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Section 1—4012 Service

" INSTALLATION AND OPERATION

This manual is a part of the following set of documents
which describe the 4012 Computer Display Terminal:

4012 USERS
070-1460-00.

MANUAL, Tektronix Part No.

Contents—An explanation of how to operate and pro-
gram the Terminal.

4012 SERVICE MANUAL, Tektronix Part No.
070-1461-01.

Contents—A comprehensive explanation of the Ter-
minal. It includes operation, characteristics, servicing,
adjustment, circuit diagrams, circuit descriptions, and parts
lists.

Optional items used with the Terminal are explained in
separate manuals.

Introduction

The Computer Display Terminal interfaces between man
and computer by permitting inputs through an integral
keyboard and providing a display (alphanumeric or graphic)
of computer output data. In addition, the Terminal can
relay data bi-directionally between peripheral devices and a
computer. An Interface Unit must be installed in the
Terminal and connected to the computer — either directly
or through a modem (modulator-demodulator)—to permit
information interchange. Copies can be made of terminal
displays, via a Hard Copy Unit.

This Computer Display Terminal is listed by UNDER-
WRITERS’ LABORATORIES, INC. in compliance with
UL 478, which is the standard for Electronic Data Proc-
essing Units and Systerns. The instrument meets all TYPE |1
requirements of the NATIONAL FIRE PROTECTION
ASSOCIATION. For continued safety, use replacement
parts having the same Tektronix Part Numbers as the
original parts.

INSTALLATION
General

The two main sections of the Terminal are the pedestal
and the display unit. The pedestal section provides support
for the display unit, and contains the power supply, control
circuits, and optional circuits. The display unit contains the
keyboard, the display storage CRT, and related circuits.

REV. B, JULY, 1976

Desk-Mounting the Display Unit

The display unit and pedestal are connected only by a
cable during shipment. Desk-mounting consists of simply
setting the display unit on a desk or other surface. The
pedestal can be placed as far as four feet away from the
display unit. The air vents on the bottom and back should
be kept free of obstructions. Note that if the base (leg
assembly) is removed from the pedestal, the feet should be
unscrewed from the base and inserted into the bottom of
the pedestal to permit air flow into the bottom vents.
However, make certain that the base is re-installed before
the display unit is again placed on the pedestal.

If the display unit has been mounted on the pedestal,
desk-mounting consists of reversing the pedestal-mounting
procedure and observing the instructions which have just
been outlined.

Pedestal-Mounting the Display Unit

Mounting of the display unit on the pedestal is best
accomplished by two people. It includes the following
steps:

1. If the Terminal has previously been used in a desk
top configuration, the base (leg assembly) may have been
removed from the pedestal and the feet installed directly
into the bottom of the pedestal. In that event, put the feet
back on the base, and fasten the base to the bottom of the
pedestal.

2. Lift the display unit over the pedestal as shown in
Fig. 1-2.

3. Feed the cable down into the storage bin as far as
possible, while lowering the display unit into place. Then
double the cable back and forth in the storage bin as
lowering of the display unit continues.

4. There is a retaining strip on the bottom of the display
unit. Slide it over the back edge of the pedestal top. Install
four machine screws up through the pedestal top to fasten
the display unit in place.

5. Adjust the four feet to a convenient position, and
secure the lock nuts.

1-1
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1477-02

Fig. 1-2. Display Unit Mounting.

For safety, the grounding wire connecting the hinged
front cover to the pedestal frame must be in place. Re-
connect the wire prior to reinstallation of the cover. -

Pedestal Access

The pedestal is equipped with a hinged front cover. The
upper section can be loosened and swung down to permit
access to the minibus, into which the Terminal Control
cards, interface cards and optional accessory cards are
installed. Lowering of the top half permits access to the
Terminal strap options without exposing dangerous
voltages. The cover must be removed completely for access
to the low voltage power supply, and to the line voltage
transformer and fuse connections. The lower section of the
cover has the line fuse installed in it, providing an
automatic interlock when the front cover is fully removed.

Dangerous voltages exist in the lower section of the
pedestal when the line cord is connected. Servicing
should be done only by qualified technicians.
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Strappable Options

Strappable options on circuit cards in the pedestal
should be placed in the desired position upon installation.
Refer to Table 2-13 for details.

Interfacing

Connect the Interface Unit to the computer or rhodem,
as appropriate. The Interface Unit is installed in the
pedestal section of the Terminal and interconnecting
cable(s) and plug(s) egress through the back of the pedestal
unit. The configuration varies with the type of Interface
Unit. The standard Terminal contains a Data Communica-
tion Interface No. 021-0065-00. The Optional Data Com-
munication Interface No. 021-0074-00 or the TTY Port
Interface may be supplied as options in place of the
standard Data Communication Interface. Refer to the
appropriate Interface documentation for specific installa-
tion instructions.

Optional Accessories

Refer to the documentation on the specific accessory for
installation instructions.

Operating Power

The Terminal is intended to be operated from a
single-phase power source which has one of its current-
carrying conductors (the neutral conductor) at ground
(earth) potential. Operation from other power sources
where both current-carrying conductors are live with
respect to ground (such as phase-to-phase on a multi-phase
system, or across the legs of a 117-234 V single-phase
three-wire system) is not recommended, as only the line
conductor has over-current (fuse) protection within the
instrument.

The Terminal is provided with a three-wire power cord
with a three-terminal polarized plug for connection to the
power source. The grounding terminal of the plug is
directly connected to the instrument frame as recom-
mended by national and international safety codes.

Power Cord Conductor ldentification

Conductor Color Alternate Color
Ungrounded (Line) Brown Black
Grounded (Neutral) Blue White

Green-Yellow Green-Yellow

Grounding (Earthing)

The Terminal can be operated from either 110 or
220-volt nominal line voltage source. A clip-in fuse and a
jumper arrangement on the transformer permit the Ter-

REV.C, JULY, 1976
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Dangerous potentials exist in the lower section of the
pedestal. Disconnect the Terminal from the power
source before changing transformer connections.

INDICATORS AND CONTROLS

General

With the exception of the Power switch, all operator
controls and indicators are located on the display unit. The
Power switch is located on the upper right corner of the
pedestal, immediately below the display unit. The Hard
Copy Intensity adjustment knob is on the right side of the

display unit.
Indicators
Fig. 1-3. Transformer terminals and fuse clip locations. (The fuse
is contained on the pedestal front er.) .
pecestal Tront cover Power lamp lHluminated by the +5V supply
minal to be modified to suit the supply. The fuse is when the Power switch is turned
mounted on the inside of the pedestal front cover, on.
providing a cover interlock. The transformer and fuse clip
are located in the bottom-right of the pedestal, as shown in
Fig. 1-3. Fuse size is indicated on the transformer shield,
and the wiring instructions are contained on the inside of Indicator 1 Multiple use lamps whose functions
the front cover. Wiring instructions are repeated in Fig. 1-4 Indicator 2 are determined by the accessories
for convenience. Fuse size is 2 A slo-blo for 110-volt and optional equipment used with
operation and 1.25 A slo-blo for 220-volt operation. When the Terminal. Connections to the
changing fuses, the fuse should be pushed (rather than lamp are made via the minibus.
pulled) through the fuse holder. Line frequency may be Low signals are required to light the
between 48 and 440 Hz. lamps.
)
8|0
o
o JUMPER ARRANGEMENT
o
4 L LINE CORD ALWAYS VOLTAGE 110%| 100 | 115 120 200 220 230 240
o ATTACHED TO 1 & 4 s |12 | 10
lo) TERMINAL NO. 4:5 3.4 4:6 5-8 5-7 2-3 6-7
o TWO JUMPERS REQUIRED || ONE JUMPER REQUIRED
1| of—L2
\ e’

Fig. 1-4. Transformer terminals and jumper arrangement.
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Switches

Power

LOCAL/LINE

Switch 1
Switch 2
Switch 3
Switch 4

MAKE COPY Switch

Adjustments

Hard Copy Intensity

Spare Potentiometer

14

Applies power to the Terminal.
Located at the top-right corner on
the front of the pedestal.

A two-position rocker switch.
LOCAL position isolates the Ter-
minal from the computer and per-
mits keyboard inputs to be dis-
played or otherwise executed by
the Terminal. LINE position per-
mits communication with the com-
puter, and keyboard inputs are not
displayed or otherwise executed by
the Terminal unless echoing is being

done by the Interface Unit,
modem, or computer.
Two-position rocker switches

whose functions are determined by
the accessories and optional equip-
ment used with the Terminal.
Switch 1 and Switch 2 make con-
nection via the minibus. Switches 3
and 4 make connection through
wires and pin connectors which are
fastened beneath a cable clamp on
the right side within the pedestal.

If a Hard Copy Unit is attached to
the Terminal, the switch initiates
making of a hard copy of the
Terminal display.

An adjustment knob located on the
right side of the Display Unit. For
hard copy operation, turn the con-
trol up to the point where the Hard
Copy Unit scanning signal stores on
the Terminal screen, then back off
the adjustment to a point just
below the storing level.

Adjustment knob located under-
neath the right side of the display

unit. For use. with accessory

devices. Connection to the poten-
tiometer is via the plug which is
stored on J34 on the motherboard
in the pedestal.

Thumbwheels

These are located on the right side of the keyboard

section. They position the crosshair cursor that is displayed -

in GIN (Graphic Input) Mode.

Character Keys

Keyboard Entry. The keyboard shown in Fig. 1-5 is
equipped to perform as an input for ASCIl or TTY codes.
Lower case letters, grave accent ('), opening brace ({),
broken vertical line (}), and tilde (~) cannot be transmitted
when the TTY LOCK key is depressed, regardless of the
position of the shift key.

Repeat Entries. Character transmission occurs when a
key is pressed. If the key is held down, a one-half second
(approximate) delay occurs, after which the character is
repeatedly entered at a 10 Hz rate. If CTRL or SHIFT is
used with a character key, the originally selected code
continues to be transmitted as long as the character key is
held down, even if CTRL or SHIFT is subsequently
released.

Control Keys

The following keys do not directly enter characters for
transmission, but control operation of the keyboard or
Terminal. Some of them are used independently, while
others are used in combination with other control keys or
character keys.
RESET/PAGE Pressed alone, it performs a PAGE
function. It erases the CRT, resets
to Alpha Mode and Home position,
resets to Margin @ and cancels
Echoplex Suppression. Pressed
while SHIFT is held down, it
creates a HOME function, resetting
the Terminal to initial status; no
erase occurs.

CTRL Causes letter keys to transmit con-
trol characters if CTRL is held
down before the letter key is
pressed. It may be used in conjunc-
tion with SHIFT and a character

key.

(




SHIFT

TTY LOCK

BREAK

POWER

Fig. 1-6. 4012 Keyboard.

Used alone, it resets the Terminal
from Hold to View status. It causes
some keys to enter a shifted charac-
ter if held down while the character
key is pressed. It is also used in
combination with CTRL and some
letter keys for entering control
characters.

Causes letter keys to transmit upper
case letters, regardless of position
of SHIFT key. TTY LOCK also
inhibits transmission of the fol-
lowing:

} i~

Generates a BREAK signal, which is
sent to the interface unit. Any
resulting interrupt signal is interface
dependent.

Control Character Inputs

Control characters are input at the keyboard as listed in
Table 1-1, regardless of TTY selection. The CTRL key or
CTRL and SHIFT keys must be held down while the letter
key is being entered, as indicated in the listing.

REV. B, APR. 1975
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TABLE 1-1

Control Characters versus Keyboard Equivalents

Control Keyboard Control Keyboard
Character Entry Character Entry
ACK CTRLF CTRL
FS
BEL CTRL G SHIFT L
BS BACK SPACE GS CTRL
or CTRL H SHIFT M
TAB or
CAN CTRL X HT CTRL |
RETURN or
LF or
CR CTRLM LF CTRL J
DC1 CTRLQ NAK CTRL U
DC2 CTRLR NUL CTRL
DC3 CTRLS SHIFT P
DC4 | CTRLT RS g;FF'-T .
DLE CTRLP
EM CTRLY St CTRLO
SO CTRLN
ENQ | CTRLE SOH | CTRLA
EOT CTRLD STX CTRLB
ESC g:?FOTf ETR'— SUB | CTRLZ
SYN CTRLV
ETB CTRLW s CTRL
ETX CTRLC SHIFT O
FF CTRL L VT CTRL K
15
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OPERATING MODES

General

Normal operation of the Terminal is achieved with the
keyboard LOCAL/LINE switch at LINE position. The
following operations are then possible:

Transmitting—Coded data is transmitted to the com-
puter as entered at the keyboard.

Receiving—Alpha Mode causes alphanumeric charac-
ters to be written as received; control characters are
executed as received; Terminal goes into a reduced
intensity status (Hold) after approximately 90 seconds
of inactivity; Terminal returns to View status upon
keyboard entry or upon receipt of data from the
computer. Graph Mode causes received data to be
interpreted as specific addresses for the X and Y registers
within the Terminal, resulting in moving the display unit
beam to specific positions; the basic address positions
are shown in Fig. 1-6. Control characters are executed as
received.

Interactive—Graphic Input (GIN) Mode causes the
Terminal to automatically send its status or the address
of the display beam to the computer in response to
commands from the computer. A crosshair cursor may
be displayed in GIN Mode as a preparatory status.

Local operation occurs when the keyboard LOCAL/
LINE switch is placed in the LOCAL position. The
Terminal is then isolated from the computer, and keyboard
entries are displayed or otherwise executed by the Ter-
minal.

The Terminal has a Hard Copy Mode that permits a hard
copy reproduction of the display to be made if a Hard
Copy Unit is connected to the Terminal. The mode can be
initiated by computer command, by a MAKE COPY key on
the Terminal keyboard, or by a switch on the Hard Copy
Unit.

Transmitting

If the keyboard switch is at LINE position, data entered
at the keyboard is transmitted in coded form to the
computer., The ASCII character set and its accompanying
code is shown in Fig. 1-7.

1-6

® ox, 779Y 1023X, 779y °
512X, 390Y
(Center)
Y R
axis
. OX, oY 1023X, OY ,
X axis

Fig. 1-6. Basic address positions on the display screen.

The TTY LOCK key locks out * } I ~ and lower case
letters. The TTY LOCK key affects the keyboard trans-
mission circuits, not the receiving circuits._

The keyboard generates an eighth bit which is always
either high or low, depending upon a strap option in the
keyboard. This may be sent as set at the keyboard, or may
be determined by the interface unit.

Receiving

General. The Terminal receiving circuits are essentially
isolated from the keyboard and transmitting circuits while
the keyboard switch is at LINE position. Data is then
received as a result of transmission from the computer,
including data being echoed by the computer or modem.
However, data entered at the keyboard is applied to the
receiving circuits if an ECHO signal is being asserted by the
interface unit. ECHO is controlled by a switch or a strap
option, depending upon the type of interface. The ECHO
signal creates a situation referred to as echoplexing.

The Terminal response to signals thus received is
essentially the same in either case, and depends upon the
operating mode.

Alpha Mode. The Alpha Mode is the initial condition of
the receiving circuits. In addition, it occurs in response to
receiving a US, CR, or ESC FF. It is also initiated by
entering PAGE or SHIFT RESET at the keyboard. A
pulsating cursor indicates the writing position of the next
character. Alphanumeric characters are written on the
display screen, essentially as shown in Fig. 1-7. Note that
the TTY LOCK key has no control over incoming data,
and any character can be written in response to appropriate

REV.C, JULY, 1976
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ASCII/TTY CODE CHART
(shaded areas are not included in TTY Code)

[ '] [} "] 1 1 1 1
g g ] 1 ] ] ! !
] ! g 1 # 1 [ ] 1
HIGH X & Y LOW X
8, 3 87 8, CONTROL GRAPHIC INPUT
NUL plote 16 32 48 64
gle|g| e SP | & @ P
SOH 1 |ocy 7 33 49 65
gl g ! 1 A Q
STX 2|pc2 18 34 s¢ 66
glog| 1| " 2 B R
ETX 3[pc3a 19 35 51 67
glag| ] FF 3 C 3
EOT 4|pca 29 36 52 68
gplr1(o| 8 $ 4 D T
ENQ s|NAK 0 37 53 69
g[8 % 5 E U
ACK 6|SYN 22 38 54 78
gl V]| @ & 6 F \V}
BEL 7|eve 23 39 55 7
1 1 ’ 7
g G | W
BS 8|CAN 24 ( ag 8 56 72
1
¢ ¢ ¢ BACK SPACE H x
HY 9(Em 25 41 57 73
1| #| 8| ) 9 | Y
LF 1gisus 26 42| 58 74
1 ¢ ! ¢ * e J z
LINE FEED
vT njesc 27 a3l | 59 75
1| 8] | -+ , K [
FF 12| FS 28 44 op 76
1| B @ ’ < L \
CR 13|Gs 29 as| _ ol 77
1 1 1 - =
¢ RETURN M ]
SO 14| RS kY 46 62 78
1] 1 1| @ ® > N A
] 15| Us N 47 ” 63 79 RUBOEJ?;
i / ) o e ] = | (DEL)

Fig. 1-7. ASCII Code Chart.
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code and character set selection. Space causes spacing only.
DEL causes neither spacing nor writing. Control characters
and control character sequences cause effects as listed in
Table 2-1. Optional accessories may respond to other
commands or sequences as determined by the optional
accessory. Refer to Table 2-2 for a listing of Alpha Mode
specifications.

Graph Mode. Control character GS puts the Terminal in
Graph Mode. Then the Terminal draws vectors (either
written or unwritten) in response to graphic address inputs
as explained in Tables 2-4 and 2-5. The Terminal can still
respond to control characters and control character se-
quences as explained in Table 2-1. Graph Mode ends and
Alpha Mode occurs upon receipt of control characters US,
CR, or control character sequence ESC FF. Graph Mode
also ends upon receipt of ESC SUB, which sets GIN Mode
and displays the crosshair cursor. Graph Mode can also be
ended by pressing PAGE or SHIFT RESET at the key-
board. Refer to Table 2-3 for Graph Mode specifications.

Interactive

GIN Mode. GIN Mode occurs in response to receipt of
ESC ENQ at any time the Terminal is “on line”. It also
occurs in response to an ESC SUB, which turns on the
crosshair cursor. ESC SUB should not be entered at the
keyboard while “on line’”, because immediate and erro-
neous transmission may occur. Receipt of ESC ENQ while
in Alpha Mode results in immediate transmission of the
Terminal status and the address of the point at the lower
left corner of the Alpha cursor. CR or CR and EOT will
automatically be transmitted immediately after the address,
if selected by a strap option on TC-2. (EOT cannot be sent
without CR.) Echoplexing is suppressed during GIN Mode.
GIN Mode ends upon completion of transmission. If CR is
transmitted during GIN Mode and is echoed by the
computer, the Terminal will return to full Alpha Mode
upon completion of the transmission. If CR is not echoed,
the Terminal must be reset by one of the following before
character writing can occur: BEL, BS, CR, ESC ETB, ESC
FF, HT, LF, US, or VT. Note that if CR is echoed, or if any
command affecting the display position is sent to the
Terminal, it will cause the cursor to move away from the
position that was referenced in GIN Mode; use BEL or US
if the display position is to be left undisturbed.

Receipt of ESC ENQ while in Graph Mode also causes
GIN Mode, sending the Terminal status and address of the
Graph Mode beam position to the computer. The computer
or modem may not echo GIN Mode data back to the
Terminal if Graph Mode and beam position are to be
retained after an ESC ENQ. (CR echoed will reset the
Terminal to Alpha Mode, and will move the cursor to the

1-8

left margin; echoing the status and address bytes will
change the beam address to a point different from that sent
to the computer.) GIN Mode ends automatically upon
completion of transmission, and the Terminal returns to
full Graph Mode if CR is not echoed.

Receipt of ESC SUB sets GIN Mode and turns on the
crosshair cursor as a preparatory step in transmitting an
address to the computer. The thumbwheels (located on the
keyboard) can be used to position the crosshair cursor
anywhere in the display area. The address at the crosshair
intersection is sent to the computer in response to an ESC
ENQ from the computer, or in response to entry of any
keyboard character. The Terminal returns to full Alpha
Mode upon completion of transmission if CR is sent and
echoed. If CR is not echoed, one of the following must be
sent before the Terminal can again write: BEL, BS, CR,
ESC ETB, ESC FF, HT, LF, US, or VT. Refer to Table 2-6
for GIN Mode specifications.

Local

Operation with the LOCAL/LINE switch at LOCAL is
much the same as just described for LINE operation.
However, the following exceptions exist: (1) The Terminal
is isolated from the computer; (2) data entered at the
keyboard . while in Alpha Mode results in writing or
executing data at the Terminal; (3) data entered at the
keyboard while in Graph Mode results in drawing vectors or
executing control characters at the Terminal; (4) the
crosshair cursor appears in response to CTRL SHIFT K and
CTRL Z, and can be positioned by the thumbwheels — but
it can only be removed by entering SHIFT RESET or
PAGE.

FIRST-TIME OPERATION

This operation procedure is intended to acquaint a user
with the operating features of the Terminal. It can also be
used as a Terminal check-out procedure. Although the
Terminal is not connected to a modem or computer, all
modes are exercised. Computer echoing is simulated by a
local echo feature. Responses are explained for all options.

Preliminary

The Terminal should not be connected to a power
source, modem, or computer at this time.

(
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Dangerous voltage exists in the lower section of the
pedestal. Servicing should be done by a qualified
technician.

Line Voltage. If the Terminal is being initially installed,
check that the line voltage agrees with the voltage written
on the tag which is attached to the Terminal. If it does not,
remove the front cover of the pedestal after removing the
screws, and change the transformer wiring and fuse size so
that they agree with the power source. Wiring instructions
appear inside the pedestal cover; fuse sizes are written on
the transformer cover plate. The tag information should be
changed when the wiring is changed. Replace the front
cover.

Power. Plug the power cord into the power source and
turn the Terminal Power switch ON. The switch is located
on the front at the top of the pedestal.

Power Lamp. Check that the Power lamp on the left of
the keyboard illuminates, and the display screen becomes
bright.

Data Transmission. With the keyboard switch at LINE,
keyboard data is sent to the computer. It goes to the
Terminal receiving circuits only if it is presented to them by
one of the following methods: (1) Echoed by the computer
or modem; (2) Echoed by the Terminal’s interface unit.

With the keyboard switch at LOCAL, the Terminal is
isolated from the computer; data entered at the keyboard is
applied to the Terminal receiving circuits in a manner
similar to that which occurs when the keyboard switch is at
LINE and the interface unit is echoing data. LOCAL
provides a dual advantage. It permits an evaluation of the
data being transmitted by the keyboard, and at the same
time tests the Terminal receiving circuits. For these reasons,
LOCAL operation is used for most of this procedure.
Differences between LOCAL and LINE operation are
mentioned whenever they occur. /T SHOULD BE KEPT IN
MIND THAT THE KEYBOARD'S PRIMARY FUNCTION
IS TO ACT AS A SOURCE FOR THE COMPUTER,; THE
RECEIVING CIRCUIT'S PRIMARY FUNCTION IS TO
RESPOND TO DATA FROM THE COMPUTER: THE
KEYBOARD IS SIMPLY BEING USED AS A SOURCE OF
DATA FOR THE RECEIVING CIRCUITS WHILE IN
LOCAL OPERATION.

®
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Initialization

Press the PAGE key to erase the display screen. The
screen must be erased each time the Terminal is turned on.
PAGE also selects Alpha Mode and places the beam at the
upper-left corner of the display (Alpha Mode “home”
position).

Alpha Mode

ASCIl Character Transmission and Character Effect.
Check that the TTY LOCK key is not actuated. If it is,
press the key once to release the lock. Press each key in the
keyboard cluster and note the effect. Most of them will
cause unshifted character writing, permitting a check of the
code being transmitted by the keyboard and a check of the
dot pattern being presented by the character generator in
the receiving circuits. Keys that are an exception to this are
as follows:

PAGE/RESET —Causes no transmission. When pressed
alone, it causes Alpha Mode to be selected, causes
erasing and places the Alpha cursor to the top-left corner
of the display (Alpha Mode ““home” position). When
pressed while the SHIFT key is held down, it initializes
the Terminal without erasing it, selecting Alpha Mode
"home” position, and resetting programmable circuits.

ESC—Transmits the control character ESC, which
arms the Terminal circuits in anticipation of receiving
one of certain subsequent characters. As an example,
enter ESC and CTRL L, causing the control character
FF to be transmitted. When FF is accepted by the
receiving circuits after they have been armed by ESC, it
causes the display to erase and the Alpha cursor to go
home. FF alone cannot do it. (A complete listing of
control character effects appears in Table 2-1.)

TAB—Transmits control character HT, which causes
the cursor to move right one space.

CTRL—Has no effect as a single key entry. It causes
the keyboard to transmit control characters when used
with other keyboard keys. As an example, enter a G
while the CTRL key is held down; it transmits the
control character BEL, which causes the receiving
circuits to ring the bell. As a second example, hold down
CTRL and SHIFT and press M to transmit the control
character GS. This switches the Terminal to Graph
Mode, as evidenced by the absence of the Alpha cursor.
Enter CTRL SHIFT O to transmit a US, which switches
the Terminal back to Alpha Mode; the Alpha cursor will
reappear.

19
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SHIFT—Its only effect as a single key entry is to
restore View condition, without otherwise affecting
transmission or the receiving circuits. Wait until Hold
status occurs. Then press SHIFT and note the effect.
When SHIFT is used with other keys, it causes the
shifted character to be transmitted as indicated on each
key. When used with CTRL and certain other character
keys, it causes transmission of control characters as
listed in Table 1-1, and defined in the CTRL key
explanation.

BACK SPACE-—Transmits control character BS,
causing the cursor to move back one space. Enter a space
command and then press BACK SPACE and note the
effect.

LF—Transmits the control character LF. At the
receiving circuits, LF causes the Alpha cursor to move
down to the next line. The cursor may also move to the
left margin if the “’LF EFFECT" strap option on TC-1 is
at LF—CR position. Enter an LF and observe the
results.

RETURN—Transmits the control character CR. At
the receiving circuits, it causes the Alpha cursor to move
to the left margin. There are two “left” margin
positions. One is vertically aligned with the “home”
position and is referred to as ‘“Margin @”’. The second is
near the horizontal center of the screen, and is referred
to as ““margin 1. Margin 1 is automatically selected each
time the Terminal line-feeds past the 35th (last) line
while Margin @ exists. Margin @ is selected when the
Terminal line-feeds past the 35th line while Margin 1
exists, and is also selected when ESC FF is received or
when PAGE or SHIFT RESET is entered at the
keyboard. CR also causes a line feed to occur if the CR
EFFECT strap on TC-1 is in the CR—=LF position.

RUBOUT—This key sends the ASCII code for DEL.
The receiving circuits accept it, but it causes no spacing,
writing, or other obvious effect.

BREAK—Sends a break signal to the interface unit,
which may then transmit a break signal to the computer.
Has no effect upon the receiving circuits.

Automatic Line Feed and Carriage Return. By now, it
probably has been noticed that the Terminal receiving
circuits automatically perform a carriage return and line

feed each time the last (74th) character in a line is written.
If it hasn’t been noticed, hold down a writing character key
until a full line of characters is written, and observe the
effect. Note that the Alpha Cursor returns to the effective
margin position — Margin @ or Margin 1.

Margins. Enter a PAGE command and note the cursor
position at the left edge (Margin @) of the display. Hold the
LF key down until the cursor disappears past the bottom of
the display screen, and note that it re-appears at the
top-center of the display, in Margin 1 position. Hold the LF
key down until the cursor moves past the bottom of the
display; it will re-appear at the top in Margin @ position.
THE EFFECTIVE MARGIN CONDITION CHANGES
EACH TIME THE DISPLAY LINE-FEEDS PAST THE
LAST (35th} LINE,

Again arrive at the Margin 1 position and enter several
SP characters at the Space bar. Then press the RETURN
key to send a CR to the receiving circuits. Note that the
cursor returns to the effective margin position, in this case
Margin 1. Now enter enough characters to space past the
end of the line. Note that the cursor returns to Margin 1.
CR, RETURN, OR AUTOMATIC CARRIAGE RETURN
SETS THE CURSOR BACK TO THE EFFECTIVE
MARGIN POSITION.

Press SHIFT RESET to set Margin @. Now enter charac-
ters until a line is fully written and an automatic line feed —
carriage return occurs. Note that character writing ignores
Margin 1 position or Margin 1 information while Margin @
exists. /IF TWO-COLUMN FORMATTING IS TO OCCUR,
MARGIN @ INFORMATION MUST BE KEPT TO 36
CHARACTERS OR LESS.

View/Hold. Wait about 90 seconds and note that the
Terminal automatically enters a reduced intensity condition
referred to as Hold. This condition prolongs tube life, and
occurs in Alpha Mode only. THEREFORE, THE TER-
MINAL SHOULD ALWAYS BE PLACED IN ALPHA
MODE WHEN ENERGIZED, BUT NOT IN USE.

TTY Character Transmission and Character Effects. The
Terminal operation with TTY LOCK activated is essentially
the same as for ASCII. The difference is that a truncated
character set is available for transmission as illustrated in
Fig. 1-7.
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Place the TTY LOCK key in its active position. Now
enter various letters and note that they write as upper case,
regard less of the position of the SHIFT key.

Graph Mode

Press the SHIFT key and note the position of the Alpha
Cursor. Then send GS (CTRL SHIFT M) to the receiving
circuits and note that the Alpha cursor disappears. Send the
address 383Y, 512X to place the beam near the center of
the screen. The required bytes can be determined from
Fig. 1-8 through 1-11. They equate to + DEL @ @ in ASCI|I
code. Enter + RUBOUT 0 @ at the keyboard. (RUBOUT
transmits DEL.)

Unwritten Vector. No obvious results occur in response
to the just-entered characters, because they make up the
first address to be received after a GS, and the beam is
blanked while the movement occurs.

Written Vector. Enter @ again. It will execute a second
vector, which will be written. This vector appears as a dot
near the center of the screen, since no change in position
was commanded. (The @ contains the code for a Low X
byte, which causes vector execution.) Now send the address
for 32Y, 32X. This equates to SP DEL SP __ and is entered
at the keyboard as Space RUBOUT Space _ to draw the
vector. Note that nothing happens until the Low X (last)
command is entered, but then a vector is drawn from the
center to the lower left corner.

Resetting With US. Now go back to Alpha Mode
without otherwise disturbing the receiving circuits, by
sending a US to the Terminal. Do it by entering a CTRL
SHIFT O at the keyboard. Note that the Alpha cursor
appears with its lower left corner at the end of the vector,
since US causes no change in the Terminal position-register
contents.

Graph Memory. Send ten SP commands to the Terminal
by pressing the keyboard Space bar. Note that the cursor
moves away from the end of the vector. Put the Terminal
back in Graph Mode by sending it a GS (CTRL SHIFT M).
Then send the same Low X command as was last used, by
again entering _ at the keyboard. The beam will move
unseen back to the end of the vector because of the Graph
Mode memory circuits. This can be confirmed by entering a
second at the keyboard, to again send the Low X

®
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command to the receiving circuits. Note that the same Low
X command as contained in the last address must be used,
or the beam position will differ by the amount of
difference between the two Low X bytes.

Resetting With CR. Now switch from Graph Mode to
Alpha Mode by sending a CR to the receiving circuits. This
can be done by pressing the RETURN key or entering a
CTRL M at the keyboard. This places the Alpha cursor at
the left margin. If the CR EFFECT strap on TC-1 is at CR,
the cursor is placed in line with the last graphic position of
the beam; if the strap is at CR—=LF, the cursor is placed
one line below the last graphic position.

Resetting With ESC FF. Send a GS to the receiving
circuits by entering a CTRL SHIFT M at the keyboard.
Enter two _ commands to confirm that the Terminal is
back in Graph Mode, and is at the end of the drawn vector.
Then send an ESC FF sequence to the receiving circuits. Do
this by entering ESC and then CTRL L. Note that this
erases the display, selects Alpha Mode, and homes the
Alpha cursor. This can also be done locally by pressing the
PAGE key, regardless of the position of the LOCAL/LINE

switch.

Resetting With RESET. Send another GS (CTRL SHIFT
M) to the receiving circuits, enter _ to return to the last
graphic address, and then draw a vector to 32Y, 1023X.
This translates to SP DEL ? _ which can be sent by
entering Space RUBOUT ? _ at the keyboard. Now press
the SHIFT and RESET keys at the keyboard. Note that the
Alpha Mode is restored, and the Alpha cursor appears at the
top left corner of the screen. No erasing occurs. This
particular operation can only be accomplished from the
keyboard. No program command equivalent to SHIFT
RESET can be sent.

Shortened Addresses. The sequence in Table 1-2 illus-
trates the ability of the receiving circuits to respond to
various graphic commands of less than four bytes. The
missing bytes remain as sent in the last address which
contained them. Table 2-5 specifies the minimum bytes
that can be sent in any one situation.

View/Hold. The Hold feature is over-ridden while the
Terminal is in Graphic Mode. THE TERMINAL SHOULD
ALWAYS BE RETURNED TO ALPHA MODE WHEN
ENERGIZED, BUT NOT IN USE.

1-11
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TABLE 1-2
Shortened Address lllustration
Send

Address & Comment ASCII Keyboard
543Y, 543X. (Initial address;| @ DEL® _ | @ RUBOUT
send 4 bytes.) 0_
543Y, 512X. (Lo X changes; @ @
send only Lo X.)
541Y, 512X. (Lo Y changes; } @ } @
send Lo Y, Lo X.)
29Y, 512X. (Hi Y changes; SP@ Space @
send Hi Y, Lo X.)
29Y, 0X. (Hi X changes; send }spe } Space @
Lo Y, Hi X, Lo X.)
543Y, OX. (Hi Y and Lo Y| PDEL@ |® RUBOUT @
change; send Hi Y, Lo Y,
Lo X.)
31Y, 643X. (Hi Y, Hi X,and |SP DEL @ _ Space
Lo X change; send four bytes.) RUBOUT ¢ _

GIN Mode

Crosshair Cursor. Enter ESC and CTRL Z and note that
a crosshair cursor appears. (If the horizontal thumbwheel is
in either limit, the vertical line may be the only line to
appear; with the vertical thumbwheel at the lower limit, the
horizontal line may be the only line to appear. Move both
thumbwheels out of their limits to present both lines.)
Check that the cursor can be moved via the thumbwheels.
Press any key except PAGE or SHIFT RESET and note
that they have no effect. Press PAGE or SHIFT RESET and
note that the crosshair cursor disappears and the Alpha
cursor returns. THE RECEIVING CIRCUITS ARE IN-
SENSITIVE TO SIGNALS FROM THE KEYBOARD
WHILE IN LOCAL WITH THE CROSSHAIR CURSOR
DISPLAYED. IT SHOULD ALSO BE NOTED THAT THE
CROSSHAIR CURSOR CANNOT BE CALLED INTO
VIEW BY THE KEYBOARD WHILE ON LINE: IN

NORMAL OPERATION, AN ESC SUB FROM THE COM-
PUTER COMMANDS IT TO APPEAR.

GIN Mode Transmissions. These cannot be demonstrated
with the keyboard switch at LOCAL position. Refer to the
Operating Modes information at the beginning of this
section, or refer to Table 2-6 for details concerning “on-
line” GIN Mode operation.

View/Hold. The Hold feature is disabled while the
crosshair cursor is displayed. THEREFORE, THE TER-
MINAL SHOULD ALWAYS BE RESET TO ALPHA
MODE WHEN ENERGIZED, BUT NOT IN USE, TO
PROLONG TUBE LIFE.

Hard Copy Mode

Connect a Hard Copy Unit to the Terminal and energize
it. Switch the Terminal’s LOCAL/LINE control to LOCAL.
Enter a number of alphanumeric characters at the keyboard
to create a display.

Transmit an ESC ETB signal to the receiving circuits by
entering ESC and CTRL W at the keyboard. (Pressing the
MAKE COPY button on the keyboard, or pressing the
Copy button on the Hard Copy Unit will achieve the same
effects.) A scanning bar should appear and scan the display.
A few seconds after scanning is completed, the Hard Copy
Unit should eject a hard copy of the display. If the paper is
blank, or if information dropout occurs, the Hard Copy
Intensity control on the right side of the Terminal may be
set too low. On the other hand, if the scanning bar causes
storing on the display, the Hard Copy Intensity control
may be set too high. Readjust the control while copy
making is occurring, selecting a point just below that where
the scanning bar stores. Then press PAGE, enter more
characters on the display, and make another copy. If the
adjustment is made properly, a clear copy of the display
should result.
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COORDINATE CONVERSION CHART

Low Order X Low Order Y
Ascll DEC. X or Y Coordinate DEC. ASCII
@ 64 0 32 64 96 128 160 192 224 96 '
A 65 1 33 65 97 129 161 193 225 97 a
B 66 2 34 66 98 130 162 194 226 98 b
c 67 3 35 67 99 131 163 195 227 99 c
D 68 4 36 68 100 132 164 196 228 100 d
E 69 5 37 69 101 133 165 197 229 101 e
F 70 6 38 70 102 134 166 198 230 102 f
G 71 7 39 71 103 135 167 199 231 103 g
H 72 8 40 72 104 136 168 200 232 104 h
I 73 9 41 73 105 137 169 201 233 105 i
J 74 10 42 74 106 138 170 202 234 106 j
K 75 1 43 75 107 139 171 203 235 107 k
L 76 12 44 76 108 140 172 204 236 108 [
M 77 13 45 77 109 141 173 205 237 109 m
N 78 14 46 78 110 142 174 206 238 110 n
0 79 15 47 79 11 143 175 207 239 11 o
P 80 16 48 80 112 144 176 208 240 112 p
Q 81 17 49 81 113 145 177 209 241 113 q

R 82 18 50 82 114 146 178 210 242 114 ro
S 83 19 51 83 115 147 179 211 243 115 s
T 84 20 52 84 116 148 180 212 244 116 t
U 85 21 53 85 117 149 181 213 245 117 u
Y, 86 22 54 86 118 150 182 214 246 118 v
W 87 23 55 87 119 151 183 215 247 119 w
X 88 24 56 88 120 152 184 216 248 120 X
Y 89 25 57 89 121 153 185 217 249 121 y
z 90 26 58 90 122 154 186 218 250 122 z
C 91 27 59 91 123 155 187 219 251 123 {
\ 92 28 60 92 124 156 188 220 252 124 :
] 93 29 61 93 125 157 189 221 253 125 }
A 94 30 62 94 126 158 190 220 254 126 ~
_ 95 31 63 95 127 159 191 223 255 127 RISayT
DEC, ——M—— 32 33 34 35 36 37 38 39
ASCl| —8m8 SP ! " # $ % & ‘
High Order X & Y

Fig. 1-8. Coordinate conversion chart, part 1 of 4. INSTRUCTIONS: Find coordinate value in body of chart; follow that column to bottom of
chart to find decimal value or ASCII character which represents the High Y or High X byte; go to the right in the row containing the coordinate

value to find the Low Y byte, or go to the left to find the Low X byte. EXAMPLE: 200Y, 38X equals 38 104 33 80 in decimal code and
equals & h ! Pin ASCII code.

REV. B, JULY, 1975 113
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COORDINATE CONVERSION CHART

(cont)

Low Order X Low Order Y
ASCIl  DEC. Xor Y Coordinate DEC. ASCII
@ 64 256 288 320 352 384 416 448 480 96 .
A 65 257 289 321 353 385 417 449 481 97 a
B 66 258 290 322 354 386 418 450 482 98 b
C 67 259 291 323 3565 387 419 451 483 99 c
D 68 260 292 324 356 388 420 452 484 100 d
E 69 261 293 326 357 389 421 453 485 101 e
F 70 262 294 326 358 390 422 454 486 102 i
G 71 263 295 327 359 391 423 455 487 103 g
H 72 264 296 328 360 392 424 456 488 104 h
| 73 265 297 329 361 393 425 457 489 105 i
J 74 266 298 330 362 394 426 458 490 106 i
K 75 267 299 331 363 395 427 459 491 107 k
L 76 268 300 332 364 396 428 460 492 108 |
M 77 269 301 333 365 397 429 461 493 109 m
N 78 270 302 334 366 398 430 462 494 110 n
0 79 271 303 33 367 399 431 463 495 111 o
P 80 272 304 336 368 400 432 464 496 112 p
Q 81 273 306 337 369 401 433 465 497 13 q
R 82 274 306 338 370 402 434 466 498 14 )
S 83 275 307 339 371 403 435 467 499 115 s
T 84 276 308 340 372 404 436 468 500 116 t
U 85 277 309 341 373 405 437 469 501 117 u
Vv 86 278 310 342 374 406 438 470 502 118 v
W 87 279 311 343 375 407 439 471 503 119 w
X 88 280 312 344 376 408 440 472 504 120 x
Y 89 281 313 345 377 409 441 473 505 121 y
z 90 282 314 346 378 410 442 474 506 122 z
[ 91 283 315 347 379 411 443 475 507 123 {
\ 92 284 316 348 380 412 444 476 508 124 ;
] 93 285 317 349 381 413 445 477 509 125 )
A 94 286 318 350 382 414 446 478 510 126 ~

_ 95 287 319 361 383 415 447 479 511 127 RISQY™
DEC, —M8~ 40 a1 42 43 44 45 46 a7
ASCI| —————— ( ) * + , - /
High Order X & Y

1-14

Fig. 1-9. Coordinate conversion chart, part 2 of 4. (Refer to part 1 for interpretation instructions.)

REV. B, JULY, 1975
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COORDINATE CONVERSION CHART

(cont)

Low Order X Low Order Y

ASCIl  DEC. Xor Y Coordinate ASCIl  DEC.
@ 64 512 544 6576 608 640 672 704 736 | 96
A 65 513 545 577 609 641 673 705 737 a 97
B 66 514 546 578 610 642 674 706 738 b 98
c 67 515 547 579 611 643 675 707 739 c 99
D 68 516 548 580 612 644 676 708 740 d 100
E 69 517 549 581 613 645 677 709 741 e 101
F 70 518 550 582 614 646 678 710 742 f 102
G 71 519 551 583 615 647 679 711 743 g 103
H 72 520 552 584 616 648 680 712 744 h 104
[ 73 521 553 585 617 649 681 713 745 i 105
J 74 522 554 586 618 650 682 714 746 j 106
K 75 523 555 6587 619 651 683 715 747 k 107
L 76 524 556 588 620 652 684 716 748 | 108
M 77 526 557 589 621 653 685 717 749 m 109
N 78 526 558 590 622 654 686 718 750 n 110
o} 79 527 559 591 623 655 687 719 751 0 1
P 80 528 560 592 624 656 688 720 752 p 112
Q 81 529 561 593 625 657 689 721 753 q 113
R 82 530 562 594 626 658 690 722 754 r 114
S 83 531 563 595 627 659 691 723 755 s 115
T 84 532 564 596 628 660 692 724 756 t 116
U 85 533 5665 597 629 661 693 725 757 u 117
Vv 86 534 566 598 630 662 694 726 758 v 118
w 87 535 567 599 631 663 695 727 759 w 119
X 88 536 568 600 632 664 696 728 760 X 120
Y 89 537 569 601 633 665 697 729 761 y 121
z 90 538 570 602 634 666 698 730 762 z 122
L 91 539 571 603 635 667 699 731 763 ( 123
\ 92 540 572 604 636 668 700 732 764 ! 124
] 93 541 573 605 637 669 701 733 765 ) 125
A 94 542 574 606 638 670 702 734 766 ~ 126
_ 95 543 755 607 639 671 703 735 767 RSy 127

DEC —8 48 49 50 51 52 53 54 55

ASCl| —— > 0 1 2 3 4 5 6 7
High Order X & Y

Fig. 1-10.

REV.C, JULY, 1975

Coordinate conversion chart, part 3 of 4. (Refer to part 1 for interpretation instructions.)
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COORDINATE CONVERSION CHART

(cont)

Low Order X Low Order Y
ASCIl DEC. Xor Y Coordinate DEC.  ASCHI
@ 64 768 800 832 864 896 928 960 992 96 .
A 65 769 801 833 865 897 929 961 993 97 a
B 66 770 802 834 866 898 930 962 294 98 b
c 67 771 803 835 867 899 931 963 995 99 c
D 68 772 804 836 868 900 932 964 996 100 d
E 69 773 805 837 869 901 933 965 997 101 e
F 70 774 806 838 870 902 934 966 998 102 f
G 71 775 807 839 871 903 935 967 999 103 g
H 72 776 808 840 872 904 936 968 1000 104 h
| 73 777 809 841 873 905 937 969 1001 105 i
J 74 778 810 842 874 906 938 970 1002 106 i
K 75 779 811 843 875 907 939 971 1003 107 k
L 76 780 812 844 876 908 940 972 1004 108 !
M 77 781 813 845 877 909 941 973 1005 109 m
N 78 782 814 846 878 910 942 974 1006 110 n
0 79 783 815 847 879 911 943 975 1007 1 0
P 80 784 816 848 880 912 944 976 1008 112 p
Q 81 785 817 849 881 913 945 977 1009 113 q
R 82 786 818 850 882 914 946 978 1010 114 r
S 83 787 819 851 83 915 947 979 1011 115 s
T 84 788 820 852 884 916 948 980 1012 116 t
U 85 789 821 853 885 917 949 981 1013 117 u
Vv 86 790 822 854 886 918 950 982 1014 118 v
w 87 791 823 855 887 919 951 983 1015 119 w
X 88 792 824 856 888 920 952 984 1016 120 x
Y 89 793 825 857 889 921 953 985 1017 121 y
v4 90 794 826 858 890 922 954 986 1018 122 z
[ 91 795 827 859 891 923 955 987 1019 123 (
\ 92 796 828 860 892 924 956 988 1020 124 :
] 93 797 829 861 893 825 957 989 1021 125 }
A 94 798 830 862 894 926 958 990 1022 126 ~

- 95 799 831 863 895 927 959 991 1023 127 Ry
DEC ——0M ——— 56 57 58 59 60 61 62 63
ASCI| —————— 8 9 : ; < = > ?

High Order X & Y

Fig. 1-11. Coordinate conversion chart, part 4 of 4. (Refer to part 1 for interpretation instructions.)
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CHARACTERISTICS

Introduction

The characteristics are in two parts. The first part
consists of an alphabetic listing. The alphabetic listing
makes reference to the second part, which contains
tabulated information.

The following conditions must be met before all
characteristics can be considered valid:

The Terminal must have been adjusted at an ambient
temperature between +20°C and +30°C.

It must be operating in an environment as specified
under Environmental Specification.

Operation must be preceded by a warmup period of
at least 20 minutes.

Specified power requirements must be met.

The specifications pertain principally to On Line opera-
tion as selected at the keyboard rocker switch, and should
not be presumed applicable to Local operation. Refer to
the Local Operation specification for qualifying informa-
tion.

The following tables are included immediately after the
alphabetic listing of characteristics:

Table 2-1 Control Character Effect on Terminal
Table 2-2 Alpha Mode Specification

Table 2-3 Graph Mode Specification

Table 2-4 Graph Mode Vector Drawing

Table 2-5 Bytes Required for Graphic Addressing
Table 2-6 GIN Mode Specifications

Table 2-7 Local Operation Specification

Table 2-8 Hard Copy Mode Specification

Table 2-9 Display Unit Specifications

Table 2-10 Power Supply Specifications

Table 2-11 Physical Characteristics

Table 2-12 Environmental Specifications

Table 2-13 Strappable Options of Basic Terminal
Table 2-14 Accessories for the Terminal

Section 2—4012 Service

The characteristics included in the alphabetic listing are

as follows:

Accessories

Address

Alpha Mode

Arming

Carriage Return

Character Effect on Terminal
Character Matrix

Character Size

Character Transmission in
Alpha Mode

Character Transmission in
GIN Mode

Character Writing

Character Writing Suppression
Characters, Lower Case
Clock

Control Character

Control Character Sequence
Cursor, Alpha

Cursor, Crosshair

Data Transfer Rate

Display Measurement Unit
Display Size

Display Unit Specifications
Echoplex

Echoplex Suppression
Environmental Specifications
GIN Mode

Graph Mode

Graphic Address

Graph Mode Memory

Graph Mode Vector Drawing
Hard Copy Mode

Alphabetic Listing

Hold Status

Home Position

Interface Specification

Line, Alpha Mode

Line Feed

Line Length, Graphic

Local Operation

Margin, Horizonta!

Minibus

Modes

Options, Strappable

Pagefull

Physical Characteristics

Point (Tekpoint)

Power Supply Specifications
Receive Rate

Resetting GIN to Alpha Mode
Resetting Graph to Alpha Mode
Resetting Home Position
Resetting Margin 1 to Margin P
Space

Status Bits

Strappable Options

Tekpoint

Thumbwheels

Time, Character Writing
Time, Vector Drawing
Transmission, Alpha Mode
Transmission, GIN Mode
Transmission Rate

Vector Drawing Time

Vector Dynamic Geometry Error
Vector Length Error

View Mode

Accessories. See Table 2-14.

Address. A display position with reference to a grid of
1024 X 1024 points with 0,0 being at the bottom left.
Point density is about 130 points per inch horizontal or
vertical with Terminal adjusted as outlined in the adjust-

ment procedure.

Alpha Mode. A Terminal writing mode in which charac-
ters are written on the display screen. See Character Effect
on Terminal and Table 2-2 for details.
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Arming. Certain functions at the Terminal require a
control sequence whose first character “arms’ the Ter-
minal, permitting the next character to perform a function
other than what it would do if the Terminal were not
armed. ESC is normally used as the arming command. The
execution commands are listed under ‘“Character Effect on
Terminal”. In addition, accessory devices may use other
execution commands as explained in the accessory device
instruction manual.

Carriage Return. Return of writing beam to the left or
center margin (depending on effective margin position).
Occurs on receipt of CR or ESC FF. Also occurs on receipt
of LF if strapped on TC-1. Occurs automatically when
beam spaces past 1023 address in Alpha Mode. Also caused
by initializing or pressing PAGE key or SHIFT RESET
keys. The CR character also causes a line feed to occur if
the CR EFFECT option on TC-1 is in the CR—LF
position. (The CR EFFECT option is not included in all
instruments.)

Character Effect On Terminal. The Terminal recognizes
all characters contained in the ASCII code. During Alpha
Mode, all alphanumeric and graphic characters except space
and delete result in character writing and subsequent
spacing. Space does not write but causes spacing; delete
causes neither writing nor spacing. Control characters and
control character sequences are decoded and perform
specific functions as shown in Table 2-1. Additional use of
control characters or control character sequences may be
made by accessory devices connected through circuit cards
to the Terminal minibus. Control characters or control
character sequences are recognized during Graph or GIN
Mode; all other data received in Graph Mode is accepted as
a vector address as explained in Graph Mode.

Character Matrix. A seven-by-nine dot pattern which
creates characters by writing specific combinations of the
dots. Dot position is determined by modifying the X or Y
position of the deflection beam. The matrix stops long
enough in each position to turn the beam on to store a dot
during character writing, or to display a non-storing dot
during Alpha Mode cursor writing. The bottom-left dot in
the matrix is determined by the X and Y register contents
(address). However, the X and Y deviation from this point
is independent of the register address. The matrix is shifted
down to write g, j, p, g, and y. :

Character Size. Limits determined by character matrix,
which is approximately .087 inch wide by 0.106 inch high.

2-2

Character Transmission in Alpha Mode. Depending upon
the operation selected, the code for ASCII or TTY
characters can be transmitted from the keyboard in
response to a key, in response to a SHIFT and key
combination, or in response to a CTRL SHIFT and key
combination. RUBOUT sends the code for DEL. Bit 8 is
sent as strapped at the keyboard (normally high), or as
determined by the data communication interface in use.
The minibus can accept any eight-bit combination from
accessory units and transmit them to the computer.

Character Transmission in GIN Mode. A sequence of
characters is transmitted to the computer in response to a
control character sequence from the computer. See GIN
Mode for details.

Character Writing. The Terminal has writing capability
for all ASCIl written characters. Since TTY is a subset of
ASCIl, TTY writing capability is included. Character
writing time is approximately 1.0 ms.

Character Writing Suppression. The character generator
is suppressed in GIN and Graph modes. The Alpha cursor,
as well as alphanumeric characters, are prevented from
being written. The character generator becomes fully
enabled when the Terminal is switched from Graph to
Alpha Mode. It also becomes fully enabled when GIN Mode
is ended by an ESC FF or CR command from the
computer, or by a PAGE or SHIFT RESET command from
the keyboard. However, when GIN Mode is ended by
transmitting the address of the Alpha cursor or the
crosshair intersect address, the character generator will not
become fully enabled unless the CR is sent as a part of the
address transmission, AND IS ECHOED BACK by the
computer. If CR is not echoed back, the Terminal will be
unable to write in Alpha Mode (even though the Alpha
cursor appears) until one of the following is received by the
Terminal: BEL, BS, CR, ESC ETB, ESC FF, HT, LF, US,
VT from the computer, or PAGE, SHIFT RESET, LOCAL,
or MAKE COPY from the keyboard.

Characters, Lower Case. Lower case characters are
accepted and written during Alpha Mode. Lower case
letters cannot be transmitted from the keyboard while the
TTY LOCK key is depressed.

Clock. The Terminal operates on an internal 4.9 MHz
clock. This and a 614 kHz derivation are available on the
minibus.

(’f
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Control Character. See Character Effect on Terminal.

Control Character Sequence. See Character Effect on
Terminal.

Cursor, Alpha. F|icke¢ing, non-storing seven-by-nine dot
matrix which indicates position of writing beam. Occurs in
Alpha Mode, during View condition. Position of lower-left
corner of matrix is sent to computer in response to receipt
of an ESC ENQ command sequence.

Cursor, Crosshair. GIN Mode non-storing cursor
occurring in response to an ESC SUB command sequence.
Cursor is caused by cycling of the X and Y registers through
each point, pausing at each point long enough to write the
point with an intensity insufficient for storing it. The
intersect point can be moved to any point within 4-1023 X
and 0-779 Y by using the keyboard X and Y thumbwheels.
The address of the intersect point is sent to the computer in
response to an ESC ENQ from the computer or in responée
to entering a keyboard character. See GIN Mode for
explanation of transmission.

Data Transfer Rate. Interface dependent; limited to
approximately 10,000 words per minute (average of six
characters per word).

Display Measurement Unit. Point. Equivalent to one
increment of X or Y position register. Approximately 130
points per inch and .0077 inch between centers of
horizontally or vertically adjacent points. 1024 X points
addressable and viewable; 1024 Y points addressable, 780 Y
points viewable. (Terminal adjusted as outlined in adjust-
ment procedure.)

Display Size. 8 inches horizontal by 6 inches vertical
with its center within 0.25 inch of CRT faceplate center.

Display Unit Specifications. Refer to Table 2-9.

Echoplex. Consists of executing data at the Terminal as
the data is being sent to the computer. Can be caused by

®
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placing an ECHO command on the minibus, usually from
the interface unit.

Echoplex Suppression. Over-rides the ECHO signal from
the interface unit, inhibiting echoplex operation. Occurs
automatically when the Terminal is in GIN Mode, per-
mitting the coded position data to be sent to the computer
without being written by the Terminal, despite condition of
the ECHO signal. See Table 2-6 for additional details.

Environmental Specifications. See Table 2-12.

GIN Mode. An interactive graphic mode which permits
the Terminal to send one of the following to the computer:
Terminal status and the position of the bottom-eft corner
of the Alpha cursor; or the Terminal status and the Graph
Mode beam position; or the position of the GIN Mode
crosshair intersect point. The crosshair intersect point is
controlled by the thumbwheels at the right on the
keyboard. Note that moving the horizontal thumbwheel to
either limit may remove the vertical line from the display
and disable the vertical thumbwheel. Similarly, moving the
vertical thumbwheel to the lower limit may remove the
horizontal line from the display and disable the horizontal
thumbwheel. The Terminal status and Alpha cursor posi-
tion is sent if ESC ENQ is received while the Alpha cursor is
being displayed. Terminal status and Graph Mode beam
position are sent if ESC ENQ is received while in Graph
Mode. Receipt of ESC SUB causes the crosshair cursor to
be displayed. Its intersect point is then sent in response to
ESC ENQ from the computer, or in response to the
operator entering a keyboard character.

A delay of at least 20 ms must occur between ESC SUB
and ESC ENQ. The 20 ms delay can be ignored under
several circumstances, as follows: (1) Whenever operating
slower than 1000 baud; (2) Whenever only the Y address is
required (X will always be sent, but may not be valid if the
20 ms delay is not used); and (3) If the Terminal is
addressed to OY before sending the Terminal an ESC SUB.
Addressing can be done by sending GS 405 140g and any
Low X byte. (Actually, any Y value less than the crosshair
intersect point can be used. Therefore, low Y byte 1404
can be omitted unless the crosshair intersect point is
located lower than the 16Y coordinate.) It should be noted
that if the third option is used, the Terminal graphic
memory circuit is loaded with the address. This can be used
to advantage in repetitive requests for the crosshair posi-
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tion; once loaded with a OY address, the Terminal need
only be given a GS and a Low X byte to move the beam to
0Y. See Table 2-6 for GIN Mode details.

Graph Mode. A graphic display mode which occurs opon
receipt of GS. It permits the Terminal to accept data as
addresses. Movement to the address can either be dark or
can result in drawing a vector. See Tables 2-3, 2-4, and 2-5.

Graphic Address. A combination of X and Y register
values which indicates a position on the display (X 0-1023,
Y 0-779) or off the display (Y 780-1023). Address of
bottom-left corner of display is 0X, 0Y; address of top-right
corner of display is 1023X, 779Y. See Tables 2-4 and 2-5
for information about sending an address to the Terminal.

Graph Mode Memory. The ability of the Terminal to
remember the first three bytes of the last graphic address
when switched out of Graph Mode. The Terminal requires
receipt of only the low X byte to return to its last Graph
Mode address when switched back to Graph Mode.

Graph Mode Vector Drawing. See Table 2-4.

Hard Copy Mode. Permits copying of the Terminal
Display by a Hard Copy Unit. Mode is caused by READ
from a Hard Copy Unit. TBUSY holds the Terminal busy
during Hard Copy Mode. See Table 2-8.

Hold Status. A reduced intensity condition for the
display unit. It occurs if the Terminal is inactive for
approximately 90 seconds. The Terminal returns to View
status as soon as data is received or a keyboard character is
entered. Stored data may be retained in Hold status for up
to one hour without damage to the screen.

Home Position. Top left corner of display unit in Alpha
Mode, commanded by 0X, 767Y. Beam moves to that
position upon initialization, and upon receiving ESC FF. It
is also arrived at by entering PAGE or SHIFT RESET at the
keyboard.

24

Interface Specification. See documentation pertaining to
specific interface unit.

Line, Alpha Mode. Consists of 74 character spaces; lines
are 22 points apart (approximately 0.17 inch) between
identical reference points. 35 Jines comprise the total
display.

Line Feed. Moves writing beam down 22 points. This
equals one line in Alpha Mode. Occurs upon receipt of LF.
Occurs automatically when spacing past the end of a line.
May also occur upon receipt of CR if the CR EFFECT
option is at CR—LF.

Line Length, Graphic. Maximum line lengths within the
quality display area are approximately 7.9 inches hori-
zontal, 6 inches vertical, 9.9 inches diagonal. (Values given
are within the display quality area with the Terminal
adjusted as outlined in the adjustment procedure.)

Local Operation. Off-line operation used principally for
operator training, formatting of data, and equipment
maintenance. It is selected by the LOCAL/LINE switch at
the keyboard, and isolates the Terminal from the computer.
See Table 2-7 for details.

Margin, Horizontal. Margin @ is located at 0X; Margin 1
is located at 512X. Margins alternate automatically when
line-feeding past the 35th line. Carriage return resets the
beam to selected margin. ESC FF resets the Terminal to
Margin @. Terminal also resets to Margin @ in response to
PAGE key or SHIFT RESET key combination. .

Minibus. Signals available at each of the board-edge
connectors on the motherboard. See Dictionary of Line
Titles and Wire List in the Circuits section for details.

Modes. Alpha (Alphanumeric), Graph (Graphic Display),
GIN (Graphic Input), Hard Copy. See Specific mode
descriptions for details.

(




Options, Strappable. See Table 2-13 for strappable
options for the basic Terminal; see interface unit docu-
mentation for strap option information pertaining to
interface units.

Pagefull. A condition occurring in Alpha Mode when
line-feeding past the 35th line. It causes Margin 1 to occur
(center of screen) if Margin @ has been set, and vice-versa.
Margin 1 can cause a terminal busy signal, if selected by
option on TC-2.

Physical Characteristics. See Table 2-11.

Point (Tekpoint). The basic unit of measurements for
Graph and GIN Modes. 1024X (0-1023) and 1024Y
(0-1023) points addressable; 1024X and 780Y (0-779)
viewable. Point spacing is approximately .0077 inch.
(Approximately 130 points per inch.) (Terminal adjusted as
outlined in the adjustment procedure.)

Power Supply Specifications. See Table 2-10.

Receive Rate. Capable of >10,000 words per minute
(average of six characters per word). Interface dependent.

Resetting GIN to Alpha Mode. GIN Mode is cancelled
and Alpha Mode reset upon receipt of CR or ESC FF from
the computer. Resetting with CR may leave the Terminal in
Margin 1 status. It would be better to permit transmission
of address and ignore it at the computer to insure that the
Terminal returns to Margin @ status. Resets to Alpha
(without transmitting to computer) in response to entering
PAGE or SHIFT RESET at the keyboard. Terminal also
resets to Alpha Mode after completing GIN transmitting
function. Refer to Table 2-6 for details.

Resetting Graph to Alpha Mode. Graph Mode is can-
celled and Alpha Mode reset in response to US, CR, or ESC
FF from the computer. It can also be reset by entering
PAGE or SHIFT RESET at the keyboard.

Characteristics—4012 Service

Resetting Home Position. The Terminal display resets to
home position (top-left of display) in response to ESC FF
from the computer. It also resets to home position in
response to line-feeding past line 35 if Margin 1 exists and
the TC-1 option is set so that line feed causes carriage
return. Home position also occurs when PAGE or SHIFT
RESET is entered at the keyboard.

Resetting Margin 1 to Margin @. Margin 1 (horizontal
center of display) resets to Margin @ (left edge of display) in
response to ESC FF from the computer, or in response to
an LF (line feed) past the 35th line. Margin @ also occurs in
response to PAGE or SHIFT RESET entered at the
keyboard.

Space. An Alpha Mode measurement made from a
reference point in a character to the same reference point in
a horizontally adjacent character. A space is equal to 14
Tekpoints, which equates to approximately 0.11 inch.
There are 74 spaces per line.

Status Bits. Bits transmitted in GIN Mode to denote the
status of the Terminal. They are transmitted as part of a
response to an ESC ENQ received while in Alpha or Graph
Mode, and consist of the following:

Bit8= 1, Bit7=0, Bit6=1.

Bit 5= Hard Copy Unit status; @ is intended to mean that
the Hard Copy Unit is in working order, ready to
accept a hard copy request.

Bit 4 = Vector status indicator. A 1 indicates that the
Terminal is set up to draw vectors.

Bit 3= Graphic Mode indicator. A @ indicates that a
graphic mode exists. 1 indicates Alpha Mode.

Bit 2 = Margin indicator. 1 indicates that Margin 1 exists.
indicates Margin @. If the Margin bit is 1 (true), it
indicates that the Alpha cursor is on the right half
of the screen. If the transmitted X address is less
than 512, it must be increased by 512 to indicate
its position with respect to the left edge of the
screen. Effectively, if the Margin bit is 1 (true), the
most significant X bit (512 bit) must be considered
to be true regardless of what value was transmitted
by the terminal.
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Bit 1 = Auxiliary device indicator. @ indicates that some
optional auxiliary unit is activated.

Strappable options. Optional operating features which
can be selected by connectors within the Terminal. See
Table 2-13.

Tekpoint. A unit of measurement associated with
Tektronix Terminals. It consists of the distance between
two adjacent points in the 1024 x 1024 grid provided by
the X and Y registers. See Point.

Thumbwheels. Potentiometers located on the keyboard;
used to position the crosshair cursor.

Time, Character Writing. Approximately 1.0 ms.

Time, Vector Drawing. Time required to draw a com-
plete vector in a standard Terminal is approximately
2.6 ms.

Transmission, Alpha Mode. Data is transmitted as
entered at the keyboard, or as placed on the minibus by
other devices.

2-6

Transmission, GIN Mode. Data is transmitted as a series
of bytes in response to an ESC ENQ from the computer, or
in response to a keyboard character entered while the
cross-hair cursor is displayed. Refer to Table 2-6 for details.

Transmission Rate. Interface dependent. See docu-
mentation pertaining to the specific interface unit. Also see
Data Transfer Rate.

Vector Drawing Time. 2.6 ms or less.

Vector Dynamic Geometry Error. Deviation (due to
vector generator circuitry) from mean straight line does not
exceed 1.5% worst case (45° line).

Vector Length Error. Does not exceed 1% of actual
vector length.

View Status. Normal intensity display. Occurs at all
times except during copy making (Hard Copy Mode) and
Hold status. Alpha Mode View status occurs upon keyboard
entry or upon receipt of data, and remains for 60 to 120
seconds. It can be regained without affecting the display or
causing transmission by pressing the SHIFT key. The
Terminal remains in View status whenever in Graph or GIN
Modes. The Terminal can remain in View status with a
stored display for 15 minutes without permanent damage
to the display screen.
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TABLE 2-1

Control Character Effect on Terminal

Control
Character Keyboard Command Effects
BEL CONTROL G A burst of 1200 hertz tone on the speaker. Makes Terminal go busy for
approximately 200 ms.
Sending a character or vector to the Terminal during the tone burst will
terminate that burst.
BS BACKSPACE or Backspaces one space.
CTRLH Backspacing to the left of the margin will cause wraparound.
CR RETURN or Causes carriage return by clearing X register. Also causes line feed if the CR
CTRL M EFFECT option on TC-1 is at CR= LF. (The CR EFFECT option is not
included in all instruments.) Clears GIN and Graph. (If the crosshair is cleared
with CR, the resulting status of Y and Margin perform the Page Full function.
With interfaces directly connected to the CPU, it is better to clear the cursor by
sending ESC ENQ or ESC FF.)
ESC ESC or First character of a special multiple-character sequence. ESC activates LCE (B on
CTRL SHIFT K the Minibus) which remains high until after the trailing edge of the next byte or
activation of HOME. Does not cause a response on TBUSY.
ESC ENQ ESC Causes Terminal status and/or Alpha cursor or Graph beam or crosshair cursor
CTRL E position to be sent to CPU. Useful for remote diagnostics, in addition to graphic
uses. Local copy is not generated. See explanation under GIN Mode.
Activates echoplex suppression. If the CSTROBE(s) generated does not cause a
CBUSY response, the Terminal will remain in GIN Mode. This occurs if ESC
ENQ is entered while in LOCAL; can be cleared by PAGE or SHIFT RESET
entry. Does not cause a response on TBUSY.
ESC ETB ESC MAKE COPY is asserted.
CTRL W
ESC FF ESC Same as PAGE signal from keyboard. Erases screen. Resets X to 0. Resets Y to
CTRL L 767. Resets GIN, Echoplex Suppression, Margin, and Graph.
ESC SI ESC If strap on TC-1 is set for AB+BC, selects the ASCIl Character Set. Does not
CTRLO cause a response on TBUSY.
ESC SO ESC If strap on TC-1 is set for AB+BC, selects the Alternate Character Set. Does not
v CTRLN cause a response on TBUSY.
ESC SuUB ESC Clears Graph. Starts crosshair cursor (which sets GIN). Activates Echoplex
CTRL Z Suppression. (See explanation under ESC ENQ.) Does not cause a response on
TBUSY.
GS CTRL Sets Terminal to Graph Mode; sets for dark vector. Does not cause a response on
SHIFT M TBUSY.
HT TAB or Spaces one space to right.
CTRL |
LF LF or Y moves down one line (counts down by 22). If Y counts through 0, margin
CTRLJ switches between 0 and 1, and Y counts down to 767. Strap on TC-1 can be set
so that LF also causes carriage return.
uUsS CTRL Clears Terminal from Graphic Display Mode.
SHIFT O
VT CTRL K Inverse line feed. Y counts up by 22. If Y exceeds 767 in Alpha Mode, Y will

count back down to 767.
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TABLE 2-2

Alpha Mode Specification (

Writing Area

8 inches horizontal by 6 inches vertical.

Character Writing Position

Indicated by pulsating cursor (7 x 9 dot matrix), approximately .087 inch wide
by 0.106 inch high (11 x 14 points).

Character Recognition

Complete ASCII code is recognized.

Character Writing

All ASCII writing characters are written upon receipt.

Character Size

Size of largest character is approximately .087 x 0.106 inch (11 x 14 points)
written within limits of 7 x 9 dot matrix.

Character Writing Time

Approximately 1.0 ms, providing at least 1000 characters per second.

Characters Per Line

74

Space

14 Tekpoints (equal to approximately 0.11 inch) between corresponding points
in adjacent characters.

Number of Lines

35 lines.

Line Feed Spacing

22 Tekpoints (approximately 0.17 inch) between corresponding points on
adjacent lines.

Carriage Return/Line Feed

Automatically occurs after character is written at end of line (74th character).
Strap option can be set to cause carriage return to occur in response to

programmed line feed. (
Margin Margin @ (left edge) and Margin 1 (horizontal center) alternately occur when
line-feeding past the bottom (35th) line.
Rubout Does not print or space.
Home Top-left corner of display (0X, 767Y).
Pagefull Occurs when line-feeding past 35th line with Margin O set.

Alpha Mode set by

Initialization; PAGE or SHIFT RESET at keyboard; receipt of ESC FF or CR.

Writing Rate 210,000 words per minute (average of 6 characters per word).

Cursor Non-storing, pulsating 7 x 9 dot matrix.

Hold Reduced intensity status which occurs in Alpha Mode only; occurs after
approximately 90 seconds of inactivity. Stored display can be retained for up to
one hour in Hold status without damage to the display screen.

View Normal viewing status. Stored data can be displayed in View status for up to 15

minutes without damage to display screen.

Character Type

Transmitting

Full ASCII code can be transmitted. TTY LOCK limits transmission to TTY code.

Receiving

Full ASCII code can be written, regardless of position of TTY LOCK key.

(,
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TABLE 2-3

Graph Mode Specification

Mode Function

Display graphic information.

Mode Commanded By

GS.

Mode Ended By

US, CR, ESC FF, ESC SUB, or keyboard entry of PAGE or SHIFT RESET.

Basic Unit of Measurement

Point (Tekpoint).

Address Capability

1024 X by 1024Y points.

Display Capability

1024 X by 780Y points.

Display Address Orientation

0, 0 at bottom-left of display; 1023X, 779Y at top-right.

Display Area

7.88 inches horizontal by 6 inches vertical.

Vector Length Error

Does not exceed 1% of actual vector length.

Vector Writing Time

2.6 ms in standard Terminal.

Vector Dynamic Geometry Error

Deviation from prescribed path does not exceed 1.5% of total line length. This is
exclusive of the 0.5% Line Straightness specification of the display circuits.

Display Scale Factor

Approximately .0077 inch, point center to point center (approximately 130
points per inch).

Dark Vectors

First vector to follow GS is unwritten. GS can be repeated at any time. Second
vector following GS, and all subsequent vectors, are written.

Viewing Time

Indefinite; Hold status is inhibited. (Terminal should be returned to Alpha Mode
when not in use. Stored display can be displayed in View status for up to 15
minutes without damage to the display screen.)

Vector Drawing Commands

See Tables 2-4 and 2-5.

Margin

Margin 1 is disabled.

Graph Mode Memory

First three bytes of last Graph Mode address are remembered when the Terminal
is switched out of Graph Mode. Terminal requires only the Low X byte to return
to its last graphic address when switched back to Graph Mode.
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(1)

(2)

(4)

(5)

TABLE 2-4 TABLE 2-4 (cont)

Graph Mode Vector Drawing (6) | Hold status is inhibited during Graph Mode. A stored
display should not be retained in Graph Mode for
more than 15 minutes.

GS Places the Terminal in Graph (Vector) Mode. (7) | Graph Mode is ended by US, CR or ESC FF, which
he Terminal Al Mode. Graph Mod
The Terminal can be addressed to any position within reset the Terminal to Alpha Mode . rap . ode can
0-1023X and 0-1023Y as foll i also be ended by ESC SUB, which switches the
i and as ToTlows: Terminal to GIN Mode. PAGE and SHIFT RESET
(A) Convert Y coordinate to ten binary digits; from the keyboard also end Graph Mode, resetting
convert X coordinate to ten binary digits. Alpha Mode.
(B) Form a Hi Y byte by affixing 01 (as bits 7 and (8) | TBUSY does not occur in response to Hi Y, Lo Y,
6) to the 56 MSB of the ten digits of the Y Hi X.
coordinate.
(C) Form a Lo Y byte by affixing 11 (as bits 7 and
6) to the 5 LSB of the ten digits of the Y
coordinate. TABLE 2-5
(D) Form a Hi X byte by affixing 01 (as bits 7 and Bytes Required for Graphic Addressing
6) to the 5 MSB of the ten digits of the X
coordinate.
Bytes Which Change Byte Transmission Required
(E) Form a Lo X byte by affixing 10 (as bits 7 and - : - -
6) to the 5LSB of the ten digits of the X HiY| LoV |HiX] LoX]| HiY ]| LoV |HiX | Lo X
coordinate. # #
(F) -Send the four bytes as formed in (B) through # # # #
(E).
# # #
The Lo X byte causes the beam to move to the new # # #
position. The first movement after a GS is unwritten # # # # #
(dark vector). Subsequent movement in response to a
Lo X byte is written to form a vector. GS can be sent # # # #
at any time to cause the next vector to be dark. # # # #
(780Y-1023Y .is outside the viewing area of the # # # # #
horizontally oriented display.)
# # # # # #
Address transmission can consist of all four bytes or # # # # #
can be shortened to 3, 2, or 1 byte(s). Omitted bytes # # # # # #
are assumed to be correct as held in the Terminal.
Table 2-5 specifies the minimum byte transmission # # # # # # #
that is required under all addressing situations. # # # # # #
# # # # # # #
Hi Y, Lo Y, and Hi X bytes of the last address
received are ‘remembered’’ by the Terminal if # # # # # # # #
switched to Alpha or GIN Mode. The Terminal Sending initial address # # # #
requires receipt of only the Low X command to .
. . . Returning to
return to its last address after being switched back to #
remembered address
Graph Mode.

2-10
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TABLE 2-6
GIN Mode Specifications

Functions

Transmit Terminal Status and
Alpha Cursor Position

With Alpha cursor displayed, the Terminal status, address of bottom-left corner
of Alpha cursor, CR! and EOT! are transmitted to the computer in response to
ESC ENQ from the computer. The Terminal automatically resets to full Alpha
Mode upon completion of sending the following bytes if CR is echoed by the
computer. Otherwise, the Terminal must be reset as explained under Echoplex
Suppression. Note that if CR is echoed, it resets the cursor to the effective
margin position.

Byte Item Bit7 Bit 6 Bits 5—1
1 Terminal Status 0 1 Status Bits
2? High bits of X address 0 1 5 MSB X
3 Low bits of X address 0 1 5 LSB X
4 High bits of Y address 0 1 5 MSB Y
5 Low bits of Y address 0 1 5LSBY
6 CR! 0 0 01101
7 EOT! 0 0 00100

Transmit Terminal Status and
Graph Mode Beam Position

If ESC ENQ is received while in Graph Mode, bytes 1 through 7 will be sent as
explained above. Echoing of the bytes by the computer is not recommended
because echoing of bytes 1 through 5 will affect the content of the Y memory
latch, and echoing of CR will reset the Terminal to Alpha Mode.

Display Crosshair Cursor

ESC SUB from the computer turns the crosshair cursor on. (ESC SUB should
not be entered at the keyboard.) This is a preparatory state for transm:tting the
address of the crosshair intersect point. The Terminal can be reset to Alpha
Mode by ESC FF without causing it to transmit the crosshair intersect address.
The Terminal can also be reset to Alpha Mode by a PAGE or SHIFT RESET
command entered at the keyboard, without transmitting the crosshair intersect
address.

Transmit Crosshair Intersect Address

In Response to ESC ENQ

With crosshair cursor displayed, ESC ENQ from the computer causes trans-
mission of bytes 2 through 7 as previously listed. The Terminal automatically
returns to full Alpha Mode upon completion of transmission if CR is echoed by
the computer. Otherwise, the Terminal must be reset as explained under
Echoplex Suppression. A 20 ms delay must exist between ESC SUB and ESC
ENQ. The 20 ms delay can be ignored under several circumstances, as follows:
(1) Whenever operating slower than 100 baud; (2) Whenever only the Y address
is required. (X will always be sent, but may not be valid if the 20 ms delay is not
used); and (3) If the Terminal is addressed to OY before sending the Terminal an
ESC SUB.

LCR and EOT are optional, being dependent on straps on TC-2. EOT, or CR and EOT may be omitted. EOT cannot be sent without sending CR.
“24f the Margin bit of the Terminal Status Byte is 1 (true), the most significant X bit (512 bit) must be considered to be true, regardless of the

value transmitted to the computer.
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TABLE 2-6 (cont)

Transmit Crosshair Intersect Address
(cont)

In Response to Keyboard Character
Entry

With crosshair cursor displayed, a keyboard character entry causes the Terminal
to transmit the keyboard character, and then to transmit bytes 2 through 7 as
previously listed. The Terminal automatically returns to full Alpha Mode upon
completion of transmission if CR is echoed by the computer. Otherwise, the
Terminal must be reset as explained under Echoplex Suppression.

Address

Basic Unit of Measurement

Point (Tekpoint).

Alpha Cursor

Limits

0 to 1023X, 0 to 767Y, inclusive.

Transmission Accuracy

Actual address of lower left corner is transmitted. However, if Margin 1 exists (as
indicated by bit 2 of the status byte being true) the most significant X bit
(512X) must be considered to be true, regardless of how it was transmitted by
the Terminal.

Crosshair Cursor

Limits

4 to 1023X, 0 to 779Y, inclusive.

Controlled by

Horizontal and vertical thumbwheels at right on keyboard panel.

Transmission Accuracy

Within £1 point of actual position of crosshair cursor intersect point.

Status Bits

Bit8=1, Bit7=0, Bit6= 1.

Bit 5= Hard Copy Unit status; @ is intended to mean that it is in working order,
ready to accept a hard copy request.

Bit 4 = Vector status indicator. 1 indicates that the Terminal is set to draw
vectors.

Bit 3 = Graph Mode indicator. @ indicates that a graphic mode exists; 1 indicates
Alpha Mode.

Bit 2 = Margin indicator. 1 indicates that Margin 1 exists; @ indicates Margin @.
See note 2.

Bit 1 = Auxiliary device indicator.  indicates that some optional auxiliary
device is activated.

Echoplex Suppression

Over-rides local echoing and disables character generator during GIN Mode. The
receiving circuits automatically become enabled upon completion of trans-
mission if CR is echoed by the computer. If CR is not echoed, the Terminal
must be reset by BEL, BS, CR, ESC ETB, ESC FF, HT, LF, US, or VT from the
computer, or by entering PAGE, RESET, LOCAL, or MAKE COPY at the
keyboard. Resetting is not required in Graph Mode.

Byte Format

8 bits. In Terminals equipped with a Data Communication Interface
021-0065-00, bit 8 is determined by a strap on the keyboard which is
factory-wired to 1, but may be changed to zero. In other interface units, bit 8
may be controlled by the keyboard strap or by the interface unit.

21 the Margin bit of the Terminal Status Byte is 1 (true), the most significant X bit (512 bit) must be considered to be true, regardless of the

value transmitted to the computer.
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TABLE 2-7

Local Operation Specification

General The Terminal is isolated from the computer.

Alpha Mode Terminal accepts keyboard data as though it were coming from a computer,
writing alphanumeric characters and executing control characters.

GIN Mode Crosshair cursor can be obtained by entering a sequence consisting of ESC and
CTRL Z. The cursor is under full control of the thumbwheels. The keyboard is
locked out; the cursor will not disappear in response to striking a keyboard key
as it does when on-line. The Terminal can be reset to Alpha Mode by entering
PAGE or SHIFT RESET at the keyboard.

Graph Mode Can be obtained by entering CTRL SHIFT M at the keyboard. Terminal will
then write vectors in response to keyboard entries of graphic addresses as
explained in Tables 2-3, 2-4, and 2-5. Obviously, the addresses must be
converted to alphanumerics before knowing which keys send which address
bytes. Dark vectors will follow any CTRL SHIFT M entries. The Terminal
retains the ability to execute control characters.

TABLE 2-8
Hard Copy Mode Specification

Function Display is scanned by signals from the Hard Copy Unit, providing readout
information to the Hard Copy Unit.

Initiated By READ signal from Hard Copy Unit. (READ occurs in response to a Make Copy
command from the keyboard, a copy command from the Hard Copy Unit, or an
ESC ETB sequence from the computer.)

GIN Cursor Inhibited.

Alpha Cursor Inhibited.

Hold Mode Inhibited.

Display Unit Under control of Hard Copy Unit.

Terminal Busy

Asserted.

GIN Mode

If commanded during Hard Copy Mode, the GIN transmission is delayed until
copying is completed.
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TABLE 29

Display Unit Specifications

Characteristics

Performance Requirements

Supplemental Information

Display Quality Area

8 inches horizontal by 6 inches vertical,
whose center is within 0.25 inch of the
CRT faceplate center.

Deflection Factors

Center of Screen

Zero volts.

Edge of Screen

+5.0 volts left or down, —5.0 volts right
or up.

Usable Storage Time

Up to 15 minutes in View status or up to
one hour in Hold status without per-
manent damage to the storage screen. If a
residual image is retained after a long
viewing period, the screen may sometimes
be returned to normal condition by
repeated erasures.

Line Straightness

Within 0.5% deviation from mean straight
line (inside the specified display area).

This is a function of the display circuitry
and does not include the 1.5% dynamic
geometry specification of the vector gen-
erator circuitry.

Geometry

Orthogonality

<1°.

Parallelism

Within £2%.

Condition for Test; Draw a rectangle on
edge of specified area. Difference be-
tween lengths of vertical lines should be
within 2% of length of horizontal line.
Difference between lengths of horizontal
lines should be within 2% of length of a
vertical line.

TABLE 2-10

Power Supply Specifications

Characteristics

Performance Requirements

Supplemental Information

Line Voltage Ranges

110 V AC 220 V AC

Low 110 V £10% 100 V £10%
220 V £10%

. +109
Medium 115V £10% 230 V £10%
High 120 V £10% 240 V £10%

Wiring connections are listed on the
inside surface of the pedestal’s front
cover.

Power Consumption

192 watts maximum.

Line Frequency Range

48 to 440 Hz.

Fuses

2 A slo-blo for 110 V operation. 1.256 A
slo-blo for 220 V operation.

(
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Physical Characteristics

Characteristics—4012 Service

TABLE 2-12

Environmental Specifications

Finish Metal and plastic painted cabinet.

Weight Approximately 90 Ibs. (shipping

weight approximately 107 lbs.).

Dimensions, Overall See Fig. 2-1.

Height About 41.5 inches.
Width About 19.25 inches.
Length About 29 inches.

Temperature

Non-operating

—40°C to +65 C.

Operating

+10°C to +40 C.

Altitude

Non-operating

To 50,000 feet.

Operating

To 15,000 feet.

Vibration
(Non-operating)

Complete terminal: Not specified.
Display Only: 10-40-10 c/s @ .010
inch total displacement. Pedestal
Only: 1040-10 c¢/s @ .010 inch
total displacement.

Shock (Nonoperating)

To 20 Gs, 1/2 sine, 11 ms duration.

Transportation

Meets National Safe Transit
Committee type of test when
packaged as shipped by factory.
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Fig. 2-1. Overall Dimensions.
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TABLE 2-13

Strappable Options of Basic Terminal (See Fig. 2-2)

Feature Location Choice Effect

LF Effect TC-1, Top row LF causes Line Feed only; LF—-CR causes
Line Feed and Carriage Return

CR Effect (not included in all TC-1, Top row CR causes Carriage Return only; CR—LF

instruments) causes Carriage Return and Line Feed

ROM Select TC-1, 2nd row AB+BC permits program or switch selection of
alternate character set; AB inhibits selection of
alternate character set

Graphic Input Terminators TC-2, Top row CR & EOT transmits CR & EOT in GIN Mode;
CR transmits CR in GIN Mode; NONE
transmits neither CR nor EOT in GIN Mode

PF Break TC-2, 4th row OUT prevents a page full from causing a busy
signal; IN permits a page full to generate a
Terminal busy signal (TBUSY)

Display Multiplexer Bypass Cable | Bottom-left on [ (1) Connect to J33 | (1) Terminal Control circuits directly control

motherboard;
second plug from
bottom (P33)

on motherboard;
(2) Connect to Dis-
play Multiplexer
card (optional card)

the display

(2) Terminal Control circuits control the
display at the discretion of an optional Display
Multiplexer card

CR EFFECT

GRAPHIC
INPUT
TERMINATORS

PF BREAK

LF EFFECT

Display
Multiplexer
Bypass

Spare
Potentiometer
Connecting
Cable

Switch 3
and Switch 4
Connectors

Interface
Card

Fig. 2-2. Location of Strappable options. Additional Strappable Option information is given in Table 2-13. Locations of TC-1, TC-2, and the

Interface are interchangeable.
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TABLE 2-13 (cont)
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Feature

Location

Choice

Effect

Spare Potentiometer Connection

Bottom-left on
motherboard;

bottom
(P34)

plug

(1) Connect to J34
on motherboard;
(2) Connect to op-
tional circuitry

(1) Dead-ended

(2) Provides connection to wiper of spare
50 k€2 potentiorneter (bottom surface of
Display Unit), which is connected between
+5 Vand +15 V.

Switch 3 and Switch 4 Connec-
tions

On top-right wall
within pedestal

(1) Disconnected:
(2) Connected to
optional circuitry

(1) No effect

(2) Provides ground connections via Switch 3
and Switch 4 on keyboard

TABLE 2-14

Accessories for the Terminal

Item Part No.
STANDARD ACCESSORIES
Data Communication Interface 021-0065-00
4012 User’s Manual 070-1460-00
OPTIONAL ACCESSORIES
4012 Service Manual 070-1461-01
Logic Extender Card 067-0653-00
Audio Recorder Interface 018-0066-01
Motherboard Extender 018-0069-02
Display Multiplexer 018-0067-00
Copy Holder 016-0291-00
72-Pin Extender Card 067-0664-00
Auxiliary Card (empty thru-hole plated card for circuit development) 018-0065-01
Auxiliary Card (similar to 018-0065-00, but contains ground and VCC bus lines; 018-0068-00
ideal for use where large quantities of IC’s are involved.)
Optional Data Communication Interface 021-0074-01
TTY Port Interface (part number varies with type of installation) 021-XXXX-XX
Access Cover, Optional (for dual interface installation) 200-1288-01

REV. C, SEPT. 1977
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Section 3—4012 Service

MAINTENANCE

INTRODUCTION

Beyond the need for occasional cleaning of the face of
the display and other outer surfaces of the Terminal, there
is virtually no need for routine servicing of the Terminal. It
has no lubrication points, no air filters, and (with the
exception of the CRT) no vacuum tubes. The solid-state
components provide stable operation, with little need for
routine adjustment.

However, if a routine schedule and procedure is desired,
a one-year interval and the following sequence is recom-
mended. The disassembly and assembly instructions con-
tained in this section should be referred to as necessary.

Desk-Mounting the Display Unit

The display unit and pedestal are connected only by a
cable during shipment. Desk-mounting consists of simply
setting the display unit on a desk or other surface. See
Fig. 3-1(A). The pedestal can be placed as far as four feet
away from the display unit. The air vents on the bottom
and back should be kept free of obstructions. Note that if
the base (leg assembly) is removed from the pedestal, the
feet should be unscrewed from the base and inserted into
the bottom of the pedestal to permit air flow into the
bottom vents. However, make certain that the base is
re-installed before the display unit is again placed on the
pedestal.

If the display unit has been mounted on the pedestal,
desk-mounting consists of reversing the pedestal-mounting
procedure and observing the instructions which have just
been outlined.

Pedestal-Mounting the Display Unit

Mounting the display unit on the pedestal is best
accomplished by two people. It includes the following
steps; refer to Fig. 3-1(B) as necessary.

1. If the Terminal has previously been used in a

desk-top configuration, the base (leg assembly) may have
been removed from the pedestal and the feet installed

®

directly into the bottom of the pedestal. In that event, put
the feet back on the base, and fasten the base to the
bottom of the pedestal.

2. Lift the display unit over the pedestal as shown in the
accompanying illustration.

3. Feed the cable down into the front of the storage bin
as far as possible, while lowering the display unit into place.
Then double the cable back and forth in the storage bin as
lowering of the display unit continues.

4. There is a retaining strip on the bottom of the display
unit. Slide it over the back edge of the pedestal top. Install
four machine screws up through the pedestal top to fasten
the display unit in place.

5. Adjust the four feet to a convenient position, and
fasten the lock nuts.

Servicing Procedure

(1) Disconnect the line cord from the power source.

(2) Unbolt the display unit from the pedestal and set
them adjacent to each other on a work surface.

(3) Remove the top from the display unit and the front
from the pedestal.

(4) Using a vacuum cleaner, remove dust accumulation
from within both units. Use a soft-bristled brush to loosen
dust which won’t otherwise vacuum out. A soft cloth and a
mild soap and water solution can be used to remove any
really stubborn dirt. ‘

(5) Inspect the interior of both units for broken leads,
loose connections, heat damaged components, etc. Correct
as necessary. Investigate the cause of any heat-damaged
components.
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(B) Pedestal Mounting

Fig. 3-1. Mounting The Display Unit.
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(6) Remove the graticule mask and the filter from the
front of the display screen. Then wash the face of the CRT
and the back surface of the filter, using a soft cloth and a
mild soap and water solution. Then replace the filter and
graticule mask. THIS STEP SHOULD NOT NORMALLY
BE NECESSARY, SINCE A NEOPRENE MOUNTING
RING SEALS THE SPACE BETWEEN THE FACE OF
THE CRT AND THE FILTER. IT IS RECOMMENDED
ONLY IF DIRT IS VISIBLE BETWEEN THE TWO
SURFACES, OR IF THE DISPLAY APPEARS EX-
CESSIVELY DIM AND DIRT ACCUMULATION IS SUS-
PECTED.

(7) Perform the check-out procedure found in this
manual. Perform the adjustment procedure if the check-out
procedure indicates that it is necessary.

(8) Put the covers back on the display unit and on the
pedestal. Install the display unit on the pedestal, if desired.

(9) Clean the outside of the units, using a soft cloth and
a mild soap and water solution. Use particular care in
cleaning the external surface of the display filter.

Soldered Options

In addition to strappable options, there are some options
which can be selected by changing soldered wires. These
changes should only be made by qualified technicians, to
minimize the possibility of damage to the equipment.

Keyboard Bit 8. In standard factory-wired Terminals,
the keyboard is wired so that a true bit 8 will accompany
all characters which are entered at the keyboard. (The final
determination of what is sent is made by the interface.) If a
false bit 8 transmission is desired instead, the white-brown-
blue wire on Pin 5 of plug P80 can be unsoldered and
moved to pin 8 of P80. (P80 is the board-edge connector on
the keyboard’s circuit board.)

Control Characters. In standard factory-wired Terminals,
control characters cause effects as listed in the Controls
Section of this manual. A network on the TC-1 circuit card
in the pedestal permits changes to be made so that any one
of the listed results can be obtained in response to any one
of the listed control characters. The networks are shown in
Fig. 3-2.

-
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US 1 U305 24 s 1 U316
"'O"‘O’R"s‘ ~ ‘ 0—0 SO
T as| — 9O
'—O——OTS — —O——O—;
o Ese] 2T

SUB LF
O—0w e O—O—5

CAN [DLE O—O0—%s

ETB oc 1 BEL
>N DC 2 > acK]

NAK |DC 3 ENQ

DC 4 0—0
12 13 12

(A.) Standard factory-wired configuration.

Unlabeled lines are inputs, power or
ground connections.

24 U316
L N4

SOH BEL
g A

ETX EOT
13

(B.) An example of rewiring, making
EOT control the BEL line, rather
than having BEL do it.

Fig. 3-2. TC-1 Control character network details.

It is not recommended to have one control character
control more than one output line; nor is it recommended
to have more than one control character control the same
output line. Each of these last two conditions requires
special design considerations.

TROUBLESHOOTING INFORMATION

Troubleshooting of the Terminal can be done best if the
various features of this manual are used to their fullest
advantage. These features and recommended usage are
listed here.

Controls and Operation. This information insures
operator understanding of the Terminal features and
operation.

Specification. A complete explanation of the Terminal
capabilities is contained in the Specification, along with
explanations of how to put the capabilities into use.

Performance Check. This provides a rapid means of
checking for proper operation in a logical sequence under
normal equipment configuration. It can also be used with
the options and the interface unit removed, to indicate
operating status of the basic Terminal.

®

Adjustment. The procedure follows a logical sequence of
adjusting the basic Terminal (including verifying non-
adjustable features).

Block Diagrams and Circuit Diagrams. These diagrams
and their associated descriptions provide an understanding
of Terminal operation on a circuit as well as component
level. The information contained therein is essential to
efficient location of trouble.

Component Layout Hlustrations. These appear in the
Diagrams section and can be used as aids for locating
components.

Interconnecting Wire Lists. A listing of cables, jacks and
plugs, as well as an explanation of their use, is provided at
the beginning of the Diagrams section. Wire colors are also
provided, using the standard code for resistors.

Semiconductor Information. An illustration of semi-
conductors appears near the beginning of the Diagrams
section, and can be used for pin identification. An
integrated circuit test clip is recommended for use in
troubleshooting the in-line integrated circuits, since It
makes their leads easily accessible.
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Troubleshooting Procedure

To troubleshoot the basic Terminal, remove all accessory
cards and the interface card. Then check operation by
doing the Performance Check. Stop where the Terminal
fails to respond properly, and troubleshoot the referenced
area, using block diagrams, schematics, and associated
descriptions. Replacement of suspected circuit cards is
recommended as a fast means of confirming suspicions. If
the Performance Check works satisfactorily in the basic
Terminal, install option cards and the interface card one at
a time and repeat the Performance Check until it fails. Then
troubleshoot the last-inserted option card and the circuits
with which it interacts.

Obviously, not all troubles can be high-lighted by the
Performance Check or Calibration Procedure. However,
they should prove beneficial in most cases, and should go a
long way in guiding a technician to the trouble area.

Recommended Troubleshooting Equipment

A Logic Extender Card, Tektronix Part No.
067-0653-00, is an efficient tool for circuit analysis. This
card can be used as an independent plug-in card to make all
minibus signals available to the Technician, providing level
indicators for most of the lines. In addition, it provides a
feature for injecting high or low level logic signals into the
signal lines. The card can also be used as an extender for
other circuit cards, and then permits interruption of any or
all signals to the card which is attached to it.

Another extender card is available under Tektronix Part
No. 670-1739-00. This card can be installed into the
minibus to make bus lines available at test points, and can
also be used as an extender for cards installed in the
minibus.

A —15V to +400V DC voltmeter and a 10 MHz
frequency response oscilloscope are recommended test
equipment for troubleshooting low-voltage and logic cir-
cuits. A —6000 V DC meter is required for troubleshooting
the high voltage circuits.

Dangerous voltages exist within the pedestal and
display units. Normal electrical safety precautions
should be observed at all times when working around
exposed circuits within these units.

When troubleshooting the power supply circuits, a
resistive dummy-load should be connected in place of the
Terminal circuits. This avoids accidental damage to other

circuits in the Terminal. Recommended loads are as
follows:
Power Supply Connector Load
+15V J70 30€,15W
—-15V J73 302,15 W
+5V J72 19Q,50W

DISASSEMBLY AND ASSEMBLY

Access to the Display Unit Circuitry

For access to the circuits within the display unit, remove
the three screws at the top of the rear surface. Then lift the
top panel up and forward.

The high voltage shield must be removed to obtain
access to the majority of the circuits on the High Voltage
and Z Axis circuit board. To remove it, first remove the left
side panel (as viewed from the front). Then remove the
three screws from the shield. Lift the shield out the side of
the unit.

Keyboard Information

Perform the following procedure to get at the keyboard
circuits:

(1) Remove the four screws from underneath the
front of the keyboard.

(2) Remove the four screws which hold the graticule
mask in place and remove the mask.

(3) Remove the two screws from the top-rear of the
keyboard panel.

(4) Pull the keyboard forward and then up as far as
the cables will allow. Then turn the keyboard over.

(5) The top surface of the circuit board can be
accessed by removing the six screws which hold the
keyboard assembly to the keyboard panel.

(
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Key caps can be removed by pulling them directly away !
from the keyboard. Use of a large pair of tweezers or a
forceps is recommended.

Keys utilize reed switches whose solder contacts are
accessible on the underside of the keyboard circuit board.
Once the wires are unsoldered, the reeds can be extracted
through the holes. Reverse the procedure for replacement.

Groups of keys are installed in assemblies which can be
removed once the nuts are removed from the underside of
the circuit board.

Pedestal Information

Access. For access to the upper section, loosen the two
top screws and swing the top half of the cover down. For
total access, remove the four screws from the bottom of the
front cover; then loosen the two top screws and pull the
cover off the front. Note that the line fuse is located in a
holder at the bottom of the cover.

Circuit Card Removal. All cards connected to the
minibus portion of the motherboard are held in by friction.

Power Supply Removal. Remove the cables which
connect to the power supply circuit board. Remove the
power plug which is connected to the transformer
assembly.

At the bottom-front within the pedestal, remove the two
screws which fasten the power supply side panels to the
bottom of the pedestal.

On the outside at the back of the pedestal, remove the
two screws on each side of the power supply heat sink.

Withdraw the power supply out the back.

When re-assembling the power supply, refer to Table 3-1
for cable-connecting information.

Silicon Grease. Silicon grease is applied to both sides of
the mica insulators used with the following components:
Q510, Q515, @520, CR502, CR503. In addition, silicon
grease is applied between the heat sink and the mounting
plate on Q75.

®
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TABLE 3-1

Power Supply Plug Reference

P70—3 pin connector 3 brown on red wires

P71—5 pin connector Pin 1—orange on red wire
Pin 3—green on white wire

Pin 6—black on white wire

P72—6 pin connector 4 black on red wires

P73—3 pin connector 3 black on violet wires

P74 —1 pin connector Violet on white wire

Pin 1—blue
Pin 2—brown

P75—10 pin connector

7 black wires

P76 -3 pin connector Pin 1—red wire

Pin 2—blue on white

P77 -3 pin connector Pin 1—brown on red wire
Pin 2—green on white wire

Pin 3—orange on red wire

P78—3 pin connector 1 brown on violet wire

P79—3 pin connector Pin 1—brown on violet wire

Pin 2—black on violet wire

Pin 3—red on white wire

Power Transformer Information

The power transformer (located in the pedestal) can be
wired for use with 115V or 230 V nominal line voltage,
and can be set for any of several ranges within the nominal
setting.

Instructions for connecting the transformer are
contained on the inside of the pedestal front panel and are
not repeated here. Note that the line fuse must also be
changed when shifting between 115 and 230 volt operation.
Instructions for fuse changing are contained on the panel
which covers the transformer assembly.

Display Filter Removal, Cleaning, Installation

Removal. Remove the CRT mask after removing the
four screws from its corners.

Place a small piece of tape on the surface of the filter,
outside of the display area. This will be used as a reference
during replacement. If a new filter is to be installed, it will
be used for comparison.
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Remove the angle brackets from the top and the bottom
of the filter, after removing the two screws from the ends
of each.

Lift the filter out of the neoprene mounting ring. It may
be necessary to use a thin-bladed device to aid in removal.
Use caution to avoid scratching or breaking the filter.

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 re-installed. 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.

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 installed. It may
be necessary to use a non-abrasive device (such as a
toothpick) to work the filter into place.

Install the angle brackets and fastening screws.

Clean the outer surface of the filter, using a soft cloth
and a mild soap and water solution.

Install the face mask and fasten it in place with the four
screws.

CRT and Deflection Yoke Removal and Instal-

lation

The CRT may implode if it is scratched or struck
severely. Do not handle the CRT by its neck. Wear
protective clothing and a face shield when handling
the CRT.

Introduction. There are two types of yoke-mounting
hardware in use in the Terminal. The original type (integral
yoke-mounting bracket) is shown in Fig. 3-3(A). Fig. 3-3(B)

depicts the latest version (separate yoke-mounting bracket).

shield mounting nut

small tang on top of yoke

CRT

neck shield

center wall in display unit cabinet

(A) Integral yoke-mounting bracket installation.

separate yoke-mounting bracket

clear plastic magnet ring

yellow plastic magnet ring

CRT L

small tang on top of yoke

bracket and shield mounting nut

(B) Separate yoke-mounting bracket installation. Magnet
rings may or may not be present; they should only be used
when supplied with the CRT being installed.

Fig. 3-3. The two types of yoke-mountings.
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CRT and yoke replacement procedures are considerably
different for the two types. To determine the type being
used, remove the top cover from the display unit cabinet
and check for the presence or absence of the separate
yoke-mounting bracket.

CRT Removal. Refer to the illustration in the Mechani-
cal Parts List as necessary during this procedure. Remove
the top from the display unit cabinet. Disconnect the plug
from the rear of the neck shield by pulling gently and
evenly on the leads. Disconnect the plug which connects to
the bell end of the CRT. The connection may be at the top
or bottom at the front of the neck shield.

Remove both side panels from the display unit after
removing two screws from each.

If the unit contains an integral yoke-mounting bracket,
loosen the two nuts that fasten the neck shield to the
center wall in the display unit, permitting the shield to
move freely.

If a separate yoke-mounting bracket is installed, remove
the rear panel from the display unit. Then remove the two
nuts which hold the neck shield to the center wall. Remove
the neck shield and replace (but don’t tighten) the nuts,
holding the yoke bracket in place. The CRT may or may
not have one or two magnet rings installed on its neck. See
Fig. 3-4. If rings are installed, note that the ring positions
are marked as in Fig. 3-4(A), and then slide the ring(s) off
the neck of the tube.

Remove the four screws which hold the CRT mask in
place at the front of the display unit.

Place a small piece of masking tape on the front surface
of the filter, outside of the CRT display area. It will be used
for installation reference.

Remove the four nuts from the corners of the frame
which holds the CRT in place. Then remove the frame and
filter assembly from the front of the CRT. There are two
types of frame assemblies in existence. The latest version
has grounding clips fastened to each corner of the frame
which holds the CRT in place. The clips are separate items
in the early version, and may remain on the studs when the
frame is removed; in this event, remove the clips before
proceeding.

®
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magnet
position
markings

ring
position
markings

clear /

plastic
magnet
rin
9 yellow
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.

Fig. 3-4. CRT Magnet ring location details. The magnet rings should
be used only when supplied with the CRT.

Slide the CRT out of the front of the unit, avoiding side
pressure which may break the neck of the CRT. DO NOT
HOLD THE CRT BY ITS NECK.

Set the CRT face-down on a flat surface. The neoprene
mounting ring will keep the faceplate from contacting the
surface.

Yoke Replacement. With the CRT removed, remove the
nuts and washers which hold the neck shield or yoke-
mounting bracket in place. Remove the shield or yoke-
mounting bracket.
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Unscrew the two bolts which fasten the yoke mounting
strap to the shield.

Install the new yoke. Note that the metal tang fastened
to the yoke is toward the top.

Install the yoke-mounting bracket or shield, as appro-
priate, in place on the center wall. Leave the nuts loose
enough to permit the yoke to align with the neck of the
CRT during replacement.

CRT Installation. Paragraphs prefaced ‘‘Replacement
CRT Only” can be ignored if the previously-used CRT is
being re-installed. Before proceeding, remove both side
panels from the display unit after removing two screws
from each.

Replacement CRT Only. Remove both side panels from
the display unit after removing two screws from each.

On the right side (as viewed from the front), remove the
four screws which hold the Deflection Amp & Storage
board heat sink to the mounting panel (2 on top, 2 on
bottom) below the circuit board. At each side, loosen
(don't remove) two screws which hold the center wall in
place, permitting the wall to be moved easily. Then position
the wall so that the neoprene bumpers on the front of the
CRT shield are just started past the tangs on the cabinet.
Re-tighten the two screws at each side of the center wall.

Insert the CRT and attached neoprene mounting ring
into the display unit cabinet, carefully aligning the neck
with the yoke. Avoid side pressure on the neck. The plug
connector can be either on the top or the bottom.

This paragraph pertains only to the early version of the
frame assemblies in which the corner clips are separate from
the frame. Remove the corner clips from the frame. Place a
corner clip on each screw attached to the cabinet near each
corner of the face of the CRT. The plane containing the
hole should be outermost, with the clip aligning with the
step in the neoprene mounting ring. See Fig. 3-5. (The clips
may be difficult to align at this time, but will be adjusted as
necessary in a later step.)

CAUTION

During the following procedure, the neck shield
mounting nuts must be loose enough for the assembly
to move easily, avoiding pressure on the neck.
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Remove the filter and the two angle brackets from the
frame. The angle brackets are held in place by screws at
each end.

Put the frame in place, fitting it over the neoprene
mounting ring. Install it carefully to avoid distorting the
neoprene mounting ring. If necessary, slide the CRT
forward slightly to make it easier to install the frame.

While holding the frame in place, install the four spacer
sleeves over the corner screws, aligning the sleeves with the
frame, clips, and screws as required. It may be necessary to
lift up on the bottom of the frame. If the early version of
the frame is installed, it may be necessary to adjust the clips
while installing the spacers.

Start the nuts onto the top screws. Then place the nuts
on the bottom screws, pressing in and up on the bottom of
the frame as necessary.

If the early version of the frame is installed, check that
the clips at the bottom corners are properly in place,
extending over the step in the neoprene ring; then push
each clip as far toward the corner as possible and tighten
the bottom nuts. Repeat at the top corners. If the
latest-version frame is installed (corner clips fastened to the
frame), simply tighten the four nuts, drawing them up
evenly.

Check the alignment of the CRT with the display unit
cabinet. The edge of the display area should be parallel with
the top edge of the display unit frame. If it isn’t, loosen the
corner nuts slightly, adjust the CRT, and retighten.

Neoprene Ring

CRT

Fig. 3-5. Positioning of Corner Clips.
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Using a soft cloth and a mild soap and water solution,
clean the face of the CRT and the rear surface of the filter.
(The rear surface is the side opposite to that having the tape
attached. It can also be identified as the side exhibiting the
most glare from reflected light.)

CAUTION

Avoid touching the face of the CRT or the back of
the filter during the rest of the procedure. Otherwise,
the filter will have to be removed for cleaning.

Set the filter in place in the recess in the neoprene
mounting ring, with the side containing the masking tape
on the outer surface. (The outer surface is the side
exhibiting the least glare from reflected light.) The filter
should fit flatly on all edges. Otherwise, it may break when
tightened in place. When properly installed, the front
surface of the filter should be approximately flush with the
front surface of the frame. If it is not, it may be improperly
seated in the neoprene ring. A toothpick, or other
non-abrasive object may be used to move the lip on the
neoprene ring sufficiently to allow the filter to move past
the lip. If the early version of the frame is installed, a
possible cause of improper seating could be that a corner
clip may be mounted insufficiently far into the corner of
the frame. In that case, loosen the appropriate corner
screw, push the clip into the corner and retighten.

Put the angle bracket in place over the top and bottom
edges of the filter, fastening them each in place with two
screws. Note that filter breakage may occur if the front
surface of the filter is not approximately flush with the
front edge of the frame. Do not tighten just one screw at a
time. Start all four screws and insert them evenly in small
increments until all four are tightened.

Remove the masking tape which was put on for
identification. Then clean the surface of the filter, using a
soft cloth and a mild soap and water solution.

Put the face mask in place, and install the four screws.

Inside the unit, slide the deflection yoke mounting
bracket or neck shield (as appropriate) up against the center
wall and tighten the nuts which hold it in place.
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Replacement CRT Only. Loosen the side screws which
hold the center wall in place and slide the center wall
forward, keeping the pressure in line with the neck of the
CRT. Do not permit the center wall to move toward the
back, or the shield may slip off of the tangs. AVOI/D SIDE
PRESSURE AGAINST THE CRT NECK.

Tighten the side screws while holding the assembly in
place.

This paragraph pertains only if the unit contains a
separate yoke-mounting bracket. |f magnet rings were
supplied with the CRT, install them; align them as
illustrated in Fig. 3-4. Remove the deflection yoke mounting
bracket nuts. Slide the neck shield into place. Replace the
nuts and tighten them moderately.

Replace the Deflection Amp & Storage board and
attached heat sink, fastening it in place with the four
screws,

Reconnect the CRT plug and the base plug. Note that
they are both keyed for proper alignment.

Clean the front of the filter and replace the graticule
mask, fastening it in place with the four screws.

Turn the Terminal on, After approximately one minute,
press PAGE, put the rocker switch to LOCAL, and enter
ESC and CTRL Z to obtain a crosshair display. Place the
vertical thumbwheel at its upper limit, placing the hori-
zontal line near the top of the display. Loosen the neck
shield mounting screws sufficiently to permit moving the
yoke-mounting bracket or shield. Then rotate the bracket
or shield until the horizontal line is parallel with the top
surface of the cabinet. Tighten the mounting screws. Fasten
the rear cover, side panels, and top cover in place.

Turn the Terminal off. Fasten the top covers and the
side panels in place.
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PERFORMANCE CHECK/ADJUSTMENT

PERFORMANCE CHECK

General. This procedure can be used under normal
operating conditions with all circuit cards installed. Since it
uses LOCAL operation, no computer connection is
required. Checks are referenced to a circuit and/or to a step
in the Adjustment Procedure to permit rapid evaluation of
incorrect results. In event of an improper response, recheck
the step with all optional and interface cards removed from

the pedestal to determine if the Terminal itself is at
fault. Steps requiring position measurement should be
made without parallax. That is, the line of sight
should be perpendicular to the viewing area; this can
be achieved by closing one eye and checking that the
reflection of the viewing eye is in line with the point
being observed.

Activity

Results

Circuit/Adjustment

Turn the Terminal on

Indicator on left of keyboard glows

Power Supply (Steps 1, 2, and 3)

Wait 30 seconds and then press
PAGE

Erase cycle occurs

Storage circuits (step 6)

Wait 3 minutes and again press
PAGE

Alpha cursor appears in top-left of dis-
play, approximately 1/4 inch from left
edge and from top edge of display area

High Voltage and Z Axis circuits; Deflec-
tion circuits (steps 4 and 5) Terminal
Control (TC) circuits; Cursor brightness
(steps 7 and 8)

Wait about 2 minutes

Cursor disappears

View/Hold circuits

Press SHIFT

Cursor re-appears

View/Hold circuits

Select LOCAL; Hold 8 key down
and enter about ten 8s.

8s are written in line and remain stored
on display

Keyboard; Deflection circuits; Character
Generator; Storage circuits (Step 6);
Character brightness (steps 7 and 9)

Wait 5 minutes and press SHIFT Check for fade-positive and drop-out | Storage circuits (Step 6)
effects
Enter LINE FEED With LF EFFECT option at LF, cursor | TC
moves vertically .to next line; with LF
EFFECT option at LF-=-CR, cursor
moves to next line and to margin at left
of display
Enter 8s to complete a line (74 | Cursor resets to next line and to margin | TC
characters) at left of display
Press PAGE Erase cycle occurs; cursor goes home TC
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Activity

Results

Circuit/Adjustment

Enter 34 LINE FEEDs

Cursor goes to bottom-left corner of
display

Enter 35th LINE FEED Cursor moves to Margin 1 position at | TC
top-center of display

Enter thirty-seven 8s 8s written and stored; cursor moves to | TC
next line and back to Margin 1

Enter 5 Space commands Cursor moves 5 spaces to right TC

Enter RETURN With CR EFFECT option at CR, cursor | TC

moves to margin at center of display;
with CR EFFECT option at CR—LF,
cursor moves to margin at center of
display and also moves vertically to the
next line

Check that the TTY LOCK key is
released.

Check for proper writing and focus of
ASCII characters

Keyboard; TC; Focus (step 10)

Enter each written character indi-
cated on the keyboard, including
shifted characters.

Characters are written on display

Keyboard; TC

Enter PAGE

Display erases; cursor goes home

Press the TTY LOCK key to place
it in its locked position. Press each
character key with the SHIFT key
released

All letters should be written upper case.

Keyboard

Enter* { land ~

Note that they are inhibited. The code
for the unshifted symbol is sent, regard-
less of the SHIFT key position

Keyboard

Press the TTY LOCK key

Lock releases

Enter PAGE

Display erases; cursor goes home

Enter ESC CTRL Z

Crosshair cursor appears but does not
store

TC; Crosshair Cursor Intensity or Focus
(steps 11 and 12)

Move vertical thumbwheel to upper
limit

Horizontal line moves up near top of
display; approximately 1/4 inch spacing
exists between ends of line and edges of
display area
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Activity

Results

Circuit/Adjustment

Move horizontal thumbwheel

mid-position

to

Vertical line is positioned near center of
display; bottom of line should be approx-
imately 1/4 inch from bottom edge of
display area; horizontal line should be
approximately 1/4 inch from top edge of
display area

TC; Deflection Amplifier (Step b5)

Check horizontal line straightness

Distance between any point on the line
and the mean path of the line should not
exceed .03 inch.

Deflection Amplifier (Step 5)

Move vertical line to a position near
the left edge of the display area
(using the horizontal thumbwheel)
and check vertical line straightness

All points should be within 0.5%. Dis-
tance between any point on the line and
the mean path of the line should not
exceed .04 inch.

Deflection Amplifier (Step 5)

Enter PAGE Crosshair disappears, Alpha cursor | TC
appears at top-left corner

Enter ESC CTRL Z Crosshair returns

Enter any key except PAGE or | No effect

SHIFT RESET

Position the crosshair intersection | Crosshair disappears and Alpha cursor | TC

to approximate mid-screen and enter | appears at top-left corner

SHIFT RESET

Enter CTRL SHIFT M Cursor disappears TC

Enter Space ' Space @ Dark vector is executed; cannot be ob- | TC
served

Enter @ Dot appears in lower-left corner TC

Enter 8k 8 K 45° diagonal line appears, starting from | TC
bottom-left corner

Check line focus Should be sharply focused Step 10

Check line straightness Distance between any point on the line | Step 14
and the mean path of the line should be
within 2% (0.17 inch) of line length.

Press PAGE Alpha cursor appears at top-left TC

Enter CTRL G (BEL) Rings bell TC

Enter TAB Cursor moves one space to right TC

Enter CTRL I (HT) Cursor moves one space to right TC
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Activity Results Circuit/Adjustment
Enter BACKSPACE Cursor moves one space to left TC
Enter CTRLH (BS) Cursor moves one space to left TC
Enter LF Cursor moves down one line; may also | TC
return to margin if the LF EFFECT
option is at LF—=>CR
Enter CTRLJ (LF) Cursor moves down one line TC
Enter CTRL K (VT) Cursor moves up one line TC
Enter CTRL SHIFT M (GS) Selects Graph Mode; cursor disappears TC
Enter Space RUBOUT Space _ + | Vector appears TC

RUBOUT 0 _

Enter ESC CTRL W (ESC ETB)

Copy of display is made if Hard Copy
Unit is attached and energized

TC; Hard Copy TARSIG Amp; Hard
Copy Selector; High Voltage and Z Axis
circuit; Storage circuit; steps 18 through
22

Enter ESC CTRL L (ESC FF) Display erases; Alpha cursor homes TC

Enter CTRL SHIFT M (GS) Cursor disappears TC

Enter @ @ Dot appears near display center TC

Enter CTRL SHIFT O (US) Alpha cursor appears with bottom-left | TC
corner at dot

Enter CTRL SHIFT M (GS) Cursor disappears TC

Enter @ _ A line is written near display center TC

Enter CTRL M (CR) Alpha cursor appears at left margin oppo- | TC
site the line. If CR EFFECT strap is at
CR—LF, the cursor will also move down
one line.

Enter CTRL SHIFT M Space ‘' | A dot should appear at bottom-left cor- | TC

Space DD ner

Enter CTRLSHIFTM 8k ? _ A dot should appear at upper-right corner | TC

Enter ESC CTRL Z (ESC SUB) Alpha cursor disappears; crosshair cursor | TC
appears (should not be entered at key-
board with switch at LINE)

Using thumbwheels, move intersect | Intersect point is positioned to 4X, 0Y TC

point to dot at bottom left of
display

4-4
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Activity Results Circuit/Adjustment
Move intersect point to dot at top | Intersect point positioned to TC
right of display 1023X, 779Y

Press PAGE

check completed.

Display erases; Alpha Mode is reset;
Alpha cursor goes home. Performance

ADJUSTMENT

Introduction

Adjustment of the Terminal normally is required only
when it ceases to properly perform its intended functions,
or after circuit repairs have been made. However, if
adjustment is to be performed on a routine schedule, an
interval of one year between adjustments is recommended.
Adjustment should be preceded by a thorough cleaning and
inspection as outlined in the Servicing section. Adjustment
should be performed in a +20°C to +30°C environment and
should be preceded by a thirty minute warmup period.

Equipment Required

The following equipment is required in this procedure:
Variable voltage source which has an output capability of at
least 2 A at 100, 110, or 120 VAC, or at least 1.25 A at
200, 220, or 240 VAC. The instrument output should be
variable to at least plus and minus 10% from the stated
value.

Oscilloscope. Dual trace with vertical deflection factors
of 5mV, 0.5V, and 2V per division, and sweep rates of
0.1 us, 0.5us, 1 ms, and 10 ms per division; frequency
response should include DC to at least 10 MHz.

Voltmeter. Range at least —25V DC to +400V DC;
accuracy within at least .06% at +15V, 0.1% at —15V,
0.2% at +5V, and. at least 1% at all other voltages. High
voltage range to —6000 V DC, accurate to within at least
0.5% at —5850 V DC.

Integrated Circuit Test Clip, or 72 Pin Extender Card
(Tektronix Part No. 067-0664-00), or Logic Extender Card
(Tektronix Part No. 067-0653-00). Needed for connecting
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TSTROBE to CSTROBE. If the Integrated Circuit Test Clip
is used, one clip is required if a TTY Port Interface or an
021-0065-00 Data Communication Interface is installed;
two clips are needed if an Optional Data Communication
Interface is installed.

Screwdriver. 1/8 inch tip; non-conductive, at least ten
inches overall length.

Hard Copy Unit. Used for adjusting copy-making cir-
cuitry, which must be adjusted only if the Terminal will be
used with a Hard Copy Unit.

Index of Adjustments

The following can serve as an index, or as an adjustment
record. It can also be used as a short form adjustment
procedure for technicians experienced in adjusting the
Terminal. If used as a record of adjustment, copies should
first be made to avoid writing on the copy in the manual.

Date adjusted: By:

Preliminary Procedure. Set the equip- Page 4-8
ment up for adjusting.

Detailed Procedure. Page 4-9
1. Low Voltage Power Supply Check/ Page 4-9
Adjustment (R27, Reg Voltage on Power
Supply Board in pedestal)

See Tables 4-1 and 4-2 for details.
4-5
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2. +5V Over-Voltage Check/Adjustment
(R50, Crowbar on Power Supply Board in
pedestal)

Page 4-12

Adjust R50 for 4.8 V at Q99 base. Short R26-R27
junction to R43-C43 junction to open F41. Replace F41
with 6 A fast-blow fuse.

3. High Voltage Check/Adjustment (R227, Page 4-13
HV on High Voltage & Z Axis Board in
display unit)
Adjust R227 for —5850 V at TP45.
4. Pre-adjust Writing Intensity, Focus, and Page 4-13

Alpha Cursor Brightness (FOCUS ADJUST
and R86, Writing Intensity on High Voltage
& Z Axis Board in display unit; Alpha cursor
Brightness on TC-1 in pedestal)

With Cursor Brightness on TC-1 fully CW, adjust R86
until no dot appears after an erase cycle; adjust Cursor
Brightness on TC-1 for minimum brightness consistent
with good viewing; adjust FOCUS ADJUST for focused
cursor.

5. Display Positioning Check/Adjustment Page 4-14
(X GAIN, Y GAIN, X POS, Y POS, X
GEOM, Y GEOM on Deflection Amp &

Storage Board in display unit)

Adjust R29 (R85 on boards numbered 670-1729-04
and below), Crosshair Brightness on TC-2 for nonstoring
cursor. Adjust X POS to center horizontal GIN line; with
vertical thumbwheel at upper limit, adjust Y POS so
horizontal line is the same distance from the top of the
display area as the bottom of the vertical line is from the
bottom of the display area; rotate neck shield or
yoke-mounting bracket for parallelism between hori-
zontal line and top of display area; adjust X GEOM for
straight vertical line; with horizontal line near top of
display, adjust Y GEOM for straight horizontal line;
adjust X GAIN for 7.9 inch horizontal line; adjust Y
GAIN for 6 inches between bottom of vertical GIN line
and top of top line of Alpha Mode characters.

6. Storage Check/Adjustment (NORM
COLL, OP LEVEL in Deflection Amp &
Storage Board in display unit)

Page 4-16

Adjust NORM COLL for presence (at Deflection
Amp & Storage Board J55 Pin 3) of CE value written on

shield; adjust OP LEVEL for presence (at Deflection
Amp & Storage Board J55 Pin 4) of STORAGE LEVEL
value written on shield for same CRT, or to value
midway between fade-positive and drop out for replace-
ment CRT. Re-adjust OP LEVEL as necessary to avoid
fade-positive after erase cycle, or drop out from fully
written page. Re-adjust NORM COLL for optimum
uniformity and-brightness.

7. Writing Intensity Check/Adjustment Page 4-18
(R86, Writing Intensity on High Voltage & Z

Axis Board in display unit)

Adjust R86, Writing Intensity for complete vectors
drawn by the following commands:

Space" Space @ 8k ? _8kSpace@Space\ ?_8k?_

8. Alpha Cursor Brightness Check/
Adjustment (R81, Alpha Cursor Brightness
on TC-1 in pedestal)

Page 4-20

Adjust R81 for desired non-storing Alpha cursor
intensity.

9. Alpha Character Brightness Check/
Adjustment (R74-Character Brightness on
TC-1 in pedestal)

Page 4-20

Adjust R74 for desired brightness of Alpha Mode
characters.

10. Character and Vector Focus Check/
Adjustment (FOCUS ADJUST and R389,
Character/Vector Focus Adjust on High
Voltage & Z Axis Board in display unit)

Page 4-20

Adjust FOCUS ADJUST for best focus of an e
character in top-left corner of display. Compromise for
sameness in four corners of display area. Adjust R389
for similar focus of e near center of display.

11. Crosshair Cursor Intensity Check/ Page 4-21
Adjustment [R29 (R85 on boards numbered

670-1729-04 and below), Crosshair Cursor

Brightness on TC-2 in the pedestal] .

Adjust R29 (R85 on boards numbered 670-1729-04
and below) in GIN Mode so that the cursor is visible but
does not store.
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12. Cursor Focus Check/Adjustment (R382,
Cursor Focus on High Voltage & Z Axis
Board in display unit)

Page 4-21

With crosshair displayed, intersect near screen center,
adjust Cursor Focus for optimum overall focus.

13. Vector Drawing Time Check Page 4-21

2.6 ms negative-going pulse at J49 pin 1 on Deflec-
tion Amp & Storage Board following entering of the
underline symbol while in Graph Mode.

14. Vector Dynamic Geometry error check Page 4-21

Check that separation between vectors does not
exceed 1/4 inch after entering following commands in
Graph Mode:

Space \ Space @ 8 k 8 K Space ® Space @

. Page 4-22
15. Vector Parallelism Check

Enter Space" Space @ 8 k @ k ? _ Space\ _\ Space
@ and then check that the difference between lengths of
the horizontal lines does not exceed 0.16 inch, and that
the difference between lengths of the vertical lines does
not exceed 0.12 inch.

Page 4-22
16. Character Transmission and Writing Check

Check writing of each ASCII character; check that

TTY LOCK restricts transmission to TTY code.

17. Control Character Transmission and
Response Check

Page 4-22

Check control character response as outlined in step
17 of the detailed procedure.

18. Hard Copy position and Amplitude Page 4-23
Check/Adjustment (HC X AMP, HC Y AMP,
FAST RAMP PQOS, SLOW RAMP POS on
Deflection Amp & Storage Board in Display

Unit)

Adjust SLOW RAMP POS and HC Y AMP for scan
1/4 inch below and 1/8 inch above page full of written

Adjustment—4012 Service

characters; adjust FAST RAMP POS and HC X AMP for
scan 1/8 inch beyond left and right edges of page full of
written characters.

19. Hard Copy Intensity Adjustment (R91,
Coarse Hard Copy Intensity on the High
Voltage & Z Axis Board in the display unit,
and Hard Copy Intensity on the side of the
display unit)

Page 4-25

With the external Hard Copy Intensity adjustment at
mid-range position, adjust the coarse Hard Copy In-
tensity (R91) just below the level at which the Hard
Copy scan bar stores.

20. Hard Copy Threshold Check/
Adjustment (R167, Hard Copy Threshold on
Hard Copy Amplifier Board in display unit)

Page 4-25

Adjust R167 so that pulses observed at TP85 and
TP195 are almost touching during hard copy scanning.
Oscilloscope at 0.5 us and 0.5 V per division.

21. Hard Copy Dynamic Threshold Adjust-
ment (R265, Hard Copy Dynamic Threshold
on Hard Copy Amplifier board in display
unit)

Page 4-26

Adjust R265 so separation between waveforms re-
mains fairly constant during hard copy scanning. Oscillo-
scope at 1 ms and 0.5 V per division.

22. Hard Copy Writing Check Page 4-27

Check for five sequential satisfactory copies of the
same display. Re-adjust Hard Copy Intensity if neces-
sary.

23. Restoring Original Conditions Page 4-28

Turn Terminal off; remove line plug; reset trans-
former wiring and fuse; reset option straps; remove the
Extender Card or IC Test Clip(s). Remove jumper(s) (on
J360 on 021-0065-00 Interface; on J161 and J162 on
TTY Port Interface). Reconnect output cable or reset
the control switch (cable on 021-0065-00 or TTY Port
Interfaces; switch on 021-0074-00). Replace the covers.
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Preliminary Procedure

Turn off the Terminal power switch (at top of pedestal)
and remove the line cord from the power source.

Dangerous voltages exist within the Terminal display
unit and pedestal. Normal electrical precautions
should be observed whenever working within those
units while the covers are removed.

Although the Terminal can be adjusted without sepa-
rating the display unit and pedestal, it is much more
convenient if they are separated and placed alongside each
other on a work bench. To separate them, remove the four
screws which hold the display unit to the pedestal. The
screws are located underneath the display unit mounting
plate which is on top of the pedestal. (Refer to the
mounting procedure illustration in Fig. 3-1, if necessary.)
Support the front of the display unit while the last screw is
being removed. Then move the display unit back about 1/2
inch and lift up on it. Withdraw enough cable from the top
of the pedestal to permit the display unit to be set down on
a bench adjacent to the pedestal as shown in Fig. 4-1.

Remove the three screws from the back of the top cover
on the display unit. Remove the cover by lifting the back of
it up and forward.

Remove the two middle and two bottom screws from
the pedestal’s front cover. Then unscrew the two thumb-
screws from the top of the front cover and remove it. The
fuse is mounted in a holder in the bottom of the front
cover and is removed with the cover.

This procedure does not include accessory cards which
may be used with the Terminal (such as Display Multiplexer
or Audio Recorder Interface). Therefore, remove all cards
other than TC-1, TC-2, and the Communication Interface
Card from the top section of the pedestal.

Pull TC-1 and TC-2 out and check the strap options
shown in Fig.4-2. TC-1 can be identified by the two
adjustments .on the front edge, near the top. TC-2 has an
adjustment and a cable connection near the front-bottom
corner. If the strap option positions must be changed,
record their original positions and change them to agree
with Fig. 4-2. Then install the cards in the minibus.

Determine the type of Interface card installed. If it is a
Data Communication Interface 021-0065-00, check it
against Fig.4-3 and change the straps as necessary, re-
cording the original setting. Then disconnect the cable from
J360 and strap J360 pin 1 to J360 pin 7 on the card.
Connect T STROBE to C STROBE; an extender card can
be placed between the minibus and the circuit card, and
minibus pin 3 connected to minibus pin 5; or U67 pin 10
can be connected to U67 pin 11 on the 021-0065-00 Data
Communication Interface card by first connecting an
Integrated Circuit Test Clip to U67. Install the Interface
card in the minibus.

PF BREAK
In

-

@
Out

CR EFFECT
F
} LF EFFECT
R

CR->L
LF=>C

'H
-l

..

CHARACTER
TYPE

CAB

® AB +BC

ST .
o

e e ¢ eCR &EOT

Fig. 4-1. Setup for Adjusting.
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TC-1 TC-2

Fig. 4-2. TC-1 and TC-2 strappable option selections for adjusting
the terminal.
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Data Communication
Interface Card

Xmit (021-0065-00)
9600 —, ~
Out In

/Rec R
9600 )
Page Full Break
5 ’ﬁ
In | J360

Fig. 4-3. Data Communication Interface (021-0065-00) strappable
option and jumper positions for adjusting the terminal.

Echo [

If the Interface is an Optional Data Communication
Interface 021-0074-00, set the selector switch (rear panel)
to the LOOP BACK position. Set the TRANSMIT BAUD
RATE switch and the RECEIVE BAUD RATE switch both
to 9600. (Record the previous positions for later reference.)
Connect T STROBE to CSTROBE either by using an
extender card and connecting minibus pin 3 to 5, or by
using two integrated circuit test clips and connecting U68
pin 6 to U47 pin 9. Install the Interface Card in the
minibus.

If the Interface is an Optional Data Communication
Interface, 021-0074-01, disconnect J1. Then, connect J1-1
to J1-7 and J1-2 to J1-3. Set the TRANSMIT BAUD RATE
switch and the RECEIVE BAUD RATE switch both to
9600. Record strap positions for later reference. Set
PF BREAK (Page Full) jumper to the IN position. Set any
cut straps that have been changed back to the original
conditions. Set CLK to X16. Connect C STROBE to
T STROBE, either by connecting minibus pin 3 to pin 5 or
by shorting the ““C" test pad to the “T" test pad (near
minibus pin A).

If a TTY Port Interface is installed, disconnect the Relay
Card cables from the J161 and J162 connectors on the
Control Card. Set the card straps as shown in Fig. 4-4.
Record the original positions of any straps that have to be
changed. Connect J162 pin 2 to J162 pin 3; connect J161
pin 6 to J162 pin 7. Connect T STROBE to C STROBE,
either by using an extender card and connecting minibus
pin 3 to pin 5, or by using an integrated circuit test clip and
connecting U81 pin 3 to U81 pin 6. Install the Interface
Card in the minibus.
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Do not put the Terminal in Graph Mode at any time
while the T STROBE to C STROBE strap is con-
nected.

At the lower right corner of the pedestal, remove the
shield which covers the transformer terminals (see Fig. 4-1).
It is held in place by two screws on top. Determine what
voltage the transformer is wired for, by comparing the
connections against the diagram on the inside surface of the
pedestal cover. If a variable AC power supply is available, it
will be set to that value. If the indicated supply is not
available, record the transformer wiring condition so that it
can be restored upon completion of the adjustment
procedure. Then rewire the transformer connections to
agree with the available voltage supply. See diagram inside
the front cover for instructions.

Install an appropriate slow blow fuse (2 A for 115 V or
1.25 A for 230 V) and replace the shield to minimize shock
danger. If the fuse mounted in the front cover is to be used
during the adjustment, it can be pushed (not pulled) from
its holder, or the holder assembly can be removed from the
front cover, as desired.

Dangerous voltages exist in the fuse and transformer
circuits. Keep the line cord disconnected while
working in those areas.

Check the remaining fast blow fuses for proper sizes.
Their values should be: F21-2 A, F41—6 A, F61—-2 A.

Detailed Procedure

1. Low Voltage Power Supply Check/Adjustment
(R27, Reg Voltage on Power Supply Board in
pedestal)

a. After the preliminary procedure has been completed,
connect the line cord to a variable power source (autotrans-
former) which is set to the voltage for which the trans-
former is wired.

b. Turn the Terminal power switch ON and place the
LOCAL/LINE switch at LOCAL.,

c. Connect the voltmeter reference lead to the ground
point shown in Fig. 4-5.

d. Using a voltmeter which has .056% or better accuracy
at 156 V, adjust R27 to obtain +15.000 V at the +15 V test
point. Adjustment and test point locations are shown in
Fig. 4-5.
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WATTS Max a8
AMPS MaXx) 198
AT HBY-BUHy

R50
Crowbar
Threshold

Fig. 4-5. Power Supply Adjustments and Test Points.

e. Measure the various power supply voltages as listed in
Table 4-1. Test points are shown in Fig.4-5. Record all
voltages in Table 4-2. (Make duplicate copies of Table 4-2
for future use.)

f. Using the test oscilloscope, check that ripple voltages
do not exceed those values given in Table 4-1. If ripple
appears excessive or marginal, move the voltage reference
lead to the ground bus at J75 and recheck.

g. Change the variable power source to 10% below the
center value for which the transformer is wired.

h. Measure and record the supply voltages, again using
Tables 4-1 and 4-2. Then check the ripple of each supply.

®

i. Change the variable power source to 10% above the
center value for which the transformer is wired.

j. Again measure and record the supply voltages and
check ripple.

k. Analyze the results. All voltages should be within the
specified values. The differences between voltages at center
line and either high or low line should not show a
regulation factor larger than that specified in Table 4-2.

I. Set the line voltage to the center voltage for which the
transformer is wired.
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TABLE 4-1
Power Supply Voltage Limits (
Supply Jack Voltage Limits Ripple (P-P) Comments
+15V J70 +14.025 to +15.075 10 mV Adjust R27 for +15.000 V; readjust if
5V J72 +4.9 to +5.1 10 mV necessary to compromise so that +15, +b,
and —15 V supplies are all within limits with
-5V J73 —14.850 to —15.150 10 mV line voltage at mid-position as well as at high
and low limit.
—20 V Unreg J78 —20.0 to —22.5 28V
+20 V Unreg J76 +20 to +22 5 28V
. 36 to 44 V more positive )
+ F - .
20 V Fil J?1 1 than —20 V Supply 28V Not adjustable
+175 V Unreg | J71-5 +163 to +176 6V r ,
+328 V Unreg | J71-3 +317 to +330 8V ‘
TABLE 4-2
Observed Voltages
(A) (B) (c) (D) % Observed
Center Low High Greater Regulation
Line Line Line Deviation iD_)_X100 Regulation
Supply Voltage Voltage Voltage From (A) (A) Limit
{
5V 0.2% ‘
+5 V 7 1 .0%
—15V 0.2% ‘ ;
-20V
Unreg
+20V l
Unreg
+20 V NOT
Fil APPLICABLE ‘ ‘
+175V
Unreg
+328 V
Unreg
2. 45V Over-Voltage Check/Adjustment (R50, b. Check over-voltage protection. A spare 6 A fast-blow
Crowbar on Power Supply Board in pedestal) fuse is needed for this check. If none is available, this step
will have to be omitted.
a. Check the voltage at the base of Q99 for 4.8 V. (
Adjust R50 as necessary to obtain that value. See Fig. 4-56 (1) Using a shorting strap, momentarily connect the \_
for component locations. R26-R27 junction to the R43-C43 junction, expecting a ! A
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flash from F41. See Fig. 4-5 for locations. The voltage at
the +5 V test point indicated in Fig. 4-5 should drop to
oV.

(2) Turn the Terminal power switch OFF and
disconnect the line cord. ’

(3) Replace F41 with a new 6 A fast-blow fuse. (If
F41 does not open, troubleshoot the power supply. All
plugs should be removed from the board and dummy
loads substituted during troubleshooting; logic circuitry
may otherwise be damaged. Instructions are given in the
Maintenance Section. Check plug locations before re-
moving, to insure their proper replacement.)

c. As a precautionary measure, the front cover may be
replaced at this point, and the top half swung down on its
hinge. This will cover the Power Supply while still
permitting access to the circuits in the top half of the
pedestal. Note that the line fuse clip in the pedestal must be
empty and a proper sized fuse (2 A for 115V, 1.25 A for
230 V) must be installed in the cover prior to cover
replacement.

3. High Voltage Check/Adjustment (R227, HV on
High Voltage & Z Axis Board in display unit)

a. With the Terminal off, set the voltmeter to read
—5850 V DC and connect it to TP45 on the High Voltage &
Z Axis board in the back of the display unit. See Fig. 4-6.

b. Reconnect the line cord and turn the Terminal power
switch ON.

c. After about one minute, press PAGE. Then check for
—5860 V at TP45. Adjust R227, High Voltage Adjust
(Fig. 4-6) as necessary to obtain that value. Use a
non-metallic screwdriver to minimize the possibility of
causing a short circuit.

d. Set the variable power source first to 10% below the
transformer center voltage and then to 10% above it and
check that the high voltage remains between —5557 and
—6143 volts at both positions.

e. Set the variable power source to the transformer
center voltage.

®
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_Rear Shield
e Housin

Adjust

Deflection Amp
and Storage Board

XPOS Y POS

OP LEVEL

Fig. 4-6. High Voltage Adjustments and Test Points.

f. Turn the Terminal power switch OFF.

g. Disconnect the voltmeter from TP45.

4. Preadjust Writing Intensity, Focus, and Alpha
Cursor Brightness (FOCUS ADJUST and R86,
Writing Intensity, on High Voltage & Z Axis Board
in display unit; Alpha Cursor Brightness on TC-1 in
pedestal)

a. In this and subsequent steps employing Alpha Mode,
the Terminal may go into Hold status, diminishing display
brightness. Entering any character will restore the View
status; however, pressing the SHIFT key will restore View
status without otherwise affecting the display.

b. Turn the Terminal ON and after approximately one
minute, momentarily press the PAGE key to initiate an
erase cycle.

c. Note the edges of the display area after the erase
cycle has been completed. If the edges become obviously
brighter than the rest of the display area (fade-positive,
Fig. 4-10), turn the OP LEVEL (on Deflection Amp &
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Storage board, Fig.4-6) fully counterclockwise. (OP

LEVEL will be adjusted properly in a later step.)

d. At TC-1 in the top of the pedestal unit, turn R81,
Alpha Cursor Brightness, fully clockwise. (See Fig. 4-7 for
location.)

e. Enter 37 space commands and 17 LF commands.

f. On the High Voltage & Z Axis board in the back of
the display unit, rotate R86 Writing Intensity (Fig. 4-6) to
increase intensity until the Alpha cursor can be seen near
the center of the display. Do not make the cursor any
brighter than is necessary. If the Alpha cursor doesn’t
appear, R81 on TC-1 may be set to the wrong limit, or the
Terminal may be in Hold status. (Press SHIFT to clear Hold
status.)

Fig. 4-7. Pedestal Circuit Card Information.
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g. Press PAGE. The cursor should move to the top-left
corner of the display. If the cursor was viewable in step f,
and now has moved entirely out of the viewing area, turn X
POS fully counterclockwise and Y POS fully clockwise to
bring the cursor back into view. X POS and Y POS are
located on the top of the Deflection Amp & Storage board
in the display unit. See Fig. 4-6.

h. Press PAGE and check for the momentary
appearance of a dot at the bottom-left of the cursor
position. The dot may appear just before the cursor comes
back into view. Adjust R86 (Fig.4-6) until a dim dot
momentarily appears at the ‘bottom-left corner of the
cursor position after the erase cycle, as just described. Then
readjust R86 just to the point where the dot no longer
appears after an erase cycle. The cursor should still be
visible.

i. At TC-1, adjust R81, cursor brightness (Fig. 4-7) until
the cursor is at minimum brightness consistent with good
viewing.

j. Adjust FOCUS ADJUST on the High Voltage & Z
Axis board in the display unit (Fig.4-6) to obtain a
reasonably focused cursor. (Final focusing will be done
later in the procedure.)

5. Display Positioning Check/Adjustment (X
GAIN, Y GAIN, X POS, Y POS, X GEOM, Y
GEOM on Deflection Amp & Storage Board in
display unit)

NOTE

This procedure provides for an approximately cen-
tered display of specific size. Both positioning and
size may be modified as desired by changing the
adjustment parameters accordingly. All position and
size measurements should be made with a minimum
of parallax. This can be achieved by closing one eye
and keeping the reflection of the viewing eye in line
with the point being observed.

a. Enter ESC and CTRL Z and place the keyboard
thumbwheels near midrange. A crosshair cursor should
appear on the display. If it does not, or if it is excessively
bright, adjust R29 [Crosshair Brightness (R85 on boards
numbered 670-1729-04 and below)] on TC-2 as necessary
to provide a display of minimum intensity, consistent with
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good viewing. The crosshair should not be so bright that it
stores; move the thumbwheels to check for storing. The
R85 location is shown in Fig. 4-7.

b. Put the vertical thumbwheel to its upper limit.

c. Enter PAGE and ESC and CTRL Z to erase the
display and regain the crosshair. (ESC and CTRL Z must be
entered to regain the crosshair cursor each time the display
is erased, since PAGE also resets the Terminal to Alpha
Mode.)

d. Check display positioning. It should meet the
following requirements (see Fig. 4-8):

Horizontal line Should remain in view

Both ends occur before reaching
edges of display area -

Approximately centered hori-
zontally in display area

Approximately 7.9 inches long

Parallel with top edge of display
area

Distance between any point on the
line and the mean path of the line
should not exceed .04 inch (0.5%
of line length).

v Equal Spacing —v
~7.9 |nches_—__ﬂ
"le—— 7

Straight; within
~.04 Inch
of mean
Straight; within
~,03 Inch
of mean

~Parallel

~Parallel

t——-— ~0.5 Inch

Fig. 4-8. Display Positioning, using Cross-hair Cursor.
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Bottom end occurs approximately
0.5 inch before reaching edge of
display area

Vertical line

Horizontal intercept is approxi-
mately 6.0 inches above bottom of
vertical iine

Approximately parallel with left
edge of display area

When positioned near left edge of
display area (by using horizontal
thumbwheel), distance between any
point on the line and the mean path
of the line should not exceed .03
inch (0.5% of line length)

e. If lines are excessively long, set X GAIN and/or Y
GAIN fully counterclockwise. (These, and other display
adjustments are located on the top of the Deflection Amp
& Storage board in the display unit. See Fig.4-6. Use
Fig. 4-8 as a display reference.)

f. Adjust display positioning as follows:

(1) Adjust X POS for approximate left-right centering
of horizontal line.

(2) Adjust Y POS to approximately center the
vertical line segment described by its lower end and the
point of intercept with the horizontal line (vertical
thumbwheel at upper limit).

(3) If necessary, rotate the neck shield or yoke-
mounting bracket (depending on assembly type) to
obtain approximately equal spacing between the ends of
the horizontal line and the top edge of the display area.
Two nuts hold the yoke housing in place behind the
center divider in the display unit (Fig. 4-6). Final
adjustment and tightening of the yoke housing is done in
a later step.

(4) Adjust X GEOM for approximate straightness of
the vertical line; vertical line to be positioned as close to
the left edge of the display area as possible by using the
horizontal thumbwheel.

(6) Adjust Y GEOM for approximate straightness of
the horizontal line, with the vertical thumbwheel at its
upper limit.
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(6) Adjust X GAIN for a horizontal line length of
approximately 7.9 inches.

(7) Readjust X POS for approximate centering of the
horizontal line.

(8) Adjust Y GAIN for approximately 6 inches
between the bottom of the vertical line and the
horizontal line intercept point. (Vertical potentiometer
at upper limit.)

(9) Readjust Y POS to approximately center the area
described in (8).

(10) Adjust X GEOM for optimum straightness of the
vertical line.

(11) Adjust Y GEOM for optimum straightness of the
horizontal line.

(12) Press PAGE and then enter four Zs. Check that
the Zs are clearly noticeable as writing occurs. The Zs
might or might not store at this time, depending on the
position of the OP LEVEL adjustment. If the Zs are not
clearly noticeable during writing, adjust R74, Character
Brightness, on TC-1 (Fig. 4-7) and repeat the check.

(13) If the Zs do not store, gradually increase the OP
LEVEL setting (Top of Deflection Amp & Storage board
in display unit, Fig. 4-6) while entering Zs until they do
store. Do not set OP LEVEL any higher than necessary.

(14) Press PAGE and again enter four Zs.

(15) Enter ESC and CTRL Z. The Zs should remain
and the crosshair cursor should appear.

(16) Using the horizontal thumbwheel, place the
vertical line so that it passes through a Z.

(17) Check vertical gain. The distance from the
bottom of the vertical line to the top of a Z should be
approximately 6.0 inches. If it is not, adjust Y GAIN to
compensate for the error. (Adjust the bottom of the
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vertical line one-half of the desired total correction. An
equal amount of correction will occur at the top of the
line.) Then repeat steps (14), (15), and (17).

(18) Check vertical position. The bottom of the
vertical line and the top of the Z should be equidistant
from their respective horizontal edges of the display
area. If not, adjust Y POS to center the display
vertically. Observe the bottom of the vertical line during
adjustment. Then repeat steps (14), (15), and (18).

(19) Recheck parallelism between the horizontal line
and the top edge of the display area. Readjust the yoke
housing rotation as necessary. (The yoke housing is held
to the rear. of the center wall in the display unit by two
screws and nuts. The nuts must be loosened before the
housing can be rotated.) Then tighten the yoke securing
nuts.

(20) Recheck horizontal and vertical line straightness
with lines positioned near the top and left edges,
respectively. Readjust X GEOM for vertical line, and Y
GEOM for horizontal line straightness as necessary.

(21) Position the cursor lines to various places on the
display area and check for line straightness. If necessary,
readjust X GEOM and Y GEOM for best overall
compromise.

g. Press PAGE to return to Alpha Mode.

6. Storage Check/Adjustment (NORM COLL, OP
LEVEL on Deflection Amp & Storage Board in
display unit)

a. Remove the right side cover from the display unit,
after-removing its two screws. See Fig. 4-9.

b. Perform step 6b for adjusting a Terminal in which the
CRT has not just been changed.

(1) Note the CE voltage value written on the tag
attached to the top of the CRT shield in the display
unit. Check for that value at pin 3 on J55 (Fig. 4-9),
with the Terminal in View status. (Press SHIFT to regain
View status.)
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(3) Set OP LEVEL fully counterclockwise. Then
adjust it clockwise in moderate increments, pressing
PAGE between increments, until a point is reached
where the edges of the display area start to become
obviously brighter, or “fade positive right after an erase
cycle. (See Fig. 4-10A). Record the voltage which exists
on pin 4 of J65.

(4) Reduce the OP LEVEL setting slightly, just to the
point where fade positive no longer occurs after PAGE is
pressed.

(5) Put the LOCAL/LINE switch at LINE and press
the 8 key. The display should fill with 8s.

Fig. 4-9. High Voltage and Z Axis board.

(2) Adjust NORM COLL (top of Deflection Amp &
Storage board in the display unit, Fig. 4-9) to obtain the
specified value at pin 3.

(3) Note the STORAGE LEVEL value written on the
tag attached to the top of the CRT shield. Check for
that value at pin 4 on J55 (Fig. 4-9).

(4) Adjust OP LEVEL (Fig.4-9) to obtain the
specified value.

(5) Put the LOCAL/LINE switch at LINE. Then go to
step 6d.

c. Perform step 6¢ for adjusting a Terminal in which the
CRT has just been changed.

(1) Note the CE Voltage value written on the tag
supplied with the replacement CRT. Adjust NORM
COLL to obtain that CE Voltage at pin 3 on J55. See
Fig. 4-9.

’ -0
(2) Connect the voltmeter to pin 4 of J55 on the 1Bt Drop-Oug

Deflection Amp & Storage board (Fig. 4-9), expecting
approximately +200 V DC. Fig. 4-10. Display Conditions.
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(6) Turn the OP LEVEL counterclockwise until the
displayed numbers appear to degrade due to dots
disappearing (dropping out). See Fig. 4-10B. Record the
Jb5 pin 4 voltage at which this occurs. (Press the SHIFT
key as necessary to maintain View status.)

(7) Determine the mid-voltage between the two
recorded voltages. Set the OP LEVEL to obtain this
value at pin 4.

d. Press PAGE and then press 8. The display should
become filled with 8s. Wait approximately five minutes and
view the display, checking for drop-out or fade-positive
conditions. If drop-out occurs, adjust the OP LEVEL in
five-volt positive increments and repeat the check. !f
fade-positive occurs, adjust in five-volt negative increments
and repeat the check. (If both conditions occur, the CRT is
near the end of its useful life, and a slight fade-positive
condition must be tolerated if drop-out is to be avoided.)

e. Upon completion of step d, measure the voltage at
pin 4 on J55 and write the value opposite STORAGE
LEVEL on the tag on the CRT shield.

f. Observe the overall brightness uniformity of the
screen. This is controlled to a great extent by the CE
voltage (NORM COLL adjustment), and affects uniformity
of storing, drop-out, focus, and hard copy. If the overall
screen brightness appears too uneven, NORM COLL can be
experimented with to achieve better results. Perform the
following:

(1) Connect the voltmeter to J55, pin 3 on the
Deflection Amp & Storage board (Fig. 4-9), expecting
about +100 V.

(2) Press PAGE and 8 to renew the display.

(3) Adjust NORM COLL in small increments pressing
PAGE and 8 after each adjustment. Note the voltage at
pin 3 and the effect on display uniformity.

(4) Select the position which provides the brightest
display consistent with optimum uniformity and record
the voltage. The best position usually occurs at a voltage
slightly more positive than that which provides maxi-
mum display brightness. A too-positive voltage will often
cause obvious streaking or shadows around some char-
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acters. A too-negative voltage may result in oscillation
which causes the screen to appear to blink rapidly. A
too-negative voltage may also give a mottled effect to
some of the stored characters.

(5) Record the selected NORM COLL voltage on the
tag attached to the CRT shield. If the CRT has not been
replaced, do not obliterate the old voltage value; simply
draw a line through it and write the new value alongside.
The new voltage normally will not differ greatly from
the old one. In the case of a replacement CRT, obliterate
the old value and write in the new one. The new voltage
normally will not differ greatly from that supplied with
the CRT.

7. Writing Intensity Check/Adjustment (R86,
Writing Intensity on High Voltage & Z Axis Board
on display unit)

a. Turn the Terminal off.’

b. On the Interface card in the pedestal, remove the
jumper which connects T STROBE to C STROBE. (The
jumper is either on an Extender Card or on an Integrated
Circuit Test Clip.)

c. Check the position of the FUZZ strap on the High
Voltage & Z Axis board in the display unit. (Fig. 4-11.) The
strap should always be in the position shown.

d. Turn the Terminal on.
e. Put the LOCAL/LINE switch at LOCAL.
f. Press PAGE to erase the display.

g. While observing the Alpha cursor, adjust R86, Writing
Intensity (on the High Voltage & Z Axis board, Fig. 4-11)
until the Alpha cursor intensity diminishes to where it can
barely be seen.

h. Press PAGE to erase the display.

i. Enter CTRL SHIFT M at the keyboard to put the (

Terminal in Graph Mode.




Fig. 4-11. Adjustments and Test Point locations.

j. Enter the following characters to draw a vector from
the bottom-left of the display to the top-right.

Space\ Space @8k ? _

k. Check vector writing. A vector should have been
drawn from the bottom-left corner to the top-right corner
of the display. Some or all of it may be missing. If a
complete vector is drawn from the bottom-left to the
top-right corner, press PAGE and again adjust R86 to
diminish the intensity of the Alpha cursor. It may be
necessary to increase the setting of R81, Alpha Cursor
Brightness, on edge of TC-1 (Fig. 4-12), to keep a visible
cursor so the effect of the R86 adjustment can be observed.

. Repeat steps h through k until a partial vector is
obtained.

m. Press PAGE and then adjust R86 about 10 degrees to
increase the intensity of the Alpha cursor slightly.

Adjustment—4012 Service

R29

Cross-hair
Cursor

| numbered
- 670-1729-04
| and below)

Fig. 4-12. Adjustment locations in pedestal.

n. Enter CTRL SHIFT M Space* Space @ 8 k ? _ and
check for a complete vector, drawn from the bottom-left to
the top-right. |f the vector remains broken, repeat steps m
and n until it is satisfactory.

o. Enter PAGE and CTRL SHIFT M and Space® Space
@8k ?_ 8k Space @ Space® ? _ 8 k ? _ and check for
complete vectors. |f incomplete or insufficiently bright,
repeat steps m and o.

p. Enter PAGE and CTRL SHIFT M and 8 k Space @
Space * Space @ Space ‘?2_8k Space @ 8 k ?__ and check
for complete vectors. If incomplete or insufficiently bright,
repeat steps m and p.

NOTE

Tube life varies inversely with intensity. Therefore,
the intensity should always be adjusted for minimum
brightness consistent with good viewing of complete
vectors.
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8. Alpha Cursor Brightness Check/Adjustment
(R81, Alpha Cursor Brightness on TC-1 in the
pedestal)

a. Press PAGE to erase the display.

b. Note the intensity of the Alpha cursor. It should be
bright enough for convenient viewing, but not so bright
that it stores.

c. Adjust Alpha Cursor Brightness (R81 on edge of
TC-1) to obtain the desired intensity. See Fig.4-12 for
adjustment location. If the cursor continues to store with
R81 at minimum intensity, the R86 Writing Intensity
adjustment may be set too high; step 7 should be
re-checked.

9. Alpha Character Brightness Check/Adjustment
(R74, Character Brightness on TC-1 in the pedes-
tal)

a. Enter several writing characters and note the writing
brightness.

b. Adjust Character Brightness (R74 on TC-1, Fig. 4-12)
for desired brightness, entering additional characters to
check results. Adjustment will not affect previously-stored
characters.

c. Enter PAGE and CTRL SHIFT M and then enter the
following to draw a vector:
,fY_f8@

d. Enter RESET while holding down the SHIFT key, to
enter Alpha Mode without erasing.

e. Using the LF and Space keys, place the cursor near
the left end of the vector, either above or below it.

f. Enter writing characters and compare the character
and vector brightness. If necessary, adjust the character
brightness to provide characters whose intensity is com-
parable to the vector brightness.

g. Press PAGE to erase the display.
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10. Character and Vector Focus Check/
Adjustment (FOCUS ADJUST and R389,
Character/Vector Focus Adjust on High Voltage &
Z Axis board in display unit)

a. Press PAGE,

b. Enter an e character and check its focus.

c. Adjust FOCUS ADJUST (alongside yoke housing in
display unit — Fig. 4-11) in small increments, entering e
after each adjustment, until optimum appearance is
achieved, Press PAGE as necessary to keep the writing in
the corner of the display.

d. Turn the Terminal off.

e. Reconnect the CSTROBE to TSTROBE strap which
was removed in step 7b.

f. Turn the Terminal on.

g. Switch the LOCAL/LINE switch to LINE. Press e and
the display should fill up. Compare the writing in the four
corners. (lgnore other areas of the display.) It should
appear similar. If noticeable difference exists, slightly adjust
FOCUS ADJUST. Press PAGE and then recheck. Repeat
until the best focus compromise is achieved for the four
corners.

h. Note the focus of the characters near the center of
the display. It is desirable that they be similar to the focus
achieved in the corners. To adjust, proceed as follows:

(1) Place the LOCAL/LINE switch at LOCAL.

(2) Press PAGE.

(3) Using the Space Bar, LF, RETURN, and e keys,
enter several e characters in each of the four corners.
Then position the cursor to the center of the display
area.

(4) Alternately enter the e character and adjust R389
— Character/Vector Focus (on High Voltage & Z Axis
board in the display unit, Fig. 4-11) until center focus
and corner focus are approximately the same.

(




i. Place the LOCAL/LINE switch at LINE, Then press
PAGE.

i. Enter an 8 and the display should fill with 8s.

k. Check the display. The overall display should have
approximately even focus. If unsatisfactory, repeat steps e
through h one time to provide optimum overall focus. Note
that character brightness affects the writing of characters,
and may have to be increased or decreased to provide a
good compromise between brightness and focus. As pre-
viously noted, the NORM COLL adjustment also affects
focus. If all else fails, it can be experimented with,
However, after readjusting it, this procedure must be
resumed at step 7.

11. Crosshair Cursor Intensity Check/Adjustment
[R29, Crosshair Cursor Brightness on TC-2 (R85
on Boards Numbered 670-1729-04 and Below)]

a. Put the LOCAL/LINE switch at LOCAL.
b. Set the cursor thumbwheels near midrange.

c. Press PAGE. Then enter ESC and CTRL Z to obtain a
crosshair cursor.

d. If necessary, adjust R29 (R85 on boards numbered
670-1729-04 and below) — Crosshair Intensity (on TC-2,
Fig. 4-12) so that the cursor can be seen.

e. Move the thumbwheels and check to see if the cursor
stores. Readjust R29 (R85 on boards numbered 670-1729-04
and below) as necessary to provide a clearly visible non-
storing cursor.

12. Cursor Focus Check/Adjustment (R382,
Cursor Focus on High Voltage & Z Axis Board in
display unit)

a. Place the intersect point at mid-screen, using the
thumbwheels.

b. Adjust Cursor Focus (R382 on the High Voltage & Z
Axis board in the display unit, Fig. 4-10) for uniform focus
of the lines.
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c. Move the cursor to various positions on the screen. If
necessary, adjust R382 to obtain the most uniform line
focusing throughout the display.

d. Press PAGE to return to Alpha Mode.

13. Vector Drawing Time Check

a. Turn the Terminal off.

b. Remove the T STROBE to C STROBE strap from the
Extender Card or Integrated Circuit Test clip.

c. Turn the Terminal on.

d. Connect the oscilloscope probe to J49 pin 1 on the
Deflection Amp & Storage board (Fig.4-9). Set the
oscilloscope sensitivity to 2 V/division and the sweep rate
to 1 ms/division.

e. Press PAGE. Then enter CTRL SHIFT M.

f. Enter the following: ? RUBOUT ? _.

g. Repeatedly press _ while checking the oscilloscope
waveform. (The _ will repeatedly execute an off-screen
vector.)

h. Check the duration of the negative-going waveform
on the oscilloscope. It should be approximately 2.6 ms, and
is an indication of the vector drawing time. (It is non-
adjustable, and is a function of a count-down circuit on
TC-1.) )

14. Vector Dynamic Geometry Error Check
a. Press PAGE. Then enter CTRL SHIFT M,

b. Enter Space\ Space @ to set the beam to 0, 0.
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c. Enter 8 k 8 K to draw a vector from 0, O to 779, 779.

d. Enter Space\ Space @ to draw a vector from
779,779 to 0, 0.

e. Check that the separation between the two lines does
not exceed 3% of the total line length (approximately 0.25
inch) at any point. See Fig. 4-13.

f. Press PAGE to erase the display.

Fig. 4-13. Vector dynamic geometry illustration.

15. Vector Parallelism Check
a. Enter PAGE and CTRL SHIFT M.

b. Enter the following sequence to draw a rectangle:

Space\ Space @8k @k ? _ Space\ _\ Space @

c. Measure and record the length of all lines.

d. Check parallelism. The difference in the length of the
horizontal lines should not exceed 2% of the vertical line
length. The difference in the length of the vertical lines
should not exceed 2% of the horizontal line length. With
the Terminal adjusted as outlined in this procedure, the line
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length is approximately 7.9 inches horizontal and 6 inches
vertical. Line length difference should not exceed approxi-
mately 0.16 inch horizontal and approximately 0.12 inch
vertical.

16. Character Transmission and Writing Check

a. Check that each ASCII writing character appears on
the screen in response to key entry.

b. Activate the TTY LOCK by pressing the key. The
key should remain down or become lighted, depending on
the type of keyboard.

c. Press each writing character key and note character
writing is limited to the TTY code. The TTY LOCK
function key affects the code being transmitted.

d. Release the TTY LOCK key by pressing it once.

17. Control Character Transmission and Response
Check

a. With the LOCAL/LINE switch at LOCAL, enter the
following at the keyboard and check the response:

CONTROL CHARACTER RESPONSE CHECK

Code
Command Equivalent Response
CTRLSHIFT K ESC FF Erases display, ’homes
and CTRL L cursor
CTRL G BEL Rings Bell
CTRL| HT Moves cursor one space
to right
CTRLH BS Moves cursor back one
space
CTRL J LF Moves cursor down one
line; if LF EFFECT
strap is at LF—CR,
the cursor will also
move to the left mar-
gin.

(




CONTROL CHARACTER RESPONSE CHECK (cont)

Code
Command Equivalent Response
CTRL K VT Moves cursor up one

line

CTRL SHIFT M GS Selects Graph Mode

and dark vector

Space RUBOUT SP DEL SP _  Executes a dark vector

Space _ and sets the Terminal
for a bright vector
pe 0@ Draws a vector

CTRL SHIFT M GS Sets the Terminal for a

dark vector

A A Executes a dark vector
and sets the Terminal
for a bright vector

A A Writes a point

CTRL SHIFTO us Switches back to Alpha
without moving the

writing beam

CTRL SHIFT M GS Selects Graph Mode

A A Executes a dark vector
and resets for a bright
vector

2x&H 2x&H Draws a vector
CTRL M CR Switches to Alpha
Mode and moves
writing beam to margin
9; if CR EFFECT op-
tion is at CR~LF, a
line feed will also occur
CTRL SHIFT K ESC SUB  Selects GIN Mode and
and CTRL Z displays the crosshair

cursor
Put SP Crosshair cursor dis-
LOCAL/LINE appears and the Alpha

switch at LINE;
then enter Space

CuUrsor reappears

b. Press PAGE and place the LOCAL/LINE switch at
LOCAL.

®
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18. Hard Copy Amplitude and Position Check/
Adjustment (HC X AMP, HC Y AMP, FAST RAMP
POS, SLOW RAMP POS on the Deflection Amp &
Storage Board in display unit)

a. Turn the Terminal off.

b. Replace the T STROBE to C STROBE strap which
was removed in step 13.

c. Turn the Terminal on.

d. At the Hard Copy Unit, remove the copying paper
(or disable the paper drive) to avoid waste during this
procedure. If necessary, refer to the Hard Copy Unit
manual for instructions.

e. Connect the Hard Copy Unit to the Terminal, via the
Hard Copy connector (J525) on the back of the display
unit.

f. Set the HC X AMP potentiometer (top of Deflection
Amp & Storage board in the display unit, Fig. 4-14) fully
clockwise.

g. Turn the Hard Copy Intensity on the side of the
display unit (Fig. 4-14) fully clockwise.

h. Press the MAKE COPY button and note that a scan
bar moves up the screen. If the scan bar does not appear
and store as in Fig. 4-15, adjust R91, Coarse Hard Copy
Intensity (on the High Voltage & Z Axis board in the
display unit, Fig. 4-14) until the bar does store. Press PAGE
and MAKE COPY between adjustments.

i. Set the LOCAL/LINE switch to LINE. Press PAGE
and 8 to write a page full of 8s.

j. Press MAKE COPY. The Hard Copy scan bar should
store on the display area, but should be narrower than the
stored 8s, similar to Fig. 4-15A. (If the scan bar is wider
than the stored 8 display, the HC X AMP potentiometer
may be set to the wrong limit.)
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Fig. 4-14. Hard Copy adjustment and test point locations.

k. Check Hard Copy Y amplitude. The stored scan bar
should extend approximately 1/4 inch below and 1/8 inch
above the stored 8s, as in Fig. 4-15A.

I. Adjust HC Y AMP and the SLOW RAMP POS (on the
Deflection Amp & Storage board) in small increments,
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repeating steps j, k, and | until results listed in step k are
obtained.

m. Press PAGE and 8 to refill the page.

n. Insert the screwdriver in the FAST RAMP POS
potentiometer slot. Then press MAKE COPY and adjust the

®




1/8 inch

1/4 inch

(A) HC Y AMP and SLOW RAMP POS properly adjusted.

1/8 inch

(B) HC X AMP and FAST RAMP POS properly adjusted.

Fig. 4-15. Hard Copy amplitude and position adjustment displays.

FAST RAMP POS as the scan bar sweeps up the screen,
striving to center the scan bar on the display as in
Fig. 4-15(A). Repeat steps m and n as necessary.

o. Insert the screwdriver in the HC X AMP poten-
tiometer on the Deflection Amp & Storage board. Then
press MAKE COPY and adjust the HC X AMP as the bar
scans the display area, until the bar extends approximately
1/8 inch beyond each side as in Fig. 4-15(B). Press PAGE
and 8 and MAKE COPY if necessary to refill the screen to
complete the adjustment. Readjust the FAST RAMP POS
(step n) if refinement of the centering is necessary.

Adjustment—4012 Service

19. Hard Copy Intensity Adjustment (R91, Coarse
Hard Copy Intensity on the High Voltage & Z Axis
Board in the display unit, and the Hard Copy
Intensity on the side of the display unit)

a. Press PAGE and MAKE COPY. Set Hard Copy
Intensity (side of display unit) to mid-position. Then adjust
R91, Coarse Hard Copy Intensity (on High Voltage & Z
Axis board inside display unit, Fig. 4-14) to a point just
below that at which the scan bar does any storing. Repeat
as necessary to eliminate storing at all points on the display
area.

20. Hard Copy Threshold Check/Adjustment
(R167, Hard Copy Threshold on Hard Copy
Amplifier Board in display unit)

a. Set the oscilloscope for alternate trace operation. Set
each vertical channel for 0.5 V/division. Neither channel
should be inverted. Set the sweep rate to 0.5 us/division.
Set both input switches to ground and set both traces to
the second horizontal graticule line from the bottom. Then
switch both input switches to DC.

b. Connect a probe from the oscilloscope’s external
trigger jack to the Z signal line at J49 Pin 1 on the
Deflection Amp & Storage board in the display unit
(Fig. 4-14). Switch the oscilloscope to external triggering.

c. Connect a probe from channel 1 of the oscilloscope
to TP85 on the Hard Copy Amplifier board (Fig. 4-16).
Connect the probe ground lead to the ground test point on
the board.

d. Connect a probe from channel 2 of the oscilloscope
to TP195 on the Hard Copy Amplifier board (Fig. 4-16).
Connect the probe ground lead to ground on the board.

e. Press PAGE and then press MAKE COPY and check
for an oscilloscope display as in Fig. 4-17. The peaks of the
most prominent pulses should almost touch.

f. Adjust R167—Hard Copy Threshold (on the Hard
Copy Amplifier board, Fig.4-16) until the peaks almost
touch as in Fig.4-17. The separation may vary with the
vertical position of the scan bar on the screen. If so, adjust
for minimum separation of the closest pulses.

4-25



Adjustment—4012 Service

R265
Hard Copy
Dynamic
Threshold

.. R167
Hard Copy
Threshold

-

Fig. 4-16. Hard Copy threshold adjustment and test point locations.
Location within the display unit is shown in Fig. 4-14.

21. Hard Copy Dynamic Threshold Check/
Adjustment (R265, Dynamic Threshold Adjust on
Hard Copy Amplifier Board)

a. Switch the oscilloscope sweep rate to 1 ms/division.

b. Press MAKE COPY and check for a display as in
Fig. 4-18(B). The vertical separation between the pulse
peaks of the two traces should remain fairly constant as the
hard copy bar scans.
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Fig. 4-17. Hard Copy Threshold adjustment waveform. 0.5 V/
division vertical; 0,5 us/division horizontal.

c. Press MAKE COPY and adjust R265, Dynamic
Threshold Adjust (Fig. 4-16) until the separation between
the pulse peaks remains fairly constant as the Hard Copy
bar scans. The appearance may change with the vertical
position of the scan bar; in that case, adjust for the best
compromise.

d. If the Dynamic Threshold was grossly out of adjust-
ment, steps 19 and 20 should be repeated.

22. Hard Copy Writing Check

a. Re-install the paper in the Hard Copy Unit or engage
the paper drive, as appropriate.

b. Press PAGE. Then press the A key to write a full page
on the display unit.

c. Press MAKE COPY. The Hard Copy Unit should
make a copy of the display.

d. Examine the copy for writing quality. Assuming that
the Hard Copy Unit is properly adjusted, writing quality is
controlled by the following adjustments in the Terminal:

(




Poorly adjusted;
separation should
remain constant

Information missing around
perimeter

Information missing from
one vertical edge

Information missing from
one horizontal edge

Copy too small; bars on
edge or edges of paper

Adjustment—4012 Service

Underscan caused by HC X
AMP and/or HC'Y AMP (top-
left in pedestal) being set too
low (step 18).

SLOW RAMP POS not prop-
erly set (step 18).

FAST RAMP POS not prop-
erly set (step 18)

HC X AMP and/or HC Y
AMP set too high (step 18).

Relatively good adjustment;

separation is fairly
constant

Fig. 4-18. Hard Copy Dynamic Threshold adjustment waveform,
0.5 V/division vertical; 1 ms/division horizontal.

Condition

Information does not copy
or information drop-out
occurs

Excessive background writ-
ing (noise)

Possible Causes

Mis-adjusted Hard Copy In-
tensity setting on side of dis-
play unit (step 19); Scanning
pulses too far apart (step 20);
Pulse separation not constant
(step 21).

Hard Copy Intensity setting
on side of display unit set too
high (step 19); Insufficient
separation between scanning
pulses (step 20).

FAST RAMP POS or SLOW
RAMP POS improperly set
(step 18).

NOTE

If the copying information in the various areas of the
copy is unacceptable, and all else fails, the NORM
COLL voltage may have to be adjusted to provide
satisfactory results. However, the NORM COLL
adjustment also affects uniformity of storing, drop-
out, focus, and intensity. If readjusted, steps 7
through 12 and step 22 should be repeated.

e. If the copy appears satisfactory, make five copies of
the same full page display. The fifth copy should remain
satisfactory, with minimum degradation due to repetitive
scanning of the displayed data. If the fifth copy is
unacceptable, decrease the Hard Copy Intensity setting
slightly and repeat step e.

f. Disconnect the probes from the display unit.

23. Restoring Original Conditions

a. Turn the Terminal OFF and disconnect the line plug
from the power source.

b. Remove the pedestal cover, if it had been replaced in
step 2.

c. If necessary, remove the transformer protection plate
and the line fuse and rewire the Terminal transformer to its
previous configuration. Then replace the transformer pro-
tection plate.
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d. Reset the option straps on TC-1 and the Interface
Card to the condition recorded in the Preliminary Pro-
cedure.

e. Remove the Extender Card or Integrated Circuit Test
Clip(s). Remove the jumper strap(s) which was installed in
the Preliminary Procedure. (Data Communication Interface
021-0065-00 on J360; TTY Port Interface on J161 and
J162.)

f. Reconnect the output cable to the Interface Card if a
Data Communication Interface 021-0065-00 or a TTY Port
Interface is installed; reset the rear panel switches to their
previous positions if an Optional Data Communication
Interface 021-0074-00 is in use.
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g. Install any accessory cards which are to be used with
the Terminal. If desired, check them out, referring to their
documentation.

h. Check that the proper fuse is installed in the pedestal
cover (2 A slow blow for 115V, 1.25 A slow blow for
230 V) and then replace the cover.

i. Re-install the side cover and top cover on the display
unit.

j. If desired, install the display unit on the pedestal unit,
following the procedure given in Section 1.
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REPLACEABLE
ELECTRICAL PARTS -

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix, Inc. Field Office
or representative. 3

Changes to Tektronix instruments are sometimes made to accommodate improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following information in your order: Part number, instrument
type or number, serial number, and modification number if applicable.

If a part you have ordered has been replaced with a new or improved part, your local
Tektronix, Inc. Field Office or representative will contactyou concerning any change in part
number.

Change information, if any, is located at the rear of this manual.

SPECIAL NOTES AND SYMBOLS
X000 Part first added at this serial number

00X Part removed after this serial number

ITEM NAME

In the Parts List, an Item Name is separated from the description by a colon (:).
Because of space limitations, an Item Name may sometimes appear as incomplete. For
further Item Name identification, the U.S. Federal Cataloging Handbook H6-1 can be
utilized where possible.

ABBREVIATIONS
ACTR ACTUATOR PLSTC PLASTIC
ASSY ASSEMBLY QTZ QUARTZ
CAP CAPACITOR RECP RECEPTACLE
CER CERAMIC RES RESISTOR
CKT CIRCUIT RF RADIO FREQUENCY
COMmP COMPOSITION SEL SELECTED
CONN CONNECTOR SEMICOND SEMICONDUCTOR
ELCTLT ELECTROLYTIC SENS SENSITIVE
ELEC ELECTRICAL VAR VARIABLE
INCAND INCANDESCENT i WW WIREWOUND
LED LIGHT EMITTING DIODE XFMR TRANSFORMER
NONWIR  NON WIREWOUND XTAL CRYSTAL
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CROSS INDEX MFR. CODE NUMBER TO MANUFACTURER

MFR.CODE MANUFACTURER ADDRESS CITY,STATE,ZIP (
00853 SANGAMO ELECTRIC CO., S. CAROLINA DIV. P O BOX 128 PICKENS, SC 29671
01121 ALLEN~-BRADLEY COMPANY 1201 2ND STREET SOUTH MILWAUKEE, WI 53204
01281 TRW ELECTRONIC COMPONENTS, SEMICONDUCTOR -
OPERATIONS 14520 AVIATION BLVD. LAWNDALE, CA 90260
01295 TEXAS INSTRUMENTS, INC., SEMICONDUCTOR
GROUP P O BOX 5012, 13500 N CENTRAL
EXPRESSWAY DALLAS, TX 75222
02735 RCA CORPORATION, SOLID STATE DIVISION ROUTE 202 SOMERVILLE, NY 08876
03888 KDI PYROFILM CORPORATION 60 S JEFFERSON ROAD WHIPPANY, NJ 07981
04222 AVX CERAMICS, DIVISION OF AVX CORP. P O BOX 867, 19TH AVE., SOUTH MURTLE BEACH, SC 29577 [
04713 MOTOROLA, INC., SEMICONDUCTOR PROD. DIV, 5005 E MCDOWELL RD,PO BOX 20923 PHOENIX, AZ 85036
05347 ULTRONIX, INC. 461 N 22ND STREET GRAND JUNCTION, CO 81501
05397 UNION CARBIDE CORPORATION, MATERIALS
SYSTEMS DIVISION 11901 MADISON AVENUE CLEVELAND, OH 44101
07109 ORKTRON INDUSTRIES, INC. 704 30TH STREET MONROE, WI 53566 '
07263 FAIRCHILD SEMICONDUCTOR, A DIV. OF
FAIRCHILD CAMERA AND INSTRUMENT CORP. 464 ELLIS STREET MOUNTAIN VIEW, CA 94042
07910 TELEDYNE SEMICONDUCTOR 12515 CHADRON AVE. HAWTHORNE, CA 90250
08806 GENERAL ELECTRIC CO,, MINIATURE
LAMP PRODUCTS DEPARTMENT NELA PARK CLEVELAND, OH 44112
12697 CLAROSTAT MFG. CO., INC. LOWER WASHINGTON STREET DOVER, NH 03820
12969 UNITRODE CORPORATION 580 PLEASANT STREET WATERTOWN, MA 02172
14099 SEMTECH CORP. 652 MITCHELL RD. NEWBURY PARK, CA 91320 | §
14752 ELECTRO CUBE INC. 1710 S. DEL MAR AVE. SAN GABRIEL, CA 91776 '
15818 TELEDYNE SEMICONDUCTOR 1300 TERRA BELLA AVE. MOUNTAIN VIEW, CA 94043
16758 DELCO ELECTRONICS, DIV, OF GENERAL
MOTORS CORP. 700 E. FIRMIN ST. KOKOMO, IN 46901 (
18324 SIGNETICS CORP, 811 E. ARQUES SUNNYVALE, CA 94086
18657 TOKYO SHIBAURA ELECTRIC CO., LTD. TOKYO, JAPAN
18788 GENERAL ILLUMINATION INC. ) 2958 N CLEVELAND ST. PAUL, MN 55113
21845 SOLITRON DEVICES, INC., TRANSISTOR DIV. 1177 BLUE HERON BLVD. RIVIERA BEACH, FL 33404 .
22526 BERG ELECTRONICS, INC. YOUK EXPRESSWAY NEW CUMBERLAND, PA 17070
22753 U. I. D. ELECTRONICS CORP. 4105 PEMBROKE RD. HOLLYWOOD, FL 33021 (ij
24138 INTERNATIONAL ELECTRONIC CORP. 316 S SERVICE RD,HUNTINGTON STA MELVILLE, L.I., NY 11746
27014 NATIONAL SEMICONDUCTOR CORP, 2900 SEMICONDUCTOR DR. SANTA CLARA, CA 95051
28480 HEWLETT~-PACKARD CO., CORPORATE HQ. 1501 PAGE MILL RD. PALO ALTO, CA 94304
32293 INTERSIL, INC. 10900 N. TANTAU AVE. CUPERTINO, CA 95014
32997 BOURNS, INC., TRIMPOT PRODUCTS DIV. 1200 COLUMBIA AVE, RIVERSIDE, CA 92507
33297 ELECTRONIC ARRAYS, INC. 550 E MIDDLEFIELD ROAD MOUNTAIN VIEW, CA 94043
56289 SPRAGUE ELECTRIC CO. NORTH ADAMS, MA 01247
70201 ATLANTIC RICHFILED CO., C & D PRODUCTS _ B
DIVISION 260 S BROAD STREET PHILADELPHIA, PA 19101
71400 BUSSMAN MFG., DIVISION OF MCGRAW-
EDISON CO. 2536 W. UNIVERSITY ST. ST. LOUIS, MO 63107
71450 CTS CORP. 1142 W. BEARDSLEY AVE. ELKHART, IN 46514
71785 TRW, CINCH CONNECTORS 1501 MORSE AVENUE ELK GROVE VILLAGE, IL 60007 I
72982 ERIE TECHNOLOGICAL PRODUCTS, INC. 644 W, 12TH ST. ERIE, PA 16512
73138 BECKMAN INSTRUMENTS, INC., HELIPOT DIV. 2500 HARBOR BLVD, FULLERTON, CA 92634
74276 SIGNALITE DIV., GENERAL INSTRUMENT CORP., 1933 HECK AVE. NEPTUNE, NJ 07753
75042 TRW ELECTRONIC COMPONENTS, IRC FIXED
RESISTORS, PHILADELPHIA DIVISION 401 N. BROAD ST. PHILADELPHIA, PA 19108 .
76493 BELL INDUSTRIES, INC.,
MILLER, J. W., DIV. 19070 REYES AVE., P O BOX 5825 COMPTON, CA 90224
80009 TEKTRONIX, INC. P, O, BOX 500 BEAVERTON, OR 97077 .
81483 INTERNATIONAL RECTIFIER CORP. 9220 SUNSET BLVD. LOS ANGELES, CA 90069
83003 VARO, INC. P O BOX 411, 2203 WALNUT STREET GARLAND, TX 75040
86684 RCA CORP., ELECTRONIC COMPONENTS DIV, 415 S. 5TH STREET HARRISON, NJ 07029
87034 ILLUMINATED PRODUCTS INC., A SUB OF
OAK INDUSTRIES, INC. 207 S HELENA, P O BOX 4011 ANAHEIM, CA 92803
90201 MALLORY CAPACITOR CO., DIV. OF
P. R. MALLORY AND CO., INC. 3029 E WASHINGTON STREET
P O BOX 372 INDIANAPOLIS, IN 46206
91418 RADIO MATERIALS COMPANY, DIV, OF P.R. o
MALLORY AND COMPANY, INC. 4242 W BRYN MAWR CHICAGO, IL 60646
91637 DALE ELECTRONICS, INC, P. O. BOX 609 COLUMBUS, NE 68601
5-2 i
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Tektronix  Serial/Model No. Mfr
Ckt No. -~ Part No.  Eff Dscont Name & Description . Code Mfr Part Number
DISPLAY UNIT CHASSIS
CR1090 150~1001-00 LAMP,LED:RED, 2V, 100MA 28480 5082-4403
CR1092 150~1001-00 LAMP,LED:RED, 2V,100MA 28480 5082-4403
DS1000 150-0134~00 LAMP ,CARTRIDGE:6.3V,200MA 18788 T600-9-H529
L1000A,B 119-0422~00 COIL,TUBE DEFL: 80009 119-0422~00
R1050 311~-0642-00 RES. ,VAR,NONWIR:20K OHM,20%,0,50W 12697 382-CM39820
R1070 311~1095-00 B010100 B052068 RES. ,VAR,NONWIR:10K OHM,20%,0.50W 12697 382-CM40386
R1070 311-1844-00 B052069 RES.,VAR,NONWIR:10K OHM,20%,0.50W 01121 w8350
R1072 311~-1095-00 B010100 B052068 RES. ,VAR,NONWIR:10K OHM,20%,0.50W 12697 382-CM40386
R1072 311-1844-00 B052069 RES.,VAR,NONWIR:10K OHM,20%,0.50W 01121 w8350
R1076 311-1044-00 RES.,VAR,NONWIR:50K OHM,20%,0.50W 01121 Ww-7542A
s$1001 260~1179-01 SWITCH,ROCKER:DPST,10A,250VAC 80009 260-1179-01
51080 260-1334~-00 SWITCH,ROCKER:SPDT,0.5A,125VAC 22753 RSW~-412
slosl 260-1334~-00 SWITCH,ROCKER:SPDT,0.5A,125VAC 22753 RSW-412
51082 260-1334~00 SWITCH,ROCKER:SPDT,0.5A,125VAC 22753 RSW-412
51083  260-1334-00 SWITCH, ROCKER: SPDT,0.5A,125VAC 22753 RSW-412
51085 260-1274-00 SWITCH,ROCKER:SPDT,0.5A,125VAC 22753 RSW-412-SR
51087 260-1334-00 SWITCH,ROCKER:SPDT,0.5A,125VAC 22753 RSW-412
SP1000  119-0305-00 LOUDSPEAKER , PM: PERMANENT MAGNET,45 OHM,2W 07109 35A45C
VI 154-0690~-00 B010100 B040609 ELECTRON TUBE:CRT 80009 154-0690-00
VI 154-0624-10 B040610 ELECTRON TUBE:CRT 80009 154-0624-10
PEDESTAL CHASSIS
C41 290-0422~01 CAP. ,FXD,ELCTLT:5400UF ,+75~10%,15V 56289 36D7553
Cc255 290~0697~-00 XB08000O CAP. ,FXD,ELCTLT:86,000UF,+75-10%,15V 56289 36D4983A
C501 283~0022~00 B010100 BO0O79999X CAP,,FXD,CER DI:0.02UF,1400VDCAC 91418 AU203-Z142-1R0
C502 283-0022-00 B0O10100 BO79999X CAP.,FXD,CER DI:0.02UF,1400VDCAC 91418 AU203-Z142~-1R0
CR502 152~0274-00 SEMICOND DEVICE:SILICON,100V,10A 80009 152-0274-00
CR503 152-0274-00 SEMICOND DEVICE:SILICON,100V,10A 80009 152-0274-00
F5011 159-0023~00 B010100 B0799999 FUSE,CARTRIDGE:3AG,2A,250V,SLOW-BLOW 71400 MDX 2
F5011 159-0005-00 B080000 FUSE,CARTRIDGE:3AG,3A,125V,30 SEC,CER 71400 MDA3
F5012 159-0041~00 FUSE,CARTRIDGE:3AG,1.25A,250V, SLOW~-BLOW 71400 MDX 1 25/100
Q510 151-0337-00 TRANSISTOR:SILICON,NPN 21845 93sx287
Q515 151-0337-00 B010100 B079999 TRANSISTOR:SILICON,NPN 21845 935x287
Q515 151-~-0470-~00 B080000 TRANSISTOR:SILICON,NPN 80009 151-0470-00
Q520 151-0337-00 TRANSISTOR:SILICON,NPN 21845 93sX287
R501 302~0104~00 B010100 B079999X RES.,FXD,CMPSN:100K OHM,10%,0.50W 01121 EB1041
T501 120-0768~01 B010100 B079999 XFMR,PWR,SDN: 80009 120-~0768-01
T501 120-1038-00 B080000 XFMR,PWR, SDN: 80009 120-~1038-00
Al ASSEMBLY TC-1
Al 670~2372-00 B010100 B010131 CKT CARD ASSY:TC-1 80009 670-2372-00

lstandard fuse for 115V operation.
ZStandard fuse for 230V operation.
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Tektronix  Serial/Model No. Mfr _ (
Ckt No.  Part No. Eff Dscont Name & Description Code - Mfr Part Number
Al 670-2372-01  BO10132, CKT CARD ASSY:TC-1 80009 670-2372-01
AL 670-2372-02 CKT CARD ASSY:TC~1 80009 670-2372-02
Al 670-2372-06 CKT CARD ASSY:TC-1 80009 670-2372-06
c13 290-0530~00 CAP.,FXD,ELCTLT:68UF,20%,6V 90201 TDC686MOOGNLE
C32 290-0536-00 CAP. ,FXD,ELCTLT:10UF,20%,25V 90201 TDC106MO25NLF
C54 283-0602-00 CAP. ,FXD,MICA D:53PF,5%,300V 00853 D153E530J0
C58 281-0546-00 CAP.,FXD,CER DI:330PF,10%,500V 72982 301-000X5P0331K
Clol 283-0003~00 CAP. ,FXD,CER DI:0.01UF,+80-20%,150V 72982 855~547E1032
Cl42 283-0003~-00 CAP.,FXD,CER DI:0.01UF,+80-20%,150V 72982 855~547E103%2
Cl4e 283-0602-00 CAP. ,FXD,MICA D:53PF,5%,300V 00853 D153E530J0
clel 283-0003-00 CAP. ,FXD,CER DI:0.01UF,+80-20%,150V 72982 855-547E103Z
€235 281-0546-00 CAP. ;FXD,CER DI:330PF,10%,500V 72982 - 301-000X5P0331K
C279 281-0551-00 CAP. ,FXD,CER DI:390PF,10%,500V 72982 301-000X5P0391K
€382 290-0529-00 CAP. ,FXD,ELCTLT:47UF ,20% ,20V 56289 196D476X0020LA3
C396 283-0003-00 CAP. ,FXD,CER DI:0.0lUF,+80-20%,150V 72982 855-547E103%
c443 290-0530-00 CAP. ,FXD,ELCTLT: 68UF,20% ,6V 90201 TDC686MOO6NLE
c444 283-0003-00 CAP.,FXD,CER DI:0.01lUF,+80-20%,150V 72982 < 855-547E103Z
C509 283-0003-00 CAP.,FXD,CER DI:0.0lUF,+80-20%,150V 72982 855-547E1032
C546 283-0065-00 ° CAP. ,FXD,CER DI:0.001UF,5%,100V 72982 805-505B102J
C565 290~-0529-00 CAP. ,FXD,ELCTLT:47UF,20%,20V 56289 196D476X0020LA3
C575 290-0529-00 CAP. ,FXD,ELCTLT:47UF ,20%,20V 56289 196D476X0020LA3
CR452,  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR546 ~  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR553  152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1NA4152
032’ 151-0302-00 TRANSISTOR: SILICON,NPN 04713 2N2222A
081 151-0190~-02 TRANSISTOR:SILICON,NPN 04713 2N3904
0385 151-0302-00 TRANSISTOR: SILICON, NPN 04713 2N2222A
0432 151-0302-00 TRANSISTOR:SILICON,NPN 04713 2N2222A
0438 151-0192-00 TRANSISTOR:SILICON,NPN,SEL FROM MPS6521 80009 ' 151~0192-00 '
R13 315-0223-00 RES. ,FXD,CMPSN:22K OHM,5%,0.25W 01121 -CB2235
R14 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W - 01121 CB4725
R15 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
Rl6l 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R31 315-0103-00 RES. ,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035
R45 321-0147-00 RES.,FXD,FILM:332 OHM,1%,0.125W 75042 CEATO-3320F
R46 315-0681~00 RES. ,FXD,CMPSN:680 OHM,5%,0.25W 01121 CB6815
R55 321-0177-00 RES.,FXD,FILM:681 OHM,1%,0.125W 75042 CEATO~6810F
R56 321-0147-00 RES.,FXD,FILM:332 OHM,1%,0.125W 75042 CEATO0-3320F
R57 315-0101-00 RES.,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1lO15
R74 311-1285-00 RES. ,VAR,NONWIR:25K OHM,+/~10%,0.5W 73138 62PAS~331-0
R75 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R76 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R77 315-0202~00 RES.,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025
R78 315-0152-00 RES.,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
R81 311-1285-00 RES. ,VAR,NONWIR:25K OHM,+/-10%,0.5W 73138 62PAS-331~0
R85 - 315-0222-00 RES. ,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
R86 321-0313-00 RES.,FXD,FILM:17.8K OHM,1%,0.125W 75042 CEATO~1782F
R90 321-0296-00 RES. ,FXD,FILM:11.8K OHM,1%,0.125W 75042 CEATO-~1182F
R91 321-0342-00 RES. ,FXD,FILM:35.7K OHM,1%,0.125W 75042 CEATO0-3572F
R92 321-0239-00 RES. ,FXD,FILM:3.01K OHM,1%,0.125W 75042 CEAT0-3011F
RO3 321-0259~00 RES.,FXD,FIILM:4.87K OHM,1%,0.125W 12697 MFF1816G48700F
R94 321-0259-00 RES. ,FXD,FILM:4.87K OHM,1%,0.125W 12697 MFF1816G48700F
R95 321-0289-00 RES.,FXD,FILM:10K OHM,1%,0.125W 75042 CEATO0~1002F

1670-2372-02 boards and up.
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R98 321-0355-00 RES.,FXD,FILM:48.7K OHM,1%,0.125W 75042 CEATO-4872F
R120 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R132 315-0391-00 RES.,FXD,CMPSN:390 OHM,5%,0.25W 01121 CB3915
R142 315~0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R180 321-0318-00 RES.,FXD,FILM:20K OHM,1%,0.125W 75042 CEATO-2002F
R181 321-0347-00 RES.,FXD,FILM:40.2K OHM,1%,0.125W 75042 CEAT0-4022F
R182 321-0318-00 RES.,FXD,FILM:20K OHM,1%,0.125W 75042 CEATO-2002F
R183 321-0289-00 RES.,FXD,FIIM:10K OHM,1%,0.125W 75042 CEATO-1002F
R184 321-0347-00 RES.,FXD,FILM:40.2K OHM,1%,0.125W 75042 CEAT0-4022F
R185 321-0376-00 RES.,FXD,FILM:80.6K OHM,1%,0.125W 75042 CEATO-8062F
R190 321-0225-00 RES. ,FXD,FILM:2.15K OHM,1%,0.125W 75042 CEATO-2151F
R191 321-0252-00 RES.,FXD,FILM:4.12K OHM,1%,0.125W 75042 CEAT0-4121F
R192 321-0309~00 RES.,FXD,FILM:16.2K OHM,1%,0.125W 75042 CEATO-1622F
R193 321-0251-00 RES.,FXD,FILM:4.02K OHM,1%,0.125W 75042 CEAT0-4021F
R194 321-0280-00 RES.,FXD,FILM:8.06K OHM,1%,0.125W 75042 CEATO-8061F
R195 321-0222-00 RES. ,FXD,FILM:2K OHM,1%,0.125W 75042 CEATO-2001F
R381 321-0254-00 RES.,FXD,FIIM:4.32K OHM,1%,0.125W 75042 CEAT0-4321F
R382 321-0292-00 RES.,FXD,FILM:10.7K OHM,1%,0.125W 75042 CEATO-1072F
R408 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R437 315-0150-00 RES.,FXD,CMPSN:15 OHM,5%,0.25W 01121 CB1505
R445 315-0475-00 RES. ,FXD,CMPSN:4.7M OHM,5%,0.25W 01121 CB4755
R503 315-0301-00 RES.,FXD,CMPSN:300 OHM,5%,0.25W 01121 CB3015
R508 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R509 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R545 315-0273-00 RES. ,FXD,CMPSN:27K OHM,5%,0.25W 01121 CB2735
R546 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R551 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
Ul 156-0174-00 MICROCIRCUIT,DI:DUAL J-K MS,FLIP-FLOP 01295 SN74111N
u? 156-0140-00 MICROCIRCUIT,DI:HEX BFR,15V,TTL 01295 SN7417N
U20 156-0030-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND GATE 01295 SN7400N
u27 156-0041-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 27014 DM7474N
U3s 156-0150-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND BFR 01295 SN7437N
u42 156-0032-00 MICROCIRCUIT,DI:4-BIT BINARY COUNTER 01295 SN7493AN
Uso 156-0058-00 MICROCIRCUIT,DI:HEX INVERTER 04713 MC7404P
U65 156-0142-00 MICROCIRCUIT,DI:SINGLE 50 MHZ RIPPLE CNTR 80009 156-0142-00
U71 156-0042-00 MICROCIRCUIT,DI:J-K M/S FLIP-FLOP 01295 SN7476N
U8o 156-0061-00 MICROCIRCUIT,DI:SGL,BCD TO DEC DECODER 01295 SN7442N
u9s 156-0067-00 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 80009 156-0067-00
U99 156-0067-00 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 80009 156-0067-00
ulol 156-0035-00 MICROCIRCUIT,DI:SGL 8-INPUT POS NAND GATE 01295 SN7430N
U107 156-0047-00 MICROCIRCUIT,DI:3-INPUT NAND GATE 01295 SN7410N
U113 156-0057-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 07263 9NO1PC
Ul26 156-0040-00 MICROCIRCUIT,DI:QUAD LATCH,TTL 07263 9375PC
U159 156-0142-00 MICROCIRCUIT,DI:SINGLE 50 MHZ RIPPLE CNTR 80009 156-0142-00
U165 156-0142-00 MICROCIRCUIT,DI:SINGLE 50 MHZ RIPPLE CNTR 80009 156-0142-00
U171 156-0039-00 MICROCIRCUIT,DI:DUAL J-K FLIP FLOP 01295 SN7473N
U177 156-0143-00 MICROCIRCUIT,DI:RETRIGGERABLE MONOSTABLE/MV 01295 SN74122N
U180 156-0112-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND GATE 01295 SN7426N
U232 156-0144-00 MICROCIRCUIT,DI:3-INPUT POS NAND GATE 01295 SN7412N
U238 156-0150-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND BFR 01295 SN7437N
U244 156-0039-00 MICROCIRCUIT,DI:DUAL J-K FLIP FLOP 01295 SN7473N
U253 156-0047-00 MICROCIRCUIT,DI:3-INPUT NAND GATE 01295 SN7410N
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U259 156-0142-00 MICROCIRCUIT,DI:SINGLE 50 MHZRIPPLE CNTR 80009 156-0142-00
U265 156-~0043-00 MICROCIRCUIT,DI:2~INPUT NOR GATE 01295 SN7402N
U271 156-0129-~00 MICROCIRCUIT,DI:QUAD 2-INPUT GATE 01295 SN7408N
U277 156-0072-00 MICROCIRCUIT,DI:MONOSTABLE MV,TTL 27014 DM74121N
U281 156-0165-00 MICROCIRCUIT,DI:DUAL 4-INPUT POS NOR GATE 01295 SN7425N
U289 156~-0093=-00 MICROCIRCUIT,DI:HEX.INVERTER 01295 SN7416N
U296 156-0140~00 MICROCIRCUIT,DI:HEX BFR,15V,TTL 01295 SN7417N
U308 156-0078-00 MICROCIRCUIT,DI:4 TO 16 LINE DECODER 01295 SN74154N
U316 156-0078~00 MICROCIRCUIT,DI:4 TO 16 LINE DECODER 01295 SN74154N
U326 156-0111-00 MICROCIRCUIT,DI:SNGL BCD-TO-DECIMAL DEC/DRVR 01295 SN74145N
U332 156-0043-00 MICROCIRCUIT,DI:2~INPUT NOR GATE 01295 SN7402N
U338 156-0057-00 MICROCIRCUIT,DI:QUAD 2~-INPUT NAND GATE 07263 9NO1PC
U344 156~0143-00 MICROCIRCUIT,DI:RETRIGGERABLE MONOSTABLE/MV 01295 SN74122N
U3s2 156~0034~00 MICROCIRCUIT,DI:DUAL 4~INPUT NAND GATE 01295 SN7420N
U3s7 156-0035-00 MICROCIRCUIT,DI:SGL 8-INPUT POS NAND GATE 01295 SN7430N
U363 156~0041-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 27014 DM7474N
U371 156~0030-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND GATE 01295 SN7400N
U377 156-0047-00 MICROCIRCUIT,DI:3~-INPUT NAND GATE 01295 SN7410N
U390 156~0142-00 MICROCIRCUIT,DI:SINGLE 50 MHZ RIPPLE CNTR 80009 156-0142-00
U398 156-0142-00 MICROCIRCUIT,DI:SINGLE 50 MHZ RIPPLE CNTR 80009 156-0142-00
U450 156-0145~00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND BFR 01295 SN7438N
U457 156-0093-00 MICROCIRCUIT,DI :HEX.INVERTER 01295 SN7416N
U465 156=-0296-00 MICROCIRCUIT,DI:CARICATURE GENERATOR 33297 EA4001
U479 156-0293-03 MICROCIRCUIT,DI:READ ONLY MEM 80009 156~-0293-03
U496 156-0299-00 MICROCIRCUIT,DE:16 BIT DATA SEL 01295 SN74150N
U503 156-0058~00 MICROCIRCUIT,DI:HEX INVERTER 04713 MC7404P
Us10 156~0041-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 27014 DM7474N
Us17 156-0035-00 MICROCIRCUIT,DI:SGL 8-INPUT POS NAND GATE 01295 SN7430N
U524 156-0040-00 MICROCIRCUIT,DI:QUAD LATCH,TTL 07263 9375PC
U532 156-0040-00 MICROCIRCUIT,DI:QUAD LATCH,TTL 07263 9375PC
U538 156=~0030~00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND GATE 01295 SN7400N
U557 307~0387-00 RES. ,FXD,FILM:13 RES.NETWORK,8200 OHM 73138 899-1~R8.2K
Y153 158-0072-00 XTAL UNIT,QTZ:4.9152 MHZ
A2 ASSEMBLY TC=-2

A2 670-1729-02 B010100 B029999 CKT CARD ASSY:TC-2 80009 670~1729-02
A2 670-1729-041 B030000 CKT CARD ASSY:TC=-2 80009 670-1729~-04

670~3084-002 XB030000 CKT BOARD ASSY:Z CONTROL 80009 670~3084~00
cé60 285-0596~-00 CAP. ,FXD,PLSTC:0.01UF,1%,100V 56289 490P10311
Ccél 285~0596-00 CAP.,FXD,PLSTC:0,01UF,1%,100V 56289 490P10311
cé62 281-0525~-00 CAP. ,FXD,CER DI:470PF,+/~94PF,500V 72982 301~000X5U0471M
ce3 290-0512-00 CAP. ,FXD,ELCTLT:22UF,20%,15V 56289 196D226X0015KAl
Cc70 285-0596~00 CAP. ,FXD,PLSTC:0.01UF,1%,100V 56289 490P10311
c71 285-0596~00 CAP. ,FXD,PLSTC:0.01UF,1%,100V 56289 490P10311
c72 281-0525-00 CAP. ,FXD,CER DI:470PF,+/-94PF,500V 72982 301-000X%5U0471M
Cc77 290-0512-00 CAP. ,FXD,ELCTLT:22UF,20%,15V 56289 196D226X0015KAl
c81 290-0523-00 CAP. ,FXD,ELCTLT:2.2UF,20%,20V 56289 196D225X0025HAL

lpeplaced by 670-1729-05.
2pyrnished as a unit with 670-1729-04 only.

5-6

REV. D AUG. 1976

(\

J— Fn——— —




Electrical Parts Llst—4012 Service

Tektronix  Serial/Model No. Mfr
Ckt No. Part No.  Eff Dscont Name & Description - Code Mfr Part Number
c82 283-0068-00 CAP. ,FXD,CER DI:0.0l1UF,+100-0%,500V 56289 19C241
csé 281-0658-00 CAP. ,FXD,CER DI:6.2PF,+/-0.25PF,500V 72982 301-000COH0629C
c88 283-0203-00 CAP. ,FXD,CER DI:0.47UF,20%,50V 72982 8131N075651474M
C94 283-0068-00 CAP. ,FXD,CER DI:0.0lUF,+100-0%,500V 56289 19C241
C96 283~0068-00 CAP. ,FXD,CER DI:0.01UF,+100-0%,500V 56289 19C241
c97 283-0068-00 CAP. ,FXD,CER DI:0.0lUF,+100-0%,500V 56289 19C241
Co8 283-0068-00 CAP. ,FXD,CER DI:0.01UF,+100-0%,500V 56289 19C241
CR5 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR6 152~0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR7 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR8 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR9 152-0141-02 _ SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR15 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR16 152~0141-02 SEMICOND DEVICE:SILICON,30V,150MA . 07910 1N4152
CR17 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR18 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR19 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR35 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR36 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR37 152-0141~-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR38 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR39 152~0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR45 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR46 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR47 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR48 152~-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR49 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
CR90 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
Q1 151-0302-00 TRANSISTOR:SILICON,NPN 04713 2N2222A
Q41 151-0302~-00 TRANSISTOR:SILICON,NPN 04713 2N2222A
Q43 1 151-1042-00 SEMICOND DVC SE:MATCHED PAIR FET 80009 151-1042-00
Q45 151-0188-00 TRANSISTOR : STLICON , PNP 04713 2N3906
Q471 151~-1042-00 SEMICOND DVC SE:MATCHED PAIR FET 80009 151~1042-00
R3 315-0473-00 RES. ,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
R4 321~0272-00 RES. ,FXD,FILM:6.65K OHM,1%,0.125W 75042 CEATO-6651F
R5 323-0510-00 RES. ,FXD,FILM:2M OHM,1%,0.50W 75042 CEAT0-2004F
R6 322-0693-00 RES. ,FXD,FIIM:1.036M OHM,1%,0.25W 91637 MFF1421G10363F
R7 322-0694-00 RES. ,FXD,FILM:517K OHM,1%,0.25W 91637 MFF1421G51702F
R8 322-0695-00 RES. ,FXD,FIIM:258.2K OHM,1%,0.25W 91637 MFF1421G25802F
RO 322-0696~00 RES. ,FXD,FILM:128,93K OHM,1%,0.25W 91637 MFF1421G12902F
R15 322-0697-02 RES.,FXD,FILM:64.374K OHM,1%,0.25W 91637 MFF1421D64371D
R16 308-0697-00 RES. ,FXD,WW:32.14K OHM,0.1%,0.125W 91637 WWP2258032141B
R17 308-0698-00 RES. ,FXD,WW:16.046K OHM,0.1%,0.125W 91637 WWP225-A16046B
R18 308-0699-00 RES.,FXD,WW:8.115K OHM,0.1%,0.125W 05347 203PA80111A
R19 308-0658~00 RES. ,FXD,WW:4K OHM,0.01%,0.125W 91637 WwP225-A40000L
R21 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R23 321-0221-00 RES.,FXD,FILM:1.96K OHM,1%,0.125W 75042 CEATO-1961F
R25 315-0222-00 RES. ,FXD,CMPSN:2.2K OHM,5%,0.25W 01121 CB2225
R26 315-0101-00 RES. ,FXD,CMPSN:100 OHM,5%,0.25W 01121 CB1l015
R28 321-0210-00 RES.,FXD,FILM:1.5K OHM,1%,0.125W 75042 CEATO-1501F
R33 315-0473-00 RES. ,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
R34 321-0261-00 RES.,FXD,FILM:5.11K OHM,1%,0.125W 75042 CEATO-5111F

1Q43 and Q47 furnished as a matched pair.
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R35 323-0510-00 RES. ,FXD,FILM:2M OHM,1%,0.50W 75042 CECTO-2004F
R36 322-0693-00 RES.,FXD,FIIM:1.036M OHM,1%,0.25W 91637 MFF1421G10363F
R37 322-0694-00 RES. ,FXD,FIIM:517K OHM,1%,0.25W 91637 MFF1421G51702F
R38 322-0695-00 RES. ,FXD,FIIM:258.2K OHM,1%,0.25W 91637 MFF1421G25802F
R39 322-0696-00 RES.,FXD,FILM:128.93K OHM,1%,0.25W 91637 MFFLl421G12902F
R45 322-0697-02 RES.,FXD,FILM:64.374K OHM,0.5%.0.25W 91637 MFF1421D64371D
R46 308-0697-00 RES.,FXD,WW:32.14K OHM,0.1%,0.125W 91637 WWP2258032141B
R47 308-0698-00 RES.,FXD,WW:16.046K OHM,0.1%,0.125W 91637 WWP225-A16046B
R48 308-0699-00 RES.,FXD,WW:8.115K OHM,0,1%,0.125W 05347 . 203PAS01L1A
R49 308-0658-00 RES.,FXD,WW:4K OHM,0.01%,0.125W 91637 WWP225-A40000L
R51 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R53 321-0315-00 RES.,FXD,FILM:18.7K OHM,1%,0.125W 75042 CEATO-1872F
R54 321-0289-00 RES. ,FXD,FTIM:10K OHM,1%,0.125W 75042 CEATO-1002F
R56 315-0473-00 RES. ,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
R58 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R60 321-0365-00 RES. ,FXD,FIIM:61.9K OHM,1%,0.125W 75042 CEATO-6192F
R61 321~-0365-00 RES.,FXD,FIIM:61.9K OHM,1%,0.125W 75042 CEATO0-6192F
R62 321-0403-00 RES.,FXD,FIIM:154K OHM,1%,0.125W 75042 CEATO-1543F
R65 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R67 315-0473-00 RES. ,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
R70 321-0365-00 RES.,FXD,FILM:61.9K OHM,1%,0.125W 75042 CEATO-6192F
R71 321-0365-00 RES.,FXD,FIIM:61.9K OHM,1%,0.125W 75042 - CEATO-6192F
R72 321-0403-00 RES. ,FXD,FIIM:154K OHM,1%,0.125W 75042 CEATO-1543F
R75 321-0315-00 RES.,FXD,FILM:18.7K OHM,1%,0.125W 75042 CEATO-1872F
R76 321-0289-00 RES.,FXD,FIIM:10K OHM,1%,0.125W 75042 CEATO~1002F
R78 315-0473-00 RES. ,FXD,CMPSN:47K OHM,5%,0.25W 01121 CB4735
R8O 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R85 311-1134-00 RES. ,VAR,NONWIR:50K OHM,20%,0.50W 71450 201-YA5534
R86 315-0102-00 RES.,FXD,CMPSN: 1K OHM,5%,0.25W 01121 CB1025
R90 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
RO1 315~0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R92 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R93 315-0472-00 RES. ,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
R96 315-0102-00 RES.,FXD,CMPSN:1K OHM,5%,0.25W 01121 CB1025
R98 315-0472-00 RES.,FXD,CMPSN:4.7K OHM,5%,0.25W 01121 CB4725
U1 156-0145-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND BFR 01295 SN7438N
U3 156-0072-00 MICROCIRCUIT,DI:MONOSTABLE MV,TTL 27014 DM74121N
us 156-0072-00 MICROCIRCUIT,DT:MONOSTABLE MV,TTL 27014 DM74121N
U7 156-0075-00 MICROCIRCUIT,DI:SNGL 8-BIT DATA SEL MUX 80009 156-0075-00
u9 156-0075-00 MICROCIRCUIT,DI:SNGL 8-BIT DATA SEL MUX 80009 156-0075-00
U10 156-0075-00 MICROCIRCUIT,DI:SNGL 8~BIT DATA SEL MUX 80009 156-0075-00
U1l 156-0075-00 MICROCIRCUIT,DI:SNGL 8-BIT DATA SEL MUX 80009 156-0075-00
U12 156-0075-00 MICROCIRCUIT,DI:SNGL 8-BIT DATA SEL MUX 80009 156-0075-00
U13 156-0058-00 MICROCIRCUIT,DI:HEX INVERTER 04713 MC7404P
U1s 156-0106-00 MICROCIRCUIT,LI:MONOLITHIC 6~DIODE ARRAY 86684 CA3039
U17 156~0106-00 MICROCIRCUIT,LI:MONOLITHIC 6-DIODE ARRAY 86684 CA3039
Ul9 156-0067-00 MICROCIRCUIT,LI :OPERATIONAL AMPLIFIER 80009 156-0067-00
v21 156-0072-00 MICROCIRCUIT,DI:MONOSTABLE MV,TTL 27014 DM74121N
U23 156-0039-00 MICROCIRCUIT,DI:DUAL J-K FLIP FLOP 01295 SN7473N
U25 156-0047-00 MICROCIRCUIT,DI:3-INPUT NAND GATE 01295 SN7410N
v27 156-0042-00 MICROCIRCUIT,DI:J-K M/S FLIP-FLOP 01295 SN7476N
U29 156-0039-00 MICROCIRCUIT,DI:DUAL J-K FLIP FLOP 01295 * SN7473N
U3l 156-0061-00 MICROCIRCUIT,DI:SGL,BCD TO DEC DECODER 01295 SN7442N
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U33 156-0145-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND RFR 01295 SN7438N
U34 156~0032-00 MICROCIRCUIT,DT:4-BIT BINARY COUNTER 01295 SN7493AN
U35 156-0089-00 MICROCIRCUIT,DI:4-BIT UP/DOWN COUNTER 80009 156-0089-00
u3e 156-0089-00 MICROCIRCUIT,DI:4-BIT UP/DOWN COUNTER 80009 156-0089-00
U37 156-0058-00 MICROCIRCUIT,DI:HEX INVERTER 04713 MC7404P
uU3s8 156-0067-00 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 80009 156-0067-00
U39 156-0067-~00 MICROCIRCUIT,LI:OPERATIONAL AMPLIFIER 80009 156-0067-00
U41 156~0039-00 MICROCIRCUIT,DI:DUAL J-K FLIP FLOP 01295 SN7473N
U42 156-0041~-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 27014 DM7474N
U43 156~0030-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND GATE 01295 SN7400N
U44 156-0145-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND BFR 01295 SN7438N
u4s 156~0057-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 07263 9NO1PC
v47 156-0043-00 MICROCIRCUIT,DI:2~INPUT NOR GATE 01295 SN7402N
u4s8 156-0041-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 27014 DM7474N
U49 156-0040-00 MICROCIRCUIT,DI:QUAD LATCH,TTL 07263 9375PC
Us1 156-0089~00 MICROCIRCUIT,DI:4-BIT UP/DOWN COUNTER 80009 156-0089-00
U53 156-0089~00 MICROCIRCUIT,DI:4~BIT UP/DOWN COUNTER 80009 156-0089-00
Uss 156-0089-00 MICROCIRCUIT,DI:4~BIT UP/DOWN COUNTER 80009 156-0089-00
Us7 156-0106-00 MICROCIRCUIT,LI:MONOLITHIC 6-DIODE ARRAY 86684 CA3039
U59 156-0106-00 MICROCIRCUIT,LI:MONOLITHIC 6-DIODE ARRAY 86684 CA3039
U6l 156-0034-00 MICROCIRCUIT,DI:DUAL 4~INPUT NAND GATE 01295 SN7420N
U62 156-0039~-00 MICROCIRCUIT,DI:DUAL J-K FLIP FLOP 01295 SN7473N
U63 156-0030-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND GATE 01295 SN7400N
U64 156-0030-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND GATE 01295 SN7400N
Ues 156-0145-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND BFR 01295 SN7438N
U66 156-0144-00 MICROCIRCUIT,DI:3-INPUT POS NAND GATE 01295 SN7412N
U67 156-0129-00 MICROCIRCUIT,DI:QUAD 2-INPUT GATE 01295 SN7408N
U6s 156-0030~00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND GATE 01295 SN7400N
U69 156-~0047-00 MICROCIRCUIT,DI:3~INPUT NAND GATE 01295 SN7410N
U70 156-0058-00 MICROCIRCUIT,DI:HEX INVERTER 04713 MC7404P
U71 156-0089-00 MICROCIRCUIT,DI:4~BIT UP/DOWN COUNTER 80009 156-0089-00
u73 156-0152~00 MICROCIRCUIT,DI:DUAL 5-BIT BUFFER-REG 18324 N8201N
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