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Section 1

INTRODUCTION

PURPOSE OF MANUAL

The purpose of this manual is to provide a service technician with the required data for
performing routine maintenance on a 4051 Graphic System. It is also intended to be a guide for
troubleshooting and repairing 4051 Graphic Systems that require service.

The service documentation is divided into two voiumes. Volume 1 provides preventive
maintenance information, calibration and adjustment procedures, troubleshooting and
service information, specialized test procedures, and descriptions of circuit operation for the
4051. Portions of the text refer to schematics and diagrams found in Volume 2.

Volume 2 contains system block diagrams, timing diagrams, schematics, cross reference
tables, wire lists, and replaceable parts lists for the 4051 Graphic System and attached devices.
Service information for peripherai productsis to be found in the appropriate manuai written for
the peripheral product.

STANDARD COMPONENTS

Standard components of the 4051 include the following:

(1) Full ASCII keyboard, plus calculator key pad, user-definable keys, and
editing keys.

(2) 11" DVST (direct view storage tube) display with a capacity of 35 lines of
alphunumeric characters, 74 characters per line. Vector resolution is
approximately 120 points per inch.

(3) A magnetic tape unit, capable of storing 300K bytes of data and organized
into a sequential-file structure. Tape format is programmable to support
TEKTRONIX 4923-type tapes as well as 4051-type tapes.

(4) A GPIB bus connector, allowing interfacing to devices compatible with
IEEEE standard #488-1975.

(5) Joystick connector, allowing the user to input graphic coordinates with
optional joystick.

4051 SERVICE VOL. 1 @
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(6) Hard copy compatibility, aIIoWing the user to obtain a copy of the
displayed information via an optional TEKTRONIX 4631 or 4610 Hard
Copy Unit.

4051 GRAPHIC SYSTEM

The TEKTRONIX 4051 (Fig. 1-1) is a desk-top unit that combines the visual display of a graphic
terminal with the computational power of a scientific probrammable calculator. The 4051 can
be used as a stand-alone programmable calculator, or, with the addition of the optional
Communications Backpack, as an intelligent graphic terminal. The standard 4051 contains an
eight-bit microprocessor, an 8K byte random access memory, an eleven-inch direct-view
storage tube (with hardcopy compatibility), a built-in magnetic tape unit, and an extended
BASIC language interpreter. The 4051 can handle the same processing functions normally
handled by other computer-based computational systems.

The 4051 keyboard is the primary input device. The keyboard is similar to a TEKTRONIX 4012
terminal keyboard with a separate numeric keypad for data entry. Editing keys, peripheral
control keys, and 10 user-definable keys are also included.

BASIC language statements are used to program the 4051. The 4051 BASIC language is an
extended version of the Dartmouth College Timeshare BASIC (Beginner's All-purpose
Symbolic Instruction Code) with extensions in the areas of graphic primitives, unified 1/0O
handling of the General Purpose Interface Bus (GPIB), matrices, strings, and high level
language interrupt handling.

Keyboard entries are displayed on an eleven-inch direct-view storage tube (DVST). Both upper
and lower case letters are printed with a maximum of 72 characters per line. The display also
features full graphic capability. Drawing lines (called vectors) on the screen is accomplished
by typing BASIC graphic commands from the keyboard or executing BASIC statements under
program control. The storage tube is hard copy compatible, which allows an attached hard
copy unit to make a paper copy of displayed information. (The hard copy unit is optional.)

The 4051 memory is divided into a Random-Access Memory (RAM) and a Read Only Memory
(ROM). The standard RAM has an 8K byte storage capacity of which 6K bytes are accessible by
the user for storing programs and data. The RAM storage capacity can be increased up to 32K
bytes by adding optional 8K byte memory increments.

The 4051 ROM has 36K locations that hold processor firmware, peripheral control addresses,
and an 8K byte section for firmware bank swapping used by extended firmware modules (i.e.,
ROM packs). The Firmware Backpack or the optional Communications Backpack each
provides the user with two slots for ROM packs. With the use of a device called a ROM
Expander unit, the number of available ports for ROM packs can be increased to sixteen. The
microprocessor has access to code in the ROM packs through use of a bank switch scheme.

@ 4051 SERVICE VOL. 1
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Data and program instructions can be transferred onto magnetic tape and reentered into the
RAM via a built-in magnetic tape unit. The storage medium is a standard data cartridge with
approximately a 300K byte capacity depending upon the length of each data file.

Four rear panel connectors allow the 4051 to interface to a variety of peripherals. The General
Purpose Interface Bus (GPIB) connector allows the 4051 to exchange data with devices such

as disk storage units, digital X-Y plotters, and instrumentation systems. Data transfers over the

GPIB are in byte-serial, bit parallel format (eight bits per byte). The GPIB is compatible with the
IEEE Standard #488-1975.

Another rear panel connector is part of the optional Communications Backpack and is
compatible with RS-232 devices (i.e., computer modems). This allows the 4051 to exchange
data with devices such as computer terminals, printers, and modems. The RS-232

communications interface features asynchronous full-duplex or half-duplex operation. D

exchange rate is selectable by the user through program control for one of the following: 110,
150, 300, 600, 1200, or 2400 baud.

The other two connectors are utilized by an optional joystick and a Hard Copy Unit.

Power Requirements

The 4051 Graphic System will perform properiy at 50 Hz or 60 Hz line frequencies using
voltages of 120 Vac or 220 Vac. The 4051 is normally shipped from the factory strapped for
120 Vac operation. To convert the 4051 to 220 Vac operation, the cover of the 4051 must be
removed; the transformer jumpers must be changed in accordance with a table inscribed on
the transformer shield (Fig. 1-2); a0.8 ampere line fuse must be installed; and a 220 volt power
cable must be used (Fig. 1-3).

4051 SERVICE VOL. 1 @ 13
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PN 200-1852-00

&

JUMPER ARRANGEMENT

Low % m %0 20 230
VOLTAGE 00 120 200 220 240
HIGH m 122 70 230 24
TERMINAL NO 8 2
.s 3a 58 25 23

o

DANGER

HAZARDOUS LINE VOLTAGES
PRESENT UNDER COVER.
DISCONNECT LINE CORD BEFORE
SERVICING UNIT

@

Fig. 1-2. Power Supply Transformer Shield.

2065-2
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TO 4051 TO 4051
120 VAC LINE CORD 220 VAC LINE CORD
(PART NO. (PART NO.
161-0066-00) 161-0066-01)
VR
(O } ——GREEN-YELLOW

I\ —— BROWN LT.BLUE—— \ wssa w=mm/ —— BROWN

I
LT. BLUE
o

1o

STANDARD ALTERNATE
UNGROUNDED BROWN BLACK LINE
GROUNDED LT. BLUE WHITE RETURN (neutral)

GROUNDING GREEN-YELLOW GREEN-YELLOW GROUND (safety earth)

REPLACE THE POWER CORD ONLY WITH ANOTHER OF THE SAME POLARITY.

2065-3

Fig. 1-3. Replaceable power cords for the 4051.

Special Test Aids

Most troubleshooting of 4051 electronics can be performed using standard general purpose
test equipment found in most repair stations. A number of test and adjustment procedures
require special test figures (Fig. 1-4) and devices; therefore, Tektronix has developed a
calibration tape to‘help align and calibrate the magnetic tape unit, and a 4051 Test Fixture to
exercise the Motorola 6800 microprocessor and perform tests on memory.
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DISPLAY AL%GNMENT

CALIBRAT!ON TAPE
(067~0780-00) ‘

MAGTAPE/GPIB TEST
TAPE HEAD ALIGNMENT CONNECTOR BOARD

TooL RS-232 TEST ADAPTER Mgl
(067-0788-00) (013:0173-00) (067-0790-00)

2065-4

Fig. 1-4. Special test aids for calibrating and troubleshooting the 4051 Graphic System.
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Section 2

SPECIFICATIONS

INTRODUCTION

This section gives a brief review of 4051 operations with speciai emphasis placed on physicai
and electrical specifications of the system. Hardware performance specifications are tabulated
for quick reference. Some explanatory text is also incorporated. BASIC language statements
are described in detail in the 4051 Graphic System Reference Manual. Refer to the Reference
Manual for detailed operation information. (Duplication of information is not the intent of the

service documents.)

SPECIFICATIONS

PHYSICAL MEASUREMENTS

Dimensions (see Fig. 2-1)

Length 30.75 inches or 78.1 cm
Width 18.25 inches or 46.4 cm
Height 13.625 inches or 34.6 cm

Shipping Weight
80 pounds or 36.3 kg

DIMENSIONS

Length 30-3/4 inches 78.1cm
Width 18-1/4 inches 46.4 cm
Heigth  13-5/8 inches  34.6 cm

80 pounds 36.3 kg

T
H

SHIPPING WEIGHT -J_
<

2065-5

Fig. 2-1. 4051 dimensions.
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ENVIRONMENTAL SPECIFICATIONS

Temperature
Operation
Storage

Altitude
Operating
Storage
Humidity (maximum)
Operating
Storage

Shock
Non-operating

+10°C to +40°C

—40°C to +65°C (tape limited to +45°C)

to 15,000 feet
to 50,000 feet

80% non-condensing (tape limited to 20% min. and 80% max.)
95% non-condensing (tape limited to 20% min. and 80% max.)

30 g’s.

POWER SPECIFICATIONS

Line Voltages

Voltage

Fuse

100 V +10%

1.6 A medium-blow

120 V £10%

1.6 A medium-blow

200 V +5% —10%

0.8 A medium-blow

220 V £5%

0.8 A medium-blow

240 V +10% —5%

0.8 A medium-blow

Maximum Line Voltage
132 Vac or 264 Vac

Line Frequency Range
48 Hz to 66 Hz

Power Comsumption

200 watts maximum

Dielectric Breakdown Greater than 2000 Vac RMS (60 Hz) between power line and accessible
conductive components.

Power Supply Voltages

Current Current

Voltage Regulation Ripple' Demand Limit
+5.1 V £2% +1% 5mV 40 A 45 A
+12 V £5% +3% 5 mV 450 mA 1.0 A (temp. dep.)
+15V +£1% +0.2% 5mV 200 mA 600 mA
+20 V unreg. 3A 3 A fused
+185 V unreg. 100 mA
+295 V unreg. 50 mA
—12V 2% +0.5% 5 mV 250 mA 600 mA
—20V unreg. 3A 3 A fused
40V (—20to+20) +10% unreg. 400 mA

'Note: Ripple is measured at the supply with X1 probe on 7A26 limited to 20 MHz, with probe GND connected to supply

chassis, load was resistive dummy drawing at current demand specified from all supplies.

@
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OPERATOR INTERFACE

The front of the 4051 is divided into ten functional areas. These areas are illustrated by
Fig. 2-2.

A display screen is used to present both graphic and alphanumeric or program informationina

wviaiihin fArm
VisSioie 1orm.

The internal tape is used to store BASIC language program statements and data of various
types on an industry-standard data cartridge.

The status indicator lights tell when power is applied to the system, when the system is busy
doing calculations, when the system is performing input/output operations, and when waiting
to stop at the end of the current BASIC language instruction in response to pressing the
BREAK key.

 PERIPHERAL
" ‘CONTROL KEYS'

USER DEFINABLE -
FUNCTION KEYS ‘
, , NUMERIC

e
ALPHANUMERIC KEYPAD

KEYBOARD

LINE EDITING
KEYS

PROGRAM DEVELOPMENT
KEYS

2065-6

Fig. 2-2. Operator controls and system indicators for 4051 Graphic Systems.

4051 SERVICE VOL. 1 @ 2-3



SPECIFICATIONS

24

The eject mechanism removes a tape cartridge from the 4051 Graphic System internal tape
unit.

User-definable function keys allow the operator to branch to any of 20 specified BASIC
program locations when pressing one of these keys. There are ten keys to specify ten program
locations. Another ten locations are used if the keys are pressed in conjunction with holding
down a SHIFT key.

The alphanumeric keyboard is used for entry of BASIC program language statements and
data. If a communication backpack is installed on your 4051, these keys can be used for data
entry into a host computer.

Line editing keys allow convenient editing of BASIC program statements without having to
retype the entire command string.

Program development keys can be used to sequentially enter BASIC statement numbers when
programs are being created or modified. They can also be used to debug or troubleshoot a
BASIC language program.

The numeric keypad provides convenience when entering numeric data into the system. The
basic calculator functions are also readily available. When used as a calculator without running
a BASIC program, the RETURN key causes the calculated result to print on the display.

Peripheral control keys offer limited control of the tape unit and optional Hard Copy Unit.

ALPHANUMERIC KEYBOARD

ALPHANUMERIC KEYS The alphanumeric keys (letters, numbers and symbols) are used to
enter BASIC statements and generate ASCIil control characters.
Keys 0-9 can also be used to enter numeric data.

SPACE BAR When the space bar is pressed, the display cursor moves one
horizontal space to the right. No character is printed. If the cursoris
at the right margin, no operation is performed.

SHIFT This key is similar to the SHIFT key on a typewriter keyboard. It
determines which one of two characters are printed when an
alphanumeric key is depressed. If used alone, this key brings the
display out of Hold Status.

TTY LOCK Causes all lower case letters to be transformed to upper case when
keyed.
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TAB

ESC

HOME PAGE

BACK SPACE

RETURN

RUBOUT

BREAK

4051 SERVICE VOL. 1

SPECIFICATIONS

When this key is pressed, the keyboard issues the ASCII control

character TAB, regardiess of the SHIFT key position. Whenthe TAB
functionis executed, the dispiay cursor moves to the right and stops
in column 1, 19, 37, 55, 1, etc. TAB spacing can be modified if a

PRINT USING statement is executed.

When pressed in combination with a letter key and sometimes the
SHIFT key, the keyboard issues an ASCII control character. At
statement entry time, all control characters are echoed to the display
as an underlined letter (except for CR and RUBOUT). At statement
execution time, some control characters cause machine display
functions to be executed.

When this key is pressed, the keyboard issues the ASCII control
character ESC regardless of the SHIFT key position.

If pressed alone, the display is erased and the cursor returns to the
Home position. If pressed in combination with the SHIFT key, the
cursor returns to the Home position and the display is not erased.

Moves the cursor to the left by one space.

Pressing this key generates an ASCII control character CR
(Carriage Return). The display cursor returns to the left margin and
moves one vertical space down. This key causes the machine to
evaluate the information on the previous line. If the line contains a
line number, the statement is entered into memory and is not

executed immediately.

Pressing RUBOUT usually causes the display cursor to move one
spaceto the left and write a full 5 x 8 dot matrix over any characterin
that location. The character underneath the cursor is logically
removed from memory and replaced by the space character. The
next time the line is printed, a space appears instead of the 5 x 8
matrix. If the cursor is over a non-blank character, the cursor does
not move but rubs out the present position.

Thefirsttime the BREAK key is pressed, the BREAK indicator on the
front panel lights up and the machine stops program execution after
the present line is completed. This is referred to as a "BREAK

pending” condition. The indicator goes out when the program halts.

If the BREAK key is depressed while the BREAK lightis on, program
execution is aborted immediately and the program line pointer
returns to the starting position.
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LINE EDITING KEYS

The five program line editing keys at the top center of the keyboard are each dual purpose. The
primary function is lettered below each key while the secondary function is printed above each

key.

The primary function is performed by pushing the key directly. The secondary function is
performed by pressing the key and at the same time holding the SHIFT key. All operations are
performed on the current line which is stored in a 72-character line buffer.

EXPAND

COMPRESS

BACKSPACE
RUBOUT -——o
SPACE

RUBOUT ———

CLEAR

REPRINT

RECALL LINE

RECALL NEXT LINE

This key is used for insert operations. All characters to the right of
the cursor, including that character where the cursor is positioned,
are moved to the extreme right of the line buffer. On the screen, the
line appears to split into left and right portions separated by a gap.
The cursor finishes at the extreme left of the gap.

Characters may now be inserted.

This key (actually the simultaneous pushing of the EXPAND key and
SHIFT key), is the inverse of EXPAND. COMPRESS removes
adjacent spaces to the right. The portion of line to the right of the
screen is shifted to the current position of the cursor.

This key moves the cursor one character position to the left.
This key is equivalent to pressing RUBOUT.

This key is equivalent in function to the SPACE bar on the main
keyboard and is provided in this set for convenience. The cursor is
positioned one character space to the right until the right margin is
reached.

This key is equivalent to RUBOUT except it moves to the right
instead of to the left.

CLEAR empties the contents of the current line buffer without
affecting information already stored in RAM.

This key duplicates the current contents of the line buffer one
position below the current display. The position of the cursor
relative to the buffer is unchanged. This is a useful key to use when,
due to overwriting, the storage display is difficult to read.

This key recalls a program line previously stored in RAM. The
number of the line to be recalled is entered prior to pushing this key.
The line is called and the cursor finishes one position beyond it.

This key is similar in function to the RECALL LINE, but instead of
calling the line with the line number currently in the display, the line
with the next greater number is called.

@ 4051 SERVICE VOL. 1
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PROGRAM DEVELOPMENT KEYS

AUTO NUMBER

STEP PROGRAM

AUTO LOAD

REWIND

MAKE COPY

STATUS LIGHTS

BUSY
1/0

4051 SERVICE VOL. 1

The AUTO NUMBER function is provided as an operator
convenience during program statement entry time. Pressing the key
once places the 4051 in a mode where line numbers are
automatically provided for each BASIC statement entry from the
keyboard. The first time the key is pressed, line number 100 is placed
in the line buffer and appears on the display. The operator enters a
BASIC statement and presses the RETURN key. The machine then
places line number 110 in the line buffer for the next statement entry.
The line number increment is automatically set at 10. To start the
auto number sequence with a line number other than 100, the line
number is entered into the line buffer from the keyboard and then
the AUTO NUMBER key is pressed. The 4051 then provides line
numbers from that starting point in increments of 10. To exit the auto
number mode, the operator presses the AUTO NUMBER key again.

The STEP PROGRAM key causes the 4051 to execute the current
BASIC program one step at a time. Each time the key is pressed, one
line in the program is executed. This feature allows the keyboard
operator to monitor the execution sequence of the program during
debugging operations. Normally, the program starts one step
execution from the beginning; however, the program line counter
can be set to any line in the program by using the GOTO statement
and then pressing the STEP PROGRAM key causes one step
execution from that point. For example, entering GOTO 500 and
pressing the RETURN key sets the program line counter to line
number 500. The program can then execute one step at a time from
that point by pressing the PROGRAM STEP key again and again.

The AUTO LOAD key causes the internai magnetic tape unit to
rewind and load a BASIC program from the magnetic tape cartridge
into the Random Access Memory. There must be a valid ASCII
program stored on the tape, otherwise an error occurs.

Pressing the REWIND key causes the 4051 to rewind the tape
cartridge in the internal magnetic tape unit. Pressing the REWIND
key is the same as executing the BASIC statement FIND 0.

Pressing the MAKE COPY key causes an attached Hard Copy Unitto
make a paper copy of the information on the 4051 display. Pressing
this key is the same as executing the BASIC statement COPY.

4051 is busy transferring or processing data.

Input/output operations are in progress.
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BREAK Abreak in program execution is pending. The BREAK light goes out
after program execution halts at the end of the current line.

POWER Indicates that power is supplied to the 4051.

DISPLAY

The display is an 11 inch Direct View Storage Tube (DVST) crt.

HOLD STATUS Reduced intensity after 90 seconds of no display activity occurs to
maintain the currently stored image for redisplay.

AUTOMATIC ERASE After 30 minutes of idle machine time, the crt erases.

GRAPHICS Coordinates are specified by a pair of decimal fractions. The default
coordinate limits are 0—100 on the vertical (Y) axis and 0—130 on
the horizontal (X) axis (Fig. 2-3). Vectors are drawn using MOVE and
DRAW commands to move the writing beam to a specified
coordinate location or to draw a line from the current beam
reference position to the indicated coordinate location. The
coordinate limits can be changed by executing the WINDOW
command. Resolution is approximately 120 points per inch.

0,100 130,100

i

:

|

i

:
\ A _-’\I\

Fig. 2-3. Default graphic coordinate limits.

ALPHANUMERIC Full ASCII 96 printable characters set (upper and lower case)
CHARACTERS printed using a 5 X 8 dot matrix (see Figures 2-4, 2-5, 2-6 and 2-7).
72 characters/line
35 lines/display
2590 characters/display
Automatic return and linefeed (CR-LF) atthe right margin to display
lines longer than 72 characters in length.
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2065-8

Fig. 2-4. US ASCII Character Font (Upper Case Letters and Numbers).
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2065-9
Fig. 2-5. US ASCII Character Font (Lower Case Letters).
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Fig. 2-6. US ASCII Character Font (Special Symbois).
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2065-11

Fig. 2-7. NON-US ASCII Character Font (Special Symbols).

MAGNETIC TAPE UNIT (Built In Unit)

The tape unit uses an industry standard data cartridge with approximately 300 feet of 1/4 inch
computer grade tape having a storage capacity of 300K bytes of data (Fig. 2-8).

Input/output operations with the tape unit are normally performed by executing the BASIC
language commands FIND, OLD, SAVE, APPEND, INPUT, OUTPUT, PRINT, READ, and
WRITE. Many of the commands require the tape unit address @32. Two keyboard keys,
REWIND and AUTO LOAD, provide minimal control of tape operations. Magnetic tape
operations are defined in detail in the 4051 Graphic System Reference Manual.
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Drive Roller Window
T Access Port
ape
A
;gg:s Forw_ard
Sensing
Window AR
Top Sensing
- (1908)
Window  5565.12
Fig. 2-8. Standard data cartridge for the 4051.
Recording Method NRZ self clocking (NRZ = Non Return to Zero)
Bit Density 1600 bits per inch
Tracks 2
Head Type Single 2-track read/write head

Tape Speed Accel/Decel Time Accel/Decel Tape Dist.

Normal Read/Write 30 ips 25 ms 0.375 in =10%
76.2cm/s
Fast Forward/Reverse 90 ips 90 ms 1.125 in =10%
228.6cm/s
Rewind 90 ips 90 ms 1.125 in £15%
228.6cm/s
Life Expectancy
Drive Motor and =1000 hours of read/write operation.
Tape Head
Operating Time 6 hours of tape drive read/write activity, orevery
Between Head 1000 hours of standard 4051 usage.
Cleanings
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MAGNETIC TAPE MEDIA

The tape units use an industry standard data cartridge.

3M Company type: DC 300 A
Tektronix Part Number 119-0680-00

Data Capacity 300K bytes

Minimum Life 5000 passes

Tape Markers B.O.T. (Beginning Of Tape)
(See Diagram) Load Point

Early Warning Point
E.O.T. (End Of Tape)

DATA FORMAT AND RECORDING METHOD

The data format is determined by 4051 system firmware (Fig. 2-9). Data timing is tabulated in
Table 2-1. Information on the tape is divided into files that contain a minimum of 3records. The
standard record length is 256 bytes of data characters, but a 128 character format may be
selected using the PRINT @33,0: statement. The 128 character format is compatible with
standard 4923 tape unit operations.

The tape formatting process occurs with the MARK n,m statement where n is the number of
files to be marked and m is the number of bytes per file. Areas of the tape are demarcated by
means of record marks and file marks.

Binary data bits are represented as reversals in flux direction (magnetic domain boundaries)
on either the 1 track or 0 track. In reading the tape, the tape head is sensitive to flux reversals.
The determination of a 1 or 0 depends upon which track had the flux reversal. This is the NRZ
data recording system.

Special Data Sequences Data is held at zero during record and file marks. Flux reversals
occur only on track zero for these sequences.

Record Mark 4 flux reversals separated by intervals about three times longer than
data bit separations. The longer intervals are called intercharacter
gaps. The shorter intervals are interbit gaps.

File Mark 8 flux reversals separated by intervals about three times longer than
data bit separations.
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PHYSICAL PHYSICAL
BEGINNING END
LOAD EARLY
BOT BOT BOT POINT WARNING EOT EOT EOT
i i | € 300.0° > i
15 | 15 | 18 3.0 15 | 15 | 15

(o]

-0 NN

T ]

FILE1 FILE 2 LAST FILE

L

| oYY Y Yy Y Y |

- [ _ (
RECORD 1 RECORD 2 \\ RECORD 3 RECORD 4

o ]I -
~ N\ 7777777777772,

LAST d, d.. | d.. l d,. d., I dee | dee d, FIRST l 4. | seconp
CHARACTER CHARACTER CHARACTER
OF RECORD RECORD |
RECORD 2 MARK MARK RECORD 3 RECORD 3

NORMALIZE

cuean —— A .VLFLV,__A_V_

| |
overo —hy e A A A V_A\F

2065-13
Fig. 2-9. 4051 magnetic tape cartridge recording format. See table 2-1 for timing and distance specifications.
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Table 2-1
MAGNETIC TAPE FORMAT SPECIFICATIONS

Characteristic Symbol Distance Time (at 30 ips max.)
min. | nom. max. units min. | nom. | max. units

erase after dre 9 - - in 300 - - ms

last file

interfile gap dir 3.17| 3.60(4.03 in 172 | 195 | 218 ms’

interrecord gap dn 1.06( 1.20|1.34 in 57 65 73 ms’

read-to-write gap drw 435| 8.1812.00 mil 145 | 272 | 400 us

first intercharacter
gap after record

data di 150 - |[3.90 mil 50 - 130 us
intercharacter gap dec 1.50| 2.253.00 mil 50 70 | 100 us
normalizing gap

after EOR mark do - - 13.00 mil - - 100 us
interbit gap deb .57 | .65 .73 mil 19 21 24 us

’Speed is not constant at 30 ips during the interfile gap (Fig. 2-9).

30ips

Oips
P25 125 1151 261 26 1151 25 | 25 15} ms (195 ms total)

*Speed is not constant at 30 ips during the interrecord gap (Fig. 2-9).

30ips

Oips
V25 1 25 st me (65 mstotan)

MICROPROCESSOR SYSTEM SPECIFICATIONS
MOTOROLA DEVICES

The 4051 Graphic System is based on a Motorola 6800 microcomputer system. Specific system
building blocks are listed in Table 2-2.
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Table 2-2
SYSTEM BUILDING BLOCKS

Microprocessing Unit (MPU) MC6800 Used as mainframe central
processing unit.

Peripheral interface MC6820 Used as peripheral device

Adapter (PIA) controiiers (i.e., tape controi,

keyboard control, display control,
joystick control, GPIB controls,
Bank Switch control, etc.)

Asynchronous Communications MC6850 Used for RS-232 communications

interface Adapter (ACIA) interface.

Read Oniy Memory (ROM) MCM6832L Mask programmabie ROM used in
all 4051 firmware and firmware
products.

Random Access Memory RAM) MCM6605L Dynamic Random Access Memory

used for temporary program and
data storage within the 4051
| mainframe.

For detailed specifications on each of these devices, see the appendix that incorporates
reprinted Motorola specification sheets.

MEMORY (ROM and Peripheral Devices)

36K bytes for firmware and peripheral control addresses. Included are 8K bytes for a
switchable firmware bank.

MEMORY (RAM for Program and Data Storage)

8K bytes minimum (2K of which are used by system tables). Additional 8K byte increments may
be added up to a maximum address space of 32K.

MEMORY ADDRESS ALLOCATION

Figure 2-10 is a map of the 4051 memory address space. The total address space comprises
64K memory locations. The lower 32K is reserved for random access memory (RAM). The
upper 32K is predominently read only memory (ROM) with a few addresses reserved for
interfaces, most of which are peripheral interface adapters (PlAs).
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64K MEMORY ALLOCATION
0000

2K SYSTEM

8K STANDARD RAM PERIPHERAL CONTROL ADDRESSES

2000 8780

8780
84
88
8C-F Y-AXIS DA/TAPE
4000 —— — — — — — — — 90
94-7 X-AXIS DA
(OPTIONAL 8K 98-B TAPE/JOYSTICK
RAM INCREMENTS) 9C
A0
6000}— — — — — —— —— A4
A8-B  KEYBOARD/STATUS LIGHTS
AC
B0-3 GPIB

B4
RAM

PERIPHERAL 3000 1.89K ROM ROM B8
CONTROL—— BC

Co0-3 BANK SWITCH
8K ROM ca-7 COM (Option)
(SWITCHABLE BANK) C8-B  XPC2
CC-F XPC3
A800 DO0-3 XPC4
D4
D8
DC
EOQ
E4
22K ROM E8
EC
FO
F4
F8
87FC-F

87F

INTERRUPT
AND RESTART
VECTORS FFFF

DIVISION ADDRESS BOUNDARIES

Standard RAM 0000-1FFF
Optional RAM 2000-7FFF
1.89K ROM 8000-877F
Peripheral Control 8780-87FF
8K Switchable Bank 8800-A7FF
22K ROM AB00-FFF7
Interrupt Vector FFF8-FFF9
Restart Vector FFFE-FFFF 2286-11

Fig. 2-10. 4051 Memory address space allocation map.
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BANK SWITCH

Ofthe ROM addresses available to the 4051, there is a bank of 8K that is switch selectable. The
particular 8K bank that is selected to reside in the switchable address space is determined by
data stored in a bank switch register. Table 2-3 shows the meaning of the 8-bit data to be stored
into the bank switch register or memory location. The letter X defines a don’t care condition.
The letter D defines ROM Expander Unit data.

AN

Table 2-3
BANK SWITCH DATA WORD

76 543 210

XX 000 XXX RBC (ROM Bank Control)

XX 001 XXX BSOFL (Bank Switch Overflow—Select Overflow ROMs)

XX 010 XXX BSCOM (Bank Switch Communication—Select Communi-
cation ROM)

XX 011 XXX —

XX 100 XXX BS(L) (Bank Switch Left—Select Left ROM Pack)

XX 101 XXX BS(R) (Bank Switch Right—Select Right ROM Pack)

XX 110 DDD BSX(L) (Bank Switch Expander—Select Left ROM Expander
Unit)

XX 111 DDD BSX(R) (Bank Switch Expander—Select Right ROM Expander
Unit)

BASIC LANGUAGE FORMAT

%

@) (1/0 Addresses:)

(Line Number) KEYWORD (

LINE NUMBER

The line number determines the order of statement execution. If a line number is present, the
statement is executed when the system is placed under program controi. If the line number is
not present, the statement is executed as soon as the statement is entered into the line buffer
and the RETURN key is pressed.
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KEYWORD

The KEYWORD is an alphabetical code that tells the BASIC interpreter what function to
perform. This code represents a set of instructions for the BASIC interpreter only and is never
seen by the peripheral device involved in the transfer. A list of operations for each BASIC
keyword can be found in the 4051 Graphic System Reference Manual.

I/0 ADDRESS

The I/O address is a two-part numeric code that presents instructions to the peripheral device.
The 1/0 address is sent to the peripheral device before the data transfer begins.

The I/0O address follows the keyword in the statement and is specified as an "at"” sign (@) ora
percent sign (%), followed by a primary address, followed by a comma, followed by a
secondary address, and terminated with a colon ().

The "at” sign (@) or the percent sign (%) specifies which delimiters are to be used during the
1/0 operation. Some applications involving GPIB input/output operations use the percent sign
(%) to logically disconnect the 4051 from the GPIB. Refer to the 4051 Graphic System
Reference Manual for details.

The primary address is specified as a peripheral device number between 1 and 255. When the
statementis executed, the peripheral device number is converted to a primary talk address ora
primary listen address, whichever is appropriate for the keyword, and issued to the specified
peripheral device. The primary address tells the peripheral device that it has been selected to
either send data to or receive data from the random access memory. Peripheral device
numbers for the system are divided into categories as shown in Table 2-4.

Table 2-4
DEVICE NUMBER ASSIGNMENTS

Device Number Peripheral Device
0 System Disc (mass storage device)
1-30 External peripheral devices on the

General Purpose Interface Bus

31-39 Internal peripheral devices connected
directly tothe microprocessorbus lines

40-255 Reserved for future use
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Internal peripheral devices are preassigned the following peripheral device numbers:

Table 2-5
INTERNAL DEVICE NUMBERS

Device Number Peripheral Device
31 GS keyboard
32 GS display
33 Magnetic Tape Unit
34 DATA Statement
35 Unassigned
36 Unassigned
37 Processor Status
38 Unassigned
39 | Unassigned

Peripheral device numbers can be specified as a numeric expression in a statement as long as
the BASIC interpreter can reduce the expression tc a numeric constantand round the constant
to aninteger within the range 110 255. This means that the primary address can be specified as
anumeric variable; by changing the value assigned to the variable, different peripheral devices
can be selected as the input source or output destination without changing the BASIC
statement itself.

The secondary address in an 1/0 address is issued immediately after the primary address and
tells the peripheral device what the data transfer is all about. Since the peripheral device never
sees the keyword in the statement, the secondary address provides the only way to tell the
peripheral device what function is being performed by the BASIC interpreter. A secondary
address is specified as a number from 0 through 32. Each number has a predefined meaning.
For example, secondary address 12 means that the BASIC interpreter is executing a PRINT
statement; secondary address 13 means that the BASIC interpreter is executing an INPUT
statement, and secondary address 0 means that the BASIC interpreter is sending status
information. The following table lists the secondary address assignments for each 1/0 function
performed by the BASIC interpreter.
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Table 2-6

GPIB PRIMARY DEVICE ADDRESS ASSIGNMENTS

- OO0 |O|r|O||O|~|O||O| O~ OO |O||O|m|O|™ OO+
7 N|[|O|O|r|r|O|O|r|~|O|O| | |O|O|™r|[O|O||[~|O|O| |~ |OO|r|~O|O|r|v
ES m||olo|lo|o|r~|+|r|~|o|lo|lo|o|r|—|r|~|Oo|ojo|o|~|r|~|~|o|o|lo|jo|~|~|~|+~
mw /| OlOo|0o|jOo|Oo|Oo|0(O|r~ ||| —[O|O|O|O|OIO|OIO|r |||+
alo w||olo|jlo|o|o|(o|o|o|0o|0o|0|Oo|0|CO|C|O0|vr || ||| ||| ||+ v
<3 0|l ojlo|lo|o|o|o|o|o|lo|o|o|o|lo|lo|o|ojo|ojo|o|ojo|o|o|lojo|o|o|ololo|o
m M~~~ ||~ ||| ||| |||~ | ™| | |||~ v |
< o|lo|lo|lo|o|o|o|o|lo|o|ojo|o|o|jo|o|olo|o|o|ojo|o|o|o|o|o|o|o|ojo|o|o
=
D=
o |=d
< < W
253 ||3|8]8|5|8|3|R|x|R RN ||R|k|R|R|8|5|8|2|3|8|8 5|8 |3(8|5|8|8| 3|8
o
o>
(a]
O~ |O|=|O|~|O|r OO O] |O|~O|~ O |O|r|O(~|O |0 O |O|+
% nNji|o|lo|~|r|olo|~|r+|olo~|~|o|o|~|~|o|loj~|+|ojo|~|~|o|o|~|~|o|lo|~ |~
w (¢n m||o|lo|lo|lo|~|~ ||~ |o|olo|lo|~|~|+|~|o|o|o|o|+|—|r+|~|Oo|o|o|o|r|r|+]|r
mw ||OoO|jO|O|O|O|0O|C|lO|r ||| |~ |~ ]|O|IO|OC|O(OCO|IO0|C|O ||+ |||+
mo W O|I0I0|0O|I0O|I0C(O(CIOI0|O|OI0C|IOI0|IO|r | V||| ||| ™ v
Nm O~ ||| ([~ |||~ | |||~ |~ (]|
:T._ N|lo|lojlo|lo|o|o|lo|lo|o|o|o|lo|o|o|ojojo|o|o|o|o|o|o|olo|o|o|ojo|jo|o|o
(2] w||lo|lo|lo|o|o|o|lo|lo|ojo|ojo|ololo|o|o|o|o|o|o|o|o|ojo|o|o|o|ojo|o|o
|
>= |
0 < w
S22 ||ois|s|8l8|5|a(]e|s 2 (o]0 ¢ |2 2|B |0 |B| 3 |8]8 53|28 5| 2|2
Cw >
o Q
X
=
- <
< =
o W pd
w O ]
z 3 ol |alo|+ oo~ oo 2F[¥|2]2 22 x 2|20 5|8 0| T 8|85 |2| 2|8 |2
& 8181818/ 8|8|8|8|18/8/8/8|8/8(88(88|8|8/8|8|8|8/8/8/8/8|8|8/8(2
REHRRARBEBRBRHRRARREEBHARRRBEEERAREE
alialiallallalialia}ialialislis}ialialialialiallalialla]a}a}{alia}a]ialiafia]liafia}is]lafis)

4051 SERVICE VOL. 1

2-22



Table 2-7

GPIB SECONDARY ADDRESS ASSIGNMENTS

SPECIFICATIONS

Decimal Data Bus

Secondary Address Predefined Meaning Value 8 76 5 43 21
0 "STATUS" 96 01100O0O00O0
1 SAVE 97 01100001
2 CLOSE 98 01100010
3 OPEN 99 01100011
4 OLD/APPEND 100 01100100
5 CREATE 101 01100101
6 TYPE 102 01100110
7 KILL 103 01100111
8 UNIT 104 01101000
9 DIRECTORY 105 01101001
10 COPY 106 01t 101010
11 RELABEL 107 01101011
12 PRINT 108 01101100
13 INPUT 109 01101101
14 READ 110 01101110
15 WRITE 111 01101111
16 ASSIGN 112 01110000
17 "ALPHASCALE" 113 01110001
18 "ALPHAFONT" 114 01110010
19 LIST/TLIST 115 01110011
20 DRAW/RDRAW 116 61110100
21 MOVE/RMOVE 117 01110101
22 PAGE 118 ot1t110110
23 HOME 119 o1t1 10111
24 GIN 120 01111000
25 "ALPHAROTATE" 121 0111100 1
26 COMMAND 122 01111010
27 FIND 123 01111011
28 MARK 124 01111100
29 SECRET 125 o111 1101
30 "ERROR" 126 01111110
31 undefined 127 o111 1 111

4051 SERVICE VOL. 1

2-23



SPECIFICATIONS

GENERAL PURPOSE INTERFACE BUS (GPIB)
THE GPIB CONNECTOR

The GPIB connector is a 24-pin connector located on the rear panel of the 4051 Graphic
System main chassis. This connector allows external peripheral devices to be connected to the
system. The devices must conform to the |IEEE Standard #488-1975 which describes a byte-
serial, bit-parallel interface system for programmable instrumentation. The GPIB connector is
a standard 24-pin connector with sixteen active signal lines and eight interlaced grounds. The
cable attached to the GPIB connector must be no longer than 20 meters maximum with a
maximum number of fifteen peripheral devices. The connector pin arrangement and signal line
nomenclature is shown in Fig. 2-11.

THE GPIB INTERFACING CONCEPT

The GPIB is functionally divided into three component buses; an eight-line Data Bus, a three-
line Transfer Bus, and a five line Management Bus for a total of sixteen active signal lines. This
bus structure is shown in Fig. 2-12.

The transfer rate over the Data Bus is a function of the slowest peripheral device taking partina
transfer at any one time. The bus operates asynchronously with amaximum transfer rate of one
megabyte/second. Both peripheral addresses and data are sent sequentially over the Data
Bus. Once peripheral addresses are established for a particular transfer, successive data bytes
may be transmitted in a burst for higher effective data rates.

Peripheral Devices on the GPIB are designated as talkers and listeners. The Graphic System
microprocessor acts as the controller to assign peripheral devices on the bus as listeners and
talkers. The Graphic System microprocessor assumes that it is the only controller on the bus
and it has complete control over the direction of all data transfers. There is no provision in the
Graphic System for other devices on the GPIB with controller capability to take turns with the
microprocessor as controller-in-charge.

Atalker is adevice capable of transmitting information on the Data Bus. There can be only one
talker at a time. The Graphic System microprocessor has the ability to assume the role of the
tatker when it elects to do so.

A listener is a device capable of receiving information transmitted over the Data Bus. There
may be up to fourteen listeners taking part in an 1/0 operation at any one time. The Graphic
System microprocessor has the ability to assume the role of a listener any time it elects to do
SO.
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~———— 60mm typical —————

ﬁ[ Receptacie j q

Housing f
Cable 15mm typical
] {Plastic molded or equivalent) l

— 1

E Plug g\ Retaining ring
20 meters (65% feet)
maximum length

1 T
@ } @ 23mm typical
I " — -
15mm ' \Raised grip surface
min.

CABLE CONNECTOR HOUSING

SHIELD SRQ NDAC DAV DI04 DIO2

ATN | IFC |NRFD| EOI | DIO3| DIO1

)

/N
N/

GND | GND | GND | REN | pjo7 | DIO5
1 9 7 .

LOGIC GND GND GND pjpog8 DIO6
8 6

GND 10
(2056) 2065-14

Fig. 2-11. GPIB connector(s) and pin assignments.

4051 SERVICE VOL. 1 @ 2-25



SPECIFICATIONS

DATA BUS DIO3

GPIB CONNECTOR

TRANSFER BUS NRFD

ATN
SRQ

iFC
\ REN

4051 MAIN CHASSIS MANAGEMENT BUS EOI

2065-15

Fig. 2-12. GPIB bus structure diagram.

GPIB SIGNAL DEFINITIONS
Data Bus

The Data Bus contains eight bidirectional active-low signal lines, DIO1 through DIO8. One
byte of information (eight bits) is transferred over the bus at a time. DIO1 represents the least
significant bit in the byte; DIO8 represents the most significant bit in the byte. Each byte
represents a peripheral address (either primary or secondary), a control word, a digit in a
numeric data item, or a character in an alphanumeric character string. Data bytes can be
formatted in ASClI code, with or without parity, or they can be formatted in machine dependent
binary code.

Management Bus

The Management Bus is a group of five signal lines that are used to control data transfers over
the Data Bus. The signal definitions for the Management Bus are as follows:

Signal Definition

ATTENTION (ATN) This signal line is activated by the controller when peripheral
devices are being assigned as listeners and talkers. Only peripheral
addresses and control messages can be transferred over the Data
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SERVICE REQUEST
(SRQ)

INTERFACE CLEAR
(IFC)

REMOTE ENABLE
(REN)

End or ldentify (EOI)

The Transfer Bus

SPECIFICATIONS

Bus when ATN is active low. After ATN goes high, only those
peripheral devices which are assigned as listeners and talkers can
take part in the data transfer. The Graphic System microprocessor
assumes it is the only source of this signal.

Any peripheral device on the GPIB can request the attention of the
controller by setting SRQ active low. The controller responds by
setting ATN active high and executing a serial poll to see which
device is requesting service. This response is generated by the SRQ
ON Unit instruction that is executed in the BASIC program. The
serial poll is taken when a POLL statement is executed in the BASIC
program. After the peripheral device requesting service is found,
BASIC program control is transferred to a service routine for that
device. When the service routine is finished executing, program
control returns to the main program. The SRQ signal line is reset to
an inactive state when the device requesting service is polled.

The IFC signal line is activated by the controller when it wants to
place all interface circuitry in a predetermined quiescent state. The
4051 Graphic System microprocessor assumes that it is the only

source of this signal. IFC is activated each time the INIT statement is
executed in a BASIC program and each time an error occuifs in

program execution.

The REN signal line is activated whenever the system is operating
under program control. REN causes all peripheral devices on GPIBs
to ignore their front panel controls and operate under remote

control via signals and control messages received over the GPIB.

The EOl signal can be used by the talker to indicate the end of adata
transfer sequence. The talker activates EOl as the last byte of datais
transmitted. When the controller is listening, it assumes that a data
byte received is the last byte of the transmission, if EOT is activated.

When the controlleris talking, it always activates EOl as the last byte
is transferred.

A handshake sequence is executed by the talker and the listeners over the Transfer Bus each
time a data byte is transferred over the Data Bus. The Transfer Bus signal lines are defined as

follows:
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Signal Definition
Not Ready for Data An active low NRFD signal line indicates that one or more assigned
(NRFD) listeners are not ready to receive the next data byte. When all of the

assigned listeners for a particular data transfer have released NRFD,
the NRFD line goes inactive high. This tells the talker to place the
next data byte on the Data Bus.

Data Valid (DAV) The DAV signal line is activated by the talker shortly after the talker
places a valid data byte on the Data Bus. An active DAV signal tells
each listener to capture the data byte presently on the Data Bus. The
talker is inhibited from activating DAV when NRFD is active low.

Data Not Accepted The NDAC signal line is held active low by each listener until the

(NDAC) listener captures the data byte currently being transmitted over the
Data Bus. When all listeners have captured the data byte, NDAC
goes inactive high. This tells the talker to take the byte off the Data
Bus.

GPIB DATA FORMATS

Any series of bit patterns can be transmitted over the GPIB. This allows both numeric data and
alphanumeric data to be transmitted in either ASCII code or machine dependent binary code.

Transferring ASCII Data

ASCIl datais transferred from the read/write random access memory to a peripheral device on
the GPIB using the PRINT statement. ASCII transfers in the opposite direction are executed
using the INPUT statement. ASCII numeric data can be transferred in either standard (free)
format or scientific format, and must be transmitted most significant digit first. Valid ASCI|
characters are digits 0 through 9,E,e,+,—, and decimal point. ASCIl character strings can be
transmitted as any sequence of valid ASCII characters except Carriage Return. Carriage
Return is used as the string delimiter. All ASCI| data transfers, both numeric and alphanumeric,
are terminated with a Carriage Return character or by activating the EOI signal line on the
Management Bus, or both. (Refer to the INPUT and PRINT statements in the Input/Output
Operations section of the 4057 Graphic System Reference Manual for detailed information on
ASCII data transfers over the GPIB.)

Transferring Machine Dependent Binary Code

The term "machine dependent binary code” refers to the internal binary format used to store
data within the 4051 Graphic System. Communication between the BASIC interpreter and an
external peripheral device in machine dependent binary code is usually faster because the time
it takes to convert the internal binary format to ASCI| format is eliminated. Transfers between
the random access memory and a peripheral device in machine dependent binary code implies
that the peripheral device is able to understand the internal binary format.
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Normally, transfers of this nature are carried on between the random access memory and an
external mass storage device that doesn’t have to understand the code or between the random
access memory and a peripheral device specifically buiit for the system by Tektronix.

Information transfers toand from a peripheral device on the GPIB are carried on viathe WRITE
statement and the READ statement. Each data item transmitted is preceded by a two byte
header which identifies the data type (numeric or aiphanumeric) and the iength of the data item
(in bytes). (Refer to the READ statement and the WRITE statement in the I/O Operations
section of the 4051 Graphic System Reference Manual for details.

Transferring One Data Byte at a Time

Direct access to the GPIB from the 4051 keyboard is made available through the WBYTE (Write
Byte) statement and the RBYTE (Read Byte) statement. These two statements allow you to
send any eight bit pattern over the GPIB. Also, the WBYTE statement allows you to activate the
ATN signal line to tell peripheral devices that the byte you're sending is a peripheral address or
a control word and it gives you complete control over the activation of the EOI signal line
except when a binary 0is explicitly transferred by WBYTE-0. (Refertothe WBYTEand RBYTE

N Tt - ] I/aYit] T3
statement in the Input/Output Operations section of the 4051 Graphic System Reference

Manualfor details.) To send binary zero with EOl activated the program should specify avalue
between zero and —0.5 that rounds to the integer zero in the WBYTE statement.

GPIB-to-lIEEE COMPATIBILITY

INTRODUCTION

The following text describes the interfacing compatibility of the 4051 Graphic System’s
General Purpose Interface Bus with the |IEEE Standard #488-1975 which describes a byte-
serial, bit-parallel interface system for programmable instrumentation.

In general, the Graphic System microprocessor acts as a standard talker, listener, and
controller. The controller function does not have the ability to conduct a parallel poll; it does
however, have the ability to conduct a serial poll. Serial polls are taken each time the POLL
statement is executed.

The Graphic System microprocessor does not have the ability to transfer control to another

device on the GPIB with controller capability. Therefore, the Graphic System microprocessor
assumes that it is the only controller on the GPIB.
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GPIB INTERFACING COMPATIBILITY IN DETAIL
Reference: |IEEE Standard #488-1975

The 4051 Graphic System GPIB falls into the following interface function subsets as defined in
the IEEE Standard #488-1975 document:

Section 2.3 SH (Source Handshake Function)
SH1 — completely compatibie

Section 2.4 AH (Acceptor Handshake Function)
AH1 — completely compatible

Section 2.5 T (Talker Function)
TE3 — basic extended talker, however, the microprocessor addresses itself internally and
not over the GPIB.

Section 2.6 L (Listener Function)
LE1 — basic extended listener, however, the microprocessor addresses itself internally
and not over the GPIB.

Section 2.7 SR (Service Request Function)
SRO — no capability to issue SRQ

Section 2.8 RL (Remote Local)
RLO — no capability

Section 2.9 PP (Parallel Poll Function)
PPO — no capability

Section 2.10 DC (Device Clear Function)
DCO — no capability

Section 2.11 DT (Device Trigger Function)
DTO — no capability

Section 2.12 C (Controller Function)
C1 — System Controller
C2 — Send IFC and take charge
C3 — Send REN
C4 — Respond to SRQ
C28 — Send Interface Messages

GENERAL PURPOSE GPIB COMMANDS

GPIB device addresses can be issued as illustrated in Fig. 2-13 followed by acommand to read
data. When the WBYTE @70,109: statement is executed in a BASIC program, the @ sign
causesthe ATN line to be activated, 70is the primary talk address for device number 6 and 109
is the secondary address normallj/ interpreted by the 4051 BASIC Language Interpreter as an
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100 WBYTE @70,109:

D108

DIO1

110 RDBYTE A, B, C. D

|§
s

\____X_&:_ NN
RENEEE
CLEEEEER

j 109 70
|
|
GPIB TALKER SENDS DATA FOR A, B,CAND D
GRAPHIC SYSTEM
—
MAIN CHASSIS

2065-16

Fig. 2-13. Reading data from a device on the GPIB. 70 is the primary talk address for device 6 and 109 is the secondary address
associated with the INPUT command statement.

INPUT command. The WBYTE statement enables secondary device addresses to be
transmitted without activating contradictory data processing firmware within the 4051. The
RDBYTE statement can then be used to read data from the assigned talker. The RDBYTE
statement receives one or more data bytes from a peripheral device on the GPIB and assigns
each data byte to a numeric variable.

In the example of Fig. 2-14 a primary address of 44 and secondary address os 108 are
transmitted to the peripheral device. Data is sent to the peripheral device corresponding to the
binary bytes associated with the numbers 65 and 66. The minus sign on —66 activates the EOI
line during the last byte of data transferred. WBYTE @63,95: transmits the universal commands
UNTALK and UNLISTEN over the GPIB.
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130 WBYTE @44, 108:65, —66
140 WBYTE @63, 95:

GPIB

GRAPHIC SYSTEM
MAIN CHASSIS

2065-17

Fig. 2-14. Transmitting data to a device on the GPIB followed by the universal commands of UNTALK and UNLISTEN.

To cause one peripheral device to transfer information to another device on the bus, the
listeners and talker must be addressed. The BASIC statement WBYTE % (arguments) must
have the percentsign to remove the 4051 from the GPIB as in Fig. 2-15. The 4051 then executes
a WAIT statement to halt the current instruction stream until EOI is received. The ON EOI
THEN 180 statement causes control to pass to line 180 when device-to-device data transfer is
complete.
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150 ON EOI THEN 180
160 WBYTE % 70, 109, 52, 35:
170 WAIT

180 WBYTE @69, 95:

<A | 47___4?_‘ <A
ol Tol A ol d To[ T {ol]

1 /{ 0 | 1o [ 1

] 1 1 1 1
il ¥ NS S g D I L g NS L O N B g

1 _1 1 [¢] 1 0
I B R ObA %04 (tia
1 1 0 1 __#1_/_

bon 1 14 i 0 0
N L L = IL2 P B

95 63 | 35 52 109

ATN ' ATN
l
GPIB TALKER TAKES OVER THE BUS

GRAPHIC SYSTEM

MAIN CHASSIS

AIN UHAADDIO

2065-18

Fig. 2-15. A procedure to initiate data transter between two GPIB devices and waiting until the data transfer is completed.
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Section 3

MAINTENANCE

ROUTINE MAINTENANCE
GENERAL

Beyond the need for occasional cleaning there is virtually little need for routine maintenance of
the system. It has no lubrication points and, with the exception of the crt, no vacuum tubes. The
solid state components provide stable operation with little need for routine adjustment.
However, a routine maintenance schedule and procedure is recommended. The frequency
depends upon your operating environment and the amount of time the 4051 is used. Along with
routine maintenance you should include running the System Software and Firmware
Verification programs found on the PLOT 50: SYSTEM SOFTWARE TAPE. First, read the
foliowing text; then establish a routine maintenance schedule.

Routine service procedures that should be performed at regular intervals on your 4051 Graphic
System include the following:

1) Clean the outer surfaces of the unit.

2) Clean the air filter when dirty.

3) Clean the tape heads every 6 hours of tape drive operation, 1000 hours of 4051
operation, or whenever tape errors begin to occur. Tape errors can be identified as the
tape does a backup operation to read a record of data for another time.

Note that all motors and bearings in the 4051 are permanently lubricated and should not need
oil or otherlubrication. The solid-state components provide stable operation with little need for
routine adjustment. If a routine schedule for circuit adjustment and calibration is desired, a
one-year interval is recommended. Material in this section should be referred to as necessary.

This section contains preventive maintenance information and system
disassembly/reassembly procedures.

CLEANING

/‘J\/\./WJ‘J‘J\/i
‘; CAUTIiON 2

(VW W WU U oV 0

Avoid the use of chemical cleaning agents which may damage the plastics in this
instrument. Avoid chemicals which contain benzene, toluene, xylene, acetone, or
similar solvents.
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Surface Cleaning

To clean the face of the display crt and the exterior of the system, use a soft cloth dampened
with a mild detergent and water solution.

Cleaning the Fan Filter

The cooling fan filter on the backpanel should be checked periodically and cleaned as required
to ensure optimum cooling air flow through the system. Before cleaning the fan filter,
disconnect the power cord from the power source.

The air filter can be removed by removing the filter bracket from the back of the 4051. After

removal, shake loose as much dust as possible (or vacuum), then thoroughly clean in a mild
detergent and water solution. Be sure the filteris thoroughly dry before installing it back in the

system.

Cleaning the Tape Head

The surface of the tape head (see Fig. 3-1) must be kept clean in order to accurately read and
write data to and from the tape. Oxide from the tape, along with other foreign matter, may be
deposited on the head during tape operation. This results in data errors and must be corrected
as required by cleaning the head, using the following procedure.

1. Inspect the head by shining a light, such as a penlight, across the surface of the head at an
angle. This reveals accumulations of foreign material. If the head is dirty, clean the head
according to the remaining instructions.

2. Use a cotton swab moistened with isopropyl alcohol or a quality magnetic tape head
cleaner to rub off accumulated matter. Light accumulations of oxide will probably be
readily removable, while heavy accumulations may require more alcohol and clean swabs.

3. After removing the oxides and other foreign matter, use a clean, dry cotton swab to polish
the head and remove alcohol residue.

4, Atthistime you may elect to run the System Verification Software to check magnetic tape
unit operation.
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Fig. 3-1. Tape head and tape status iight path.

Cleaning Electrical Contacts

Freon TF (trichlorotrifluroethane) and combinations with isoproply alcohol are suitable

electrical contact cleaners (i.e., Miller-Stephenson MS-160 or FREON TP-35). Avoid using
these chemical solvents near the tape motor and fan; they readily remove lubrication from
motor bearings. Avoid the use of chemicals that damage plastic parts within the instrument.

SYSTEM VERIFICATION SOFTWARE

There are two verification programs on the PLOT 50: SYSTEM SOFTWARE TAPE: a software
program and a firmware program.

The Software Verification Program checks out system internal peripherals; that is, the
keyboard, the graphic system display, and the data transfer to and from the internal magnetic
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tape unit. You and the 4051 Graphic System act as a team in this checkout. You press keys in
response to system requests, and the system responds with various statements and test
patterns.

The Firmware Verification Program checks the 4051’s random access memory (RAM). The
system does all the work in this program in about one minute.

To test the system read-only memories (ROM) that hold the BASIC interpreter, a System Test
Fixture is required. Test fixture operations and the special tests performed are documented
later in this manual.

The Software Verification Program and the Firmware Verification Program are stored on two
separate tape files for your convenience. It is suggested, however, that both verification
programs found on the PLOT 50: SYSTEM SOFTWARE TAPE be run during equipment
checkout.

The verifications programs are on the PLOT 50: SYSTEM SOFTWARE TAPE. Insert the tape
cartridge into the system. Press the AUTO LOAD key. When tape movement stops, the Plot 50
Master Menu will appear on the display screen. Notice that menu selection 6 is the Software
Verification Program. Press the 6 key, then press the RETURN key. This will take you to the
Software Verification Program.

When the Software Verification Program is completed, the system returns to the master menu
automatically. Notice that the 7th selection on the menu is for the Firmware Verification
Program. Press the 7 key, then press the RETURN key to go to that program. When it is
completed, turn off the 4051 Graphic System or press the AUTO LOAD key and return to the
master menu.

CARTRIDGE RESPOOLING

The data cartridge used in the 4051 Graphic System is open-ended; that is, the tape ends are
not secured to either of the spools. The magnetic tape unit relies on light-sensing of small holes
at either end of the tape to stop motion before the physical end of the tape is reached. Under
certain conditions, such as a possible circuit failure, a burned-out lamp, or an obstruction in
the light path (such as a soiled cartridge or lamp-detector assembly) the tape may fail to stop in
time, resulting in atape end coming off the spool. If you suspect the cause is a circuit failure or
a burned-out lamp, the cause must be determined and corrected. Refer to the Circuit
Description section for circuit information. In any event, you will want to wind the tape back
onto the empty spool. Use the following procedure.

1. Remove the four screws that attach the metal base to the plastic cover (see Figs. 3-2
and 3-3).
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Fig. 3-2. Cartridge assembly screws.
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Fig. 3-3. Disassembling the tape cartridge.
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2. Carefully remove the metal base plate, using caution not to lose the write-protect cylinder
or the small metal spring between the cylinder and the metal base (Fig. 3-3).

3. Placethelooseend of the tape across the front of the cartridge, threading it through in front
of the two guide posts. Now, keeping light tension on the tape, place the loose end of the
tape around the outside edge of the take-up spool, to the point where the spool meets the
tension band (Fig. 3-4).

4. Rotate the spool, causing the tape to pass around the spool, with the loose end passing
through the inside edge of the spool (Fig. 3-5). Do not press down on the full spool.

5. Hold the loose end of the tape against the spool, and continue to rotate until the loose end
passes under the continuing length of tape, then continue to rotate for a few more turns,
until the first set of sensing holes are reached (Fig. 3-6). Make certain that these first
windings stay evenly within the spool edges.

il
" i
AL

T
s

.
i

Fig. 3-4. Tape positioning within the cartridge.
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Fig. 3-5. Beginning the tape winding.
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6. Make certain that the write-protect cylinder is in position, with the spring washer between
the cylinder and the metal cartridge base. Position the metal cartridge base over the plastic
cover. Be careful not to catch and wrinkle the tape with the plastic case (Fig. 3-7).

Fig. 3-7. Assembling the tape cartridge.

7. Holding the cartridge together, install the four screws that attach the plastic case to the
metal base.

8. Check the light path (refer back to Fig. 3-1) and remove any obstructions (lint, dust, etc.) in
the light path. Instail the tape cartridge and run a couple of tape exercises (such as
REWIND, TLIST, etc.) toensure that the tape problem does not recur. Ifthe problem recurs
and you have checked the light sensing assemblies and removed any obstructions, then the
system probably has a circuit failure. Refer to the Circuit Description section of this manual.

STATIC-FREE WORK STATION

Some of the devices within the 4051 are highly susceptible to small electrostatic voltages.
Therefore, special precautions should be taken to avoid circuit damage during the handling of
naked or unprotected circuit boards. Our replacement circuit boards are packed in special
bags that are made of electrically-conductive polyethylene. Boards that are shipped back to
regional Tektronix field offices or to the manufacturing facilities in Oregon require the same
electrostatic protection afforded by these special bags.

4051 SERVICE VOL. 1



MAINTENANCE

It is recommended that servicing the 4051 be performed at a static-free work station by
qualified personnei.

A typical static-free work station (Fig. 3-8) consists of a table with an electrically conductive
top. The surface material shoul!d be resistive, such as carben or treated polyethylene, instead

UTalou

of being highly conductive as in the case of metals. The table top should be grounded through
aresistor of approximately 200 kQ to 500 kQ2. The service technician should wear a conductive
wrist strap that is tied to the table top by 100 kQ of series resistance. All test equipment shouid
be grounded. No implements capable of generating or holding a static charge should be
allowed on the work surface—this includes most note paper.

An approved warning label to be used on shipping cartons is illustrated in Fig. 3-9.
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Fig. 3-8. Typical static-free work station.
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CAUTION

CONTENTS SUBJECT TO DAMAGE BY
STATICELECTRICITY

DO NOT OPEN

EXCEPT AT APPROVED
STATICFREE WORK STATION

006-2388-00

2065-27

Fig. 3-9. Approved warning label for outside of shipping
cartons.

2065-28

Fig. 3-10. Cover mounting bolts.
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DISASSEMBLY/ASSEMBLY

REMOVING THE COVER AND BACKPACK

. Removali of the cover des access

prov

2. Remove the power cord from the rear of the 4051. Using a 5/16" hex driver,

MAINTENANCE

loosen the two

bolts on the lower sides of the 4051. Using a #2 Phillips screwdriver, remove the two rear

bolts that secure the 4051 cover (Fig. 3-10).

3. Thecovercanthen be removed as shown in Fig. 3-11. Toreplace the cover, the rear corners

are seated first, then the front of the cover is lowered.

4. Remove the backpack by removing four Phillips screws (Fig. 3-12) and then pull gently near

the bottom of the backpack to separate the edge card connectors. Note t
screws were removed from the top of the backpack.
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Fig. 3-12. Backpack removal.

KEYBOARD ACCESS

1. Make sure there is no tape cartridge in the system.

2. Remove the front coverplate that frames the crt face, indicator lights and EJECT button.
This is done by lifting on the top flange of the coverplate and then pulling forward (Fig. 3-
13). You may have to help it over the EJECT button.

3. Using the Phillips screwdriver, remove the bolts that secure the keyboard (Fig. 3-14).

4. Usethe pushing motion shown in Fig. 3-15to force the keyboard against the display. Pull up

on the right top corner, and hold. With the other hand, lift up on the right edge of the
keyboard starting at the top. Slide your lift motion forward until the bottom edge comes free
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Fig. 3-14. Keyboard screws.

5. Eitherdisconnectthe two keyboard connectors (J30 and J31) and remove the assembly, or
place aninsulating pad (e.g., computer print-out sheets) on the top of the crt shield and rest
the keyboard on it.
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Fig. 3-15. Keyboard removal to gain access to cpu board and memory board.

6. Further disassembly of the keyboard module is accomplished by removing the 12 Phillips
screws that secure the circuit board.
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CRT FILTER ACCESS

1. The front coverplate and keyboard should be removed as previously described.

2. The crt filter has a foil strip around the outer surface to provide an electrical barrier to
control electromagentic inteference. This foil strip will be used as a reference during
replacement. If a new filteris to be installed, the foil strip goes toward the face of the crt. The
filter side affording the least amount of reflection should be placed outward when installed
in the 4051.

3. Remove the top angle bracket from the crt mounting assembly (Fig. 3-16), after removing
the two screws, one on each end. Loosen the screws on the lower angle bracket.

Fig. 3-16. CRT filter access and removal.
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4. Remove the filter from the crt mounting bracket. Use caution to avoid scratching or
breaking the filter.

5. Cleaning. Clean the face of the crt and the under-side of the filter using a soft cloth and a
mild soap and water solution. Note that the under-side can be distinguished from the outer
surface by the masking tape if the original is being reinstalled. If the old filter is being
replaced with a new one, the under-side can be determined by comparing it with the old
filter. Note that less glare from reflected light is apparent on the outer surface than on the

under surface of the filter.

6. Installation. Put the filter in place in the recess in the neoprene mounting ring. The outer
surface should be flush with the edge of the frame when properly instailed. i1t may be
necessary to use a non abrasive device (such as a toothpick) to work the filter into place.

7. Install the angle brackets and fastening screws.

CRT AND DEFLECTION YOKE REMOVAL AND INSTALLATION

The crt may implode if it is scratched or struck severly. Do not handle the crt by its
neck. Wear protective clothing and a face shield when handling the crt. Use glycerin
for a crt neck lubricant.

4051 SERVICE VOL. 1 @ 317
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CRT Removal

1. Remove the cover and crt faceplate as previously described.

2. Remove the writer gun connector from the base of the crt’s neck (Fig. 3-17).

3. Removethe crt nect shield then replace the nuts on the yoke adjustment without the shield.

4. The crt may or may not have one or two magnet rings installed on its neck (Fig. 3-18b). If
rings were installed, note that the ring positions are marked as in Fig. 3-18a and then slide

the ring(s) off the neck of the tube. If the rings are not removed, they may fall onto the circuit
boards and damage some components.

i

Fig. 3-17. CRT neck shield, crt electrodes and yoke adjustment assembly.
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magnet
position
markings

position
markings

{A)  Section of neck showing magnet ring position markings.

clear plastic
magnet ring

yeliow plastic
magnet ring

(B)  Magnet rings installed. Note that magnets are aligned
with dots on neck. Points on ring match points on
position markings. Dots permit rapid locating of magnet
position, but might not be present on all CRTs.

2065-36

Fig. 3-18. CRT Magnet ring location details. The magnet rings
should be used only when supplied with the CRT.
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3-20

5.

6.

7.

8.

9.

Remove the four screws from the frame that holds the face of the crtin place. Then remove
this metal frame (Fig. 3-19).

Apply glycerin lubricant sparingly to the nect of the crt using a cotton swab. DO NOT DROP
LUBRICANT ONTO THE CIRCUIT BOARDS:

Slide the crt out the front of the unit using a rotating motion (not a sideways motion) about
the neck axis. The rotating motion enables crt removal from the yoke-——the neoprenering in
the yoke tends to bind otherwise. DO NOT PLACE SIDE PRESSURE ON THE NECK. DO
NOT HOLD BY THE NECK.

Remove the storage electrode from the body of the crt near the neck.
After crt removal, place the crt on a firm but padded surface. The neoprene sleeve around

the neck and the larger ring around the screen can be removed at this time. Water or
glycerin may be used to assist removal of the small neoprene ring (yoke sleeve).
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Fig. 3-19. Removing the crt faceplate mounting frame.
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Deflection Yoke Replacement

1. Remove the crt as previously described.

2. Theyoke may now be replaced. Note that the adjustment tabs of the yoke assembly must be
upward.

3. Mount the new yoke in the instrument without the neck shield. Loosen, but do not remove
the screws that hold the yoke to the adjustment fixture. The adjustment fixture and yoke

must be free to move.

4. Replace the crt.

CRT Installation

1. Make sure the yoke is mounted and the nuts on the adjustment assembly are loosened but
not removed.

2. Insert the small neoprene ring (yoke sleeve) into the deflection yoke and lubricate the
inner surface with glycerin. Use a swa