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Figure 1=1, 4052 and 4054 Graphic Computing Systems.
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Section 1

INTRODUCTION

PURPOSE OF MANUAL

This manual, in conjunction with the appropriate Parts and
Schematics Manual, provides a service technician with the

necessary information for performing routine maintenance,

for troubleshooting, and for repairing the 4052/4052A and

4054 /4054A Graphic Computing Systems.

This manual is part of a service documentation package which
consists of the following Service Manuals:

e 4O52/4052A & 4O54/4054A Technical Data Service
Manual

e U4052/4052A Parts and Schematics Service Manual
e 4054/4054A Parts and Schematics Service Manual

e 4054/4054A Options 30 and 31 Dynamic Graphics Ser-
vice Manual

In this documentation package, references to the 4052 and
4054 apply to the U052A and U4O54A also, unless specifically
stated otherwise. All versions of the circuit boards you are
likely to encounter are documented in this service package.
Whenever multiple versions of boards exist, verify that the
information you are reading matches the board in your
instrument.

The 4052/4054 Technical Data Service Manual (this manual)
provides maintenance information, calibration procedures,
troubleshooting information, and circuit descriptions for
the 4052 and the 4054,

The 4052 Parts and Schematics Service Manual contains 4052
block diagrams, schematics, cross reference tables, signal
name definitions, wire lists, and replaceable parts lists
for the 4052 Graphic Computing System, 4052 Backpacks, and
4052 ROM Packs. It also contains a short form calibration
procedure.

The 4054 Parts and Schematics Service Manual contains 4054

block diagrams, schematics, cross reference tables, signal
name definitions, wire lists, and replaceable parts lists
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INTRODUCTION

for tane 4054 Graphic Computing System, 4054 Backpacks, and
4054 ROM Packs. It also contains a short form calibration
procedure.

Additional service test procedures for the 4052 ana the 4054

are found in the 067-0900-00 Diagnostic Rom Pack Irnstruction
Marual.

4052/4054 STANDARD COMPONENTS

Standard components that are common to the 4052 and the 4054
include the following:

e The 4052/4054 Processor, consisting of the following
three circuit boards: ALU Board (Arithmetic Logic
Unit); MCP Board (Memory Command Processor); MAS
Board (Memory Array Sequencer). The 4052/4054 Pro-
cessor does the computation, controls the I/0, and
contains memory storage for the 4052 and the 4054.
The processor is described in Section 6, 4052/4054
General Theory of Operation and Section 7, ALU, MCP,
and MAS Theory of Operation.

e Full ASCII keyboard, plus calculator key pad, user-
definable keys, and editing keys. (See Section 8,
4o52/4054 Keyboard Theory of Operation.)

® A magnetic tape unit, capable of storing 300K bytes
of data and organized into a sequential-file struc-
ture. Tape format is programmable to support
TEKTRONIX 4923 and 4924 type tapes, as well as 4050-
Series type tapes. Refer to Section 9, 4052/4054
Tape Unit Theory of Operation.

e A GPIB bus connector, allowing interfacing to de-
vices compatible with IEEE standard #488-1975. (See
Section 10, U4052/4054 General Purpose Interface Bus
Theory of Operation.)

e Joystick connector, allowing the user to input
graphic cocrdinates with the optional joystick.

e Hard copy compatibility, allowing the user to obtain
a copy of the displayed information via an optional
TEKTRONIX 4631 or 4610 Hard Copy Unit.

¢ A two-slot Firmware Backpack, capable of holding two
optional ROM Packs.
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INTRODUCTION

4052 Standard Components

The following standard component is used in the 4052:

e 11" DVST (direct view storage tube) display with a
capacity of 35 lines of alphanumeric characters, 72
characters per line (74 characters per line in
communications, terminal mode). Vector resolution is
approximately 120 points per inch.

4054 Standard Components

The following standard components are used in the 4054:

e In addition to the standard keyboard there are thumb
wheels for moving crosshairs on the display.

e 19" DVST (direct view storage tube) display with
four character sizes, dashed lines in graphics,
keyboard input of 72 characters per line (74 charac-
ters per line in communications, terminal mode). The
maximum number of characters per line depends on
character size. The characters are written with
vectors and not with dots. Vector resolution is
approximately 290 points per inch.

4052 GRAPHIC COMPUTING SYSTEM

The 4052 can be used as a stand-alone programmable calcula-
tor, or, with the addition of the optional Communications
Backpack, as an intelligent graphic terminal. The standard
4052 contains a 16-bit ALU unit, a 32K byte random access
memory, an 11-inch direct-view storage tube (with hard copy
compatibility), a built-in magnetic tape unit, and an ex-
tended BASIC language interpreter. The H4052 handles the same
processing functions normally handled by other computer-
based computational systems.

The 4052 keyboard is the primary input device. The keyboard
has standard full ASCII keys with a separate numeric keypad
for data entry. Editing keys, magnetic tape control keys,
hard copy keys, and 10 user-definable keys are also
included.
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BASIC language statements are used to program the 4052. The
4C50 Series 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
graphics primitives, unified I/0 handling of the General
Purpose Interface Bus (GPIB), matrices, strings, and high
level language interrupt handling. Basic programs written
for the TEKTRONIX 4051 can be run on the 4052.

Keyboard entries are displayed on the DVST. Both upper and
lower case letters are printed, with a maximum of 72
characters per line (74 characters with the optional commun-
ications terminal mode). The display also features full
graphics 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 4052 memory is divided into a random-access memory (RAM)
and a read only memory (ROM). The standard 4052 has a 32K-
byte storage capacity, of which 30.5K bytes are accessible
by the user for storing programs and data. The RAM storage
capacity can be increased to 56K bytes.

The 4052 ROM has 46K locations that hold processor firmware,
peripheral control addresses, and a 16K byte section used by
extended firmware modules (i.e., ROM packs). The Firmware
Backpack or the optional Communications Backpack each pro-
vides the user with two slots for ROM packs. By replacing
the two-slot backpacks (firmware or communications) with an
optional four-slot backpack (firmware or communications),
the number of available ports for ROM packs can be increased
to four. The processor has access to code in the ROM packs
through a bank switch.

Data and program instructions can be transferred onto mag-
netic tape and re-entered into RAM via a built-in magnetic
tape unit. The tape is in a standard data cartridge with
approximately a 300K-byte capacity, depending upon the
length of each data file.

Four rear panel connectors allow the 4052 to interface to a
variety of peripherals. The General Purpose Interface Bus
(GPIB) connector allows the 4052 to exchange data with
devices such as disk storage units, 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.
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Another rear panel connector is part of the optional Commun-
ications Backpack and is compatible with RS-232 devices
(e.g., computer modems). This allows the 4052 to exchange
data with devices such as computer terminals, printers, and
modems. The RS-232 communications interface features asyn-
chronous full-duplex or half-duplex operation. Data exchange
rate is selectable by the user through program control for

one of the following: 110, 150, 300, 600, 1200, 2400, 4800,
or 9600 baud.

The other two connectors are utilized by the optional
Jjoystick and hard copy unit peripherals.

4o54 GRAPHIC COMPUTING SYSTEM

The TEKTRONIX 4054 is similar to the 4052 except that it has
a 19-inch c¢rt, graphic input thumbwheels, stroke-drawn char-
acters in four sizes, and solid line or dotted vectors.
Keyboard entries are displayed on the 19-inch direct-view
storage tube (DVST). Both upper and lower case letters are
printed, with a maximum of 72 characters per line in entry
mode. Four character sizes are available. The 4054 uses
stroke drawn characters instead of the dot matrix characters
used by the 4051 and the 4052. The display also features
full graphics capability. Drawing lines or vectors on the
screen is accomplished by typing BASIC graphic commands from
the keyboard or executing BASIC statements under program
control. The vectors can be drawn either as solid lines or
as dashed lines. The storage tube is hard copy compatible,

which allows an attached hard copy unit to make a paper copy
of displayed information.

4052/4054 POWER REQUIREMENTS

The 4052 and 4054 operate at 50 Hz or 60 Hz line frequencies
using voltages of 100 Vac, 120 Vac, 220 Vac,or 240 Vac. The
4052 or 4054 is normally shipped from the factory strapped
for 120 Vac operation. To change the operating voltage,

refer to Section 4, U052 Calibration, or to Section 5, 4054
Calibration.
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4052/4054 TEST AIDS

The following test aids are available for the 4052/4054:

Diagnostic ROM pack 067-0900-00
Diagnostic Test Tape 067-0901-00
Self Test Adapter 013-0173-01
(used with communications option)
Alignment Tape Cartridge 067-0781-01
Mag Tape/GPIB Test Fixture 067-0790-00
Tape Head Alignment Tool 067-0788-00
Display Test Graticule (4052) 067-0654-00
Display Test Graticule (4054) 067-0818-00
DVST Display Exerciser (4054) 067-0807-XX
Flexible Extender (4054) 067-0817-XX
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Section 2
SPECIFICATIONS

INTRODUCTION

This section gives a brief review of 4052/4054 operations
with special emphasis placed on physical and electrical
specification of the system. Hardware performance specifica-
tions are tabulated for quick reference. Some explanatory
text is also incorporated. BASIC language statements are
described in detail in the 4050 Series Graphic System
Reference Manual. Refer to the Reference Manual for detailed
operation information.

SPECIFICATIONS

Physical Measurements

Dimensions(4052)
Length 31.75 in (80.64 cm)
Width 18.25 in (46.4 cm)
Height 14.25 in (36.2 cm)

Dimensions (4054)

Length 34.75 in (88.3 cm)
Width 26.3 in (66.8 cm)
Height 20.5 in (52.0 cm)

Weight 4052 (70 1bs 31.8 kg)

Weight 4054 (145 1lbs 65.9 kg)
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Environmental Specifications

Temperature
Operation +10 to +40 degrees C
Storage -40 to +65 degrees C (tape limited to
+U45 degrees C)
Altitude
Operating to 15,000 feet
Humidity
Storage 95% non-condensing (tape limited to 20%

min and 80% max.)

Shock (Non-operating)

4052 30 g's,

4054 20 g's,

Power Specifications

Line Voltage

Fuse
1T15VAC
230VAC

Line Frequency
Power Consumption
(Approximate)

4os52

90 to 132Vac
198 to 250Vac

3A Fast Blow
3A Fast Blow

48 to 66 Hz
230W (780BTU)

Dielectric breakdown greater than
between power line and accessible

nents.

2=2 REV, NOV 1962

11 ms duration

11 ms duration

4054
90 to 132Vac
198 to 250Vac

5A Fast Blow
3A Slow Blow

48 to 66 Hz
360W (1225BTU)

2000VAC RMS (60Hz)
conductive compo-
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OPERATOR INTERFACE

The front of the 4052 or the 4054 Graphic Computing System
is divided into ten functional areas. These areas are
illustrated in Figure 2-1 and Figure 2-2.

Figure 2=1, 4052 Front Panel Controls

and Indicator Lights.
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Figure 2-2. 4054 Front Panel Controls and Indicator Lights.

A crt screen is used to display both graphic and alphanumer-
ic information.

The internal tape unit is used to store BASIC language
program statements and data of various types on a standard
magnetic tape cartridge.

The status indicator lights tell when power is app-ied to
the system, when the system is performing input or output

operations, and when it is waiting to stop after the BREAK
key has been pressed.

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

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

The alphanumeric keyboard is used for entry of BASIC program
language statements or data. If a communication backpack is

installed on the 4052/4054, these keys can be used for data

entry into a host computer.

Line editing keys allow editing of BASIC statements, without
having to retype the entire statement.

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

The numeric keypad is for entering numeric data into the
system. Calculator functions are also available. When the
4052/4054 is used as a calculator without a BASIC program,
the RETURN key causes the calculated result to be displayed.

Peripheral control keys control 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 ASCII 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 space to the
right. No character is printed. If the
cursor is at the right margin, nothing
hiappens.
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SHIFT

TTY LOCK

TAB

CTRL

ESC

HOME PAGE

2-6

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

This key causes all lower case letters
to be transformed to upper case when
entered.

When this key is pressed, the keyboard
issues the ASCII control character TA3.
The TAB character prints on the display
as an underlined I. When the TAB func-
tion is executed, the display cursor
moves to the right and stops in column
19, 37, 55,1, etc. TAB spacing can be
modified if a PRINT USING statement is
executed. The 4054 tab settings are also
spaced every 18 columns. The number of
TAB columns available varies with the
print size.

When pressed in combination with a let-
ter key and sometimes the SHIFT key, the
keyboard issues an ASCII control charac-
ter. At statement entry time, ail
control characters are echoed to the
display as an underlined letter (except
CR and RUBOUT). At statement execution
ftime, some control characters cause ma-
chine display functions to be executed.

When this key is pressed. the keyboard
issues “he ASCII control character ESC.

If poressed alone, the display is erased
and the cursor returns to the Home posi-
tion. If pressed in combination with the
SHIFT key, the cursor returns to the

Home position and the display is not
erased.
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BACK SPACE

RETURN

RUBOUT

BREAK

SPECIFICATIONS

Pressing this key moves the cursor to
the left by one space. If the line
buffer is empty, the cursor does not
move,

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

If the display cursor is over a blank,
pressing RUBOUT moves the display cursor
one space to the left and writes the
cursor over any character in that loca-
tion. The character underneath the cur-
sor is logically removed from memory and
replaced by the space character. The
next time the line is printed, a space
appears instead of the cursor. If the
cursor is over a non-blank character,
the cursor does not move but rubs out
the character.

The first time the BREAK key is pressed,
the BREAK indicator on the front panel
lights up. This is referred to as a
"BREAK pending" condition. The machine
stops program execution after the pres-
ent line is completed and the indicator
goes out.

If the BREAK key is pressed while the
BREAK light is 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
printed below each key, while the secondary function is
printed above each key.

The primary function is performed by simply pushing the key.
The secondary function is performed by pressing the key
wnhile holding down the SHIFT key. All operations are per-
formed on the current line which is stored in a 72-character
line buffer.

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

Characters can now be inserted

COMPRESS This key (actually the simultaneous
pushing of the EXPAND key and SHIFT
key), is the inverse of EXPAND. The
portion of line to the right of the
screen is shifted to the current posi-
tion of the cursor, and intervening
spaces are removed.

BACKSPACE This key moves the cursor one character
position to the left. It performs the
same function as the ASCII BACKSPACE key
on the keyboard.

RUBOUT This key is the same as pressing RUBOUT.

SPACE This key is the same as the SPACE bar on
the main keyboard and is provided here
for convenience. The cursor moves cne
character space to the right.
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RUBOUT

CLEAR

REPRINT

RECALL LINE

RECALL NEXT LINE

SPECIFICATIONS

This key is the same as RUBOUT except it
moves the cursor to the right instead of
to the left.

CLEAR empties the contents of the cur-
rent line buffer without affecting in-
formation 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 un-
changed. This is a useful key to use
when the storage display is written over
and difficult to read.

This key recalls a program line
previously stored in RAM. You must enter
the number of the line to be recalled
before pushing this key. The line is
called and the cursor appears one space
beyond the last character in the line.

This key is similar in function to
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.
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Program Development Keys

AUTO NUMBER

STEP PROGRAM

2-10

The AUTO NUMBER function is provided as
an operator convenience during program
statement entry time. Pressing the key
once automatically provides line numbers
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 dis-
play. The operator enters a BASIC state-
ment 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 au-
tomatically 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 4052/4054 provides line numbers from
that starting point in increments of 10.
To exit the auto number mode, press the
AUTO NUMBER key again.

The STEP PROGRAM key causes the
4052/4054 execute the current BASIC pro-
gram 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 execu-
tion sequence of the program during de-
bugging 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.
Then you can execute one step at a time
from that point by pressing the PROGRAM
STEP key again and again.

REV,Nov1ss2  4052/54 & U4O52A/54A TECH. DATA



AUTO LOAD

REWIND

MAKE COPY

THUMBWHEELS

Status Lights

BUSY

1/0

BREAK

POWER

SPECIFICATIONS

Pressing the AUTO LOAD key causes the
cartridge in the magnetic tape unit to
rewind and load the first BASIC program
from the cartridge into the Random Ac-
cess Memory. There must be a valid ASCII
program stored on the tape, otherwise an
error occurs.,

Pressing the REWIND Key causes the
4052/4054 to rewind the tape cartridge
in the internal magnetic tape unit.
Pressing the REWIND key is the same as
executing the BASIC statement FIND O.

Pressing the MAKE COPY key causes an
attached hard copy unit to make a paper
copy of the information on the 4052/4054
display. Pressing this key is the same
as executing the BASIC statement COPY.

(4054 only) The thumbwheels are located
on the right side of the keyboard sec-
tion. They position the crosshair cursor
that is displayed in GIN (Graphic Input)
Mode.

The system is busy transferring or pro-
cessing data.

Input/Output operations are in progress.

A break in program execution is pending.
The BREAK light goes out after program
execution halts at the end of the cur-
rent line.

Indicates that power is supplied to the
4052/4G54 .
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Display

The display is a direct view storage tube (<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>