-2-5 sequence, accurate with-
in 2%.
Frequency Response — From dc (if ac coupled, 2
Hz or less at —3 dB point) to 1 MHz within +25%,
— 15% with GAIN set to 20 k or less. Upper —3 dB
point reduces to 500 kHz at 50 k gain, 250 kHz at 100 k
gain.
HF —3 dB POINT — Selectable in 9 steps (1-3 se-
quence) from 100 Hz to 1 MHz. (Also limited by fre-
quency response at gains of 50 k and 100 k.)
LF —3 dB POINT — Selectable in 6 steps from 0.1
Hz to 10 kHz.
Dc Offset — At least + or — 1 V to offset signal dc

component.

Normal Mode Cmrr — At least 100 dB, dc to 50 kHz,
range, =5 V.

— 100 Mode Cmrr — At least 50 dB, dc to 50 kHz,
range, =50 V.

Max Safe Inputs — Normal mode dc coupled: 15 V
(dc + peak ac). =— 100 Mode dc coupled: 350 V

(dc + peak ac). Ac coupled: 350 V (dc -+ peak ac)
with coupling capacitor precharged.
Input R and C — 1 MQ paralleled by approx 47 pF. In-
put impedance can be increased to FET input via a
simple internal jumper change.

OUTPUT
Max Output — =5 V, =20 mA, output resistance is
5Q or less.
Min Load Impedance — 250 Q.
Max Input Gate Current — 50 pA at 25°C.
Max Noise — 25 uV or less (tangentially measured).
Overrange — Front-panel lamp indicates most over-
range conditions.
Max Voltage Drift — 100 wV/°C.

AM 502 Differential Amplifier ........ $625




AM 511

TM 500-Series Test and Measurement System

Preamplifier for Spectrum Analyzers

VEL
MAXIMUM INPUT LEVEL
dBmv

AMSB1 EVEL (dBmV)
CORRECT WHEN SPECTRUM
ANALGER BE LEVEL IS

m

AM 511
CATV PREAMPLIFIER

For Use with 7L12 or 7L13 Spectrum
Analyzers

Reference Level Selectable in 1 dB or
10 dB Steps

30 to 890 MHz Frequency Range

The AM 511 is a plug-in preamplifier for use
with the 7L12 or 7L13 Spectrum Analyzers.
It plugs into a TM 500 power module to
meet the need of those who require a pre-
amplifier for use with the 7L13.

The AM 511 applications include signal to
noise, radiation, and field intensity measure-
ments to FCC specifications on CATV, tele-
vision, and FM installations. It is also useful
in servicing and making measurements on
radio systems and increasing sensitivity for
EMI measurements within the 30 to 890
MHz frequency range.

152

Concentric selectors select the reference
level in either 1 dB or 10 dB steps and
indicate this level in dBmV via a readout
window. This level is also the maximum sig-
nal input level for linear operation. A +30
dBmV signal source at the input connector
provides —30 dBm (from 50 Q) signal at the
OUTPUT connector. (Reference level read-
out uses an output of —30 dBm as a refer-
ence; therefore the 7L12 or 7L13 Reference
Level must be set and calibrated for —30
dBm.) The CAL OUT Connector provides an
accurate +30 dBmV, 50 MHz signal source
from 75 Q. This signal provides an absolute
reference on the display of the 7L12 or 7L13
to check dBmV readings and calibrate the
REFERENCE LEVEL. Harmonics of the 50
MHz provide picket fence markers across
the frequency span for accurate frequency
and span calibration.

ELECTRICAL CHARACTERISTICS
(with 7L12 or 7L13)

Frequency Range — 30 MHz to 890 MHz.

Display Flatness — (AM511/7L12) =£=1.0 dB, with re-
spect to the level at 50 MHz, over the frequency range
of 50 MHz to 300 MHz and +2.0 dB, —2.5 dB over
the full frequency range. (AM511/7L13) +4-1.0 dB,
—1.5 dB, with respect to the level at 50 MHz, over the
frequency range of 50 MHz to 300 MHz and 2.0 dB,
—2.5 dB, over the full frequency range.

Sensitivity — Signal -+ noise — 2X noise, in LIN
mode. The following characteristics apply at 50 MHz.

Sensitivity Resolution Bandwidth
—90 dBmV 30 Hz

—80 dBmV 300 Hz

—73 dBmV 3 kHz

—65 dBmV 30 kHz

—55 dBmV 300 kHz

—45 dBmV 3 MHz

Noise figure for the AM 511 is no greater than 5 dB.

7L13) IM products and harmonics from two sig
within the frequency span of the AM 511 are 70 3
or more down from the reference level for: 1) Third
order intermodulation with two signals at the ref-
erence level (full screen), and 2)Second order inter-
modulation and harmonics, with two signals 10 dB
below the reference level.

Intermodulation Distortion—(AM 511/7L12 or AMK >

Reference Level — Calibrated level in 1 dB steps
from +79 dBmV to 0 dBmV. Accuracy is referenced
to the 430 dBmV Calibrator at 50 MHz. Max deviation
from this reference is 0.2 dBmV +-0.01 dBmV per dB
deviation from the 430 dBmV AM 511 reference level.
This is equivalent to: = (0.2 dBmV = 0.01 [dBmV
Ref Lvl —30 dBmV]).

Input Impedance — 75Q with a VSWR of 2:1 or better
with 10 dB or more attenuation (between 50 MHz and
300 MHz).

Calibrator — 50 MHz #0.01% with an absolute ampli-
tude level of =30 dBmV =0.3 dB, from 75Q at 25°C.

AM 511 CATV Preamplifier........... $575
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he world’s most useful and versatile elec-
tronics test and measurement instrument.
Tektronix, long identified with the oscillo-
scope, could hardly develop the TM 500 line
of modular instrumentation without including
crt display capability.

i
OThe ubiquitous cathode-ray oscilloscope is

Three choices of performance level and dis-
play size are now available to add waveform
display to the digital measurement capabili-
ties of the TM 500 Multimeters and Counters.

The new SC 502 is a full-feature dual-trace
15 MHz oscilloscope packaged as a double-
width TM 500 plug-in. It features an excep-
tionally bright (12 kV) crt with an 8 x 10
division (0.25 in/div) graticule. A delay line
allows observation of the full leading edge
of waveforms. Vertical sensitivity is select-

TM 500-Series Test and Measurement System

TM 500 signal sources in the same power
module, the SC 501 or SC 502 can also be
integrated into more complex measurement
packages. For example, the horizontal sweep
on either oscilloscope also produces a ramp
which is available on the rear interface con-
nector, and this signal can be used to con-
trol other TM 500-Series instruments. The
ramp can be used to sweep the function
generator outputs of several TM 500 instru-
ments, or as a delay source for the PG 505
Pulse Generator.

Both the MR 501 and SC 501 have miniature
2.5 inch crt’s with an internal 6 x 10 division

SC 502
SC 501
MR 501

Oscilloscopes and Monitor

graticule of 0.203 inches per division. The
MR 501 contains no time base and is opti-
mized for X-Y displays. X and Y bandwidths
are 2 MHz and the two channels are phase-
matched. X, Y, and Z axis inputs all appear
on the front panel.

Where a time-calibrated display is required
the RG 501 ramp output is compatible for
use with the MR 501. Many useful functions,
such as frequency sweeps, and delayed
pulses or pulse trains, can be obtained by
combining the MR 501 and RG 501 with a
TM 500 Function Generator or the PG 505
Pulse Generator.

OSCILLOSCOPE AND MONITOR COMPARISON CHART

The following is a comparison of the main characteristics of the SC 501 and MR 501.
A complete list of specifications appears on the following pages.

able from 1 mV/div to 20 V/div in 1-2-5 se- SC 502 SC 501 MR 501
quence; and =woep times can be chesel iy 8 x 10 div, 0.25 in/ 6 x 10 div, 0.203 in/ 6 x 10 div,
from 1.25 seconds/div to 20 nanoseconds/ div P31 phosphor div P31 phosphor 0.203 in/div P31
div. Sophisticated oscilloscope features in- phosphor
clude peak-to-peak auto trigger for hands-  vertical Dual-trace, 15 MHz, 1 mV 5 MHz bandwidth, 10 mV/ 2 MHz bandwidth,
off operation with a wide variety of signals, (Y) axis to 20 V/div (5 and 10 MHz divto 10 V/div 10 mV/_div to
selectable trigger hold-off for digital circuit band;vldth 351 ﬁn1d 2mV) 10 V/div
applications, trigger view, and an A minus glr:'zcm%%:sn Syl minus
B vertical mode for differential viewing of
sianals ' d Horizontal Triggered sweep 200 ns/div  Triggered sweep 1 us/div. 2 MHz bandwidth,
g ’ (X) axis to 0.5 sec/div with X10 to 1 sec/div wit/h X5 mag- 10 mV/divto10V/
. : _ magnifier, X2.5 variable, nifier to 200 ns/div, div, phase matched
| Th? a0 501 .'s B complgte triggerad sw.eep normal, p-p auto, ext/int normal/auto trigger, in- to Y axis within 1°
.callbrated time base single-trace oscillo- trig, single sweep, external  ternal/external-trigger, from dc to 100 kHz.
scope. Y channel bandwidth is 5 MHz and horizontal input, variable external horizontal input
sweep rates from 1 second per division to trigger hold off
200 nanoseconds per division are featured. Other Trigger vi_ew, 12 kV_
In addition to display and measurement of features accelerating potential
external signals or waveforms generated by Price $1200 $695 $495

SC 502 oscutnscare T EERK
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SC 501
MR 501

SC 501

OSCILLOSCOPE

SC 501
OSCILLOSCOPE

5 MHz Bandwidth
Single Compartment Size
2% in Crt

Versatile Operating Features

The SC 501 is a single channel 5 MHz plug-
in unit oscilloscope with a 2.5 in crt dis-
play which occupies a single TM 500-Series
plug-in compartment. Oscilloscope capabili-
ty significantly enhances the application
range of the multi-functional TM 500-Series
Test and Measurement Instruments.

With the SC 501 a multitude of versatile test
systems may be structured from the TM 500-
Series to suit specific needs for time and fre-
quency response, modulating waveforms,
power for devices under test, stimulus and
response studies and voltage, current, and
temperature measurements. Since the SC
501 fits any TM 500 mainframe it can be
used on the bench, in a rack, or on the road.

The single channel SC 501 has a calibrated
vertical deflection range from 10 mV/div to
1 V/div, selectable in decade steps. A vari-
able control extends this range to at least
10 V/div.

Calibrated sweep rates are selected by
pushbutton logic in decade steps from 1 us/
div to 100 us/div (microsecond), and from
1 ms/div to 100 ms/div (millisecond range).
A variable control extends the slowest sweep
rate to at least 1 sec/div and a fixed magni-
fier extends the fastest sweep rate to 200
ns/div.

A zero to 10 V ramp for all sweep rates
(excluding the X5 magnification) is provided
at a rear interface connector. This capability
may be used for many auxiliary functions
such as sweeping a Voltage Controlled Fre-
quency Oscillator or obtaining variably de-
layed pulses from the PG 505 Pulse Gener-
ator.

154

TM 500-Series Test and Measurement System
5 MHz Oscilloscope and 2 MHz Monitor

The triggering circuits allow stable trigger-
ing from either internal or external sources.
An AUTO triggering mode and manual LEV-
EL/SLOPE selection is combined in a single
control. It is useful above 10 Hz and pro-
vides a bright baseline at all sweep rates.

An internal switch converts the horizontal
deflection system of the SC 501 to an ex-
ternal horizontal amplifier which is internally
calibrated for 100 mV/div deflection factor
with a bandwidth of 100 kHz.

VERTICAL DEFLECTION
Bandwidth — Dc to >5 MHz.

Deflection Factors — 10 mV/div, 100 mV/div, and 1
V/div. Accuracy, within 3%. Uncalibrated (variable)
range, continuously variable between steps (10:1) and
to at least 10 V/div.

Input Coupling — Ac or dc.
Input Impedance — 1 MQ paralleled by 47 pF.
Max Safe Input Voltage — 350 V (dc -+ peak ac).

HORIZONTAL DEFLECTION

Time Base — Calibrated sweep rates: 1 us/div, 10
us/div, 100 us/div, 1 ms/div, 10 ms/div, 100 ms/div.
Uncalibrated (variable) range: extends slowest cali-
brated rate to >1 sec/div. X5 magnifier (fixed): ex-
tends fastest calibrated sweep rate to 200 ns/div. Ac-
curacy (over center 8 div): >5% for all sweep rates.
Linearity (any two div portion within center eight
divisions): >5%.

External Horizontal Amplifier — Bandwidth: dc to 100
kHz. Input impedance: =100 kQ paralleled by 25 pF.
Max input voltage: =3 V.

TRIGGER

Normal Trigger Sensitivity (Trigger Level/Slope In) —
Internal: dc coupled, 0.4 major div of deflection at
dc; increasing to 1.0 major div of deflection at 5 MHz.
External: dc coupled, 1 V minimum to 5 V max from
dc to 5 MHz. External trigger input impedance: 22 kQ
paralleled by approx 150 pF.

Auto Triggering (Trigger Level/Slope Out) — Sweep
free-runs in absence of trigger signal or for trigger
repetition rates below 10 Hz.

CRT
Crt Type — T2110.

Graticule — Type: internal black lines, nonillumi-
nated. Area: six div vertical by 10 div horizontal. Each
div equals 0.203 in. Phosphor: P31 standard.

SC 501 Oscilloscope. ............... $695

MR 501
MONITOR

2 MHz X-Y Bandwidth

10 mV to 10 V Deflection Factors
Dc to 200 kHz Z-Axis Input
Compatible with RG 501

Small size, 2 MHz X-Y bandwidth and se-
lectable sensitivity make the MR 501 a
highly desirable monitor oscilloscope. It may

be used with the RG 501 to form a complete
oscilloscope having a wide range of sweef{
rates and full triggering facilities. Six MR™
501s will fit in a single RTM 506 Mainframe,
allowing easy construction of large or small

multiple displays.

VERTICAL and HORIZONTAL AMPLIFIERS
Bandwidth — Dc to at least 2 MHz.

Deflection Factor — 10 mV/div to 1 V/div in decade
steps. Accurate within 3%, continuously variable be-
tween steps and to at least 10 V/div.

Input R and C — 1 MQ paralleled by less than 50 pF.
Input Coupling — Ac or dc.

Max Safe Input Voltage — 350 V (dc + peak ac).
X-Y Phase Shift — Within 1° from dc to 100 kHz.

Z AXIS AMPLIFIER
Bandwidth — Dc to at least 200 kHz.

External Input Voltage — Plus 5 volts turns crt beam
on from an off condition (compatible with RG 501 gate
output).

Input Impedance — 10 kQ paralleled by less than 50
pF.

Input Coupling — Dc.

CRT
Graticule — Internal 6 x 10 div, 0.203 in/div.
Phosphor — P31.

MR 501 X-Y Monitor. . ............... 3491'



A Full-featured 15 MHz Dual-trace Oscillo-
scope in a Two-wide Plug-in
0 ns/div Max Calibrated Sweep Rate
1 mV/div Max Sensitivity
Delay Line
Trigger View
Variable Trigger Hold-off
Enhanced Automatic Triggering

The SC 502 is a general purpose, 15 MHz,
dual-trace oscilloscope designed to operate
in any two adjacent compartments of TM 500
Power Module/Mainframes. It has a high
writing speed, a wide range of sweep rates,
a wide range of deflection factors, and ver-
satile triggering, including trigger view and
enhanced automatic triggering.

TM 500-Series Test and Measurement System

SC 502

156 MHz Dual-Trace Oscilloscope

The SC 502 makes many new instrumenta-
tion systems feasible, especially in the areas
of QA, production testing, maintenance, and
field servicing. The rear interface feature of
the SC 502 and all TM 500 instrumentation
suggests exceptional applicability to sys-
tems of built-in test equipment or rack-
mounted installations. And the TM 515 Trav-
eler Mainframe with the SC 502 form a nu-
cleus for sophisticated, compact field serv-
ice ““packages.”

ful tool in the field servicing of digital equip-
ment, where it would be used in association
with disc memories, key-to-tape, printers,
plotters, punches, readers, and terminals.
The crt of the SC 502, for example, is of new
design, offering a high writing speed as an
advantage in the display of digital informa-
tion, while stable, clean triggering is as-
sured by incorporating well-proven circuits.
Thus, the SC 502 offers the engineer a
unique combination of performance, com-
pactness, and systems capability.

This instrument offers the features most often
identified with more expensive monolithic
or plug-in oscilloscopes, such as complete
dual-trace modes, delay-line, trigger view,
1 mV sensitivity, sweep speeds from 0.5
s/div to 200 ns/div in 1-2-5 sequences, plus
X10 sweep magnifier for calibrated sweep
speeds to 20 ns/div, single sweep, external
horizontal input, probe calibrator, variable
trigger holdoff, and an exceptionally bright
crt trace as a special advantage in field
servicing and production areas where high
ambient light levels are often encountered.

As with many TEKTRONIX products, the SC
502 features circuits, sub-circuits, and com-
ponents designed and built by Tektronix to
fulfill the special design capabilities of the
instrument. Among its many recommended
uses, the SC 502 is intended to be a power-

The probe recommended for use with the
SC 502 is the P6062A, which has selectable
1X and 10X attenuation.

Here is an oscilloscope that allows industry
to apply the same measurement system from
product research and development, through
production, to field servicing.




SC 502 Oscilloscope

VERTICAL DEFLECTION

Bandwidth at —3 dB points — 5 mV to 20 V/div, dc
to at least 15 MHz; 2 mV/div, dc to at least 10 MHz;
1 mV/div, dc to at least 5 MHz.

Rise Time — 5 mV to 20 V/div, 23 ns or less.

Ac Low Frequency Response (Lower —3 dB point) —
Without probe, 10 Hz: with probe (10X) 1 Hz.

Deflection Factors — Calibrated range: 1 mV to 20 V/
div, 14 steps in a 1-2-5 sequence. Accuracy: 5 mV to
20 V/div (+15°C to +35°C) within 2%, (0° to +50°C)
within 3%; 1 mV and 2 mV/div within 5%. Uncali-
brated (variable) range. At least 2.5:1 range. Con-
tinuously variable between calibrated steps. Extends
max attenuator step to at least 50 V/div.

Modes — CH 1, CH 2, Alt, Chop, CH 1 minus CH 2.
Chop rate at least 250 kHz.

Input Impedance — 1 MQ within 0.5% paralleled by
approx 47 pF.

Max Safe Input Voltage — 350 V (dc + peak ac) or
700 V p-p ac below 1 kHz.

Aberrations — Front corner == 2% or 3% p-p.

Common Mode Rejection Ratios (CH 1 minus CH 2
mode) — At least 50:1 at 1 MHz when using same
attenuator setting.

Channel Isolation — Input isolation: at least 80 dB up
to 15 MHz; display related: at least 50:1 up to 15 MHz.

Displayed Noise — 200 wuV or less of noise tangenti-
ally measured.

Position Range — =6 div.

Calibrator — Voltage, 0.6 V, ==1%. Frequency, twice
the power line frequency.

156

HORIZONTAL

Sweep Generator — Calibrated Sweep Rates: 0.5 s to
0.2 us/div 20 steps in a 1-2-5 sequence, plus a X10
magnifier for sweep rates to 20 ns/div. Uncalibrated
(variable) Range: the CAL (variable) control provides
sweep rates that are continuously variable between
the calibrated rates, and extends the slowest sweep
rate to at least 1.25 s/div.

Sweep Rate Accuracy — Within 3% unmagnified and
within 5% magnified.

Trigger Holdoff — CAL (variable) control, if selected
by an internal jumper, increases trigger holdoff time
by a factor of at least 20.

External Horizontal Amplifier — Bandwidth: dc cou-
pled, dc to at least 2 MHz; ac coupled less than 50
Hz to at least 2 MHz. Deflection Factor, 50 mV/div
within 5%. X and Y Amplifier Phase Difference, less
than 3° at 50 kHz or less. Input Impedance, 1 M with-
in 2% paralleled by approx 47 pF. Max Safe Input
Voltage, 350 V (dc + peak ac); 350 V p-p at 1 kHz
or less.

Enhanced Automatic
Triggering

In the automatic mode, the trigger
circuit automatically adjusts to spread
the p-p signal over most of the range
of the triggering level control. This
provides more convenient triggering,
especially on low amplitude signals.

TRIGGER
Trigger Modes — AUTO (enhanced), NORMAL (aut(;
button out), SINGL SWP.

Trigger Sources — CH 1, CH 2, LINE, EXT.
Trigger Coupling — Dc, ac, ac low freq reject.

Internal Trigger Sensitivity—Dc: 0.4 div of deflection,
minimum, dc to 5 MHz; increasing to one div at 5
MHz to 15 MHz. Ac: 0.4 div of deflection minimum,
50 Hz to 5 MHz; increasing to one div at 5 MHz to
15 MHz. Will trigger below 50 Hz with increased de-
flection. LF REJ: 0.4 div of deflection, minimum, 5
kHz to 5 MHz; increasing to one div at 5 MHz to 15
MHz. Will trigger below 5 kHz with increased de-
flection.

External Trigger Sensitivity — Dc: 60 mV, minimum,
dc to 5 MHz; increasing to 150 mV from 5 MHz to 15
MHz. Ac: 60 mV, minimum, 50 Hz to 5 MHz; increas-
ing to 150 mV from 5 MHz to 15 MHz. Will trigger be-
low 50 Hz with increased signal. LF REJ: 60 mV, mini-
mum, 5 kHz to 5 MHz, increasing to 150 mV from 5
MHz to 15 MHz. Will trigger below 5 kHz with in-
creased signal.

Triggering Level Range — Internal: at least 4 and
—8 div. External: at least + and —1.2 V.

External Triggering Input — Input Impedance: 1 MQ
within 2% paralleled by approx 47 pF. Max Safe Input
Voltage: 350 V (dc + peak ac); 350 V p-p ac at 1
kHz or less.

Auto Mode — Sweep free-runs in the absence of a
triggering signal. TRIGGER LEVEL range is reduced
to approx the p-p range of the triggering signal.

Single Sweep — Triggering requirements same as for
normal sweep. When triggered, sweep generator pro-
duces one sweep only. AUTO pushbutton must be in
the OUT position for operation and for setting trig;
gering controls. (

CRT
Phosphor — P31.
Deflection — Electrostatic.
Acceleration Potential — 12 kV.
Graticule — Scale, 8 x 10 div with 0.25 in/div.
ENVIRONMENTAL CAPABILITIES

Temperature — Operating, 0°C to -+-50°C. Storage,
—40°C to +75°C.

Altitude — Operating, to 15,000 ft. Storage, to 50,000 ft.

SC 502 Oscilloscope. . ............. $1200



EVENTS DELAY COUNT

DD 501 Digital Delay

Digital Events Delay for Oscilloscope
Trigger

Delay to 99,999 Events

Divide by N up to 20 MHz
Pulse Counting 65 MHz

Time Delay with Ext Clock

Inputs Compatible with Most Attenuator
Probes

"he DD 501 is an Events Count plug-in unit.
Separate external trigger signals connected
to the EVENTS and START INPUT connec-
tors allow up to 99,999 events to be counted.
That is, the unit counts a predetermined
number of events, from 0 to 99,999, selected
by the front-panel thumb-wheel switches.
The last event counted generates a trigger
pulse to the DLY’D TRIG OUT connector on
the front panel. The DD 501 can also func-
tion as a frequency divider. A single external
trigger signal, connected to boththe EVENTS
and START INPUT connectors, will be divid-
ed by the EVENTS DELAY COUNT switch
setting plus one. The quotient output trigger
pulse will appear at the DLY’D TRIG OUT
connector on the front panel.

The DD 501 provides a digital events delay
in a plug-in for the modular TM 500 line of
test and measurement instruments.

Delay by event is particularly useful in trou-
bleshooting asynchronous logic systems. It
is very difficult for the observer to predict
how much time will elapse prior to the pulse
group he is interested in observing. The
number of “clocking” events preceding the
period of interest is, however, usually known
and can be easily set on the thumb-wheel
switches.

D 501 Digital Delay . . .. ............ $625

See page 124 for complete information.

TM 500-Series Test and Measurement
Digital Events Delay and Logic Analyzer

DD 501
LA 501

LA 501 Logic Analyzer
4096 Bits of Storage

Selection of 4 Channel x 1024 Bit,
8 Channel x 512 Bit, or 16 Channel x 256
Bit Formats

Timing Diagram Display

Sampling Rate to 100 MHz

Display of up to 94% of Data before Trigger
Easy Timing Comparison between Channels

Ability to Zoom in on a Segment of
Displayed Data

Threshold Compatability with all Logic
Families

The LA 501s 4096 bits of storage can be
formatted as 4 channels x 1024 bits, 8 chan-
nels x 512 bits, or 16 channels x 256 bits
to best fit your application.

With a selectable sampling rate up to 100
MHz, the LA 501 offers the timing resolution
needed in examining high speed computer
systems. Stored data is displayed as a tim-
ing diagram on virtually any X-Y display. A
unique capability to zoom in on any segment
of this timing diagram for full screen display
provides greatly improved visual resolution.

Channel to channel timing comparisons are
made easier by the ability to select any one
trace and move it vertically.

As a plug-in for any of four TM 500 Power
Mainframes, the LA 501 can be combined in
one compact package with a digital trigger
delay, counters, pulse generators, multi-
meters, and a plug-in oscilloscope. Added
to this is a choice of benchtop, rackmount,
rollabout, or portable configurations to
match your application.

LA 501 Logic Analyzer (Including
Standard Accessories) . ............ $3250

See page 122 for complete information.
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TM 500

Mainframes and Accessories

The Mainframes

One of the major elements in the wide
appeal of TEKTRONIX TM 500 is its extreme
flexibility and versatility of configuration.
Most test instrument manufacturers by now
have taken advantage of integrated circuits,
LED displays, and other aspects of minia-
turization technology to make more compact
instruments. Tektronix, however, also com-
bined advanced technology with a modular
plug-in system to provide highly flexible test
instrument configurations for use almost
anywhere.

The ‘“classical” benchtop environment is
served by 1, 3, 4, and 6 compartment main-
frames with tilt bails and handles. These
same mainframes can be easily carried
about for portable use. The new TM 515
luggage-styled 5 compartment travel main-
frame was designed especially for portable
applications where ruggedness and resist-
ance against moisture and dust are nec-
essary.

For mobility of an entire “benchfull” of in-
struments, Tektronix offers the new TEK
LAB CART Model 3. This new cart allows
you to configure your own rollabout test,
maintenance, or calibration station. The
TEK LAB CART Model 3 will mount virtually
any TEKTRONIX Oscilloscope on the top of
the cart and two TM 500 Mainframes, either
3-compartment or 4-compartment, on two
under-mounted trays.

For rackmount applications, TM 500 fits up
to six instruments into one standard rack
width. Yet, the plug-in feature lets a rack
installation be instantly re-configured or
permits an instrument to be replaced to
keep a critical test facility “‘on the air” even
during maintenance or calibration of indi-
vidual instruments.

In all configurations — bench, portable, roll-
about, and rackmount — TM 500’s internal
interconnect feature lets commonly used
connections between instruments be made
only once and then stay hidden for simpler,
uncluttered test setups. Then, at the touch
of a switch, a counter can monitor the fre-
quency of a signal source or a DMM can
measure trigger level setting of a counter
or voltage of a power supply.

Benchtop

The four TM 500 benchtop mainframes are
the TM 501, TM 503, TM 504, and TM 506.

The TM 500 system concept provides sig-
nificant benefits when multiple instruments
are involved, but the TM 501 was provided
for cases when only a single instrument is
needed. The TM 508 is the most compact of
the multi-compartment mainframes; it is only
15.3 in deep, 6 in high, and 8.7 in wide.

The TM 504 and TM 506 are both heavy-duty
units. Each features a high power compart-
ment at the right-hand end to also supply
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greater current to TM 500 instruments that
are designed for added performance or high-
er output power levels. The six compart-
ment TM 506 also incorporates a quiet fan
for optimum cooling. The TM 504 and TM
506 are slightly deeper than the TM 503.

All four benchtop models have feet, tilt bails,
handles, and front-panel power switches.
All operate from normal 110 or 220 V ac,
48 - 440 Hz.

Portable

All of the benchtop models can be used for
portable operation as well. Carry handles
and sturdy rear cord-wrap feet, plus option-
al accessory protective front covers (avail-
able for all but the TM 501) permit them to
be used in many moderate applications.
However, the new TM 515 was designed from
the ground up for superior multi-instrument
portability. In its carrying configuration it is
a handsome piece of luggage with molded-
in feet on the bottom and a comfortable
luggage-type carrying handle. It is extremely
moisture and dust resistant, and designed
to withstand the rigors of transport in car
trunks and pickup trucks. Once at the des-
tination, the rear cover pops off to give
access to the power cord, power switch, and
allow air flow from the built-in fan. The front
cover is removed to uncover up to five
operating instruments from the broad TM
500 line. The result, a total electronics super-
lab disguised as a mild-mannered suitcase.

A wire bail stowed in the cover can be
snapped into the front feet as a conventional
tilt bail for benchtop use, or into the rear
feet to support the TM 515 in a nearly verti-
cal attitude on the floor with all instruments
visible to a standing operator. Test lead
storage is also provided inside the rear
cover. The TM 515 operates from nominal

110 or 220 V, 48 - 60 Hz with the standard
fan, and 48 - 440 Hz with optional universal
fan.

Rollabout

Rollabout test laboratories are combinations
of TM 503 or TM 504 Mainframes, TM 500 In-
struments, TEKTRONIX Plug-in or Mono
lithic Portable Oscilloscopes, and the TE
LAB CART Model 3. The TEK LAB CART
Model 3 will hold a 5100, 5400, or 3 or 4
Plug-in 7000-Series, or a Portable such as
the 434, 464, 465, 466, 475, or 485. Two
TM 503s or TM 504s can be mounted on two
adjustable mounting trays beneath the cart.
A large storage drawer, which can be pad-
locked, is provided at the bottom of the
cart to hold accessories and Plug-ins. In
each case, the result is a highly mobile
lab on wheels which can be rolled out onto
a production floor, over to large installations
needing maintenance or calibration, into
narrow quarters like x-ray control booths, or
down laboratory aisles to aid in conserving
bench space.

Rackmount

The new RTM 506 rackmounting mainframe
is electrically identical to the TM 506 bench-
top model but features a slide-out assembly
and handles, plus a higher power fan than
the bench version in recognition of the high
ambient temperatures often found in en-
closed racks and consoles.

It is also possible to convert two TM 503s
into a rackmount assembly with a kit; this
kit has the advantage of requiring four inches
less depth than the RTM 506 for space-

critical applications, but lacks the fan an
high power compartment, and requires as-“-"

sembly by the user. Other kits are available
to rackmount a single TM 503, or a TM 503
with a 603, 604, or 605 monitor.



The TM 515 Traveler Mainframe accommo-

ates five TM 500 plug-in modules, yet it is
as attractive as quality, fashionable flight
luggage. With a typical complement of TM
500 plug-in modules it weighs approxi-
mately 30 pounds. And it will go under the
seat in most commercial aircraft. At last,
the engineer on the go can take along a
truly portable instrumentation package, one
that goes as a unit, that is attractive, and
that can be optimized for his instrumentation
needs.

A typical application for the TM 515 could
be digital field service, in which the likely
plug-ins might be: an SC 502 dual-channel,
15 MHz (two-compartment wide) Oscillo-
scope, a DD 501 Digital Delay, and a DC
515A/DM 502 Combo, offering Universal
Counter and full-function DMM capabilities
plus readout of trigger level at the touch
of the INT pushbutton, once interface con-
nections are made.

All plug-ins in the TM 515 mainframe can
“talk” to each other and work together
through a common interface circuit board.
A factory-installed option (Option 5) allows
TM 515 users to interconnect the plug-in
instruments within the mainframe without
making soldered junctions.

OAs in all TM 500 Power Module/Mainframes
the power transformer of the TM 515 main-
frame accommodates 100, 110, 120, 200,
220, and 240 V ac and 48 through 440 Hz.
However, the range of line frequencies of

TM 500-Series Mainframes and Accessories

the TM 515 (and TM 506) is limited to 48-60
Hz by the electrical characteristics of the
ventilating fan. Operating the TM 515 at the
various line voltages is accomplished with
quick-change line-selector blocks, but oper-
ating it at line frequencies outside the 48-60
Hz range requires the optional ventilating
fan, since “forced air” is required. An op-
tional 48-440 Hz fan is available.

Significant cost savings are available through
the use of TM 500 instrumentation systems
in place of collections of monolithic instru-
ments, mainly because TM 500 plug-in in-
struments share a common power supply
and enclosure.

The TM 501 single-compartment, TM 503
three-compartment, TM 504 four-compart-
ment, TM 515 five-compartment, and TM 506
six-compartment Power Module/Mainframes
provide the necessary power supply com-
ponents (transformer, rectifier, and filter) to
operate any of the TM 500 modular plug-ins.
Low-level regulator circuitry is included in
each individual instrument, with high-dissi-
pation power transistors mounted on heat
sinks in the rear of the power module, so
each instrument is supplied with the exact
voltage necessary for optimum performance.
All plug-ins are connected in the power unit
by a common interface board. A matrix of
signal interconnection possibilities produces
extensive multifunction capabilities to re-
duce cabling clutter.

The TM 504 and TM 506 provide one high-
power compartment, which is located on the

extreme right adjacent to the power switch.
(Typically it is used to accommodate a pow-
er supply plug-in, such as the PS 503A,
which can provide 1 amp 0 to 40 V dc in the
high-power compartment.) The TM 506 is
available either for bench use with a carry-
ing handle for convenience, or in a rack-
mounting version with mounting ears and
slide-out tracks. Factory-installed options
add 25-mil square-pin connectors on the
rear of the interface circuit board and supply
a kit of jumpers with mating square-pin
connectors. These allow TM 500 users to
easily inter-connect the plug-in instruments
within the mainframe without making sol-
dered junctions.

Bt/
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TM 500

POWER REQUIREMENTS

Line Voltage Ranges — Universal Transformer: 100,
110, 120, 200, 220, 240 V ac, all within 10%. Range
changing for transformer accomplished with quick-
change line-selector block.

Line Frequency Ranges — Universal Transformer: 48
Hz to 440 Hz.

NOTE: The ventilating fans on the TM 506 and TM 515
operate on 48-60 Hz only.

Power Consumption — Max primary power approx: 35
W for TM 501, 120 W for TM 503, 200 W for TM 504,
320 W for TM 506 and 240 W for TM 515 . Actual
power consumption depends on plug-in selection and
operating modes.

SUPPLIES (UNREGULATED)
Shared by All Compartments — +33.5 V dc and —33.5
V dc. TM 501 —500 mA max. TM 503 —1 A max. TM
504 —1.4 A max. TM 506 —2.1 A max. TM 515 —1.8
A max.

Low Power Compartments — Two 25 V ac windings,
500 mA each, supplied to each compartment, inde-
pendently. 17.5 V ac and -+11.5 V dc shared in any
combination between these two supplies and among
all low-power compartments. TM 501 —1 A max. TM
503 and TM 504 —3.6 A max. TM 506 —6.5 A max.
TM 515 —6.5 A max.

High Power Compartments — (nearest to switch in
TM 504 and TM 506): two 25 V ac windings, 1 A each.
17.5 V ac and + 11.5 V dc, 4 A max, shared in any
combination between these two supplies.

TEMPERATURE RANGE
Operating — 0°C to +4-50°C.
Nonoperating — —40°C to +75°C.
ALTITUDE RANGE

Operating — To 15,000 ft.
Nonoperating — To 50,000 ft.

Test and Measurement System
Mainframe Specifications

The TM 500 line is designed so that con-
nections between modules and/or external
equipment can be made by the mainframe
rear interface board and optional rear-panel
connectors.

Each plug-in has selected lines brought to
its interface, some parallel to front-panel
connections, others presentonly at the inter-
face. Normally, these lines are left open, but
they may be connected by the user to re-
duce front-panel clutter or to perform func-
tions not otherwise available. For example,
digital counters have serial BCD outputs
which may be brought out for data logging
or processing.
LINES AVAILABLE AT THE

MODULE INTERFACE CONNECTOR
Digital Counters

Reset

Time slot zero

BCD serial by digit

Range code
(except DC 502)

Scan clock out Data good

Signal in (selected by
front-panel switch)
(except DC 502)

Scan clock in and
internal scan disable

POWER MODULE DIMENSIONS & WEIGHTS
(without Plug-ins)

CABINET
TM 501 TM 503 TM 504 TM 506 TM 515
Dimensions in cm in cm in cm in cm in cm
Height 6.0 15.2 6.0 15.2 6.0 | 15.2 6.0 | 15.2 6.8 | 17.3
Width 3.9 9.9 8.7 221 11.0 | 275 | 17.4 | 4441 15.0 | 38.1
Length 15.3 38.8 |15.3 38.8 | 20.0 | 50.0 | 20.0 | 50.0 | 20.0 | 50.2
Weight (approx) Ib kg Ib kg Ib kg Ib kg Ib kg
Net 5.4 2.4 9.5 4.3 20.5 9.3 29.0 | 13.2 | 225 | 10.2
Domestic Ship 13 5.9 17 7.7 26.0 | 11.8 41.0 | 18.7 | 30.0 | 13.6
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These lines allow for external data logging and pro-
cessing via the BCD output and associated signals.
They also allow the external system to initiate the
taking of a measurement, and control the rate at
which the BCD data is scanned.

Digital Multimeters
Scan clock out Most significant digit
Decimal point Data transfer
BCD serial by digit

Least significant digit

Polarity

Power Supplies

Supply output through rear connection
Remote sense

Remote analog voltage control
Remote analog current limit control

Amplifiers
Signal Out, Signal In

Monitor
X, Y, and Z inputs

Oscilloscope
Ramp out, Gate out

NOTE: If the power module is ordered with Option 2,

it will be delivered with a rear-panel multipin con-

nector, mating cable connector, and one BNC con-

nector per plug-in compartment installed. The userf
may wire these to the interface board as desired|

Option 2 (and option 5 of the TM 515) is also supk
plied with square-pin connectors on the rear inter-

face board for connection between modules, using

the supplied jumpers terminated with square-pin

receptacles.

Pin assignments are common for each ‘‘family” of
modules (DMMs, generators, counters, etc.). Each
family has its own pattern of circuit board notches
at the interface. Interface terminal barriers may be
inserted in the mainframe so that it accepts only
plug-ins of one family. A supply of barriers (and
square-pin jumpers) is shipped with the power mod-
ule if option 2 is ordered.

A typical example of interface connection between
modules is to connect the ramp output of the RG 501
to the VCF input of the FG 502 for frequency sweep.
The output of a power supply can be measured with
the interface feature of the DM 501 for voltage moni-
toring.

ORDERING INFORMATION
(Plug-ins Not Included)

TM 501 PowerModule............... $100
with Option 2 Interface .................. add $55
TM 503 Power Module. .............. $150
with Option 2 Interface .................. add $75
TM 504 Power Module. .............. $180
with Option 2 Interface ................. add $100
TM 506 Power Module. .............. $240
with Option 2 Interface ................. add $150
RTM 506 Power Module
(rackmount version) .............. $295
with Option 2 Interface ................. add $150 g
TM 515 Traveler Mainframe .......... $32 5
with Option 5 Interface.................. add $75 :
with Option 6 48-440 Hz fan............. add $150

Option 7 — For operating TR 502 and DC 502 Option
7 in a TM 503, TM 504, TM 506, or TM 515. .. .add $25
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ility and performance of the TM 500 test and

measurement system. Convenient cases and
covers offer mobility and protection. The
provision for user options with special pur-
pose hardware adds flexibility. Adapters and
blank panels can be supplied, as well as
extender cables, coaxial cables, special
probes, and devices designed to operate
with various plug-ins for specific applica-
tions.

dhis group of accessories adds to the versa-

P6058 TEMPERATURE PROBE

The P6058 Temperature Probe is used with

) the DM 501 for sensing temperature from
—55°C to +150°C. The temperature sensing
element consists of a transistor and is in-
stalled in the probe’s nose tip. Temperature

‘ measured by applying the flat surface
of the probe’s tip to the device being
measured. P6058 probes are interchange-
able among all DM 501s without requiring
recalibration since probes and DM 501s are
held to tight tolerances. Besides measuring
temperature, the P6058 can function as an
electrical probe for resistance, current, and
voltage measurements to 500 V. To obtain
the full probe kit with ground lead and push-
on electrical contact tip, order 010-0260-00
below. A simple modification of the DM 501
is also required. For temperature-only mea-
surements, order 010-0259-00.

The temperature probe consists of the tem-
perature sensor, a four foot, 4 wire coaxial
cable, and a connector for attaching to the
existing front-panel receptacle of the DM
501. The unit weighs approximately five

P

ounces.
P6058 Temperature Probe,

Order 010-0259-00 . .................. $95
P6058 Temperature Voltage Probe,

Order 010-0260-00 . . .. .............. $100

P6430 TEMPERATURE PROBE

The P6430 Temperature Probe is used with
the DM 502 for sensing temperature from
Q55°C to 4-150°C. The temperature sensing
lement consists of a transistor and is in-
stalled in the probe’s nose tip. Temperature

is measured by applying the flat surface of
the probe’s tip to the device being mea-

sured. The probe can be immersed vertically,
approximately two inches in a liquid, for
temperature sensing and still retain water
tightness.

The temperature probe consists of the tem-
perature sensor, a six foot, 2 wire coaxial
cable, and a connector for attaching to the
existing front-panel receptacle of the DM
502. The unit weighs approximately five
ounces.

To meet full accuracy specifications a spe-
cific P6430 and DM 502 multimeter must be
calibrated as a pair.

P6430 Temperature Probe,

Order 010-6430-00 .. ................. $95

HIGH VOLTAGE PROBE FOR
USE WITH DMMs

The High Voltage Probe will measure volt-
ages from 1 kV to 40,000 volts with an ac-
curacy of 1% at 25,000 volts. The division
ratio is 1000:1. Common uses include
measuring anode voltages on monitors or
oscilloscopes.

This probe plugs directly into the front end
of either multimeter.

CHARACTERISTICS
Voltage range 1 kV to 40 kV
Input resistance 1000 MQ
Division ratio 1000:1

Overall accuracy 20 kV to 30 kV 2%

Upper limit Changes linear from

accuracy 2% at 30 kV to 4%
at 40 kV

Lower limit Changes linear from

accuracy 2% at 20 kV to 4%

at1kV
10 MQ required

Input Z at meter

Order Number: 010-0277-00........... $55

TM 500-Series Accessories

TM 500 CARRYING CASE

These luggage-type carrying cases for TM
500 equipment are molded of high strength
glass-epoxy. The TM 503 model weighs 12
pounds empty and measures 2372 in long by
8%z in thick by 15%2 in high, including rub-
ber feet, lockable latches, and handle. In-
side, the resilient polyurethane foam insert
is molded to accept a TM 503 (with or with-
out the protective front cover) plus either a
spare TM 500 family module or a 200-Series
miniscope. A third compartment in the foam
accepts miscellaneous cables, accessories,
or small tools.

The TM 504 case has a molded foam insert
which will accept the TM 504 (with or with-
out the protective front cover) but has no
provisions for spare modules or tools. It is
24 in long by 8% in thick by 17% in high
and weighs approximately 14 pounds empty.
TM 503 Carrying Case,

Order 016-0565-00 ................. $110
TM 504 Carrying Case,
Order 016-0608-00 ................. $115

PROTECTIVE FRONT COVER

A snap-on front cover, molded of high im-
pact plastic, is available for the TM 503
(shown above), TM 504, and TM 506 main-
frames. While particularly valuable when the
TM 503 or TM 504 (full of instruments) is
carried into the field or in a vehicle, the
cover is also good insurance against dam-
age to instrument knobs and jacks during
normal handling in the lab, or when a main-
frame full of instruments is stored. The
cover adds 1% in to the length of the TM
503, TM 504, and TM 506 mainframes, and
clears the longest knob projections on any
of the instruments.

TM 503 Front Panel Cover,

Order 200-1566-00 . ............... $11.75
TM 504 Front Panel Cover,
Order 200-1727-00 .................. $11

TM 506 Front Panel Cover,
Order 200-1728-00




TM 500-Series Accessories

ACCESSORY POUCH

While the TM 501, TM 503, TM 504, and TM 506 Main-
frames were optimized for bench use, they are fre-
quently carried away for service elsewhere. Taking
along the probes, cables, terminators, and other ac-
cessories usually required can then be a problem.
The soft vinyl accessory pouch neatly solves this
problem; sturdy snap-around straps let the pouch be
secured to the carrying handle of any TM 500 Main-
frame or TEKTRONIX Oscilloscope, or the straps may
be snapped together to form a carrying handle for the
pouch to be used independently. A convenient side
zipper lets accessory items be removed or stored
without removing the pouch from the mainframe han-
dle. Dimensions approx 9% in L x 5% in W x 2in D.

Order Number 016-0351-00 ........ $14.50

TM 500 BLANK PANEL

When operating the TM 500 instruments with less than
the full complement of plug-ins, the blank plug-in
panel can be used to cover unused compartments.
Blank Plug-in Panel,

Order 016-0195-01 ... .............. $7.50

Single and double compartment sizes

A complete test and measurement set-up for many
typical jobs requires at least one non-standard item.
Such items commonly include relay circuits or man-
ual switches for routing signals; test oscillators at
pre-set frequencies for alignment purposes and mark-
ers; digital logic circuits for sequencing, timing, and
control; special processors or converters such as log
amps, multipliers, and analog-to-digital converters;
and a variety of other system elements which are
usually not available or economical as complete com-
mercial instruments. The construction and packaging
of these special items is always a problem, and the
sheet metal work and provision for necessary power
supplies often far exceed the cost of the functional
elements.

This is why the TM 500 line includes custom plug-in
kits. The kits provide perforated main circuit boards
which allow rapid construction and wiring of circuits
using both discrete components and integrated cir-
cuits. Also included are top and bottom rails, side
cover, front sub-panel, and a blank dress panel, and
the latch mechanism. An instruction sheet details the
voltages and currents available in the power module.
Standard voltage regulator IC's can be used to pro-
vide exact voltages for most individual power supply
requirements. The finished special-purpose circuitry
or instrument is physically compatible with the other
TM 500 instrumentation.

Custom Plug-in Kit (single compartment)

Order 040-0652-01. . ................. $28
Custom Plug-in Kit (double compartment)
Order 040-0754-00. . . ................ $75
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PLUG-IN STORAGE
COMPARTMENT

An electronic engineer or technician away from his
bench seldom has enough storage space for probes,
cables, ‘‘tees’’ and accessories, and small tools. The
Plug-in Storage Compartment is a useful adjunct to
many rollabout and Travel Lab configurations. If all
five compartments in your TM 515 Traveler Mainframe
are not used for a particular field application, stuff in
a plug-in storage compartment for extra convenience.
Put plug-in storage compartments in unused storage
bins of your 203 or 204 SCOPE-MOBILE®. Even a
rackmount TM 500 installation might profit by readily-
available terminators or attenuators in a presently
unused compartment. Compatible with all TM 500
Mainframes, 5000-Series Oscilloscope Mainframes,
and 203 and 204 SCOPE-MOBILE® plug-in storage
bins; inside dimensions 9% in L x 2 in W x 4% in D.

Order Number 016-0362-00 ........... $22

CABINET-TO-RACKMOUNT
CONVERSION KITS AND
MONITORS

Cabinet-to-rackmount conversion kit, equipped with
slide-out assembly, required to rackmount two TM
503s side-by-side in a standard rack width.

Order 040-0616-01. ... ............... $60

Cabinet-to-rackmount conversion kit, equipped with
slide-out assembly, required to rackmount a single
TM 503 in a standard rack width. This includes secur-
ing hardware and a blank front panel when only one
instrument is utilized.

Order 040-0617-01. ... ............... $95

Rackmount-to-cabinet conversion kit equipped to con-
vert a rackmount TM 503 to a cabinet style.

Order 040-0618-01................... $30

Cabinet-to-rackmount conversion kit, equipped with
slide-out assembly, required to rackmount a TM 503
and a 603, 604, or 605 in a standard rack width. For
information about these monitors, including storage
models, see your local Tektronix representative.

Order 040-0624-00. .................. $55

MONITOR ORDERING INFORMATION

603 Storage Monitor . . ............. $1300
with Option 4 Time Base................ add $150
604 Monitor-—- v 55 . . oo oss s e $900
with Option 4 Time Base................ add $150
605 Storage Monitor .............. $1695
with Option 4 Time Base................ add $150

TEK LAB CART MODEL 3

This Lab Cart is especially designed for rollabout
configurations combining TM 500 instrumentation with
the TEKTRONIX Oscilloscope of your choice. It fea,
tures pistol-grip tilt control and a large accessor(
drawer in the base. The top tray accepts any TEK-
TRONIX 7000-Series, 5000-Series, or Portable Oscil-
loscope. The MODEL 3 comes standard with one
lower shelf that will support either a TM 503 or TM
504 with plug-ins. Additional shelves are available as
optional accessories. Max capacity of the lower shelf
area is two TM 503s or TM 504s, stacked, or up to a
TEKTRONIX 7000-Series Oscilloscope in size — with
TM 500 packages placed on the tray at your option.
The power distribution module at rear underside of
the top tray provides four power outlets and a 15-
foot line cord.

International modification (Option 1) deletes power
distribution module.

Tek Lab Cart Model 3............... $285
with Option 1 (International
Modification)............ price on request
Additional Lower Shelf,

Order 436-0132-01................... $25

Safety Belt to secure Oscilloscopes or TM 500 to top
tray or lower shelves (not needed for 5000- or 7000-
Series on top tray)

Order 346-0136-01 .................. $15

ADAPTER KITS FOR EARLIER
SCOPE-MOBILE® CARTS

TM 504 Adapter Kits — Includes hardware to attach
TM 504 to 203 or 204 SCOPE-MOBILE® Cart.

For 203, Order 016-0348-00..................... $30
For 204, Order 016-0349-00..................... s(’
TM 503 Adapter Kits — Includes hardware to attach

TM 5083 to 203 or 204 SCOPE-MOBILE® Cart.

For 203, Order 016-0583-00..................... $36
For 204, Order 016-0584-00..................... $36



TM 500 FLEXIBLE EXTENDER
ABLE

Designed to couple a TM 500 plug-in with
the mainframe rear interface board connec-
tion. It provides a completely flexible con-
necting point outside the mainframe for
plug-in operation during test or check-out.

Extender Cable, Order 067-0645-01 . .. .$60

50 o PRECISION COAXIAL CABLE

For use with the PG 502, PG 506, and SG
503. These instruments are internally cali-
brated for use with this 3 ft 50 Q@ coaxial
cable into a 50 Q load.

50 @ Cable, Order 012-0482-00. . . . .. $16.00

RISE TIME LIMITER

For use with the PG 502 Pulse Generator
which has a pulse rise and fall time of less
than one nanosecond. In some applications,
uch as TTL logic where slower rise time is
needed, this fast pulse can be limited to six
nanoseconds by using the rise time limiter.

Rise Time Limiter, Order 015-0249-00.. . $39

MANUAL (ONE SHOT) TRIGGER
GENERATOR
RG 501,

PG 501,

AND

PG 505

The Manual (one shot) Trigger Generator
is a self-contained, battery-operated, hand
held device for manually generating a single
pulse. This adapter is used to start a pulse,
ramp, sweep, or complete sequence of
events on instruments which do not have a
manual trigger button or where a remote
operation capability is desired, such as some
oscilloscopes and the PG 501, PG 505, and
RG 501.

The internal trigger generator circuitry elim-
inates contact bounce, but will generate
pulses as rapidly as the operator can man-
ually cycle the pushbutton.

The output pulse is nominally two millisec-
onds in width and three volts in amplitude
with a rapid rise and fall. Output impedance
is low (50 Q); the pulse amplitude drops from
about 3.8 to 1.5 volts when changed from a
high impedance to a 50 @ termination. The
battery is a 5.4 V dry cell.

Applications for the trigger generator also
include stepping or sequencing of digital
systems, analog control systems, mechani-
cal devices, as well as obtaining ‘“‘single
shot” operation from many types and brands
of instruments. Biological and physical ex-
periments, where manual triggering is re-
quired as a part of the stimuli, are also com-
mon applications.

Order Number 016-0597-00 .. ......... $35

FRONT-PANEL CIRCUIT
BOARD ADAPTER KIT
PS 501 AND PS 503A

TM 500-Series Accessories

The front-panel circuit-board kit is a con-
venient way to mount small experimental
circuits or fixtures right on the front of a
TM 500 power supply.

Typical applications for the adapter are as a
device tester (test fixture), educational dem-
onstrator (especially IC’s), and in temporary
systems functions, e.g., OR’ing and AND’ing
two signals. This adapter will supplement
the blank plug-in kit for simple or temporary
applications.

The adapter kit provides a convenient plat-
form for building up circuits; its pin holes
are pre-solder-flowed and some are inter-
connected. Discrete devices can be readily
attached to the adapter kit board, stored,
and easily reattached to the “banana jack”
plugs on the face of the PS 501 and PS 503A.
Circuit clips for inter-connected pin holes
are available from Tektronix. The adapter
kit is 2%2 inches wide.

Order Number 013-0152-00.......... $9.75

AM 501 AUXILIARY CIRCUIT
BOARD KIT

The AM 501 Auxiliary Circuit Board Kit at-
taches to the inputand output terminal plugs
on the front of the AM 501 Operational Am-
plifier. The kit is approximately 22 inches
square. The kit is a pc board which has six
terminal studs for attachment to the ampli-
fier's banana jacks. This permits the de-
signer to build a circuit of resistors, ca-
pacitors, and other components for use in
conjunction with the AM 501s input, output,
or feedback circuits. With several boards,
the AM 501 Op Amp circuit can be changed
instantly in configuration from integrator to
differentiator to amplifier.

An additional advantage of the kit is that it
does not interfere with the other connectors
on the face of the AM 501.

Order Number 013-0146-00 .........




TDR CableTesters

Portable—Battery Powered, Self Contained,
Light (18 pounds), Small (5 x 1272 x 182 in)

Rugged—Designed to MIL-T-28800, Type
Il, Class 2, Style A

Versatile—Test Any Type Cable

Easy to Use—Produces Results with
Minimum Operator Training

The small, portable, rugged, battery-pow-
ered 1502 and 1503 TDR Cable Testers are
extremely simple to operate and will test
any type cable, from lamp cord to coax, un-
der virtually any conditions, from dust to
rain, from desert to sea to mountain top.
The high resolution (to a fraction of an
inch), moderate range (to 2000 feet) 1502
is appropriate for testing coax and other
cables in aircraft, ships, radar sites, etc.
The long range (to 50,000 feet), moderate
resolution (to 3 feet) 1503 is appropriate for
testing long runs of coax or twisted pair
cables in telephone and other communica-
tions applications. These units use Time
Domain Reflectometry (TDR), a simple, prov-
en, well established technique, to precisely
locate and identify cable faults.

These testers are designed to be field main-
tenance tools. For carrying ease and opera-
tion in tight spaces, the 1502 and 1503 offer
an ideal combination of small size, light
weight, and portability. Either tester is ca-
pable of operation for more than five hours
on the internal batteries before recharging
is required. The crt used is designed for
both visual observation and photography.

Since permanent records are extremely use-
ful in cable maintenance, the optional plug-
in Y-T Chart Recorder is available for self-
contained hard copy capability. The stan-
dard plug-in X-Y Output Module can drive
an external X-Y recorder. In addition, an
optional adapter for a C-30 camera is avail-

able.

1502

This unit has the high-resolution capability
of a laboratory time domain reflectometer. It
is directly calibrated in reflection coefficient
(rho) and distance and is thus very simple to
operate. The 1502 uses ultra-fast (110 pico-
second), step-type excitation signals, and
provides fault resolution to 0.6 inch. The
1502 performs excellently at distances to
2000 feet, even though rise time and resolu-
tion typically degrade with increasing cable

length. The 1502 is matched to 50 ohm T
cables, but may be used on other cables by
adjusting the front-panel GAIN control or
using optional impedance adapters.

1503

The limited bandwidth and relatively high
losses common to long cables (particularly
twisted pair) require special high-energy,
controlled-bandwidth test signals. For these
applications, the 1503 provides 10 volt, ¥2-
sine-shaped pulses and is calibrated in de-
cibels for direct reading of return loss.
Range of the 1503, dependent upon cable
type, is up to 50,000 feet; resolution capa-
bility provides for resolving faults as close
together as 3 feet. Impedance levels of 50,
75, 93, and 125 ohms are selectable with the (
press of a button.

Also see 7S12 TDR/Sampler plug-in unit on page 65.



1502 Characteristics

TEST SIGNAL
Incident Rise: <0.055 ft [<7.7 cm] (<100 ps).
Reflected Rise: <0.07 ft [<2.7 cm] (<140 ps).

Aberrations: 5% during 1st 10 ft [300 cm] after rise.
+0.5% peak beyond 10 ft [300 cm] NOISE FILTER
“out.” +0.2% peak beyond 10 ft [300 cm] NOISE FIL-
TER “in.”

Jitter: <0.02 ft [0.6 cm] (<40 ps) for X0.1. <0.1 ft
[<3 cm] (<200 ps) for X1.

Termination: 500, within 2%.

Pulse Amplitude: 22 mV nominal (into 50 @ load).

VERTICAL SYSTEM
Deflection Factor: 5 mp/div to 500 mp/div.
Accuracy: within =3%.
Gain: >3.5:1 from calibrated point.

Displayed Noise: =5 mp or less, NOISE FILTER
switch “out.”

Low Nolse Operation: =2 mp or less, NOISE FILTER
switch “in.”

Test Connector:
Type: bnc.
Coupling: dc.
Max Input: DO NOT APPLY EXTERNAL VOLTAGE.

HORIZONTAL SYSTEM

Distance Controls:
Distance Dial:

Range: 0 to 100 ft [0 to 25 m] for X0.1. 0 to 1000
ft [0 to 250 m] for X1.

Accuracy: within 2% =0.05 ft [=2% =0.05 m]
for X0.1. Within *2% =0.5 ft [=2% ==0.5 m] for
X1.

FEET/DIV Control:

Range: 0.1 to 20 ft/div [0.025 to 5 m/div] for
X0.1. 1 to 200 ft/div [0.25 to 50 m/div] for X1.

Accuracy: within 2%.
Dielectric Scales:
SOLID PTFE —2_ 0.70
Vair
Ve
SOLID POLY ——= 0.66
Vair

VAR-OTHER \y—f’: 0.55 to 1

air

VAR is calibrated for air when turned fully cw. Ac-
curacy is within =2%.

Sweep Repetition: 40 Hz within #=10% with NOISE
FILTER switch “out.”” 4 Hz within #=20% with NOISE
FILTER switch ““in.”

1502 Included Accessories: Watertight front cover, .

TDR Slide Rule — 003-0700-00, 50 2 BNC Terminator

— 011-0123-00, Precision 50 Q Cable — 012-0482-00,

Viewing Hood — 016-0297-00, X-Y Output Module —

016-0606-00, Replacement Fuses (for front panel) 117

Vac — 159-0029-00 or 234 Vac — 159-0054-00, Power

‘:ord — 161-0066-00, Mesh Filter (CRT) — 378-0055-
0, BNC Female-to-Female Adapter — 103-0028-00.

1503 Characteristics

TEST SIGNAL
Duration: 10 ns, 100 ns, 1000 ns +20%.

Amplitude: 10 V ==20% unterminated. 5 V =+20%
terminated.

Shape: 2 sine =20%.
Termination: 502, 75Q, 932, or 1252, within 1%.

Jitter: 0.2 div max.

VERTICAL SYSTEM
Display:
Range: -6 to —18 dB from reference.
Accuracy: =3%.
Display Reference:
Range: 0 to 60 dB, 7 steps, 10 dB increments.
Accuracy: =0.1 dB.
Variable: 0 to 18 dB additive to step increments.
Displayed Noise:
Aberrations: —30 dB p-p.
Random: —80 dB rms.
Low-Noise Operation: —86 dB rms, random.
Test Connector:
Type: bnc.
Coupling: ac.
Max Input: =400 V (dc -+ peak ac max frequency of
440 Hz).
HORIZONTAL SYSTEM
Distance Control:
Range: 0 to 50,000 [0 to 10,000 m].
Scales: 5 ft/div to 5000 ft/div[1 m/divto 100 m/div].
Accuracy: +2%.

Scale Multipliers: X10 and X100 [X7 and X710] within
0

2%.

Distance Dial:

Range: 0 to 2500 ft at X10 setting [0 to 500 m at X1
setting]. 0 to 25,000 ft at X100 setting [0 to 5000 m
at X10 setting].

Accuracy: =2% - 1 digit on control setting.
Dielectric Scales:
3

SOLID POLY ——=— 0.66
Vair
FOAM —2__ 0.1
Vair
Vp
VAR-other ——=0.311t01.0

Vair —

VAR is calibrated for air when turned fully cw. Ac-
curacy is within =2%.

Sweep Repetition: 40 Hz within *=10% (except in
camera mode) with NOISE FILTER switch “‘out.” 20
sec/sweep in chart recorder mode (dependent upon
chart recorder).

1503 Included Accessories: Watertight front cover, Re-
placement Fuses (for front panel) 117 Vac — 159-
0029-00 or 234 Vac — 159-0054-00, Power Cord —
161-0066-00, Viewing Hood — 016-0297-00, 50 @ BNC
Terminator — 011-0123-00, X-Y Output Module — 016-
0606-00, Mesh Filter (CRT) — 378-0055-00.

1502, 1503 Portable TDR Cable Testers

NOTE: Where specifications are different for the metric version, Option 5 (in many cases, the metric specification
is not a direct conversion from English measure), or where conversion to metric is appropriate, the metric specifi-
cations are shown in italics and are set in brackets.

Common Characteristics

POWER SYSTEM
Line Voltage: 117 Vac *20%, 48 to 410 Hz. 234 Vac
#+20%, 48 to 410 Hz.
Battery Pack:

Operation: At least 5 hr (+20°C to 425°C charge
and discharge temperature) including 20 chart re-
cordings.

Full Charge Time: 16 hr.
Typical Charge Capacity:

Charge Discharge
Temperature Temperature
—15°C -+20°C +55°C
12800
0°C 40% 60% 50%
+-20°C to 4-25°C 65% 100% 85%
-+40°C 40% 65% 55%

EXTERNAL RECORDER INTERFACE (STANDARD X-Y
MODULE)

Horizontal: 0.1 V/div, source impedance is 10 kQ.

Vertical: 0.09 to 0.13 V/div (adjustable), source im-
pedance is 10 kQ.

PHYSICAL CHARACTERISTICS

Welght: 18 Ib [8.2 kg] with front cover and standard
accessories. 16 |b [7.3 kg] without front cover and
accessories.

Domestic Shipping Weight: 24.4 |b [11.1 kg].
Export Shipping Weight: Approx 36 Ib [16.4 kg].
Height: 5.0 in [12.7 cm].

Width: 12.4 in [31.5 cm] with handle. 11.8 in [29.9 cm]
without handle.

Depth: 16.5 in [47.9 cm] including front cover, handle
not extended. 18.7 in [47.4 cm] handle extended.

ORDERING INFORMATION

1502 TDR Cable Tester ............ $2885
(NSN 6625-01-003-5561)
Option 4 (with recorder) ................ Add $475
Option 5 (metric version) ......... no extra charge
Option 6 (234-V version) .......... no extra charge
1502 Optional Accessories
Chart Recorder — 016-0506-01 .............. $575
Chart Paper (roll) — 006-1658-00 ............ $8.00
008=1658-01- ..o v obivwsn $4.20
Camera Adapter — 016-0327-00 ........... $42.00
Impedance Adapter —
50/75Q — 017-0091-00 ........c0vvvennn. $55.00
50/93Q2 — 017-0092-00 .................. $55.00
50/125Q — 017-0090-00 ................. $55.00
1503 TDR Cable Tester ............$2885
Option 4 (with recorder) ................ Add $475
Option 5 (metric version) .......... no extra charge
Option 6 (234-V version) .......... no extra charge
1503 Optional Accessories
Chart Recorder — 016-0506-01 .............. $575
Chart Paper (roll) — 006-1658-00 ............ $8.00
006-1658-01 ............ $4.20
Camera Adapter — 016-0327-00 ............ $42.00

Isolation Network (for balanced lines)
OTB=01B8-00  «5:35 531670 4 2510 » miwio mies scsimans srosmrd $125




J16

Portability and Versatility

J16 Photometer/Radiometer (Fig 1)
31, -Digit Light-Emitting Diode Readout
Portable

Complete Probe Interchangeability without
Recalibration

Available with Metric Readout

The J16 is a portable photometer/radiome-
ter that is equally at home in the lab or in
the field. It weighs 3.3 Ib, measures 2.4 x
4.6 x 8 in, and comes with a shoulder strap
and rechargeable nickel-cadmium batteries.
The J16 has excellent long-term calibration
stability. It is environmentalized to operate
from —15°C to +40°C and meet MIL specs
for humidity.

Available for the J16 are eight quickly inter-
changeable, precalibrated silicon probes,
an ac power supply, probe cable (for separ-
ate operation of the probes), and analog and
bcd outputs.

All J16 Probes

Rugged, Stable Silicon Sensor and Glass
Spectral-Correction Filter

Hold Switch to Store Reading

Calibration Accuracy of Reading 5% = One
Digit

No Fatigue or Saturation Effects

Excelient Calibration Stability

J6511 llluminance Probe (Fig 2)
Accurate Photopic (Color) Correction

Accurate Cosine Correction (180° Field of
View)

Measures 0.001 to 1999 Footcandles (0.01
to 19,990 Lux*)

Resolution 0.0001 Footcandles (0.001 Lux*)

5% Accuracy even with Low-Pressure
Sodium Lighting

25-Ft Cable Attached
Built-in Bubble Level

Use for OSHA Standards, Office Lighting,
Highway Lighting, Automotive Lighting,
Medical Lighting

J6523 1° Luminance Probe (Fig 3)
1° Acceptance Angle
Optical Sighting and Viewing System
Accurate Photopic (Color) Correction

Measures 0.1 to 19,990 Footlamberts (1 to
199,900 Nits*)

Resolution 0.01 Footlamberts (0.1 Nits*)

Measures a Spot as Small as 0.23 in at
18-in Distance (up to Ten Times Less with
Standard Photographic Close-up Lenses)

Focus Range of 18 in to Infinity

5% Accuracy even with Low-Pressure
Sodium Lighting

Use for Highway Lighting, Television,
Photographic Equipment

*Metric version.
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Digital Photometer/Radiometer

Fig 1 Fig 2

J6502 Irradiance Probe (Fig 4)

Flat Spectral Response within =7% from
450 to 950 nm

Measures 1 nW/cm? to 1.999 mW/cm? (0.01
to 19,900 mW/M2*)

Resolution 0.1 nW/cm? (0.001 mW/Mz2*)

1-cm? Sensor Allows Direct Reading of
Laser Power in Watts

Acceptance Angle Approximately 120°

Use for Lasers, Environmental Research,
Tv Monitor Color Temperature Adjustment,
Ir LEDs

J6503 8° Luminance Probe (Fig 4)
Accurate Photopic (Color) Correction

Measures 0.1 to 199,900 Footlamberts (1 to
1,999,000 Nits*)

Resolution 0.01 Footlamberts (0.1 Nits*)

Use for Television, lllumination, Photo-
graphic Equipment, Cathode-Ray Tubes

J6501 Illuminance Probe (Fig 4)

Same Characteristics as J6511 Except No
Cosine Correction; Construction Similar
to J6502. (When using 014-0047-00 LED
Adapter, the ranges are the same as those
for the J6505.)

Use for Green and Yellow LEDs, Lamp Test-
ing, and Other Point Light Sources

J6505 Red LED Probe (Fig 4 and 5)

Accurately Matches Photopic Curve from
600 to 710 nm

Measures 0.01 Millicandela to 199.9 Can-
delas at 3.8 in (Higher at Greater Distances)

Resolution 0.01 Millicandela

Includes Snap-on LED Adapter to Position
LED and Exclude Room Light

Use for Red LEDs, Red Automotive, and
Aircraft Lights

J6512 Irradiance Probe (Similar to Fig 2)

Same Characteristics as J6502; Construc-
tion Similar to J6511

Use for Lasers, Environmental Research

J6504 Uncorrected Probe (Fig 4)

Spectral Response: Uv-Enhanced Silicon
Curve (250 to 1200 nm)

Highest Sensitivity (No Filters Are Used
to Modify Spectral Response)

Relative Reading Only

Use for Periodic Tests of Photoresist
Exposure Equipment, Uv Light Sources

Fig 3 Fig 4 Fig 5

ORDERING INFORMATION
Photometer/Radiometer without Probes

Ordert
Readout | Power Informa-

Units Source Voltage tion Price
us Battery | 115V, J16 $660
60 Hz bat-

tery charger

us Battery | 230V, J16 Opt 1 $660
50 Hz bat-
tery charger

us Ac 115V, J16 Opt 3 | $660
50-400 Hz

us Ac 230 V, J16 Opt 4 | $660
50-400 Hz

tFor a J16 with metric readout, specify Option 2 In
addition to above ordering information. No addition-
al charge.

INCLUDED ACCESSORIES

For Battery-Operated J16—Battery charger, shoulderf
strap, manual.

For Ac Operated J16 — Shoulder strap, manual.

For probes with metric readout, specify Option 2 at
no additional charge.

J6511 Illuminance Probe...................... $330
J6523 1° Luminance Probe .................... $850
J6502 Irradiance Probe ..............cooiiennn $330
J6503 8° Luminance Probe ................... $330
J6501 Illuminance Probe ..................... $330
J6505 Red LED Probe ..............ccovvvvennn $380
J6512 Irradiance Probe .....................0. $400
J6504 Uncorrected Probe ..................... $330

ACCESSORIES

42-in Probe Extension Cable for J6501, J6502, J6503,
J6504, and J6505.
Order 012-0414-02 (Longer on Special Order)..... $45

Light Occluder (for Color Tv Monitor Setup).
Order 016-0305-00 ............covvieeennnnnnnn $16

Filter Holder — Mounts 1-in Diameter Filters to J6501,
J6502, J6503, J6504, and J6505.

Order 096-0527-00 ...........c.cocevconrnasnnns $12
Filter Holder — Mounts 2-in Diameter Filters to J6512.
Order352-0380-00 .............ccicumuncnnnnn $1.75
Tripod, Order 016-0253-00 ..................... $50

Ac Power Supply, 115 V, 50-400 Hz.

Order 119-0404-00 ............covveuivnennnnn $125

Ac Power Supply, 230 V, 50-400 Hz.

Order 119-0404-01 ........cccvveeveeanonsonns $125 »
LED Adaptor (Included with J6505). (
Order 014-0047-00 ...........coonnveevnnnnoons $ 55

For a complete brochure and application notes on the
J16 please return the reply card attached to the
catalog or see your Tektronix field representative.



Semiconductor Device
Test Systems




Automatic Test Systems Summary

IC device users buy TEKTRONIX Automatic
Test Systems for:

Device Evaluation
Failure Analysis

Incoming Inspecton

IC Manufacturers buy TEKTRONIX Auto-
matic Test Systems for:

Device Characterization
Failure Analysis

Quality Control
Outgoing Inspection

Name a Technology: Name a Device:
PMOS
NMOS
CMOS
Hybrid

Microprocessors
UARTs
ALUs

Programmable Logic
Arrays

Peripheral Interface
Circuits

Shift Registers
RAMs

ROMs
PROMs

Tektronix has a test system to test them
ALL.

Tektronix Test Systems combine the capa-
bilities of a sophisticated automatic test
system with a data processing system —
providing a totally integrated package that
both acquires and processes test and mea-
surement data. This provides IC users and
manufacturers with a powerful tool capable
of acquiring information (related to devices
and device manufacturing processes) that
was heretofore either impractical or impos-
sible to obtain.

To learn more about TEKTRONIX Automatic
Test Systems use the reply card, inside back
cover, and request more information on
Automatic Test Systems; or for faster action
call your local Tektronix Field Office and
ask for the TEKTRONIX Sales Engineer spe-
cializing in Automatic Test Systems.
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Curve Tracer Summary

Semiconductor device users buy
TEKTRONIX Curve Tracers to:

Evaluate Devices

Improve Circuit Designs
Troubleshoot Prototype Circuits
Screen Incoming Devices

Semiconductor device manufacturers buy
TEKTRONIX Curve Tracers for:

Device Characterization
Process Control
Failure Analysis

Quality Control
Outgoing Inspection

Curve Tracers display one or more of the
characteristic curves of two- and three-
terminal semiconductor devices and inte-
grated circuits. Unlike an oscilloscope, the
Curve Tracer display is voltage vs current
rather than voltage vs time. A few of the
typical measurements performed with a
Curve Tracer are:

Two and Three Breakdown Voltages

Terminal Devices Leakage Currents

Gain

Saturation Voltages

Forward Voltage
and Current

Reverse Voltage
and Current

and more.

Linear ICs Offset Voltage
Input Currents
Gain

CMRR

PSRR

and more.

Digital ICs Output Voltages
Input Voltages
Output Currents
Input Currents
Supply Currents

and more.

For a more complete discussion of Curve
Tracer applications and measurement capa-
bilities please use the return card, inside
back cover, to write for more information on
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Curve Tracer Systems. In response, we will
send you a Curve Tracer brochure, appli-
cation notes, and other materials to help you
choose the Curve Tracer System for your
requirements. If you are well acquainted
with Curve Tracers, you will find the Curve
Tracer System descriptions (pp 172-182)
helpful in choosing the system that best
meets your requirements.

TEKTRONIX Curve Tracer Systems are con-
figured around two basic mainframes — the
576 and the 577. Both mainframes are gen-
eral purpose Curve Tracers; however, the
577 is the only mainframe offering a storage
display. To provide a variety of capabilities,
each of these mainframes employs plug-in
test fixtures. With a 576 Curve Tracer Sys-
tem you may choose from the three test
fixtures. The 577 Curve Tracer System offers
two. Between the test fixture and the device
under test (dut) is a socket adapter. It pro-
vides the interface between the Curve Tra-
cer System and the dut. Thus, each Curve
Tracer System is composed of a mainframe,
test fixture, and a socket adapter (see dia-
gram).
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Curve Tracers

576

General Purpose System with Digital Readout Available

The TEKTRONIX 576 Curve Tracer System
continues to hold the title “‘standard of the
industry.” The 576 accepts three different
test fixtures: the Standard Test Fixture, 172
Programmable Test Fixture (described on
pg 174), and the 176 Pulsed High-Current
Fixture (described on pg 175). The 576 is
an excellent general purpose Curve Tracer
System that performs well in applications
where high current testing is required.

With the Standard Test Fixture, the Collec-
tor Supply of the 576 delivers up to 220 watts
peak to the dut. The Step Generators can
deliver up to 2A in both its current and volt-
age modes of operation. Of course, with the
176, the 576 is capable of pulsed collector
operation up to 200 amps peak.

172

One of the features that sets the 576 apart
from the 577 is the display area READ-OUT.
Adjacent to 576's crt are alphanumeric in-
dicators of vertical and horizontal deflection
factor, step amplitude, and Beta/div or gm/
div. The Beta or gm readout saves the opera-
tor from the arithmetic usually necessary to
arrive at these parameters. The READ-OUT
also provides a permanent record of major
knob settings in 576 crt photographs.

Another unique feature of the 576 is the Cali-
brated Display Offset. Combining a calibrat-
ed position control and a display magnifier,
the Display Offset increases resolution and
allows the operator to make more precise
measurements.

Other features of the 576 Curve Tracer are:
adjustable current limiting in the Step Gen-
erator, either 300 us or 80 us pulse width in
pulsed base operation, pushbuttons to check
display zero and calibration, and illuminated
graticule.

576
Mainframe —, |

Standard
Test Fixture

CHARACTERISTICS ( ~

COLLECTOR SUPPLY

Modes — NORM: positive or negative full wave recti-
fied ac (line frequency); dc: positive or negative dc;
LEAKAGE: emitter current rather than collector cur-
rent measurements with an increase in the basic
vertical deflection factor to 1 nA/div.

Voltages — Peak open circuit voltages within 4+35%
and —5% of indicated range.

Range 15V 75V 350V | 1500V
Max Continuous

Peak Current 10 A 2A 05A 0.1A
Peak Pulse

Mode Current >20 A >4 A >1A | >02A

Series resistance is from 0.3 2 to 6.5 MQ in 12 steps,
all within 5% or 0.1 Q. Peak power limit setting: 0.1 W,
0.5W,2.2W, 10 W, 50 W, 220 W,

Safety Interlock — Protects operator from 75V, 350V,
and 1500 V collector voltages.

STEP GENERATOR

Current Mode — Step/offset amplitude range is 5 nA/
step (with 0.1X MULT) to 200 mA/step, 1-2-5 sequence.
Max current (steps and aiding offset) is X20 AMPLI-
TUDE setting, except X10 (2 A) at 200 mA/step and
X15 (1.5 A) at 100 mA/step. Max voltage (steps and
aiding offset) is at least 10 V. Max opposing offset
current is X10 AMPLITUDE switch setting or 10 mA,
whichever is less. Max opposing voltage is limited at
1Vto3V.

Voltage Mode — Step/offset amplitude range is 5
mV/step (with 0.1X MULT) to 2 V/step, 1-2-5 se-
quence. Max voltage (steps and aiding offset) is X20
AMPLITUDE switch setting, 40 V max. Max current

(steps and aiding offset) is at least 2 A at 10 V, deO

rating linearly to 10 mA at 40 V. Short circuit curren
limiting is 20 mA, 100 mA, 500 mA +100%, —0%;
2 A +50%, —0%. Max opposing offset voltage; X10
AMPLITUDE switch setting. Max opposing current;
limited at 5 mA to 20 mA.

Tuseheidbli 5



ccuracy — Incremental; within 5% between steps,
qithin 10% with 0.1X MULT. Absolute; within 2% of
otal output including offset, or 1% of AMPLITUDE
setting, whichever is greater. Offset multiplier; 0 to
X10 the AMPLITUDE setting, continuously variable.

Polarity AID(s) or OPPOSE(s) the step polarity.

Step Rates — 0.5X, 1X (NORM), and 2X the collector
supply rate. The collector supply rate is twice line
frequency.

Pulsed Steps — Approx 80 us or 300 us width, at
NORM or 0.5X rates.

Step/Offset Polarity — The STEP GEN polarity is the
same as the COLLECTOR SUPPLY polarity, and posi-
tive in the ac position. Step polarity may be inverted
by actuating the INVERT pushbutton.

Step Family — REPETITIVE or SINGLE FAMILY (man-
ually actuated).

Number of Steps — Digitally selectable between 1
and 10.

DEFLECTION CONTROLS

Display Accuracies — As percentage of highest on-
screen value.

OFFSET and
MAGNIFIED
with CENTERLINE
VALUE from:
NORM and NOR- | 100-40 | 35-15 | 10-0
DC MODES MAL div div div
Vert Collector
Current 3% 2% 3% 4%
Horiz Collector
Volts 3% 2% 3% 4%
Horiz Base Volts 3% 2% 3% 4%
LEAKAGE MODE
Vert Emitter
Current/div:
0 nA-2 mA/div 3% =+
1nA
1 nA-200 uA/div 2% £ |3% £ |4% =
(magnified) 1inA [ 1nA | 1nA
5, 2, 1 nA/div 5% *=
1nA
Horiz Collector or
Base Volts with
Emitter Current/
div of:
>1 uA 3% 2% | 3% | 4%
100, 10, or 1 nA 3% plus NOT APPLICABLE
25 mV/
vert div
200, 20, or 2 nA 3% plus
50 mV/
vert div
500, 50, or 5 nA 3% plus
125 mv/
vert div
VERT STEP 4% 3% 4% 5%
GEN POSITION
HORIZ STEP 4% 3% 4% 5%
GEN POSITION

Vertical Deflection Factor — Collector current is 1
nA/div to 2 A/div, 20 steps in 1-2-5 sequence (0.1
uA/div with X10 magnification). Emitter current is 1
nA/div to 2 mA/div, 20 steps in 1-2-5 sequence. Step
generator is 1 step/div.

Horizontal Deflection Factor— Collector volts; 50 mV/
div to 200 V/div, 12 steps (5 mV/div with X10 magni-
fication). Base volts; 50 mV/div to 2 V/div, 6 steps

(5 mV/div with X10 magnification). Step generator; 1"

step/div.

Displayed Noise — 1% or less or:

RANGE 15V | 75V [ 350V | 1500 V
Vertical—Collector TuA | 1A | 2uA 5 uA
Vertical—Emitter 1inA | 1nA | 2nA 5nA
Horizontal—Base 5mV | 5mV | 5mV 5mV
Horizontal—Collector | 5mV | 5 mV | 20 mV | 200 mV

Calibrator (CAL) — Dc voltage (accurate within 1.5%)
provided to check and adjust vertical and horizontal
gain.

Position Controls — Fixed 5 div increments within 0.1
div. Continuous fine control over 5 div or less.

Display Offset — 21 calibrated positioning increments,
vertically or horizontally, of 0.5 div or 5 div with X10
MAGNIFIER.

CRT and READOUT

CRT — 6% in rectangular with parallax-free, illu-
minated graticule in centimeters. The calibrated area
is 10 cm vertical by 10 cm horizontal (12 cm usable
horizontal). P31 phosphor normally supplied.

Readout — The readouts, adjacent to crt, are digital
indicators of the following parameters: PER VERT
DIV from 1 nA/div to 2 A/div; PER HORIZ DIV from
5 mV/div to 200 V/div; PER STEP from 5 nA/step to
2 A/step, 5 mA/step to 2 V/step; B (BETA) or gm PER
DIV from 1 u to 500 k calculated from CURRENT/
DIV, X10 MAG, STEP AMPLITUDE, and 0.1X MULT.

STANDARD TEST FIXTURE

Description — A plug-in fixture with two sets of 5-
pin test terminals, the EMITTER GROUNDED or BASE
GROUNDED switch, LEFT-OFF-RIGHT switch, STEP
GEN OUTPUT EXT BASE or EMITTER input, and the
OPERATOR PROTECTION BOX. The test terminals ac-
cept either the 6-pin universal adapters, 3-pin adapt-
ers, or the high-power transistor adapters with KEL-
VIN contacts.

OTHER CHARACTERISTICS

Power Requirements — Power Source; operates only
with an unbalanced-to-ground power source. For safe
operation, the power line neutral (white or ‘‘identi-
fied'’ conductor) must be connected to the instrument
neutral (unfused), and the power plug safety ground
(green conductor) must return to ground through a
different path than the power line neutral. Voltage
Ranges; the quick-charge line-voltage range selector
accommodates 90 V ac to 136 V ac or 180 V ac to 272
V ac (six positions), at 48 Hz to 66 Hz line frequency.
Max power consumption is 305 W, standby power is
approx 60 W.

Ambient Temperature — Performance characteristics
are valid over an ambient temperature range of 4 10°
C to +40°C.

Dimensions and Weights

in cm
Height 15.0 38.1
Width 11.5 29.2
Depth 23.0 58.2

Ib kg
Net Weight 70.5 32.0
Shipping Weight =107 ~48.5

576 Curve Tracers

INCLUDED ACCESSORIES

Transistor adapter (013-0098-02), FET adapter (013-
0099-02). TO3 adapter (013-0100-01), TO66 adapter
(013-0101-00), axial lead diode adapter (013-0111-00),
stud diode adapter (013-0110-00), large in-line adapter
(013-0138-00), small in-line adapter (013-0139-00), and
protective cover (337-1194-00).

ORDERING INFORMATION
576 Curve Tracer with Standard
TestFixture ...................... $4825

The 576 Option 1 deletes the parameter readout mod-
ule but maintains provisions for insertion of the mod-
ule # (020-0031-00) at any time.

Ordar Option T o.tisiilidi = siauwe Tasms s Ssies Sub $400

Auto Seal-Factor Readout Module
Order 020-0031-00 ................. $610

OPTIONAL ACCESSORIES

Camera — See Oscilloscope/Camera Adapters chart
in camera section of this catalog.

SCOPE-MOBILE® Cart — Tek Lab Cart Model 3.

OrderModel'3 . . ...« suive s svwmw s sipwms swas s 5w $285
Test Set-up Chart — Package of 250.

Order 070-0970-01 .............ccovurnnennnn. $6.50
172 Test Fixture ......... .. ... .. ...... See page 174
176 Test Fixture! ... cuwes o« s o o See page 175
Socket Adapters: i« v vvw s swmn s weme i 0o See page 180
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Curve Tracers

576/172

Programmable Test Fixture for the 576

The 172 Programmable Test Fix-
ture, when used with the TEK-
TRONIX 576 Curve Tracer, per-
mits the operator to program
a sequence of tests of J FETs,
transistors, and diodes.

The 172 can greatly reduce to-
tal test time in applications
where more than one measure-
ment is made on a batch of
many devices. Without the 172
all devices in the batch must be
repeatedly inserted in the test
fixture, once for every measure-
ment. However, the 172 pro-
grammable test fixture performs
as many as eleven different
tests on each device.

The 172 sequences through the various tests
either automatically or manually. A variable
RATE control is provided for the operator
to set the test sequence at a rate which is
best for him. A new operator requires more
time per test, but with experience he will
want to test at a faster rate. A front-panel
switch or an optional foot switch advances
the test in the manual mode.

CHARACTERISTICS
VERTICAL AND HORIZONTAL AMPLIFIERS

Display Accuracies — The same as the 576 Curve
Tracer with its included Standard Test Fixture.

Vertical Deflection Factor — Test 1 and 2 (Collector
or Emitter Current): 1c, 1 uA to 2 A/div in 20 steps.
Test 3, 4, and 8, 9, 10, 11 (Collector or Breakdown
Current): 1A to 0.5 A/div in 18 steps. Test 5, 6, 7
(Leakage Current): 1 nA to 0.5 A/div in 27 steps. All
steps are in a 1, 2, 5 sequence.

Horizontal Deflection Factor — Test 1: 0.05 V/div to
200 V/div in 12 steps. Test 2 (Base Voltage): 100 mV/
div to 2 V/div in 5 steps. Input Z for test 2, at least
100 MHz at 100 mV/div and 200 mV/div. 1 MQ (within
2%) at 0.5 V/div, 1 V/div, and 2 V/div. Tests 3 and 4
(Collector Voltage): 100 mV/div to 2 V/div in 5 steps.
Test 5 through 11 (Breakdown or Leakage Voltage):
100 mV/div to 50 V/div in 9 steps. All steps are in a
1, 2, 5 sequence.

174

TESTS THAT CAN BE

PERFORMED ON: PROGRAMMABLE
J CAPABILITIES
Test| Xstr FETs Diodes
1* Hre, Ve Vr PEAK CURRENT
Vcelsat) up to 10 A PEAK
VOLTS up to 350 V.
2 Ve Horiz range is 100
mV/div to 2 V/div
(other conditions
same as Test 1).
3 lpss, Base Drive: 100 nA

Hre,
Vcelsat) | Rpslon) to 110 mA. When
testing J FETs the

base terminal is

576
Mainframe —»|

Socket ¥

Adapter '.' )
|

1

172
Programmable
Test Fixture

Collector Sweep Voltage — At least 2 V open circuit,
or 1.5 A short circuit, at 100 mV/div and 200 mV/div.
At least 5 V open circuit, or 2 A short circuit, at 500
mV/div. At least 20 V open circuit, or 150 mA short
circuit, at 1 V/div and 2 V/div.
Current Supply Accuracy — 0.1 4A to 11 mA, accurate
within 2% =30 nA with up to 500 V compliance. 10
mA to 110 mA, accurate within 2% == 30 nA with up
to 50 V compliance. Increments of current are: 0.1 uA
(from 0.1 A to 11 wA), 1 A (from 10 uA to 110 wA),
10 uA (from 100 A to 1.1 mA), 100 xA (from 1 mA to
11 mA), and 1 mA (from 10 mA to 110 mA).
Voltage Supply Accuracy — 1 V to 500 V, accurate
within 3% =300 mV with at least 0.5 mA compliance.
Test Display Time Range (Automatic) —300 ms or
less to at least 2 s continuously variable. Manual op-
eration from a front-panel switch or optional fo
switch. L(
OTHER CHARACTERISTICS
Ambient Temperature — Performance characteristics
are valid over an ambient temperature range of +10°C
to +40°C.

Dimensions and Weights

shorted to the emit- 7
ter terminal. L cm
Collector Sweep: Height w/cover 6.5 16.5
Thue frec angos: Width 7.8 198
peak. Short circuit Depth 12.4 31.4
currents on these
ranges are 1.5 A, Ib kg
et Net weight 1.5 5.2
4 Same as #3. Shipping weight ~18.0 ~8.2
Iceo or Ices, Voltage Supply: 1V Included Accessories — One protective cover, five
Iecxetzm,;?short L‘i,f,%?,?’,ﬁ;;ffe'fage programming cards, 250 programming card pins, five
or resistor ments to 0.5 mA. crt overlay limit cards.
The most sensitive
deflection factor ORDERING INFORMATION
is nA/div. .
172 Programmable Test Fixture . .. .. $2025
6 lcso less Same as #5.
7 e IR Same as #5. OPTIONAL ACCESSORIES
8 | Vier)ceo or Current Supply: 100 Progr i Cards — Package of 25 programming
V(8r)CER With nA to 11 mA dc for cards without pins or limit cards.
external resistor breakdown voltage Order 016019801 .. ..ot e o s ey vy $50

Vr measurements to
500 V. Up to 100
mA dc for break-
down voltage mea-
surements to 50 V.

9 V/(BR)CES Same as #8.
10 | V(sr)cso| BVess Same as #8.
11 V(8R)EBO VR Same as #8.

*All of the test conditions for Test 1 are controlled by
the 576 front-panel controls. Test 2 has the same
conditions as for Test 1 except the horizontal ampli-
fier is connected to the emitter-base terminals, and
the horizontal deflection factor is controlled by the
programming card.

For the remaining tests the only 576 controls that are
functional are the Polarity and crt controls such as
INTENSITY, FOCUS, DISPLAY OFFSET.

Crt Limit Cards — Package of 25 limit cards without
programming cards or pins.
Order 016-0510-01 ...................cooouunnn $24

Programming Pins — Package of 1000 programming
pins without programming or limit cards.
Order 016-0519-01 .................cciuvnnnnnn. $32

Foot Switch — For manually sequencing the program-
med test.
Order 260-1189-01 ......................cccunn $27

Programming Accessories Package — Includes o
programming card, one CRT limit card, and 50 pr
gramming card pins.

Order 016-0518-00 ..............ccoiininiennnnnn. $6
Program Set-up Charts — Package of 250.
Order 062-1615-00 ..................ccovuuueenn. $7

o .l A
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The 176 Pulsed High-Current Fixture pro-
‘ides the 576 Curve Tracer with pulsed col-

ector operation to 200 amps peak and
pulsed base steps to 20 amps peak. The step
offset, when selected, is also pulsed. The
pulsed operating mode allows many tests
previously considered impossible. For ex-
ample, small signal transistors can be test-
ed under pulsed collector breakdown con-
ditions without over dissipation. The 176
test fixture fits in place of the 576 Standard
Test Fixture. The collector pulse is slaved to

Curve Tracers 576/176

Pulsed High-Current Fixture for the 576

the 576 in regard to width and repetition rate.
The pulse width is selected by depressing
the 300 us or 80 us pushbutton on the 576
mainframe (usually, 300 us should be se-
lected). The rep rate is automatically set
when the 176 is inserted in the mainframe.
Rep rate is also dependent on power-line
frequency. The five highest VERTICAL CUR-
RENT/DIV (0.1 A/div to 2 A/div) of the 576
can be multiplied X10 by actuation of the
X10 VERT pushbutton on the 176. This fea-
ture enables viewing of up to a 200 amp peak
display. The five highest STEP GENERATOR
AMPLITUDE base current steps of the 576
(10 mA to 200 mA) can be multiplied X10 by
actuation of the X10 STEP pushbutton on the
176. This feature enables the pulsed base
step generator on the 176 to provide up to
a 20 amp base step (tenth step). Both X10
VERT and X10 STEP pushbuttons provide
inputs to the fiberoptic readout to display
actual values.

CHARACTERISTICS
COLLECTOR SUPPLY (PULSED)

Width — 300 us or 80 us determined by 576.
Repetition Rate — Power-line frequency.
Polarity— + or — determined by 576 polarity control.

Amplitude — Ranges are 15, 75, 350 volts nominal,
controlled by MAX PEAK VOLTS switch on 576. Cur-
rent (minimum available at low line into shorted load)
is 15 V range, 200 A; 75 V range, 40 A; 350 V range,
8 A.

Max Peak Watts — Three illuminated pushbuttons
select 10, 100, 1000 watts max peak power.

576
Mainframe—, |
By ®

Socket
Adapter

176
Pulsed High-Current
Test Fixture

STEP GENERATOR
Current Ranges (X10 STEP selected) — Step-Offset
Amplitude Range is 100 mA to 2 A, 5 steps in a 1-2-5
sequence. Max Current (Steps and Aiding Offset) is
X200 576 AMPLITUDE setting or 20 A, whichever is
less. Max Voltage (Steps and Aiding Offset) is at least
5Vupto 10 Aand 2 V up to 20 A.
576 Offset Multiplier — 0 to X100 576 AMPLITUDE
switch setting.
Step Rate — Power-line frequency.
Pulsed Steps — 300 us or 80 us wide.
Step/Offset Polarity — The STEP GEN polarity is the
same as the COLLECTOR SUPPLY polarity. Step po-
larity may be inverted by actuating the INVERT push-
button.
Accuracy (Current steps including offset) — Incre-
mental is within 5% between any two steps; within
10% with 0.1X STEP MULT. Absolute is within 3%
of total output = 1% of one step or within 3% of
one step, whichever is greater.

VERTICAL AMPLIFIER
Deflection Factor (X10 VERT selected) — 1 A/div to
20 A/div, 5 steps in a 1-2-5 sequence.
OTHER CHARACTERISTICS
Ambient Temperature — Performance characteristics
are valid over a temperature range of 0°C to 440°C.

Dimensions and Weights

in cm
Height 4.6 11.8
Width 7.9 20.0
Depth 11.4 28.9

Ib kg
Net weight 12.8 5.8
Shipping weight 18.0 8.2

Included Accessories — TO-36 adapter (013-0112-00);
stud diode adapter (013-0110-00); protective shield
(337-1194-00).

ORDERING INFORMATION

Order 176 Pulsed High-Current
FIXIUNE: <o i a i 18 51808 e s 5ins o ams $2325




577/177 Curve Tracers

General Purpose System with Storage Display Available

The 577 Curve Tracer System, when used
with the 177 Standard Test Fixture, is a
smaller and lighter configuration that re-
tains many of the important features and
performance of the 576. The 577 also ac-
cepts the 178 Linear IC Test Fixture. The
major features that separate the 577 from
the 576 are storage and the emphasis on
low current measurements.

176

The 577’s storage crt may be used to over-
lay the characteristic curves of one device
on top of the stored characteristics of an-
other. Dot displays (generated during high
current pulsed testing or during very low
current testing under dc conditions) can be
transformed into complete characteristic
curves by simply moving them across the
crt while in the Storage Mode. A good
example of a dot display occurs in Op Amp
testing because the open-loop 3-db band-
width of many Op Amps is so low that the
curves must be plotted slowly. Linear ICs
such as Op Amps may be tested with the
577 by using the 178 linear IC Test Fixture
(see page 178).

In the 577/177 Curve Tracer System several
features facilitate low current measurements;
they include: small current sensing resistors
(which result in less capacitive looping),
current sensing that always takes place in

577

Socket
Adapter

177
Standard
Test Fixture

the Collector Supply lead (which permits
measurements on three terminal active d
vices at the lowest current ranges an
eliminates the need for a correction to the
horizontal deflection factor), and a display
filter (which reduces vertical deflection
noise).

Although the 577/177 Collector Supply has
lower power capability (the 576 can deliver
approximately 2.2 times as much power to
the device under test), approximately the
same test current is available, 10 A con-
tinuous peaks at line frequency. The 577/
177 provides its highest currents at a lower
voltage than does the 576.

Other innovations in the 577/177 Curve
Tracer are an emitter-base breakdown posi-
tion on the lead selector switch, availability
of approximately 95 steps from the Step
Generator, an uncalibrated bias supply, in-
dependent magnifiers that increase resolu-
tion on either or both crt axes, and a beam
finder.

N



CHARACTERISTICS

.AII characteristics are for the 577 Curve Tracer main-
frame operating with a 177 Standard Test Fixture.

COLLECTOR SUPPLY
Modes — Five modes of Collector Supply operation
are selectable. These are: ac at line frequency, posi-
tive full wave rectified, negative full wave rectified,
positive dc, or negative dc.

Voltage — The voltage is variable to the max peak
volts selected.

Max Peak Volts |6.5V | 25V | 100 V | 400 V |1600 V
Open Circuit

Continuous
Current, Peak 10A | 25A | 0.6 A|0.15A | 0.04 A
Peak Pulse
Current 20 A 5A |1.25A|0.30A | 0.08 A

Series Resistance — 14 values from 0.12 Q to 8 MQ.
Coupling of series resistance and voltage controls
maintains max peak power to the device-under-test
when changing voltage ranges.

Safety Interlock — Protects operator from 100-, 400-,
and 1600-volt ranges. Momentary button provides for
overriding interlock.

STEP GENERATOR

Current Mode — Step amplitude range is 5 nA/step
(with STEP X0.1) to 200 mA/step, in a 1-2-5 sequence.
Available current is at least 2A on the highest ampli-
tude setting with 5 volts or more compliance. For
opposing offset, available current is at least 10 mA
with voltage limited between 1 V and 5 V.

Voltage Mode — Step amplitude range is 5 mV/step
(with STEP X0.1) to 2 V/step, in a 1-2-5 sequence.
Current is limited between 100 mA and 200 mA. For
opposing offset, available current is at least 10 mA
(at 0 volts) derating to 0 mA at 20 volts.

Accuracy — Incremental; within 2% between steps.
Absolute; within 3% of total output or AMPLITUDE
setting, whichever is greater. When STEP XO0.1 is
actuated the absolute step accuracy is 4%.

Step Rate — Selectable at 1X (SLOW), 2X (NORM), or
4X (FAST) line frequency.

Pulsed Steps — Steps can be gated for a duration of
approx 300 us for testing at low duty cycle.

Step/Offset Polarity — With NORM POLARITY se-
lected the Step Generator polarity is the same as the
Collector Supply polarity, and positive in the ac
position. Polarity can be independently inverted with
STEP/OFFSET POLARITY control or from the test
fixture.

Offset — The amplitude of the entire set of steps can
be offset in a continuously variable and calibrated
manner to either AID or OPPOSE steps. Max range
of offset is 10 full-amplitude steps.

Step Family — Repetitive or single family.

Number of Steps — Selectable from 1 to 10 full-am-
plitude steps. Selectable up to approx 95 steps when
using STEP X0.1 multiplier.

DEFLECTION CONTROLS

Display Accuracies — As a percentage of highest on
screen value.

577/177 Curve Tracers

OTHER CHARACTERISTICS

Power Requirements — 100, 110, 120 Vac or 200, 220,
240 V ac all within #=10%. 50 to 60 Hz, 155 watts max
at 110 V ac and 60 Hz.

Display Mode Normal Magnified Ambient Temperature — Performance characteristics
i i t t 10°
Vert Collector Current 3% =*=1nA 4% *=1nA :iio\;aéld ovgrianjiamblentitemperatire Tof ;-10°C o
Horiz Collector Volts 3% 4% Di . and Weights
Horiz Base Volts 39 49
% % 577/D1 or 577/D2 177

Horiz Step Gen 4% 5% in cm in cm

. . Height 19.8 50.3 4.0 10.2
Vertical Deflection Factor — Collector current is 2
nA/div to 2 A/div, 28 steps in 1-2-5 sequence (0.2 Width 8.8 22.4 7.9 20.1
nA/div to 0.2A/div with x10 magnification). Depth 23.0 58.4 6.0 15.2
Horizontal Deflection Factor — Collector volts; 50 b kg b kg
mV/div to 200 V/div, 12 steps in a 1-2-5 sequence (5 Net
mV/div to 20 v/div with X10 magnification). Base Weight 40 18.1 25 1.1
volts; 50 mV/div to 2V/div, 6 steps in a 1-2-5 se- oo
quence (5 mV/div to 0.2 v/div with X10 magnification). pping

g il

Step generator; 1 step/div (0.1 step/div with X10 Weight 50 2 6

magnification).

Automatic Scale Factor Readout — Change in deflec-
tion factor is indicated by lights behind the knob
skirt when using X10 MAG.

Automatic Positioning — Trace (or spot) is automatic-
ally positioned when Collector Supply polarity is
changed when using the 177.

Display Invert — Single control inverts display and
repositions trace.

Display Filter — Selectable low pass filter reduces
vertical noise for easier high sensitivity measurements.

CRT

Crt — Rectangular 6% in with an 8 x 10 div (1.27
cm/div) parallax-free internal graticule. Two display
modules are available for the 577. The D1 display
unit has a split-screen storage crt with phosphor
similar to P1. The D2 display unit has a nonstorage
crt with P31 phosphor. Accelerating potential is 3.5
kV.

Beam Finder — Compresses off-screen trace to within
graticule area.

177 TEST FIXTURE

Device Lead Selection — Switch provides six differ-
ent lead configurations. Three positions for EMITTER
GROUNDED measurements provide STEP GEN, OPEN
(OR EXT) and SHORT base terminal connections. Two
positions for BASE GROUNDED measurements pro-
vide STEP GEN and OPEN (OR EXT) emitter terminal
connections. One position provides for EMITTER
BASE BREAKDOWN or leakage measurements up to
25 volts.

Left-Right Switch — Selects left or right test connec-
tions. Off in center position. Test connection area
accepts all TEKTRONIX Curve Tracer adapters and
protective cover. Kelvin connections are provided
for emitter and collector terminals.

Looping Compensation — Reduces display loops due
to test adapter capacitance and some device capaci-
tance.

Variable Voltage Supply — Continuously variable bias
supply from —12 V to 412 V. Source resistance is
10 k@ or less.

Note: When the 577 and 177 are ordered together
their combined shipping weight is: domestic ~53 Ib
or ~24 kg.

INCLUDED ACCESSORIES

Transistor adapter for most bipolar-transistors and
some MOS FETs (013-0098-02), axial lead diode adap-
ter with Kelvin sensing terminals (013-0111-00), pro-
tective shield for test connection area (337-1194-00).

ORDERING INFORMATION
577/D1 Storage Curve Tracer

Mainframe ....................... $2625
577/D2 Nonstorage Curve Tracer

MaINTFAME -5 v s e wws s gis s 608 5 $2300
177 Standard Test Fixture........... $500
Option 10, 10 x 10 cm Graticule; available with either
storage or nonstorage mainframe........... Add $35

OPTIONAL ACCESSORIES

178 Linear Test Fixture; see following page for com-
pléte desSCription . wwwis wwvs s vewms v sams a e $1325

Camera — C-5A, see pg 225 for complete description

SCOPE-MOBILE® CART — Tek Lab Cart, Model 3
(see pg 262)
Order MODEL 3ui.s v v sipars s simareis 5s avens sisvrare $285

Test Set-up Chart — package of 250
Order 070-1639-00 ................covunnnnn. $7.50

Device Adapter Sockets: see pages 180 & 181 for
complete description.
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577/178 Curve Tracers

A Linear IC Test Fixture for the 577

Tests Single, Dual, or Quad:

Operational Amplifiers
Comparators
Differential Amplifiers
Regulators

and More

Since linear ICs are typically tested under
very low current conditions, the 577/178
Curve Tracer System is ideally suited to the
task. The 178 linear IC Test Fixture provides
the necessary accurate low current mea-
surement capability, Test Cards set up the
measurement function, and the 577’s stor-
age crt allows the operator to transform

178

the dot display (usually seen under low cur-
rent dc conditions) into a complete charac-
teristic curve by slowly sweeping the dot
across the crt while in the Storage Mode.

A 577/178 Curve Tracer System is com-
posed of a 577 mainframe, 178 Linear IC
Test Fixture, appropriate Test Cards (choose
from three Op Amp Cards and two Regulator
Cards), and the proper Socket Adapter (see
page 181) that interfaces the system to the
device-under-test.

Test Cards, which slide into the 178, define
the measurement function of the 178 Test
Fixture. Two families of Test Cards are avail-
able: Op Amp Cards and Regulator Cards.
Op Amp Cards are used for testing standard
and special Op Amps, Comparators, Differ-
ential Amplifiers, Video Amplifiers, etc. Reg-
ulator Cards are used for testing positive and
negative three terminal voltage regulators.

577
Mainframe

dut’

Socket
Adapter

178
Linear IC
Test Fixture

OP AMP CARDS
There are three types of Op Amp Cards: the
Standard Op Amp Card, Hardwire Card, and
the Multiple Op Amp Card.

The Standard Op Amp Card is designed to
test devices that require single or dual
power supplies, have two (differential) high-
impedance inputs, and a single output. Com-
mon measurements include: offset voltage,
positive and negative input current, cmrr,
gain, positive and negative psrr, positive
and negative supply current, and collector
supply current.

¢

bbb bt



he Hardwire Card is designed for those
pplications where there is an advantage in
preparing individual cards for specific de-
vices so that they may be quickly switched
to accommodate a change in the type of de-
vice-under-test. The Hardwire Card also
offers a greater degree of freedom to the
knowledgeable designer in testing special
devices.

The Multiple Op Amp Card allows the op-
erator to test up to four Op Amps in a single
package by simply operating a four-position
switch. The four-position switch selects the
Op Amp (in a multiple Op Amp package) or
the section of a linear IC to be tested. The
measurements performed are the same as
those available with the Standard Op Amp
Card.

Socket Adapters for Op Amp Cards — The
device-under-test socket on the Standard
and Multiple Op Amp Cards accepts several
types of socket adapters using the Amphe-
nol-Barnes adapter system. This system
accepts most of the standard package con-
figurations (T05, DIP, flat pack, etc.). Sock-
ets for these cards are shown on page 181.

REGULATOR CARDS

There are two types of Regulator Cards,
positive and negative. These cards are used
primarily in measuring parameters of three-
terminal voltage regulators. Parameters
measured include: output voltage, load
regulation, line regulation and ripple regu-
lation, and quiescent and common terminal
current.

Socket Adapters for Regulator Cards —
Socket adapters for both positive and nega-
tive three terminal regulators are the same
as the Kelvin Sensing Sockets used on the
standard curve tracer (see page 181).

CHARACTERISTICS

VERTICAL
DEFLECTION NORMAL MAGNIFIED
(1-2-5 Sequence)
Input Voltage or 10 wV/div 1 uV/div
A Input Voltage to 50 mV/div | to 5 mV/div
Accuracy 3% 4%
Input Current 50 pA/div 5 pA/div

to 0.2 mA/div | to 20 pA/div
Accuracy 3% =50 pA 4% =50 pA
Power Supply 0.1 uA/div 10 nA/div
Current to 50 mA/div | to 5 mA/div
Accuracy 3% *0.1 uA | 4% 0.1 pA
Collector Supply 1 nA/div 0.1 nA/div
Current to 50 mA/div | to 5 mA/div
Accuracy 3% =*=1nA 4% ==1nA

Accuracies are a percentage of highest on-screen
values.

Power Supplies — Positive and negative supplies are
adjustable from 0 to 30 volts; available current is at
least 150 mA with adjustable current limiting. The
voltage of both supplies can be adjusted from a
single calibrated control; accuracy is 2% =100 mV.
Negative supply can be independently adjusted by an
uncalibrated control.

Sweep Generator — A sinusoidal signal controls the
output, common mode input, or the power supply
voltages of the device-under-test. The frequency is
adjustable from 0.01 Hz to 1 kHz; amplitude is ad-
justable up to 30 volts peak.

Source Resistance — Four input resistor pairs select-
able, 65 Q, 10 k2, 20 k2, and 50 k2, or external resis-
tors may be used. When the vertical deflection factor
is in one of the less sensitive positions, 1 mV through
50 mV/div, the input resistance values are 400
greater.

Load Resistance — Six selectable load resistors,
100 Q, 1 kQ, 2 k2, 5 k2, 10 k2, 20 k®?, and 50 kQ, or
external resistors may be used.

Collector Supply — The 25 V and 100 V ranges of the
Collector Supply (located on 577 mainframe) are
available to the 178 test fixture. Supply output is
located on the 178 front-end panel and on the device
card. Automatic positioning with supply polarity is
inoperative when using the 178 test fixture. (See 577/
177 characteristics for Collector Supply performance.)

Step Generator — All the capabilities of the Step
Generator (located on 577 mainframe) are available
to the 178 test fixture. Generator output is located
on the 178 front-end panel and on the device card.
(See 577/177 characteristics for Step Generator per-
formance.)

DUT Supplies Disconnect — A single switch discon-
nects all power to the device-under-test: both plus
and minus power supplies, Collector Supply, and
Step Generator.

Function Switch — Selects vertical and horizontal de-
flection signals and connection of the test signal to
the device under test.

Zero — Single pushbutton provides a zero reference
to the crt display and, in certain functions, nulls out
offset voltage in order to measure A input V on the
vertical display axis.

178 Linear IC Test Fixture

THREE TERMINAL REGULATOR
TEST CARD CHARACTERISTICS
Device under Test Input Supply

INPUT VOLTAGE — Two ranges, 0-30 V and 0-60 V.
0-30 V is within #=2% =200 mV of dial setting, and
0-60 V is within #=2.5% =300 mV of dial setting.

REGULATION — Within 200 mV.

INPUT SWEPT FREQUENCY — Dc to 1 kHz.
300 us PULSED CURRENT — 5 mA to 2 A.

SHORT DURATION DC CURRENT (One minute) —

Supply Voltage Current
0-10 700 mA
10-20 350 mA

20 - 40 300 mA

40 - 60 120 mA

Device under Test Current Load — 5 mA to 2 A with-
in =3% of 0 to 1.25 mA.

Device under Test Comparison Output Dc Voltage
Accuracy — 0-10 V range within ==1% =£20 mV; 0-100
V range within ==1% %150 mV.

OTHER CHARACTERISTICS

Di i and Weight

in cm
Height 4.5 11.4
Width 7.9 20.1
Depth 7.8 19.8

Ib kg
Net Weight 3.3 1.5
Shipping Weight 8 3.6

Included Accessories — Dual-in-line 16 pin IC socket
(136-0442-00). Standard Op Amp Card with cover and
ten patch cords (013-0149-00), interchangeable no-
menclature panel for function switch (333-1770-00).

ORDERING INFORMATION

178 Linear IC Test Fixture.......... $1325
Standard Op Amp Card — (One included with 178)
Order 013-0149-00 . : +vce & s swan s swwes s vwes v o $100
Hardwire Card

Order 013-0150-00 ..............ccovvivinn... $75
Multiple Op-Amp Card (013-0155-00)........... $200
Positive Regulator Card

Order 013-0147:000 5. » dwrsvan « wiwravers wrosmms swsre s o $300
Negative Regulator Card

Order 013-0148-00 ........................... $300




Socket Adapters

DUAL WIDTH ADAPTERS

The following accessories fit the side-by-side terminals on test
fixtures of the 576, 576/172, and 577/177 Curve Tracers.

A. Transistor Adapter — Useful for most single and dual bipolar
transistors and some MOS FETs.
Order (013-0098-02) . ... ..........ciiriiieireennnnnnnnn. $55

B. FET Adapter — Useful for most single and dual FETs.
Order (013-0099-02) .. ............. it $55

C.Long Lead Transistor Adapter — Accepts dual or single tran-
sistors with untrimmed leads.
Order (013-0102-00) .. ...........viirieriineninennennns $44

D. Long Lead FET Adapter — Accepts dual or single FETs with
untrimmed leads.
Order (013-0103-00) .. ...........cotiiriniinnnnnnnn.n. $44

E. Integrated Circuit Adapter — Allows connection to multipin
device packages. The appropriate multi-lead socket is plugged
into the integrated circuits adapter. The pins are then connected
to the collector, base, or emitter terminals by means of the patch
cord. A tie point is also provided so that an external power supply
or signal source may conveniently be patched to the IC pins.
Order the appropriate multi-lead Socket listed separately.

Order (013-0124-01) Includes 8 each 4-inch test leads. . ... .. $90
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KELVIN SENSING ADAPTERS

The following accessories fit the test fixtures of the 576, 576/172,
576/176, and 577/177 Curve Tracers.

A. Transistor Adapter — Accepts long or short transistors. Can be
rewired to accommodate nonstandard configurations.
Order (013-0127-00) ... .......coviiiiieienneennannannnnn $27

B. Large In-Line Adapter — Accepts large transistors with in-line
leads. Approx spacing between terminals is 0.18 inch. It is wired
for a B-C-E terminal configuration but may be easily rewired for
the C-B-E configuration.

Order (013-0138-00) .............cvviiirnvnenninenenons $30

C. Small In-Line Adapter — Accepts small transistors with in-line
leads. Approx spacing between terminals is 0.09 inch. It is wired
for a B-C-E terminal configuration but may be easily rewired for
the C-B-E configuration.

Order (013-0139-00) ............cvvviunvnninnnennennnnn $30

D.TO36 Adapter — Order (013-0112-00) .................. $27

E. TO3 Adapter — Can be rewired to accommodate nonstandard
configurations.

Order (013-0100-01) .............ccoiniiiiiiennnnnnnnn. $27
F. TO66 Adapter — Order (013-0101-00) .................. $27
G. Axial Lead Diode Adapter — Order (013-0111-00)........ $27
H. Stud Diode Adapter — Order (013-0110-00)............. $27

l. Blank Adapter — For mounting special sockets.
Order (013-0104-00) ..............c.ovviirinennnneennnn $14

J. Power Transistor Adapter —
Order (013-0163-00) (notshown) ......................... $32



3 PIN ADAPTERS

The following accessories may be used with any of the TEK-
TRONIX Curve Tracer products. They do not have Kelvin sensing
contacts.

A. Long Lead Transistor Adapter — Order (013-0069-00). . .$12.00
B. TO5 or TO18 Transistor Adapter — Order (013-0128-00) $15.00

C. Blank Adapter — For mounting special sockets.
Order (013-0073-00) . .............coviimniennnnnnennnn.. $7.00

D. TO3 or TO66 Transistor Adapter — Order (013-0070-01) $14.50

E. Diode Test Adapter — Holds axial-lead diodes.
Order (013-0072-00) ................civuniiaennannnnnn. $10.75

F. Diode Test Adapter — Magnetically holds steel axial-lead di-
odes.
Order (013-0079-00)

Socket Adapters

MULTI-LEAD SOCKETS

These sockets are used with the integrated Circuits Adapter
(013-0124-01) listed under Dual Width Adapters, and with the 178
Test Fixture.

A. 8 lead TO package — Order (136-0444-00) .............. $15
B. 10 lead TO package — Order (136-0441-00) ............. $16
C. 14 lead dual-in-line package — Order (136-0443-00) ... ... $11
D. 16 lead dual-in-line package — Order (136-0442-00) . ..... $11

(These four sockets are the most commonly required in curve
tracer applications. Additional socket configurations, including
zero insertion style, are available from Amphenol Sales Division,
2875 South 25th Avenue, Broadview, lllinois 60153, OR from Tex-
tool Products, Inc., 1410 W. Pioneer Dr., Irving, TX 76061.)
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5CTIN
7CT1IN

Curve Tracer

Tests Semiconductor Devices
to0.5W

10 nA/div to 20 mA/div Vertical
Deflection Factors

0.5 V/div to 20 V/div Horizontal
Deflection Factors

Easy to Operate

The 7CT1N Curve Tracer is a plug-in unit
for use in TEKTRONIX 7000-Series Oscillo-
scope Systems and the 5CT1N Curve Tracer
is a plug-in unit for use in TEKTRONIX 5000-
Series Oscilloscope Systems. Both are for
displaying characteristic curves of small-sig-
nal semiconductor devices to power levels
up to 0.5 watts. The plug-ins operate in a
vertical compartment of the respective main-
frames. The 7CT1N also operates in the hor-
izontal compartments of the 7000-Series Os-
cilloscope Systems.

CHARACTERISTICS
COLLECTOR/DRAIN SUPPLY

X1 X10
Horizontal
Volts/Div 0 2 > 2
Voltage Range | 0-7.5V|0-30V| 0-75V | 0-300V
Maximum
Current 240 mA [60mA | 24 mA | 6 mA

Max Open Circuit Voltage — Within #=20%. Max short
circuit current, within 30%.

Series Resistance — Automatically selected with hori-
zontal volts/div switches. Peak power is 0.5 W or
less, depending upon control settings.

High Voltage Warning — When the horizontal volts/
div switch is in the X10 position, a flashing warning
light appears on the front panel indicating that dan-
gerous voltages may exist at the test terminals.
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Plug-ins for the 5000 and 7000 Series Oscilloscopes

DISPLAY
POSITION o
o

5CTIN

COLLECTOR/DRAIN
VOLTS

VERTICAL
AMPERES /DIV

STEP OFFSET
PULL ON
OPPOSE AlD

WARNING

5CT1IN CURVE TRACER

STEP GENERATOR

Transistor Mode — Step amplitude range is 1 uA/step
to 1 mA/step, 1-2-5 sequence. Max current (steps
plus aiding offset) is X15 amplitude setting. Max volt-
age (steps plus aiding offset) is at least 13 V. Max op-
posing offset current is at least X5 amplitude setting.

FET Mode — Step amplitude range is 1 mV/step to
1 V/step, 1-2-5 sequence. Voltage amplitude (steps
plus aiding offset) is X15 amplitude setting, 13 V
max. Source impedance is 1 k2 = 1%.

Accuracy — Incremental; within 3% between steps.
Absolute; within = (3% - X0.3 amplitude setting).

Step Polarity — The step generator polarity is the
same as the collector/drain supply in the transistor
mode and opposing in the FET mode.

Number of Steps — Selectable in one-step increments
between 0 and 10.

Offset — Selectable from 0 to 5 steps. Polarity aids
or opposes the step polarity.

Vertical Deflection Factors — 10 nA/div to 20 uA/div
with the =—1000 control activated. 10 #A/div to 20 mA/
div in the X1 mode.

Vertical Display Accuracy — Within 5% in the X1
mode. Within 5% =0.2 nA per displayed horizontal
volt when in the —=-1000 mode.

Horizontal Deflection Factors — Selectable: 0.5 V,
2V,5V,or20V.

5CT1N Horizontal Display Accuracy — Within 5% plus
the deflection factor accuracy of the plug-in being
driven. The plug-in would be a vertical or horizontal
amplifier (such as the TEKTRONIX 5000-Series Plug-
ins) with a 50 mV/div deflection factor and an input
R of at least 50 k@ and would be used in the hori-
zontal compartment of the 5000-Series Oscilloscope
mainframe.

7CTIN

PLUG-IN
COMPARTMENT
POilYlﬂN i

i
woriz  VERT

VERTICAL
AMPERES/DIV

STEP OFFSET
PULL ON
0PPOSE AID

EXT HO
WARNING ORVERT OUT

@
DANGEROUS

VOLTAGES
AT TERMINALS 100mv/DIV.

TEKTRONIX &

CURVE TRACER

| 7CTINg

7CT1N Horizontal Display Accuracy — Within 5% plus
the deflection factor accuracy of the plug-in being
driven. The plug-in would be a vertical or horizontal
amplifier (such as the TEKTRONIX 7000-Series Plug-
ins) with a 100 mV/div deflection factor and an ‘mpu;,
R of at least 50 kQ and would be used in the horizor,

tal compartment of the 7000-Series Oscilloscope-
mainframe.

OTHER CHARACTERISTICS

Ambient Temperature — Performance characteristics
are valid from 0°C to +50°C.

5CTIN 7CTIN
Dimensions in cm in cm
Length 12.0 30.5 14.5 36.8
Width 2.6 6.6 2.8 il
Height 5.0 12.7 5.0 12.7
Weight Ib kg Ib kg
Net 1.8 0.8 2.5 11
Shipping 4 1.8 6 2.7

Included Accessories — Test Adapter (013-0128-00)
with two sets of test terminals, one with TO-5 basing
and the other with TO-18 basing.

Order 5CT1N Curve Tracer. .......... $600
Order 7CT1N Curve Tracer. .......... $720

For optional accessories see 3 pin adapters on page
181.



Spectrum Analyzers

=93d3m  232775KHZ

New 7L5 above shows overlay of the peak-average noise display capability.

20 years ago the spectrum analyzer was a
laboratory curiosity. Today the modern spec-
trum analyzer may well be one of the most
powerful tools available to the electronics
industry.

Early spectrum analyzers were nothing more
than indicators, giving a representation of

frequency and amplitude. Often called pan-
oramic indicators, these early units were
used with radio receivers to show other sig-
nals close to the one being received. The
introduction of the amplitude calibrated
spectrum analyzer 10 years ago triggered
the development of the instrument into the
measurement tool it is today.




Spectrum Analyzers
0to 100 kHz

5L4N

"~ wdB/mIy

©

SPAN / DIV (Hz)
500

5L4N SPECTRUM ANALYZER

The 5L4N is a 0- to 100-kHz spectrum ana-
lyzer that offers both high performance and
economy. The analyzer features selectable
input impedances, 80 dB of dynamic range,
and a built-in tracking generator.

This analyzer is especially suited for noise
and distortion studies in the audio range and
comes equipped for 20 Hz to 20 kHz log
sweeps.

Selectable Impedance

Calibrated Appropriate to Impedance
Selected

Single-Ended Input

Differential (Balanced) Input
Dynamic Range 80 dB (Full 8 div)
Intermod >70 dB Down

Resolution Bandwidth 10 Hz to 3 kHz
Auto Resolution

Built-in Tracking Generator
20 Hz to 20 kHz Log Sweep*

A dual-trace oscilloscope and analyzer display of
frequency response using the 5L4N in a 5103/D11
Mainframe with 5A15N Vertical Amplifier.

*100 Hz to 100 kHz also available.

What Is A Spectrum Analyzer?

A spectrum analyzer draws a graph, theo-
retically little more. This graphic representa-
tion has 2 axes: frequency and amplitude,
much as an oscilloscope graphs time and
amplitude.
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Oscilloscope Graph

T

Amplitude

TiMe  m—

Spectrum Analyzer Graph

!

Amplitude

A

Frequency =3

Fig 1. Difference between Oscilloscope Dis-
play and Spectrum Analyzer Display.

Various display modes are available such
as Log and Linear amplitude, and various
frequency spans can be selected.

Basically a spectrum analyzer is a tuned re-
ceiver, with selectable frequency ranges and
spans, selectable IF bandwidths, and a lin-
ear or log detector — all coupled to a cath-
ode ray type display.
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Gzany educators prefer this economical ana-

‘ er to teach frequency related theory and

demonstrate practical application in the
areas of speech, sound, music, vibration,
audio, broadcasting, and many others.

The 5L4N can be used with any 5000-Series
Oscilloscope Mainframe. Only two compart-
ments are occupied by the analyzer so that,
with the addition of a vertical plug-in, basic
oscilloscope functions may be obtained. We
recommend the use of a 5111 Storage Os-
cilloscope for maximum utilization of the
analyzer.

FREQUENCY CHARACTERISTICS

Range — 0 to 100 kHz. Accuracy =*3 kHz (fine tune
control midrange and span/div calibrated for 10 kHz).

Resolution Bandwidth — The resolution bandwidth is
continuously variable from 3 kHz to 10 Hz. An AUTO
mode provides the best resolution for the frequency
scan and sweep rate selected. Signal level change
over the resolution bandwidth range is 2 dB or less.
Line frequency modulation of 50 Hz or more can be
resolved up to 70 dB below the signal level. In the
log sweep mode the resolution bandwidth changes
with frequency giving an effect similar to octave band-
width sweeps.

Stability — Within 30 Hz over a 10 min period, at a
fixed ambient temperature.

Incidental FM — 2 Hz (p-p) or less.

AMPLITUDE CHARACTERISTICS
Reference Level Range —

og 10 dB/div:
m —10 dBm/dBV to —70 dBm/dBV, within 0.4 dB/

dB to max of 1 dB at —70 dBm/dBV.

Log 2 dB/div:

from —10 dBm/dBV to —130 dBm/dBV within 0.4 dB/
10 dB to max. 1.0 dB at —70 dBm/dBV and 2 dB at
—130 dBm/dBV.

Linear:

from 50 mV/div to 20 nV/div within 5% decade.

Cw Sensitivity (Signal Level + Noise — 2X Noise) —
The following characteristics are applicable with the
input internally terminated, or with a 600 Q or less
source impedance.

Resolution Bandwidth
Display Mode 3 kHz 10 Hz
dBV —123 dBV —147 dBV
dBm 50 —110dBm —134 dBm
dBm €00 —121 dBm —145 dBm
LINEAR 680 nV 45 nV

Flatness (20 Hz-100 kHz) — Flatness remains within
=+0.2 dB, over any selected frequency span, with
respect to the level of —40 dBV signal at 5 kHz. In-
termodulation Distortion — with two signals, within
any frequency span, that are less than or equal to
the reference level :

—10 dBm/dBV
< —20 dBm/dBV

>70 dB down
>75 dB down

Internal Spurious Signals — Equal to or less than
—130 dBm/dBV referred to in the input. Line related
spurii less than —120 dBm/dBV.

Dynamic Range — 80 dB (8 div).

INPUT CHARACTERISTICS

Selectable impedance — 1 megohm/47 pF or 600 Q
or 50 © (single-ended or differential).

Differential Input Characteristics — Full screen limit
is approx 300 mV to 400 mV. Common mode rejection
ratio is 70 dB or more.

Single Ended Input Characteristics — Max single in-
put for linear operation: —10 dBm/dBV or 0.316 V
rms.

SWEEP CHARACTERISTICS

Linear Frequency Span — 20 Hz/div to 10 kHz/div,
10-5-2 sequence. 4% accuracy.

Log Frequency Span — 100 Hz to 100 kHz internally
reprogrammable to 20 Hz to 20 kHz.

Zero Frequency Span — Analyzer operates as a fixed
tuned receiver for time-domain displays.

Internal Sweep sources — Time base 1 s/div to 1
ms/div (increased up to 10X with multiplier).

Triggering — Internal at least 0.1 div, External at
least 250 mV. Slope and level selection are provided.
Auto Trigger provides a sweep baseline when a trig-
ger signal is absent. Single sweep provided.

5L4N Spectrum Analyzer

Manual Sweep — Provided.

External Sweep — Require 0 V to 500 mV =50 mV;
from a 1 kQ or less source to sweep the full span.

OUTPUT CONNECTIONS
Tracking Generator — 600 Q source. Calibrated out-
put level is —40 dBV *0.2 dB (10 mV) open circuit,
or —46 dBV when terminated into 600 Q. Output
level can be varied from approximately .001 volt to
0.1 volt open circuit.

5 kHz Freq Comb — 600 © source of 5 kHz. +.005%,
markers for span calibration.

Video Out — provides 250 mV 5% of video signal
per display division (0 V to 2 V). Source impedance is
about 1.0 k.

Ext In/Out — Provides 500 mV =25 mV, per div of
span, from 0 to 5 volts, when using internal or man-
ual sweep.

ORDERING INFORMATION
5L4N Spectrum Analyzer ........... $2350

We recommend that the Plug-in 5L4N be
ordered with a storage mainframe.

5111 Storage Oscilloscope,
Order 5111 (Cabinet) .............. $1250

R5111 Storage Oscilloscope,
Order R5111 (Rackmount) ........ $1250

OPTIONAL PLUG-INS FOR TIME DOMAIN USE
5A15N Single Trace Amplifier.................. $145
5B10N Time Base Amplifier.................... $225

OPTIONAL ACCESSORIES
175-1178-00 BNC to PIN Jack Adapter Cable. ..... $21
010-0160-00 10X Probe P6006 (6 ft) .............. $38
016-0195-00 Blank Plug-in Panel............... $7.50
013-0076-00 BNC to Alligator Clip Adapter......... $9

Why Use A Spectrum Analyzer?

Many measurements now performed by more
cumbersome and time consuming means
can be best performed with the spectrum
analyzer. Measurements of waveforms, dis-
tortion, signal to noise, and amplitudes of
complex components are easy with spec-
trum analysis.

The communication industry was first to take
advantage of the spectrum display machines
because there was just no other way to work
with the higher frequencies involved.

In the past, spectrum analyzer cost and
complexity encouraged use of the oscillo-
scope, not only for time domain measure-
ment, but in areas where the spectrum ana-
zer is 10-, 100-, or even 1000-times more
werful. Some industries developed so
any specialized instruments for measure-
ments not then feasible by other means that
they have not yet been able or willing to
generally apply modern instrumentation.
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Fig 2. Simplified Block Diagram of a Modern Swept Front-End Three Knob Spectrum Analyzer.
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Spectrum Analyzers
100 kHz to 1800 MHz

7L12

START CENTER  MARKER

VERT FOS

®

SPECTRUM ANALYZER

L2

The 7L12 Spectrum Analyzer is a modern,
high performance, swept front end type of
analyzer covering the frequency range up
to 1.8 GHz. The unit employs phase lock
stability and an ample selection of resolu-
tion bandwidths in an economical field or
laboratory instrument.

The unit has a 3 MHz resolution mode for
accurate measurement of pulse phenomena;
the zero-span mode may be used to present
a demodulated display of a signal for time
domain measurements. A 4:1 resolution
bandwidth shape filter introduced by TEK-
TRONIX permits close-in measurements not
possible with conventional filters. Noise

VARIABLE (CAL 1N}
TIME/DIV

measurements are also easily made due to
the high sensitivity, video filters, and equiva-
lent resolution and noise power bandwidth
of the instrument.

The 7L12 fills two holes in any 3- or 4-hole
7000-Series Mainframe and features a com-
plete time base so that other oscilloscope or
time domain plug-ins may be used simulta-
neously. As with all 7000-Series Plug-ins,
CRT READOUT will display the major pa-
rameters. For the 7L12, these include: refer-
ence level, dB/div, frequency span, and
resolution.

100 kHz to 1800 MHz in One Display -
Fully Calibrated Displays b
300 Hz to 3 MHz Resolution

4:1 Resolution Bandwidth Shape Factor

70 dB Dynamic Range

IM Distortion 70 dB below Full Screen

Spurious Free Operation

Automatic Phase Lock
—115 dBm Sensitivity

The 7L12 is shown in a 7613 Variable Persistence
Mainframe connected to the AM-511 vhf preamplifier
for extra sensitivity.

Spectrum Analyzer Applications

The audio industry offers good examples.
Many distortion measurements have been
adopted over the past 25 years to analyze
the performance of audio equipment. These
distortions include harmonic distortion
(THD), intermodulation distortion (CCIF,
SMPTE, BELL, IHFM, etc), and crossover
distortion, among the more common stan-
dards. Many specialized test sets have been
built to measure each of the different distor-
tions via the many standards. Yet each dis-
tortion can be measured by studying the
components of the waveforms. The modern
spectrum analyzer such as the 5L4N can
analyze these components and measure any
existing (or new) standard. In addition it
can measure frequency response, signal to
noise and virtually any other parameter used
in the audio industry.* And the answers not
only come out as a number, but also as a
picture.

*Audio cookbook available
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Fig 3. 5L4N Display of the SMPTE Standard
Audio Distortion Test.

The picture tells you, for instance, that the
harmonic distortion is due to third harmonic
components, or that the signal to noise prob-
lem is due to 60 and 120 Hz power line com-
ponents.

A number of old objections to use of the
spectrum analyzer as a universal tool are

still heard today. Probably one of the prime
objections was price.

2kHz/DIV ——=—

Fig 4. An Audio Signal to Noise Measure-
ment on a Tape Deck.

spectrum analyzer can be purchased f
much less than the other equipment normal
found in an audio shop, such as two distor-
tion analyzers (THD and IM), an ac volt-
meter, and an oscilloscope. An oscilloscope

Through modern technology, the 5L4N audi(
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Spectrum Analyzers
1 kHz to 1800 MHz

7L13

1 kHz to 1800 MHz in One Display

Fully Calibrated Displays

30 Hz to 3 MHz Resolution

4:1 Resolution Bandwidth Shape Factor
70 dB Dynamic Range

IM Distortion 70 dB below Full Screen
Spurious Free Operation

Automatic Phase Lock
—128 dBm Sensitivity

The 7L13 Spectrum Analyzer represents the
highest performance possible today in an
instrument of this frequency range and
price. The fm stability is 10 Hz, making 30-

o-lz resolution possible across the entire
frequency range.

This analyzer is a high quality laboratory in-
strument. In addition to incorporating the

standard features of the 7L12, it has crt
readout of the center frequency, and an
UNCAL light to indicate incorrect settings
of the sweep rate or resolution controls.

The 7L13 in a 7613, a mainframe featuring variable
persistence. Variable persistence is recommended for
maximum utilization of the capabilities of the 7L13.

is normally part of a Tektronix Spectrum
Analyzer. The flexibility and time savings
normally realized with the modern analyzer,
help make the analyzer less expensive, usu-
ally, than the crowd of older single purpose
instruments.

Another objection was complexity. (One ex-
pects a new device to be different.) Many of
the complexities of the early spectrum ana-
lyzers have been eliminated. High school
and college students first learning to make
measurements often prefer the analyzer
over any of the other instruments. And in-
struments like the 5L4N provide many real
conveniences such as Log sweep 20 to 20
kHz, 600 ohm balanced input, automatic
controls on some functions, and others.

The Field of Communications

The communications industry still includes
the largest users of spectrum analysis. Vital

°\easurements such as occupied bandwidth,
requency separation, percentage of modu-
lation or frequency deviation, signal to noise,
harmonics and im distortion are easily han-
dled with the modern analyzer.

Readout area for
7K11 Preamplifier 7L12 Y-axis calibration 7L12 reference level
+ 23 dBmV \ 10 dB per division at top line —30 dBm

+23dBmY

1048/

=J0d3m

7L12 resolution bandwidm/ 7L12 frequency span
300 kHz 1 MHz

Fig 5. Display of a Standard NTSC Color TV
Signal.

Prime users are: the microwave industry,
the CATV industry (using analyzers for year-
ly proof of performance and day-to-day
measurements), am and fm broadcasters,
Avionics shops, two way radio repair shops,
radio common carrier services, and military
services.

Most radio services have many things in
common. Frequency ranges differ, but the
transmitting and receiving systems are all
characterized with the same requirements.
The need to measure oscillator purity and
stability, and to measure performance of
multipliers, mixers, modulators, amplifiers,
and filters, are requirements shared by the
communications industry.

«J0dBm
7 13
& L

10d8/

Fig 6. Display of a 12 Channel CATV System.
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7L12, 7L13 Spectrum Analyzers

CHARACTERISTICS
apply to both 7L12 and 7L13 except where noted.

FREQUENCY CHARACTERISTICS

Range — 7L12 range is 100 kHz to 1.8 GHz. 7L13
range is 1 kHz to 1.8 GHz.

Resolution Bandwidth — Resolution bandwidth selec-
tions from 300 Hz to 3 MHz (7L12) and 30 Hz to 3
MHz (7L13). Shape factor 60 dB to 6 dB is 12:1 or bet-
ter for 30 HZ resolution and 4:1 or better for 300 Hz
to 3 MHz resolution.

Stability— (7L12) After 2 hour warm-up, within 50 kHz,
over a one hour period at a fixed temperature, when
phase locked. Within 100 kHz, when not phase locked,
over a one hour period, at a fixed temperature. (7L13)
After a 2 hour warm-up, within 2 kHz, over a one hour
period at a fixed temperature, when phase locked.
Within 100 kHz, when not phase locked, over a one
hour period, at a fixed temperature.

Incidental FM (7L12) — 200 Hz (p-p) max when phase
locked. 20 kHz (p-p) max when not phase locked.
(7L13) —10 Hz (p-p) max when phase locked. 20 kHz
(p-p) max when not phase locked.

AMPLITUDE CHARACTERISTICS

Reference Level Range — Calibrated levels in decade
steps from —100 dB to 430 dBm, within =2 dB ex-
tended to —110 dBm to 430 dBm, in the 7L13. An
UNCAL indicator shows when excessive sweep speeds
are selected.

Log 10 dB/div:

—70 dB dynamic range. Accuracy ==0.1 dB/dB to a
max of 1.5 dB.

Log 2 dB/div:

—14 dB dynamic range. Accuracy =0.4 dB/2 dB to a
max of 1.0 dB.

Linear:

— Provides a linear display, within 10%.

CW Sensitivity — (Signal + noise — twice noise in
LIN Mode) —128 dBm at 30 Hz (7L13 only), —115
dBm at 300 Hz, —108 dBm at 3 kHz, —100 dBm at 30
kHz, —90 dBm at 0.3 MHz, —80 dBm at 3 MHz. Sensi-
tivity may decrease 2 dB at 1.7 GHz and 4 dB at 1.8
GHz.

Flatness — ==1.5 dB over any frequency span.

Intermodulation Distortion — Third order down 70
dB or more from two —30 dBm signals within any fre-
quency span. Second order down 70 dB or more from
two —40 dBm signals.

Internal Spurious Signals (Residual Resp ) —
Equal to or less than —100 dBm.

Dynamic Range — Range 70 dB for 7L12, 80 dB for
7L13, when operating with 30 Hz resolution bandwidth.
The VARIABLE control provides gain adjustment be-
tween any two 10 dB steps.

INPUT CHARACTERISTICS
Impedance — 50 @, nominal.

SWEEP CHARACTERISTICS
Frequency Span — 500 Hz/div to 100 MHz/div (7L12).
Calibrated steps in 1-2-5 sequence from 200 Hz/div to
100 MHz/div (7L13). A MAX SPAN position provides
approx 1.8 GHz (180 MHz/div of span), and a 0 posi-
tion provides fixed frequency operation for time do-
main display.

Sweep Modes and Rate — 5 ms/div to 1 us/div (7L12).
Selection of an external sweep source, manual sweep,
or calibrated time base, 10 s/div to 1 us/div (7L13).

Triggering — Trigger signal source can be external,
internal, or line voltage.

OUTPUT CONNECTIONS
Calibrator — 50 MHz, —30 dBm from 50 Q.

Vert Out— (Video Out on 7L13) Approx 2 V full screen.

Horiz In — (and Trig on 7L13) For use with chart re-
corder.

Tracking Gen (Logic) 7L13 — For use with tracking
generator (5V TTL).

1st LO — For use with tracking generator or 1405
Sideband Analyzer.

2nd LO — For use with tracking generator.

ACCESSORIES

Included — Spectrum Analyzer Graticule. Clear plas-
tic implosion shield with LOG, LIN, REF, and f (fre-
quency) direction markings.

337-1439-01 for 7403N and 7603 Oscilloscopes and 337~
1159-02 for other 7000-Series Oscilloscopes. Amber
Light Filter: 378-0684-01; 50 Q Coaxial Cable, with
BNC connectors, 6 foot: 012-0113-00; BNC Male to
N Female Adapter: 103-0058-00.

TR 501
TR 502

Tracking Generators

Wide Frequency Range — 1800 MHz (

System Stability
10 Hz (TR 502 w/7L13)
200 Hz (TR 501 w/7L12)

Amplitude Steps of 1 dB
to —59 dBm (TR 502 w/7L13)
to —11 dBm (TR 501 w/7L12)

Resolution

30 Hz (TR 502 w/7L13)

300 Hz (TR 501 w/7L12)

Plus — TR 502 Has Automatic Counter Dot
Marker When Used with DC 502 and 7L13

The TR 502 and TR 501 Tracking Generators
work with the 7L13 and 7L12 Spectrum Ana-
lyzers to provide constant level, calibrated
rf sources for swept frequency tests to
1800 MHz.

When used as a cw source, with the analyzer
in a zero span (nonswept) mode, the TR
502/7L13 system has 10 Hz stability. (The
TR 501/7L12 system has 200 Hz stability.)
This exceptional stability enhances the dy-
namic range capability of the analyzer, track-
ing generator combination.

The Tracking Generator Aux RF output may
be used to drive a frequency counter. Fre-
quencies up to 1800 MHz may be measured
accurately in the presence of high level afl
jacent signals to the sensitivity limits of the
analyzer. TR 502/7L13 sensitivity is —128
dBm at 30 Hz resolution bandwidth. (TR
501/7L12 sensitivity is —115 dBm at 300 Hz
resolution bandwidth.) When the TR 502 is
used with the 5650 MHz DC 502 frequency
counter the spectrum display center fre-
quency, indicated by a bright dot, is auto-
matically counted.

Even though most of these industries have
specialized tests sets, the spectrum analyzer
is rapidly becoming the universal testing and
troubleshooting tool.

Improved instruments mean more capability.
As analyzers improve in stability and resolu-
tion, theoretical measurements of yesterday
become day-to-day practice. Most engineers
of today were taught Fourier analysis as a
theoretical study of the frequency compo-
nents of a wave. We believed, almost on
faith, the actuality of the phenomenon. Today
it is commonplace to check the purity of a
square wave by looking at the components
with a spectrum analyzer.
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In the communication field it is now possible
not only to detect carriers, but to analyze
the modulation components for modulation
percentage, distortion of the transmitted sig-
nal, and signal to noise ratio, to name a few.

A designer or technician with a modern high
frequency spectrum analyzer such as the
7L12 or 7L13 is capable of testing or eval-
uating practically any radio device up to the
1.8 gHz frequency limit of the analyzer.

The Tracking Generator

The tracking generator is a signal source
that follows the tuning of the spectrum ana-
lyzer. This instrument combination is ideal
for making frequency response measure-
ments. Because of the narrow bandwidth of
the spectrum analyzer, the noise floor of an



The Tracking Generator sweep rates are
controlled with the spectrum analyzer, and
the output level is controlled from the Track-
ing Generator. The output frequency of the
Tracking Generator is the same as the fre-
quency of the analyzer at any instant of the
sweep.

The Tracking Generator is a two-wide unit
compatible with the TM 500 Modular Instru-
ment Series. When powered by a TM 5083,
there is room for a 550 MHz DC 502 or other

.ounter.
CHARACTERISTICS

apply to both the TR502/7L13 and TR501/7L12 except
where noted.

FREQUENCY CHARACTERISTICS
Range — 0.1 MHz to 1800 MHz.

Resolution Bandwidth—30 Hz to 3 MHz (TR502/7L13).
300 Hz to 3 MHz (TR501/7L12).

Stability — 10 Hz p-p (TR502/7L13). 200 Hz p-p
(TR501/7L12).

Spectrum Analyzers and Tracking Generators

AMPLITUDE CHARACTERISTICS

RF Output Amplitude — 0 dBm to —59 dBm in 10 and
1 dB steps plus 2 dB vernier (TR502/7L13). 0 dBm to
—11 dBm in 1 dBm steps plus 2 dB vernier (TR501/
7L12).

Auxiliary Output Level — 0.1 V RMS in 50 Q.

Flatness — *2.0 dB (TR502/7L13). 3.0 dB (TR501/
7L12).

Spurious Output —
Harmonic: >20 dB below carrier.
Nonharmonic: >40 dB below carrier.

Dynamic Range — >110 dB (TR502/7L13). >100 dB
(TR501/7L12).

SWEEP CHARACTERISTICS

Frequency Span— 200 Hz/div to 180 MHz/div (TR502/
7L13). 500 Hz/div to 180 MHz/div (TR501/7L12).

OUTPUT CONNECTORS
RF Out — 50 Q nominal impedance, vswr 2:1 or less.
Aux RF Out — For use with frequency counter.

Note about Mainframes, Phosphors, and Graticules —
7000-Series Mainframes, except storage versions, are
normally shipped with P31 phosphor. Slow swept dis-
plays sometimes are more easily viewed with P7
phosphor (an option with most mainframes). External
spectrum analyzer graticules for 7000-Series Main-
frames come with the units (see included acces-
sories). See mainframe specification: for availability
of crt option with internal spectrum analyzer grati-
cules. Storage mainframe is recommended for high
resolution displays or variable persistence.

£

The TR 502 Tracking Generator is used with the Tek-
tronix 7L13 Spectrum Analyzer to make swept fre-
quency tests and precise frequency measurements.

ORDERING INFORMATION

7L12 Spectrum Analyzer ........... $4995
7L13 Spectrum Analyzer ........... $7500
7603 Mainframe .................. $1800
Option 77 P7 Phosphor and Internal
GO e oo 50 DR o .00 No Charge
7613 Variable Persistence
Mainframe ....................... $2850
Option 6 Internal S A Graticule ............... $50
TR 502 Tracking Generator......... $4500
Suggested Complementary Iltems
TM 503 Option 7 Power Module................ $175
DC 502 Option 7 (includes Option 1 High Stability)
[ T ] s et ommied A0, | e $1195
or
016-0195-01 Blank Panel...................... $7.50
TR 501 Tracking Generator. ........ $3500
Suggested Complementary Items
TM 503 Power Module........................ $150
DC 502 Digital Counter...............ccc00uunn $995
016-0195-01 Blank Panel...................... $7.50

015-1002-00 14 dB, 3mm attenuator; ‘
(used in the 2nd L.O. input line to improve TR 501/
T2 I8 O atION) I, oo hasisiess-smonssnitone s adaiiogokars ofona. vhoinse $120

Note: Existing 7L12 Spectrum Analyzers, if not already
factory equipped for use with the TR501, may be modi-
fied at a customer cost of $400 FOB Beaverton, Oregon.

amplifier or system is reduced, allowing
measurements with a dynamic range in ex-
cess of 120 dB. The tracking generator can
also be used for precise frequency measure-
ments, and is especially useful for measur-
ing low level signals in the presence of other
higher level signals. The tracking generator
derives its signal from the spectrum analyzer
by mixing a local oscillator in the generator
with the sweeping oscillators in the Spec-
trum Analyzer. A tracking generator is locked
. the analyzer and can, by design, be no

etter than the analyzer in stability or drift.

LOCAL
OSCILLATOR |
FROM ANALYZER  MIXER
\ LOW PASS
7/ FILTER

CW OSCILLATOR

WIDEBAND
AMPLIFIER

ATTENUATOR

OUTPUT

LEVELING
LOOP

Fig 7. Simplified Block Diagram of a Tracking Generator.
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Spectrum Analyzers
0to5 MHz

7L5

500 INPUT v

@
v

TEKTRONIX

SPECTRUM ANALYZER |

THREE-KNOB OPERATION makes the 7L5 the
world’s easiest-to-use Spectrum Analyzer.

SYNTHESIZER STABILITY for six-digit ac-
curacy of center frequency setting with vir-
tually no drift.

DIGITAL STORAGE & AVERAGING of dis-
play signals.

REFERENCE LEVEL SELECTION in 1 dB
steps.

ABSOLUTE CALIBRATION in dBm, dBV or
volts/div.

CHANGEABLE INPUT IMPEDANCE MOD-
ULES to accommodate any impedance re-
quirement.

WIDE DYNAMIC RANGE and nanovolt sen-
sitivity.

PRESET REFERENCE LEVEL for extra input
protection.

CRT READOUT of all major parameters.

The 7L5 is a 5-MHz Spectrum Analyzer with
exceptional frequency accuracy, achieved
through a unique combination of synthesizer
and digital technology.

Synthesizer stability and digital tuning let
you set the center frequency with six-digit
accuracy immediately after turn-on. There
is no need to fine tune the displayed signal.

“Intelligence” makes the 7L5 easy to op-
erate. Built-in microprocessing decodes
control settings, processes frequency and
reference level information and optimizes
sweep time and resolution for the chosen
frequency span. At turn-on, the 7L5 is preset
to a reference level of +17 dBm and a cen-
ter frequency of zero. This provides input
attenuation to protect the front end and a
marker to verify correct operation.

The 7L5 has a full 80 dB spurious-free
dynamic range for measuring wide relative
amplitudes. Nanovolt sensitivity lets you
measure very low-level signals and noise.

The front-panel input buffer control greatly,

increases front-end immunity to intermodu-<_

lation, while maintaining a constant refer-
ence level.

The 7L5 is fully calibrated in dBm, dBV, or
volts/div. The reference level can be set in
1 dB steps, eliminating the need to interpo-
late amplitude levels.

To accommodate a wide variety of imped-
ances, the 7L5 uses changeable plug-in
input impedance modules, of 50 ¢ and 75 Q
(600 @ and 1 MQ available later). Special
modules for any impedance can be pro-
vided.

Digital storage allows any 7000-Series Main-
frame with crt readout to present clean,
easy-to-photograph displays. The entire dis-
play is stored electronically and updated
during each sweep. Two complete displays
can be held in memory for comparison. Two
display modes are available: a conventional
peak display, or a digitally averaged display.

New TEKTRONIX 7L5 5 MHz Spectrum Analyzer com-
bines synthesizer with digital technology for excep-
tional frequency accuracy. It is shown in a 7603
Mainframe.

-Joddm 0010 MHZ JOOKHZ RES

Fig 8. Response of a TV Bandpass Filter as
Displayed with a Tracking Generator Spec-
trum Analyzer Combination.
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The Next Generation

As spectrum analyzers are becoming more
commonplace, they are becoming more use-
ful as well. Many improvements are being
made to increase the utility of the instru-
ment. The 7L5 represents some of these
improvements. {



or special measurements, such as signal-

noise, these two modes can be used si-
multaneously by setting the continuously
adjustable peak/average threshold, indi-
cated with the crt cursor (see figure C). A
maximum hold control lets you store maxi-
mum signal levels for checking long-term
amplitude and frequency drifts.

CRT readout displays center frequency, ref-
erence level, resolution bandwidth, dB per
division, and frequency span.

The 7L5 has a triggerable time base for
time-domain displays in zero-span modes.
The 7L5 leaves one plug-in space in 7000-
Series Mainframes for a scope-type vertical
amplifier.

—E9d3mﬁ B7250KkHZ
|

| NW{S’&&&

2d3/30KHZ  100KHZ

2d3 /30K 100kHZ

Figure B

Digital Averaging — Figures A and B show two small
signals in the presence of noise. In Figure A, both
signal and noise are peak detected (peak/average
cursor is one division from the bottom of the crt). The
smaller signal (which appears to be about —94 dBm)
is almost completely obscured because the amplitude
of the display is really the level of signal and noise
combined. In Figure B the noise is digitally averaged
(peak/average cursor is one division from the top of
the crt). The noise level is reduced, showing the sig-
nals more clearly and giving a true indication of the
small-signal amplitude at —102 dBm.

Figure C.

Maximum Hold — The 7L5 maximum hold function
lets you check for signal drift. It is also useful for
detecting short-duration signals. In this mode, the
maximum amplitude at any frequency is stored and
displayed even if the signal is only there for an in-
stant. Figure C shows a split memory display with
MAX HOLD on. The flat top pedestal shows the fre-
quency excursion of an oscillator as it shifted about
one and one half divisions across the screen. The
second half of the memory displays the oscillator sig-
nal frequency at the time the photo was taken.

7L5 Spectrum Analyzer

FREQUENCY CHARACTERISTICS

Range — Input frequency range is 10 Hz through 5.0
MHz. Dot frequency range is 0 Hz through 4999.75
kHz. Dot accuracy: 0°C to 50°C =#=(20 Hz + 10-5 of
dot frequency); 20°C to 30°C ==(5 Hz -+ 2X 10-¢ of
dot freugency).

Drift — Frequency drift is << 5 Hz/hour.

Residual Incidental FM — Residual fm is < 1 Hz (p-p)
for frequency spans of 50 Hz/div to 2 kHz/div. Resid-
ual fm is << 40 Hz (p-p) for frequency spans of 5 kHz/
div to 500 kHz/div.

Resolution Bandwidth — 8 resolution bandwidths range
from 30 kHz to 10 Hz. COUPLED switch position elec-
tronically couples resolution to span/div selection so
that both are controlled by the same knob. Band
width accuracy @ 6 dB down is within 20% of se-
lected resolution. Shape factor (60 to 6 dB ratio) is
10:1 or better for 10 Hz to 1 kHz and 5:1 or better
from 3 kHz to 30 kHz. Amplitude change between
resolution bandwidths is << 0.5 dB for 30 kHz — 100
Hz and < 2.0 dB for 30 kHz — 10 Hz.

SWEEP CHARACTERISTICS
Frequency Span—Provides calibrated frequency spans
from 50 Hz/div to max (500 kHz/div) within 2% in
1-2-5 sequence.

Horizontal linearity is within 5% over the entire 10
div display.

A 0-Hz/div position is provided for time domain oper-
ation.

Sweep Rate — Time per div is selectable from 10 s/
div to 0.1 ms/div in 1-2-5 sequence. An AUTO position
permits automatic selection of optimum time/div
depending on resolution and span/div settings.

Sweep rate accuracy is within 5% of the rate selected.
Triggering — Provides two triggering sources, INT
(internal) and LINE, in addition to a FREE-RUN posi-
tion.

When INT is selected, ac coupled signal components

from the mainframe TRIGGER SOURCE (left or right
vertical amplifiers) are used.

When LINE is selected, ac coupled sample of main-
frame ac line voltage is used.

Three triggering modes are NORM (normal), SGL
SWP/READY (single sweep), and MNL SWEEP (man-
ual sweep).

Trigger level is > 0.5 div of internal signal for both
NORM and SGL SWP modes over the approx fre-
quency range of 30 Hz to 500 kHz.

Fig 9. Waveform Photo of the AM Broadcast
Band taken on the 7L5.

Direct Frequency readout —the logical step
in a truly calibrated instrument would be
exact frequency selection. The 7L5 uses fre-
quency synthesis to obtain center frequency
readout with counter accuracy.

Digital storage — a true spectrum analyzer
would display all frequencies at once with-
out sweep effects such as flicker and distor-
tion. The use of digital storage permits the
closest approach yet to true theoretical
spectrum displays of time and frequency.

Three knob control — the true key to simple
acceptance of spectrum analysis is sim-
plicity and uncomplicated operation. The
7L5 offers true 3 knob control. Select the

frequency, the span, and the input attenua-
tion and the display is ready to view.

Stability — through the use of phase-locked
oscillators and/or frequency synthesis, the
analyzer can be used to measure the insta-
bility of the device under test. An important
criterion of any analyzer would be the ability
to turn on the unit and instantly, with no
drift, be able to tune onto a signal. The 7L5
can be tuned almost immediately after turn-
on and will remain tuned to the frequency
selected indefinitely.




7L5 Spectrum Analyzer

OUTPUT CONNECTORS
Video Out — Front-panel pin jack connector supplies
the video (vertical) output signal at an amplitude
of 50 mV/div +5% (about the crt vertical center)
with source impedance of 1 k(.
Horiz Out — A front-panel pin jack connector supplies
horizontal output signal (negative-going sawtooth

that varies from 0.0 Vdc to —5.2 Vdc with a
source impedance of 5 kQ).

Calibrator — Front-panel BNC connector supplies a
calibrated 500 kHz square wave output signal (derived
from the analyzer's time base). Output amplitude is
within #0.15 dB of —40 dBV into the plug-in imped-
ance.

CHARACTERISTICS WITH PLUG-IN INPUT IMPEDANCE MODULE

INPUT CHARACTERISTICS
Input Impedance —

Input Power — Max input power for reference levels:
above 0 dBm
below 0 dBm

AMPLITUDE CHARACTERISTICS
Residual Response — Internally generated spurious
signals (referred to input mixer).

Sensitivity — Equivalent input noise for each reso-
lution bandwidth setting is measured in VIDEO
AVERAGE mode with 10 s/div sweep rate and INPUT
BUFFER Control off. Equivalent Input Noise for reso-
lution bandwidth of: .

z

30 Hz
100 Hz
300 Hz

1 KHz
3 KHz
10 KHz

30 KHz

Sensitivity is further degraded 8 dBm with INPUT
BUFFER on. Noise level increases approx 10 dB op-
erating in VIDEO PEAK mode.

Intermodulation Distortion — Within any frequency
span, Intermodulation products for two, on screen,
signals:

of —30 dBm or less: 3rd order products
2nd order products
of —40 dBm or less: 2nd and 3rd order products

with INPUT BUFFER on:  2nd and 3rd order products

Display Flatness — With respect to display amplitude
@ 500 KHz, over any selected frequency span.

Reference Level* — In LOG mode, reference level re-
fers to top horizontal graticule line.

Range — LOG 2 dB/DIV mode
LOG 10 dB/DIV mode
LIN mode

Accuracy — When calibrated @ —40 dBV in LOG
mode.

L1 L2
50 75Q
+20 dBm +21 dBm
+10 dBm ~+10 dBm
—130 dBm —130 dBm
or less or less

(equal-to or less-than) (equal-to or less-than)

—140 dBm —135 dBm
—137 dBm —133 dBm
—134 dBm —130 dBm
—130 dBm —125 dBm
—125 dBm —120 dBm
—120 dBm —115 dBm
—115 dBm —110 dBm
—110 dBm —105 dBm
75 dB down 75 dB down
72 dB down 72 dB down
at least at least

80 dB down 80 dB down
at least at least

80 dB down 80 dB down
+0.25 dB +0.5dB

Calibrated in 1-dB and
10-dB steps

—128 dBm/—139 dBV to
-+21 dBm/+10 dBV
—70 dBm/—81 dBV to
+21 dBm/+10 dBV

20 nV/div to 200 mV/div
within 5%, in 1-2-5
sequence

Within 0.2 dB/dB and
max of 0.25 dB/10 dB

Calibrated in 1-dB and
10-dB steps

—128 dBm to +21 dBm
—70 dBm to 421 dBm

10 nV/div to 200 mV/div
within 5%, in 1-2-5
sequence

Within 0.15 dB/dB and

max of 0.25 dB/10 dB
change in reference level

*Note: A > sign is displayed by the reference level readout when the reference level is not calibrated and

the UNCAL light is on.

The 7L5 is shown with L1 50 @ plug-in input imped-
ance module.

Changeable modules permit the 7L5 user to adapt to
new measurement requirements. Modules now avail-
able are the 50 Q L1 and 75 © L2. Others are planned
for 600 2 and 1 MQ (probe compatible). The module
you select calibrates displays for the impedance in
use.

Included Accessories — Graticule, Spectrum Analyzer
337-1159-02 (7000 Series), Filter, light amber 378-
0684-00, Cable, coaxial, 50 ohm, BNC/BNC, 6 ft 012-
0113-00.

ORDERING INFORMATION

7L5 Spectrum Analyzer............. $4500
(Spectrum Analyzer Requires L Plug-in Module.)

L1 Plug-in Module (50 Q) ............ $300
L2 Plug-in Module (75 Q) ............ $30
*7603 Oscilloscope .............covviuennennn $18
*R7603 Oscilloscope (Rackmount)............. $1900
Option 6 Internal S A Graticule........... No Charge
*7704A Oscilloscope .............ccovivununn. $2900
R7704 Oscilloscope ...............cccovuiunn. $3450
Option 6 Internal S A Graticule........... No Charge

OPTIONAL ACCESSORIES

2701 50 () Step Attenuator..................... $245
2703 75 Q) Step Attenuator. .................... $295
011-0112-00 — 75 Q to 50 @ Min Loss Attenuator (Ac
Coupled) i r e o g e e s si s $35

*Suggested Mainframe. See Catalog for oscilloscope
specifications and options.

Choosing Your Analyzer

To be useful as a quantitative measuring
tool, your analyzer must have these five
major abilities:

1. Capable of calibrated amplitude measure-
ments.

2. Capable of accurate frequency measure-
ments.

3. Able to operate over a wide calibrated dy-
namic range.

4. Capable of adequate calibrated resolution.

5. Capable of sensitivity adequate for the
measurements required.
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Fig 10. Comparison of the Tektronix Exclu-
sive Rectangular Filter Shape Factor to the
Widely Used Gaussian Filter.

Fig 11. 7K11 Preamplifier Plug-in next to a
7L12 to Increase the Measurement Sensi-
tivity.

Additional important parameters include:

1. Portability

2. Flexibility

3. Method of display.



The 491 is a precision, wide-band spectrum
analyzer designed for rugged environmental
conditions and easy mobility. It is easy to
carry, weighing less than 40 pounds com-
plete with accessories. The R491 is elec-
trically identical and requires only 7 inches
of rack height.

FREQUENCY CHARACTERISTICS
Range
10 MHz to 40 GHz
Option 1
10 MHz to 2000 MHz
Option 2
1.5 GHz to 40 GHz

Resolution — 1 kHz to 100 kHz, coupled with cali-
brated dispersion positions but separately switchable.

Frequency Stability — =200 kHz after 1 minute.

Incidental FM — Less than 300 Hz at fundamental,
with Phase Lock.

AMPLITUDE CHARACTERISTICS
Display Flatness — Max amplitude variation over 100
MHz dispersions up to 12.4 GHz is 3 dB or less, ex-
cept over 50 MHz dispersion in Band 1. Above 12.4
GHz the max amplitude variation (100 MHz dispersion)
is 6 dB or less.

Max input Power — —30 dBm for linear operation,
-+15 dBm (25 mW) safe diode power limit.

Vertical Display (8 Div) — Log — > 40 dB dynamic
range. Linear. Square Law — > 13 dB dynamic range.

IF Attenuator — 51 dB in 1 dB steps, ==0.1 dB/dB.

'IF Gain Control — > 50 dB range.

Sensitivity — Greater than — 100 dBm to 8.2 GHz
Greater than — 90 dBm to 18 GHz
Greater than — 70 dBm to 40 GHz

INPUT CHARACTERISTICS
50 Q Input

SWEEP CHARACTERISTICS
Sweep Range — The 491 uses a complete triggered
oscilloscope type time base with 15 calibrated steps
from 10 us/div to 0.55/div.
Calibrated Dispersion — 1 kHz/div to 10 MHz/div in
1-2-5 sequence, 2 ranges (kHz/div and MHz/div).

Spectrum Analyzers

CRT AND DISPLAY FEATURES

Crt — 8 x 10 div display area (each div — 0.8 cm);
P7 phosphor.

ENVIRONMENTAL CAPABILITIES

The 491 meets MIL-1-6181D specs for EMI, operates
up to 15,000 ft with temperatures from —15°C to
—+55°C and can stand a 30 g shock.

Weight — Rackmount 41 1b 18 kg
Portable 30 Ib 13.6 kg

10 MHz to 40 GHz 491

ORDERING INFORMATION
491 Spectrum Analyzer ............ $6200
R491 Spectrum Analyzer (Rackmount) $6300
Option 1 (10 MHz to 2 GHz) Subtract........... $1395
Option 2 (1.5 GHz to 40 GHz) Subtract......... $1195
1105 Battery Power Supply .................... $625

Additional specifications are available through your
local TEKTRONIX Field Office.

Closing

Spectrum analysis is still in its infancy—not
because of present analyzer capability, but
because of lack of acceptance as the power-
ful and universal measuring tool it is.

Tektronix has developed training programs
and books to help speed this learning pro-
cess, and we will continue. Application
notes are available on a variety of subjects:
Audio, Cable Television, Television, etc. A
school lab program based around the spec-
trum analyzer with a demonstrative ap-
proach to Fourier Analysis is available to
schools to help train students to think in
terms of frequency and amplitude.

Other industries are becoming aware of the
need for spectrum analysis. One example is
the computer industry, long thought of as a
digital world. As the data rates increase in
speed and system performance must be op-

timized, square waves and symetrical pulses
no longer behave as at slower speeds. As
clocks jitter and transients become critical,
a few far-looking pioneers are beginning to
apply the long-overdue spectrum analyzers
(with a great deal of success) to their prob-
lems.

Spectrum analysis is with us to stay, and the
sky is the limit as far as applicability. Let a
Tektronix specialist show you today how
you can better perform your measurements
with spectrum analysis.
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1401A
1401A-1

Spectrum Analyzers
1 MHz to 500 MHz

50 or 75 ohm Input

1 to 500 MHz

Ac, Dc, or Battery
Portable, Lightweight
Built-in Calibrator

60 db Dynamic Range
Gated Mode

The 1401A and 1401A-1 Spectrum Analyzer
Modules are used with the SONY/TEK-
TRONIX battery-operated scope for mea-
surements in the 1 to 500 MHz frequency
range.

Because of its battery operation, the 1401A
is popular with persons engaged in remote
site studies, field maintenance, and applica-
tions where power is not convenient. The
unit may be used for surveillance measure-
ments by law enforcement officials and for
displays and measurements important to
radio, TV, and CATV operators, medical per-
sonnel, aircraft equipment personnel, shop
owners, and others. In addition, the 1401A
Module may be connected to any inexpen-
sive scope to form an economical 500 MHz
analyzer.

FREQUENCY CHARACTERISTICS

Range — Continuously selectable with 10-turn digital
frequency readout control, 1 to 500 MHz. Absolute
accuracy within =5 MHz (4-5% of dial reading). Fine
control provides a calibrated variation of up to =1
MHz, within 10%.

Resolution — 10, 100,
Filter.

1000 kHz Gaussian-shaped

Frequency Stability — Within 100 kHz over any 5 min-
ute interval after 25 minute warm-up and measure-
ment at +20°C to +30°C ambient. Temperature
coefficient — 0.5 MHz/°C or less.

Incidental FM — 20 kHz or less.

AMPLITUDE CHARACTERISTICS

RF Attenuator — 0 to 60 dB in 10 dB steps (accurate
within +0.2 dB + 1% of dB reading).

IF Gain Control — At |least 30 dB range.

Vertical Display — Linear and log.

CW Sensitivity 1401A 1401A-1

3 kHz Resolution 