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Section 1

INSTALLATION AND OPERATION

DOCUMENTATION NOTE

This manual provides all operating and servicing information for the basic RE4012 Terminal. It does
not include information about communication or peripheral interfaces, each of which are documented
separately.

INTRODUCTION

The RE4012 is a ruggedized, rack-mountable Computer Display Terminal. Data from it can be input
to a computer, either directly or through a modulator/demodulator (modem). Data from a computer can
be displayed or otherwise executed by the Terminal, and can be relayed from the Terminal to other
devices. The display’s storage capability causes written data to remain on the screen until erased by a
remote or keyboard command, permitting complex alphanumeric and graphic displays to be presented.
Hard copies can be made of displays if the terminal is connected to a Hard Copy Unit.

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
notrecommended, 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 recommended by national and international safety codes. Color coding of cord
conductors follows the National Electrical Code (ANSI C1-1968) which specifies Line as Black, Neutral
as White, Safety Earth or Ground as Green with a yellow stripe (or solid green).

The Terminal can be operated from either 110 or 220-volt nominal line voltage source. A front-panel
fuse holder and a jumper arrangement on the transformer permit the Terminal to be modified to suit the
supply. Fuse size is 3.2 amp slo-blo for 110 volt operation and 1.6 amp slo-blo for 220 volt operation. Line
frequency may be between 48 and 64 Hz for a standard Terminal, and between 360 and 440 Hz for a
Terminal equipped with a 440 Hz fan option.

RE4012
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Installation and Operation—RE4012

INSTALLATION

Installation of the Terminal consists of the following steps:

1. Determine the compatibility of the Terminal to the available power. (The Terminal’s status can
be determined from the tag attached to its line cord.) If the two differ, rewire the Terminal’s transformer in
accordance with instructions in the Servicing section.

2. 1f not already done, install the Terminal in a rack in accordance with instructions given in the
Servicing section. (The Terminal will work without being rack-mounted, permitting itto be checked out at

any location.)

3. Perform the First-Time Operation as a check-out procedure. It is recommended that the
Indicators, Controls and Adjustments and the Operating Modes topics be read before doing the actual
operation.

4. Set circuit card strap options to their desired positions. Instructions are contained in the
Servicing section.

5. Connect the Terminal directly or through a modem to a computer. The connector is located on
the rear panel. Refer to the appropriate interface documentation for details.

6. Check the Terminal’'s operation with the computer.

7. Sequentially connect the Terminal to peripheral devices, if they are part of the installation.
Check operation as each is installed. Instructions concerning each of them should be provided with the
peripheral devices.

INDICATORS, CONTROLS, AND ADJUSTMENTS

All operator controls, indicators and adjustments are located on the front panel or keyboard.
Adjustments contained within the instrument should be made only by qualified technicians.

Front Panel (Fig. 1-2)
POWER Switch Controls line voltage to the Terminal.

Power Lamp llluminated by the +5 volt supply when the POWER switch is turned on.

C
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Fig. 1-2. Front Panel Controls.



Installation and Operation—RE4012

Fuse Lamp

COPY

HARD COPY BRIGHTNESS

Intensity (lower)

Keyboard (Fig. 1-2)
LOCAL LINE

Indicator 1
Indicator 2

Switch 1
Switch 2
Switch 3

Built into line fuse holder. Lights when line fuse blows.

Hard Copy command button. Performs no function unless a Hard Copy
Unit is attached.

Operator’s screwdriver adjustment which controls the intensity of the
display scanning bar during copying, thereby affecting hard copies.

Operator's screwdriver adjustment which is used with optional
accessories. When used with the Fast Graph option, it controls the
intensity of write-through information.

A two-position switch. LOCAL position isolates the Terminal from the
computer and permits keyboard inputs to be displayed or otherwise
executed by the Terminal. LINE position permits communication with the
computer, and keyboard inputs are not displayed or otherwise executed
by the Terminal unless echoing is being done by the Interface Unit,
modem, or computer.

Multiple use lamps whose functions are determined by the accessories
and optional equipment used with the Terminal. Connections to the lamp
are made via the minibus. Low signals are required to light the lamps.

Two-position switches whose functions are determined by the
accessories and optional equipment used with the Terminal. Switch 1and
Switch 2 make connection via the minibus. Switch 3 makes connection
through a wire and pin connector which is fastened beneath a cable clamp
on the right side within the cabinet.

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. The keyboard shown in Fig. 1-3is equipped to performas an input for ASCllor 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.

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 acharacter 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.
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Installation and Operation—RE4012
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Fig. 1-3. Keyboard.

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

CTRL

SHIFT

TTY LOCK

Pressed alone, it performs a PAGE function. It erases the CRT, resets to
Alpha Mode and Home position, shifts the display origin, 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.

Causes letter keys to transmit control characters if CTRL is held down
before the letter key is pressed. It may be used in conjunction with SHIFT
and a character key.

Used alone, it resets the Terminal from Hold to View status. It causes some
keys to enter a shifted character 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 following:

\{:N
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Installation and Operation—RE4012

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

£ ExX o

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.

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 computer as entered at the keyboard.

Receiving—Alpha Mode causes Alphanumeric characters 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 recieved 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. 1-4. Control characters are executed

as received.

0X, 780Y 1023X, 780Y

512X, 390Y
(Center)

Y °

axis

0Xx, oY 1023X, oY

X axis

Fig. 1-4. Basic address positions on the display screen.
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Installation and Operation—RE4012
. TABLE 1-1
’ Control Characters versus Keyboard Equivalents
. Control Keyboard Control Keyboard
Character Entry Character Entry
CTRL
' ACK CTRLF FS SHIFT L
CTRL
l BEL CTRL G GS SHIET M
BACKSPACE TAB or
' B8 or CTRL H ail CTRL |
LF or
l CAN CTRL X LF CTRL J
RETURN or
l CR CTRL M NAK CTRL U
CTRL
l DC1 CTRL Q NUL SHIFT P
CTRL
. DC2 CTRL R RS SHIFT N
DC3 CTRL S Sl CTRL O
l DC4 CTRLT SO CTRL N
' DLE CTRL P SOH CTRL A
EM CTRLY STX CTRL B
l ENQ CTRL E SuUB CTRL Z
. EOT CTRL E SYN CTRL V
ESC or ETRL CTRL
' Eo SHIFT K us SHIFT o
ETB CTRL W VT CTRL K
l ETX CTRL C
. EE CTRL L
' @ 17



Installation and Operation—RE4012

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 Terminal.

The Terminal has a Hard Copy Mode that permits a hard copy reproduction of the display to be
made if aHard Copy Unitis connected to the Terminal. The mode can be initiated by computer command,
by a COPY button on the Terminal front panel, or by a switch on the Hard Copy Unit. Hard Copy intensity
is adjustable at the Terminal front panel.

Transmitting
If the keyboard switch is at LINE position, data entered at the keyboard is transmitted in ASClI code
form to the computer. The ASCII character set and its accompanying code is shown in Fig. 1-5.

The TTY LOCK key locks out ! { | ~ and lower case letters. The TTY LOCK key affects the
keyboard transmission 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 aswitch 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, itoccursin
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

‘
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B B7 g g [ g 1 1
B6 g g 1 1 /] g 1
T B5 g 1 g 1 g 1 g 1
S
HIGH X & Y
B B3 g CONTROL GRAPHIC INPUT LOW X Low ¥
g 16 32 a8 64 8¢ (] 112
gle|e|e] NUL DLE SP g @ P P
1 17 33 49 65 81 o7 113
g|le|g|1] SOH DC1 ! 1 A Q q
2 18 34 50 68 82 98 114
glag|1|o] STX DC2 " 2 B R r
3 19 35 51 67 83 99 115
glef(1|1] ETX DC3 # 3 C S s
4 26 36 52 68 84 199 116
gl1118(9]| EOT DC4 $ 4 D T t
5 21 37 53 69 85 191 17
gl1|9 (1] ENQ NAK % 5 E U u
6 22 38 54 7¥ 86 192 118
p(1(1]|8] ACK SYN & 6 F Vv v
7 23 39 55 71 87 193 119
gl1]|1|1] BEL ETB / 7 G w w
BELL
8 24 40 56 72 88 194 129
1|e|(g|g]| BS CAN ( 8 H X X
BACK SPACE
9 25 a 57 73 89 105 121
18|61 HT EM ) 9 | Y y
19 26 42 58 74 9¢ 196 122
18|19 LF SuB * J Z z
1" 27 43 59 75 91 197 123
1e{1[1] vT ESC + ; K [ {
12 28 44 60 76 92 198 124
1/1|e|e]| FF FS , < L \ '
13 29 45 61 77 93 199 125
111|e|[1] CR GS - = M ] 1
RETURN
14 ag 46 62 78 94 19 126
1|1]1] 9 SO RS > N A ~
15 31 47 63 79 95 1 127
11|11 sI us / ? o — AusouT

Fig. 1-5. ASCII/TTY Code Chart. Shaded areas are not included in the TTY Code.
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1-10

characters are written on the display screen, essentially as shown in Fig. 1-6. Note thatthe TTY LOCK key
has no control over incoming data, and any character can be written in response to appropriate 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 explainedin Tables 2-4and
2-5. The Terminal can still respond to control characters and control character sequences 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 keyboard. 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 erroneous 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 CRand 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 CRis not echoed, the Terminal must be
reset by one of the following before character writing can occur: BEL, BS, CR,ESCETB,ESCFF,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 resetthe Terminal to Alpha Mode, and will move the cursor to the 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

C C
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Installation and Operation—RE4012

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) dataentered 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.

Optional Operating Mode
Various other operating modes or features may be available if optional accessories are installed.
The user should refer to the instruction manual for the specific installed option for details.

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, computer or peripheral devices

Dangerous voltage exists beneath covers in the cabinet. Servicing should be done by a

at this time.

qualified technician.

Line Voltage. If the Terminal is being initially installed, check that the line voltage agrees with the
data written on the tag which is attached to the Terminal. If it does not, change the transformer wiring and
fuse size as described in the Servicing section.

Power. Plug the power cord into the power source and turn the Terminal POWER switch ON.

1-11
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1-12

POWER Lamp. Check that the POWER lamp on the front panel 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 KKEYBOARD IS SIMPLY BEING USED AS A SOURCE OF DATA FOR THE
RECEIVING CIRCUITS WHILE IN LOCAL OPERATION.

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). Each time the Terminal is erased, a new home position is selected to
lengthen the usable life of the display screen.

Alpha Mode

ASCII Character Transmission and Character Effect. Check thatthe 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 aas 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 cannotdo
it. (A complete listing of control character effects appears in Table 2-1.)

C
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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.

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 the 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 isreferred to as "Margin 1”. Margin 1is 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-1is in the CR — LF position.

RUBOUT—This key sends the ASCII code for DEL. The receiving circuits acceptit, 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
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in a line is written. If it hasn’t been noticed, hold down a writing character key until afull 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 the SHIFT RESET to set Margin @. Now enter characters until a line is fully written and an
automatic line feed-carriage return occurs. Note that characterwriting 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 TERMINAL SHOULD ALWAYS BE PLACED IN ALPHA MODE WHEN ENERGIZED,
BUT NOT IN USE. Additionally, stored displays should not be retained in Hold Mode for more than one
hour; longer storage may damage the display screen.

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 setisavailable
for transmission as illustrated in Fig. 1-5.

Place the TTY LOCK key in its active position. Now enter various letters and note that they write as
upper case, regardless 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. 1-6 through 1-9. They
equate to + DEL @ @ in ASCII code. Enter + RUBOUT @ @ at the keyboard. (RUBQOUT transmits DEL.)
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Unwritten Vector. No obvious results occurin 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.
Thisequatesto 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 fromthe end of the vector. Putthe 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 asecond _at the keyboard, to again send the Low X 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 atthe 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.
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Shortened Addresses. The sequence in Table 1-2 illustrates the ability of the receiving circuits to
respond to various graphic commands of less than four bytes. The missing bytes remain 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 isin Graphic Mode. THE TERMINAL
SHOULD ALWAYS BE RETURNED TO ALPHA MODE WHEN ENERGIZED, BUT NOT IN USE. Stored
displays should not be retained in view for more than 15 minutes; stored displays should not be retained in
Hold Mode for more than one hour.

TABLE 1-2
Shortened Address lllustration
‘Send
Address & Command ASCII Keyboard
543Y, 543X. (Initial adress; @ DEL @ _ ? RUBOUT
send 4 bytes.)
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 }SP @ }Space @
Lo Y, Hi X, Lo X.)
543Y,0X. (HiYand Lo Y 0 DEL @ ? RUBOUT @
change; send Hi Y, Lo Y,
Lo X))
31Y 543X. (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

]
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ARE INSENSITIVE 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 COMPUTER COMMANDS IT TO APPEAR.

GIN Mode Transmissions. These cannot be demonstarted 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
TERMINAL 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 atthe keyboard.
(Pressing the 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 ejecta hard copy of the display. If the paper is blank, or
if information dropout occurs, the HARD COPY BRIGHTNESS control on the front 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
ASCII 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 7 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 I
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 a
R 82 18 50 82 114 146 178 210 242 114 r
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
v 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
4 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 RYBRYT
DEC. ———M8M8M 32 33 34 35 36 37 38 39
ASCl| —— SP ! " # $ % & ’

High Order X & Y

Fig. 1-6. 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 of 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, 48X equals 38 104 33 80 in decimal code and equals

& h ! P in ASCII code.
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(cont)
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Low Order X Low Order Y
ASCll  DEC. X or ¥ 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
Cc 67 259 291 323 355 387 419 451 483 99 c
D 68 260 292 324 356 388 420 452 484 100 d
E 69 261 293 325 357 389 421 453 485 101 e
F 70 262 294 326 358 390 422 454 486 102 f
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
(o) 79 271 303 335 367 399 431 463 495 11 o
P 80 272 304 336 368 400 432 464 496 112 p
Q 81 273 305 337 369 401 433 465 497 113 q
R 82 274 306 338 370 402 434 466 498 114 r
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
\ 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
C 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 ~
- 95 287 319 351 383 415 447 479 511 127 oo
DEC. —M8M8M8MM— 40 41 42 43 44 45 46 47
ASC|| —————— ( ) * t 3 - /
High Order X & Y
Fig. 1-7. Coordinate conversion chart, part 2 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. X or Y Coordinate ASCIl  DEC.
@ 64 512 544 576 608 640 672 704 736 ' 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
I 73 521 553 585 617 649 681 713 745 i 105
J 74 522 554 586 618 650 682 714 746 j 106
K 75 523 555 587 619 651 683 715 747 k 107
L 76 524 556 588 620 652 684 716 748 I 108
M 77 525 557 589 621 653 685 717 749 m 109
N 78 526 558 590 622 654 686 718 750 n 110
o] 79 527 559 591 623 655 687 719 751 o 11
P 80 528 560 592 624 656 688 720 752 p 112
Q 81 529 561 593 625 657 689 721 753 a 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 85 533 565 597 629 661 693 725 757 u 117
v 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
2 90 538 570 602 634 666 698 730 762 z 122
C 91 539 571 603 635 667 699 731 763 { 123
X 92 540 572 604 636 668 700 732 764 | 124
] 93 541 573 605 637 669 701 733 765 } 126

A 94 542 574 606 638 670 702 734 766 ~ 126
— 95 543 755 607 639 671 703 735 767 PSEYT 127

DEC ——m 48 49 50 51 52 53 54 55

ASCll —————————— 0 1 2 3 4 5 6 7
High Order X & Y

Fig. 1-8.
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COORDINATE CONVERSION CHART

(cont)

Low Order X Low Order Y
ASCll  DEC. X or Y Coordinate DEC.  AsCll
@ 64 768 800 832 864 896 928 960 992 96 *
A 65 769 801 833 865 897 929 961 993 97 a
B 66 770 802 834 866 898 930 962 994 98 b
Cc 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 VA 775 807 839 871 903 935 967 999 103 ]
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 78 782 814 846 878 210 942 974 1006 110 n
0} 79 783 815 847 879 911 943 975 1007 11 (o)
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 83 787 819 851 883 915 947 979 1011 115 s
T 84 788 820 852 884 916 948 980 1012 116 t
V] 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
C 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 &Y

DEC 56 57 58 59 60 61 62 63
ASCl| —m8™—— 8 9 . ; < = > ?
High Order X & Y
Fig. 1-9. Coordinate conversion chart, part 4 of 4. (Refer to part 1 for interpretation instructions.)
@ 1-21






RE4012

l Section 2

. Introduction
The charactertics 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. An
exception to this exists when a Terminal is always operated at an extreme temperature within its—15 to
+55° C range; the Terminal should then be adjusted at that temperature; it cannot then be expected to
l meet specifications attemperatures greatly different from that at which it was adjusted, even if they are
within the specified —15 to +55°C range.
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 operation as selected at the keyboard rocker switch,

l and should not be presumed applicable to Local operation. Refer to the Local Operation specification for

qualifying information.

l 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
Q Character Writing Suppression
Characters, Lower Case
l Clock
' @ 2-1
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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
Fast Graph

GIN Mode

Graph Mode

Graphic Address

Graph Mode Memory

Graph Mode Vector Drawing
Hard Copy Mode

Hold Status

Home Position

Interface Specification

Line, Alpha Mode

Line Feed

Line Length, Graphic

Local Operation

Margin, Horizontal

Minibus

Modes

Options, Strappable

Origin Shifting

Pagefull

Physical Characteristics
Point (Tekpoint)

Power Supply Specifications
Receive Rate

Remote Displays

Resetting GIN to Alpha Mode
Resetting Graph to Alpha Mode
Resetting Home Position
Resetting Margin 1 to Margin @
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

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 Specification

Table 2-7 Local Operation Specification

Table 2-8 Hard Copy Mode Specification

Table 2-9 Display Unit Specification

Table 2-10 Power Supply Specification

Table 2-11 Physical Characteristics

Table 2-12 Environmental Specification

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

2-2
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Alphabetic Listing

Accessories. See Table 2-14.

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

Alpha Mode. A Terminal writing mode in which characters are written on the display screen. See
Character Effect on Terminal and Table 2-2 for details.

Arming. Certain functions at the Terminal require a control sequence whose first character "arms” the
Terminal, 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. ESC does not cause the Terminal to
go busy.

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.

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 resultin 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 shownin 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 dotduring 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.

2-3
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2-4

Character Transmission in Alpha Mode. Depending upon the operation selected, the code for ASCllor
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 ASCII written characters. SinceTTYisa
subset of ASCII, 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 or LOCAL from
the keyboard, or until a hard copy is made.

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 aninternal 4.9 MHz clock. Thisand a614 kHz derivation are available
on the minibus.

Control Character. See Character Effect on Terminal.

Control Character Sequence. See Character Effect on Terminal.

Cursor, Alpha. Flickering, 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.
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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 theintersect pointis sent to the computer in response to an ESC ENQ from the computer or in response
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 .0076 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 adjustment procedure.)

Display Size. Approximately 7.9 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 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 Terminalisin GIN Mode, permitting 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.

Fast Graph. An optional feature which provides faster vector writing, write through and non-store.
Refer to Fast Graph documentation for details.

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-left 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
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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 position 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 ESCENQ
from the computer, or in response to the operator entering a keyboard character.

A delay of atleast 20 ms mustoccur between ESC SUB and ESC ENQ. The 20 ms delay can be ignored
under several circumstances, as follows: (1) Whenever the Inquire option on TC-1 is set at DELAY. (2)
Whenever operating slower than 1000 baud; (3) Wheneveronly the Y address is required (X will always be
sent, but may not be valid if the 20 ms delay is not used); (4) If the Terminal is addressed to 0Y before
sending the Terminal an ESC SUB. Addressing can be done by sending GS 405 140s and any Low X byte.
(Actually, any Y value less than the crosshair intersect point can be used. Therefore, low Y byte 140; 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 position; once loaded with a 0Y 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 upon 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 Xand Y register values which indicates a position on the display (X
0-1023, Y 0-779) or offthe 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. If
ESC ENQ is received during copying, the Terminal will send its status to the computer immediately after
copying ends.

C
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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 unitin 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. The home position changes slightly each time the display is erased. This
is caused by an origin shifter circuit within the Terminal, and it lengthens the usable life of the display
screen.

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 lines 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 7.8
inches horizontal, 5.9 inches vertical, 9.8 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 @X; 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 in the Circuits section for details.

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

2-7
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Options, Strappable. See Table 2-13 for strappable options for the basic Terminal; see interface unit
documentation for strap option information pertaining to interface units.

Origin Shifting. Slight repositioning of the display writing area, occurring each time the display is
erased; extends the life of the display screen.

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
.0076 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.

Remote Displays. A multiplexer option permits control of remote displays via the Terminal. Separate
documentation is provided with the option and should be referred to for details.

Resetting GIN to AlphaMode. GIN Mode is cancelled and Alpha Mode reset upon receipt of CRor ESC
FF from the computer. Resetting with CR may leave the Terminal in Margin 1 status. It would be better to
permittransmission of address and ignore it at the computer to ensure that the Terminal returns to Margin
0 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 cancelled and Alpha Mode set 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.

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 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.

C
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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 areference 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:

Bitg8= 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), itindicates that the Alpha cursor is on the right half of the screen. In the latter case, 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.

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. One
Tekpoint equals approximately .0076 inch on the display.

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 completer vector in a standard Terminal is
approximately 2.6 ms. If the Fast Graph option is installed, drawing time is about 2 ms maximum, and
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decreases with vector length. Refer to Fast Graph Instruction manual for details. The Terminal is held
busy during drawing time, only.

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

Transmission, GIN Mode. Data is transmitted as a series of bytes in response to an EXC ENQ from the
computer, orin responseto akeyboard character entered while the crosshair cursor is displayed. Refer to
Table 2-6 for details.

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

Vector Drawing Time. See Time, Vector Drawing.

Vector Dynamic Geometry Error. Deviation (due to vector generator circuitry) from mean straightline
does not exceed 1.5% of line length in 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.

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 50 ms.
BS BACKSPACE or Backspace one space.
CTRLH Backspacing to the left of the margin will cause
wraparound.

2-10
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TABLE 2-1 (cont)

Control
Character Keyboard Command Effects
CR RETURN or Causes carriage return by clearing X register. Also
CTRL M causes line feed if the CR EFFECT option on TC-1 is
at CR — LF. 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 se-
CTRL SHIFT K quence. ESC activates LCE (B on 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
CTRL E beam or crosshair cursor 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 m(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.
CTRL L Resets X to 0. Resets Y to 767. Resets GIN,
Echoplex Suppression, Margin, and Graph.
ESC sSuB ESC Clears Graph. Starts crosshair cursor (which sets
CTRL Z GIN). Activates Echoplex Suppression. (See explana-
tion under ESC ENQ.) Does not cause a response on
TBUSY.
GS CTRL Sets Terminal to Graph Mode; sets for dark vector.
SHIFT M Does not cause a response on TBUSY.
HT TAB or Spaces one space to right.
CTRL |

2-11
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TABLE 2-1 (cont) '
Control O
Character Keyboard Command Effects l
LF LF or Y moves down one line (counts down by 22). If Y counts
CTRL J through 0, margin 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.
us 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.
TABLE 2-2 l
Alpha Mode Specification .
Writing Area Approximately 7.9 horizontal by 6 inches vertical.
Character Writing Position Indicated by pulsating cursor (7 x 9 dot matrix), approx- O '
imately .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. I
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 O )
corresponding points on adjacent lines. l
2-12 @
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TABLE 2-2 (cont)

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 pro-
grammed 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). Position shifts
slightly after each erasure.

Pagefull Occurs when line-feeding past 35th line with
Margin @ set.
Alpha Mode set by Initialization; PAGE or SHIFT RESET at keyboard;

receipt of ESC FF or CR.

Writing Rate =10,000 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.

Origin Shifter Relocates origin and display area each time the display
is erased. Relocation cycles through a diagonal path
which is approximately 0.128 inch in the X axis and
.0921 inch in the Y axis.

@ 2-13
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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

1024X by 1024Y points.

Display Capability

1024X by 780Y points.

Display Address Orientation

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

Display Area

Approximately 7.8 inches horizontal by 5.9 inches vertical.

Vector Length Error

Does not exceed 1% of actual vector length.

Vector Writing Time

2.6 ms in standard Terminal. Fast Graph Option pro-
vides shorter time for vector drawing, proportional
to vector length.

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 .0076 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 dis-
play 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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TABLE 2-4

Graph Mode Vector Drawing

GS Places the Terminal in Graph (Vector) Mode.

The Terminal can be addressed to any position within 0-1023X and 0-1023Y as follows:

(A) Convert Y coordinate to ten binary digits; convert X coordinate
to ten binary digits.

(B) Form a Hi Y byte by affixing 01 (as bits 7 and 6) to the 5 MSB of
the ten digits of the Y 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.

(D) Form a Hi X byte by affixing 01 (as bits 7 and 6) to the 5 MSB of
the ten digits of the X coordinate.

(E) Form a Lo X byte by affixing 10 (as bits 7 and 6) to the 5 LSB of
the ten digits of the X coordinate.

(F) Send the four bytes as formed in (B) through (E).

3)

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 requires receipt of only
the Low X command to return to its last address after being switched back to
Graph Mode.

Hold status is inhibited during Graph Mode. A stored display should not be retained
in Graph Mode for more than 15 minutes.

(7)

Graph Mode is ended by US, CR or ESC FF, which reset the Terminal to Alpha

Mode. Graph Mode can also be ended by ESC SUB, which switches the Terminal to
GIN Mode. PAGE and SHIFT RESET from the keyboard also end Graph Mode, resetting
Alpha Mode.

TBUSY does not occur in response to Hi Y, Lo Y, Hi X.

2-15
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TABLE 2-5

C

Bytes Required for Graphic Addressing

Bytes Which Change Byte Transmission Required
Hi Y LoY Hi X Lo X Hi Y LoY Hi X Lo X
= #
= id 5 #
# = =
“ # #
# “ # i #
# # iid #
# iid id #
# # # # #
# # # # # #
# # # #
# # # # #
# # # id # # #
# # # # # #
# # # # # # =
# # . B # # # # #
Sending initial address # # i@ =
Returning to #
remembered address
TABLE 2-6
GIN Mode Specification
Functions
Transmit Terminal Status and With Alpha cursor displayed, the Terminal status, address
Alpha Cursor Position 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. Other-
wise, 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 Bit 7 | Bit 6 | Bits 5—1
1 |Terminal Status 0 1 Status Bits
22 |High bits of X address| 0 1 5 MSB X
3 |Low bits of X address| O 1 5LSB X
4 |High bits of Y address| 0 1 5MSBY
5 |Low bits of Y address| O 1 5LSBY
6 |CR! 0 0 01101
7 |[EOT! 0 0 00100

C‘

'CR and EOT are optional, being dependent on straps on TC-2; EOT, or CR and EOT may be omitted. EOT cannot be
sent withour sending CR.

’If 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.

C
i & B = S = = I &= S I F &N D N I OB B .



Characteristics—RE4012

TABLE 2-6 (cont)

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 transmitting 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 com-
puter causes transmission of bytes 2 through 7 as pre-
viously 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 the Inquire option on TC-1 is

set at DELAY. (2) Whenever operating slower than 100
baud; (3) 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 (4) If the Terminal is addressed

to 0Y before sending the Terminal an ESC SUB.

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 tranmsit bytes 2 through 7 as previously listed. The
Terminal automatically returns to full Alpha Mode upon com-
pletion 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).

2-17
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TABLE 2-6 (cont)

Address (cont)
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 con-
sidered 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 inter-
sect point.

Status Bits

Bit8=1,Bit7=0, Bité =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 be-
come enabled upon completion of transmission 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 COPY at the keyboard.
Resetting is not required in Graph Mode.

’If 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)

Byte Format

8 bits. Within the keyboard, bit 8 is determined by a strap
which is factory-wired to 1, but may be changed to zero.
However, the transmitted bit 8 is communication interface
dependent, and may be as determined by the keyboard, may
indicate even or odd parity, or may be arbitrarily high

or low. Refer to documentation on the applicable

interface for further details.

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.

'y

Initiated By

READ signal from Hard Copy Unit. (RET) occurs in
response to a COPY command from the Terminal front
panel, a copy command from the Hard Copy Unit, or
an ESC ETB sequence from the computer.)
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TABLE 2-8 (cont)

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 trans-
mission is delayed until copying is completed.
Copying Time Hard Copy Unit dependent.

TABLE 2-9

Display Specification

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 with-
out permanent 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

Deviation from mean straight line
(inside the specified display area)
is within 0.5% of line length.

This is a function of the display
circuitry and does not include the
1.5% dynamic geometry spec-
ification of the vector

generator circuitry.
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Geometry

Orthogonality

<1°.

Parallelism

Within +2%.

Condition for Test: Draw a rec-
tangle on edge of specified area.
Difference between 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 Specification

Characteristics

Performance Requirements

Supplemental Information

Line Voltage Ranges

Low

110 VAC 220 V AC

110 V £10% 200 V £10%

Medium

115V £10% 220 V +10%

230 V +=10%

High

120 V £10% 240V £10%

Power Consumption

Approximately 135 watts at 115 V,
60 Hz, with standard Terminal
configuration.

Line Frequency Range

48 to 66 Hz.

Fan option changes frequency
range to 360-440 Hz.

Line Fuse 3.2 A slo-blo for 110 V operation. Located in front panel
1.6 A slo-blo for 220 V operation. fuse holder.
+20V DC 2 A fast-blo Located near front,
inside right side cover.
—20V DC 2 A fast-blo
+5V DC 8 A fast-blo
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TABLE 2-11

¢
Ul Ol UE & O D D B IE OE i I T B D O By I .

Physical Characteristics

Finish Painted metal cabinet.
Weight Approximately 80 Ibs. Shipping weight approximately 120 Ibs.
Dimensions, See Fig. 2-1.
Overall
Height Approximately 15-3/4 inches.
Width Approximately 19 inches.
Depth Approximately 30-1/2 inches.
.25(02)MAX >

0.875 —>»

(LOW VOLT
& CARDS)

21.6

KEYBOARD < 8.750 >

—<— 2.100 RACK SLIDE

CONTROL (FIXED HALF)

PANEL

r .450

AUX CONTROL I
PANEL 3

15719 12.250 + 14.919(REF)

6.375
_f FRONT RIGHT L
1.484 REAR 350
|<——— 19.000 ———> e« 20375 SUPPORT
KIT
- 30.35 >
Fig. 2-1. Dimensions. All values are in inches. .
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TABLE 2-12

Environmental Specification

Characteristics—RE4012

Meets MIL-T-28800A Class 3 Style D except where noted otherwise.

Temperature

Nonoperating

—55°C to +75°C

Operating

Less Hard Copy

—16°C to +55°C

With Hard Copy

0°C to +35°C

Humidity, Operating

to 95%, relative, non-
condensing (28800A
states 100%)

Altitude

Nonoperating

to 50,000 feet

Independent, non-concurrent

Operating to 15,000 feet
(28800A states 10,000)
Vibration 5 to 25 Hz: .025 inch
25 to 55 Hz: .020 inch
Shock to 30 g, 1/2 sine, 11 ms

duration, 6 axis, 18
shocks minimum

Transportation

Meets National Safe Transit
Committee type of test when
packaged as shipped by factory

This is in addition to 28800A

Bench Handling

4 inch drop (corner)

Personnel Hazard

MIL STD 901C, Grade B
(400 Ib hammer shock test)

This is in addition to 28800A

Fungus

Certified non-nutrient
materials; ref 28800A
para 4.5.6.1

Salt Atmosphere

Structural parts, per
28800A para 4.5.6.2.1
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TABLE 2-12 (cont)

Drip Proof

Full cone spray; ref
28800A para 4.5.5.5.3;
front panel exposure only

This is in addition to 28800A

Electromagnetic

Compatiability (EMC)

Meets MIL STD 462 CE-01,

RE-04, RS-01, and RS-03
(limited to 1 GHz); per
28800A para 4.5.6.6.1

CE-03, CS-01, CS-02, CS-06,
RE-02 (limited to 1 GHz), (T)

Refer to EMC requirements of
MIL STD 461A when tested
with these test methods of
MIL STD 642.

RS-01 and RS-03 are not
applicable during

hard copying

Reliability Level B, MIL STD 781, Test
plan Il, ref 28800A para 4.5.7
TABLE 2-13
Strappable Options of Basic Terminal (See Fig. 2-2)
Feature Location Choice Effect
LF Effect TC-1, outer edge |LF LF causes Line Feed only;
LF — CR LF — CR causes Line
Feed and Carriage Return
CR Effect TC-1, outer edge |CR CR causes Carriage Return
CR — LF only; CR — LF causes
Carriage Return and Line Feed
Inquire TC-1 outer edge | NORM NORM provides 1.6 us delay
DELAY after receipt of ESC ENQ
sequence; DELAY provides
330 ms delay after re-
ceipt of ESC ENQ sequence
ROM Select TC-1, outer edge |AB AB always selected; AB

AB + BC

+ BC not used in this
Terminal.

Graphic Input Terminators

TC-2, outer edge, |CR & EOT
lower corner CR
NONE

CR & EOT transmits CR &
EOT in GIN Mode; CR
transmits CR in GIN Mode;
NONE transmits neither
CR nor EOT in GIN Mode

®
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Switch 3
connector

Spare
potontimeter
connector

Display

Multiplexer INTEREACE
TCA1 TC-2 Bypass

B

See Interface manual
for Interface strap

information.

ROM Select 5

TR, PF BUSY

LF Effect gmg . OUT

AB @ o LF-CR Qo2 )
s oo IN

AB+BC © LF oo
oo
NORM (= = CR o

DELAY © 2 CR-LF

CR Effect Fig. 2-2. Locations of strappable options. Locations of TC-1, TC-2, Interface card, and

optional circuit cards are interchangeable. Refer to Interface or optional circuit docu-

Inquire
mentation for information about straps on those cards.

PY

@ 2-25




Characteristics—RE4012

2-26

TABLE 2-13 (cont)

Feature

Location

Choice

Effect

PF Busy

TC-2, board center

OUT prevents a page full from

causing a busy signal; IN per-
mits a page full to generate
a Terminal busy signal

(TBUSY)

Display Multiplexer Bypass

Bottom-left on
motherboard

(1) Corresponding
pins from left and
right column con-
nected together.
(2) With optional
Display Multi-
plexer installed,
connect Display
Multiplexer

cable to left
column, match-
ing reference
indicators

(1) Terminal Control circuits
directly control the display

(2) Terminal Control circuits
control the display

at the discretion of an
optional Display

Multiplexer card

Spare Potentiometer
Connection (Used with
optional circuits,

such as Fast Graph)

Under right side
cover, bottom,
middle, fastened
in wire harness

(1) Unconnected
(2) Connect to op-
tional circuitry

(1) Dead-ended
(2) Provides connection to
wiper of spare 50 kQ

potentiometer (on front panel)

which is connected be-
tween +5 V and +15V

Switch 3 Connection

Under right side
cover, bottom-
back, fastened
in wire harness

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

(1) No effect

(2) Provides ground con-
nections via Switch 3

on keyboard




TABLE 2-14

Accessories for the Terminal

Item Part No.
STANDARD ACCESSORIES
General Purpose Asynchronous Serial Interface 021-0160-00
OPTIONAL ACCESSORIES
RE4012 Computer Display Terminal Instruction Manual 070-1893-00
021-0160-00 Interface Instruction Manual 070-1911-00
General Purpose Parallel Interface 021-0159-01
021-0159-01 Interface Instruction Manual 070-1910-00
Motherboard Extender 018-0099-00
Display Multiplexer 018-0104-00
Display Multiplexer Instruction Manual 070-1759-00
Fast Graph 018-0100-00
Fast Graph Instruction Manual 070-1931-00
Feet 020-0149-00
SERVICING ACCESSORIES
72 Pin Extender Card 670-3987-00
Test Graticule 067-0771-00
Wrench, 11/32 inch, Long Handled 003-0771-00

Characteristics—RE4012
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Section 3

SERVICING

INTRODUCTION

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

However, if a routine schedule and procedure is desired, a one-year interval and the following
sequence is recommended. Naturally, if it is operated in a dusty environment, more frequent cleaning of
the filter will be required. The disassembly and assembly instructions contained in this section should be
referred to as necessary.

Servicing Procedure

1. Disconnect the line cord from the power source.

2. Remove the air filter shroud and remove the filters. Replace the filters with new filters. The part
numbers are listed in the Mechanical Parts section. Then put the air filter shroud back in place.

3. Remove the right, top, and back covers from the unit.

4. Using a vacuum cleaner, remove dust accumulation from within the unit. 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 for broken leads, loose connections, heat damaged components, etc. Correct
as necessary. Investigate the cause of any heat-damaged components.

6. Wash the face of the display, using a soft cloth and a mild soap and water solution.

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

RE4012
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8. Put the covers back on the unit.

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

Soldered Options

In addition to strappable options, there are some options that 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 that 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 wireon Pin 5
of the keyboard connector can be unsoldered and moved to pin 8. (Keyboard removal instructions are
given in the Disassembly and Assembly instructions.

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 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. 3-1.

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.

Us 1 U401 24 s 1 ua1s 24 U415
L ~ . —o—0-2 ~ - ~
—_ﬁ:cs [ CR L
—0—o- 151 —0—o0—4 —
5 OESC s > o VT _
SUB LF
EM [ O—O0—7 —
EE - —
ETB DC 1 BEL SOH BEL
>N DC 2 O—Ocx [STX XO 9
NAK DC 3 o_oENG ETX EOT
DC 4 EOT 13

3-2

-
N
-
w
-
N
-
w

(A.) Standard factory-wired configuration.

ground connections. than having BEL do it.

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

(B.) An example of rewiring, making
Unlabeled lines are inputs, power or EOT control the BEL line, rather

e,,
G O O o0 w e
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CRT Rotation

Since most writing occurs near the top of the crt, that area may degrade faster than the rest of the
display area. It may be desirableto rotate the crtassembly 180° to take advantage of the relatively unused
area on the bottom. Todo so, remove the assembly, rotate it 180°, and reinstall it, following the procedure
given in the Disassembly and Assembly topic. Note that connector P35 must be rotated 180° if the crtis
rotated; otherwise, writing will be upside-down and backward.

Power Transformer Information

The power transformer can be wired for use with 115 V or 230 V nominal line voltage, and can be set for
any of several ranges within the nominal setting. Refer to Fig. 3-2 for details.

Fuses

The Terminal has four fuses installed in it. One is in the front-panel line fuse holder and the other three
are on the Low Voltage Power Supply board, under the right side cover. Sizes are as follows:

Front Panel line fuse

115 V operation 32 A
220 V operation 1.6 A

Low Voltage Power Supply

+5Vdc 8 A
+20 V dc 2A
—20 V dc 2A

A fuse may open for any of numerous reasons, either transient or fixed. Repeated fuse failure should
be investigated by a qualified technician.

Mother Board Extender

If a Mother Board Extender is installed in the Terminal, the +5V power supply plug must be
disconnected from J39 on the Mother Board and connected to J28 on the Mother Board Extender. See
Fig. 3-3.

Silicone Grease

Many high-power components within the Terminal are mounted on mica wafers that are coated on
both sides with silicone grease. A new application of grease should be used if any of these components
are replaced.

Environmental Protection

Circuit cards and boards are coated with Humiseal 1B31. If the coating is penetrated or removed, or if
new parts are added, affected areas should be re-coated with Humiseal 1B31 to restore specified
environmental capability. (Humiseal 1B31 is a product of the Humiseal Division of Columbia Technical
Corporation. 4 oz. containers of it are available from Tektronix, Inc. under Part No. 006-1744-00.
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Screws
Transformer terminal cover
(A) Wiring terminal location
Line
Voltage .
8 7 6 5 4 3 2 1 ._
(B) Terminal layout, shown wired for 115V * 10%.
Line voltage is always connected to 1 and 4. '
Voltage (£10%) 100 115 120 200 220I 230 | 240 '
1-8 1-2 1-7
Terminals 5-8 5-7 2-3 6-7
jumpered 4-5 34 4-6
together - -
R e
Line fuse 3.2A 1.6A l
(C) Connections and fuse- sizes for various voltages. u
Fig. 3-2. Transformer wiring information.
3_4 @ l
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Move connector
from here

J39 O 0O

J38

Fig. 3-3. Mother Board Extender +5V supply connector.
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3-6

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

Semiconductor Information. An illustration of semiconductors 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.

Troubleshooting Procedure

To troubleshoot the basic Terminal, remove alll 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. Ifthe
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.
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Obviously, not all troubles can be high-lighted by the Performance Check or Adjustment Procedure.
However, they should prove beneficial in most cases, and should go along way in guiding a technician to
the trouble area.

Recommended Troubleshooting Equipment

An extender card is available under Tektronix Part No. 670-3987-00. 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 —25 Vto+400 Vdcvoltmeterand a 10 MHz frequency response oscilloscope are recommended test
equipment for troubleshooting low-voltage and logic circuits. A —6000 V dc meter is required for
troubleshooting the high voltage circuits.

Dangerous voltages exist within the unit. Normal electrical safety precautions should be observed
at all times when working around exposed circuits.

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 listed in Table 3-1.

TABLE 3-1

Dummy Load Specifications

Power Supply Connector Load
+15 V J77 30Q,15W
—15V J74 300Q,15W

+5 V J76 0.83 Q, 50 W

DISASSEMBLY AND ASSEMBLY

CRT and Deflection Yoke

The crt and deflection yoke are enclosed in an assembly that is replaced as a unit in event of crt or
deflection yoke failure. To replace, follow this procedure.

1. Remove cover plate from top of Terminal.

2. Disconnect the plug from the back of the tube bell.
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3. Disconnect the plug attached to the leads that come from the yoke, which is encased in the neck

shield.

4. Pull the crt base plug off by pulling evenly on the wires that enter the back of the neck shield.

5. Remove the 2 screws from the top-outer lip of the crt bezel.

6. Remove the 2 screws from the bottom-outer lip of the crt bezel.

7. With a second person supporting the back of the assembly, remove 1 screw from each side of the
bezel.

8. Carefully extract the assembly from the front of the unit and set it aside.

9. Replace by reversing the foregoing procedure.

Keyboard Information

Access. Perform the following for keyboard circuit access.

1. Remove 4 screws from the bottom of the unit, at the front of the keyboard housing.

2. Remove 2 screws from each side of the keyboard housing.

3. Slide the keyboard assembly front about 1 inch; then lift up and out.

Key Caps. These are removed by pulling straight up on the caps.

Key Housings. These are held in place by nuts, which are accessible on the under-side of the keyboard
assembly. Reed switches can be withdrawn through the holes in the circuit board, after their leads are
unsoldered from the board.

Bell Speaker. To remove, unsolder the speaker leads and unscrew the entire speaker, turning it
counter-clockwise.

3-8
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High Voltage & Z Axis Board and Shield

Access. Remove the top and lower back cover from the unit.

Shield Removal. Disconnect the base plug from the crt by pulling evenly on the wires, which enter the
back of the neck shield. Then remove the 6 nuts from the shield mounting flanges. Manipulate the shield
as necessary to withdraw it out the top of the unit. If the Focus Shaft interferes with removal, loosen its set
screw and remove it.

Board Removal. Remove the shield. Disconnect the 6 plugs from the board, noting location and
orientation. Remove the nuts and 1 nylon screw indicated in Fig. 3-4. Pull the board off of the studs. Be
careful not to lose the board spacers from the mounting studs in the cabinet.

Board Replacement. Check that the mounting spacers are in place. Install the board, the nuts and the
nylon screw. Do not tighten any of the fasteners until the board is properly seated on all studs. Return the
plugs to their proper locations, matching the index markers on the board and plugs.

Hard Copy TARSIG Amplifier

This board is located under the Terminal’s top cover plate. The board is held in place by 2 nuts and 2
mounting clips. To remove, unplug the 3 plugs, remove the 2 nuts, and pry it out of the mounting clips.
Locations are shown in Fig. 3-5.

Nylon screw — @

Fig. 3-4. High Voltage & Z Axis board fasteners.
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Fig. 3-5. Hard Copy TARSIG Amplifier board showing
locations of nuts and mounting clips.

Low Voltage Power Supply

The Low Voltage Power Supply is removed from the Terminal as a single unit, consisting of the board,
transformer, and heat sink. Remove as follows:

1. Lay the Terminal on its left side as shown in Fig. 3-6 and remove the 6 screws shown.

2. Lay the Terminal on its bottom and remove the right side cover, if not already off.

3. Remove all the plugs from the right side of the board, and one plug from the left-bottom of the
board, to free the unit from other Terminal wiring.

=
Fig. 3-6. Power Supply bottom-mounting screws. Unit should be on its left side
(as shown) before removing the screws.

3-10 @
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4. Disconnect the Power Supply plug from the connector to the left of the board, near the bottom.

5. Remove the 2 nuts from the Power Supply mounting flange at the bottom-outer edge of the Power
Supply assembly. Lift the Power Supply assembly up and out.

6. When re-assembling, fasten the nuts in place first, then place the unit on its side as in Fig. 3-6 and
install the 6 screws. Tighten all fasteners after all are in place.

7. Re-connect all plugs, being careful to align index markers on the board and plugs.

Deflection Amp & Storage Board

This board is fastened to its adjacent heat sink as well as being plugged into the Mother Board.
NOTE
Although this board is connected to the Motherboard, it cannot be plugged into any other

connector on the Motherboard; nor can any other card be plugged into the Deflection Amp &
Storage board connector on the Mother Board.

Do the following to remove the Deflection Amp & Storage board.

1. Remove the right side cover from the Terminal, if not already off.
2. Remove the 3 screws from the inner flange on the heat sihk.

3. Remove the 1 screw from the heat-sink’s bottom flange.

4. Remove the 1 screw from the top-outer edge of the heat sink.

5. Disconnect the wiring plugs from the bottom of the board and pull the board and heat sink out. (It
may be desirable to pull the assembly out slightly before disconnecting the plugs.

6. Replace by reversing the sequence, aligning with the index markers on the board when replacing
the plugs.

3-1
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312

Mother Board

The Deflection Amp & Storage Board and all other circuit cards must be removed from the Mother
Board before it can be taken out of the Terminal. If a Mother Board Extender is installed, it should be
removed next, after removing its mounting screws and pulling it back off the Mother Board connector.
Then remove the plugs from the Mother Board. Remove 4 screws from the top of the Mother Board and 4
from the bottom. The Mother Board can now be removed.

When replacing the Mother Board, be certain the plugs are aligned with the board’s index markers
before installing them.

Fan

The fan is mounted above the Mother Board & Card Holder Assembly, which must be removed before
the fan can be removed. Proceed as follows:

1. Remove the right side cover.

2. Remove the top cover plate and disconnect the connectors from the back of the Mother Board.

3. Remove the Deflection Amp & Storage Board.

4. Remove the circuit cards from the Mother Board.

5. Disconnect the connectors from the Mother Board.

6. Remove 3 screws from the bottom of the assembly, on the inner vertical surface.

7. Remove 3 screws from the top, on the inner vertical surface.

8. Remove 3 screws from the outer edge of the lower flange.

9. Remove 1 screw from the rear flange.

10. Lift the Mother Board & Card Holder Assembly out.

11. Remove the 6 screws that hold the fan mounting plate in place, then remove the plate and fan.
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12. Re-install in reverse order; replace the nylon cable guide bushings as the Mother Board & Card
Holder Assembly is installed.

RACKMOUNTING

This instrument is designed for use in standard racks. Pertinent dimensions are given in Fig. 3-7.

'25((;)MAX —>||€— 16.750 ———>

0.875 —>»| |<— —>’ |-€— 0.875

(LOW VOLT
& CARDS)
21.6
KEYBOARD < 8.750
2.100 RACK SLIDE
TOP CONTROL (FIXED HALF)
PANEL

.344 —>»{ | <«———18.312
r .450

AUX CONTROL
PANEL
15.719 12.250 14.919(REF)
A FRONT L
1.484
’ REAR .350
|<——— 19.000 ———> < 29.375 > SUPPORT
l KIT
o 30.35 >

Fig. 3-7. Pertinent dimensions for rackmounting. All values are in inches.

Slide-out track assemblies are included with the instrument, as indicated in Fig. 3-8. Note that the
chassis section of track is already installed on the instrument. Since the tracks are designed to fit a variety
of racks, not all of the mounting hardware may be required in any one installation.

Install the tracks and instrument as follows. Some racks may require that new holes be drilled to
accommodate the installation.

1. Put the stationary sections in place in the rack, and fasten the front of the track in place, similar to
Fig. 3-9(A). Note that if the front rail has tapped holes, the bar nut will not be required, and the track’s
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slotted flange will be inserted between the screw heads and the rail, rather than as shown; in that case,
washers should be used between the screw head and stationary section.

2. Put the rear support brackets in place as shown in Fig. 3-9(B) or (C), depending on rack depth.

3. Fasten the rear of the stationary sections to the rear support brackets, as in Fig. 3-9(B) or (C).

Rear Mounting Stationary Section Automatic
Bracket (Mounted to Rack) Stop Latch

*

Stop Latch ; \
Hole for Flat Bar Intermediate Section Stop
Stationary (rear) (Slides Between Stationary

Section Section and Chassis Section)

Installed
on Chassis Section St?h::stit;hs:;:z |rtor
Instrument (Mounted to

Instrument)

Automatic
Stop Latch
= D GED 2 . (rear)
Rear Mounting Flat Bar / 10-32 PHS 10-32 FHS
Bracket Nut Screw Screw
1 each 3 each 6 each 2 each

Fig. 3-8. Slide-out track assemblies and mounting hardware.

(A) Front (B) Rear—Deep Rack Configuration: (C) Rear—Shallow Rack Configuration:
Left rear Rear
t
corner of BHS :‘::g:;t
Stationary cabinet screw s
; rack (2) BH
section of screw Bar
slideout Rear rail (2) nut
track BHS
screw
Bar Left rear (2)
nut corner of Spacer
@mﬁm B Bar | cabinet rack bar
BHS nut ,
. screw Rear rail
Front rail (2) Rear . Stationary
suppor Bar !
Left front BHS | bracket Stationary riu section of
corner of screw section of slideout
cabinet rack (2) slideout track
track
Fig. 3-9. Details for mounting stationary sections. Mounting
configuration may vary, depending on type of rack.
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4. Slide the intermediate sections in place into the stationary sections. They are installed properly if
they latch when pulled to the out position, but do not latch when pushed in.

5. With the intermediate sections latched in the out position, perform steps 1 through 4, as listed in
Fig. 3-10.

TO INSTALL

. PULL THE SLIDEOUT TRACK INTERMEDIATE SECTIONS OUT TO THE FULLY
EXTENDED POSITION.

2. INSERT THE INSTRUMENT CHASSIS SECTIONS INTO THE INTERMEDIATE
SECTIONS.

3. PRESS STOP LATCHES AND PUSH INSTRUMENT TOWARD RACK UNTIL THE
LATCHES SNAP INTO THEIR HOLES.

4. AGAIN PRESS STOP LATCHES AND PUSH INSTRUMENT INTO RACK.

5. SECURE THE INSTRUMENT IN PLACE WITH THE FRONT-PANEL SECURING
SCREWS. DELETE THIS STEP FOR INITIAL INSTALLATION.

TO REMOVE
1. REMOVE THE FRONT-PANEL SECURING SCREWS.

2. PULL THE INSTRUMENT OUTWARD UNTIL THE STOP LATCHES SNAP INTO THE
HOLES.

3. PRESS STOP LATCHES AND REMOVE THE INSTRUMENT.

N
(0]

RACK

1827-5

Fig. 3-10. Installing and removing a typical instrument.
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6. Adjust the slide out track positions as outlined in Fig. 3-11.

7. Push the instrument into the rack. Install and tighten the middle securing screw on each side of the
front panel. Then unscrew them two turns each.

3. Install the support pin assemblies, as shown in Fig. 3-12. Push the assemblies forward against the
instrument’s rear support blocks while tightening them in place. This will insure a tight fit when the front
panel screws are tightened.

9. Install the remaining front panel screws and tighten all front panel screws.

The tracks are permanently lubricated. However, if the instrument does not slide smoothly in the
tracks after proper adjustment, a thin coat of paraffin can be rubbed onto the sliding surfaces.

1. LOOSEN SCREWS ON BOTH SIDES (LEFT SIDE SHOWN).

2. ALLOW SLIDES TO SEEK PROPER WIDTH.

3. CENTER INSTRUMENT.

4. RETIGHTEN SCREWS.

5. PUSH THE INSTRUMENT ALL THE WAY INTO THE
RACK. IF TRACKS DO NOT SLIDE SMOOTHLY, CHECK

FOR CORRECT SPACING BETWEEN THE REAR SUP-
PORTS.

Screws %\

Thumbscrew

1827-6

Fig. 3-11. Adjusting the slide-out tracks. (Typical instrument shown.)

w
=
)
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1-1/8 inch washers

7/8 inch washer

lock washer
neoprene washer

support
pin
block

support pin 3/4 inch machine screw

side of cabinet

Fig. 3-12. Top view of right support pin assembly mounting.
Mounting block does not have to be mounted to side of cab-
inet; any suitably placed horizontal or vertical surface may be
used.
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Section 4

RE4012

PERFORMANCE

CHECK/ADJUSTMENT

PERFORMANCE CHECK

General. This procedure can be used under normal operating conditions with all circuit cards
installed. Since is 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
Mother Board to determine if the Terminal itself is at fault. Steps requiring position measurement should
be made without parallax. Thatis, 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 superimposed over the

point being observed.

Activity

Results

Circuit/Adjustment

Connect the Terminal to
appropriate line voltage and
turn the Terminal on.

Green indicator glows: fuse
indicator not lit

Power Supply (Steps 1 and 2)

Wait 30 seconds and then
press PAGE

‘rase cycle occurs.

Storage circuits (step 5)

Wait 3 minutes and again
press PAGE

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

from top edge of display area

High Voltage and Z Axis circuits;
Deflection circuits (steps 3 and 4)
Terminal Control (TC) circuits;

Cursor brightness (steps 6 and 7)

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 re-
main stored on display

Keyboard; Deflection. circuits; Char-
acter Generator; Storage circuits
(step 5); Character brightness
(steps 6 and 8)

Wait 5 minutes and press
SHIFT

Check for fade-positive and
drop-out effects. See Fig.
4-12.

Storage circuits (step 5)

4-1
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Activity Results Circuit/Adjustment
Enter LF With LF EFFECT option at LF, |[TC ‘
cursor 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 Cursor resets to next line and TC
line (74 characters) to margin at left of display
Press PAGE Erase cycle occurs; cursor goes | TC
home
Enter 34 LFs Cursor goes to bottom-left
corner of display
Enter 35th LINE FEED Cursor moves to Margin 1 posi-
tion at top-center of display
Enter 37 8s 8s written and stored; cursor TC
moves to 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, |[TC

cursor moves to margin at cen-
ter of display; with CR EFFECT
option at CR — LF, cursor
moves to margin at center of
display and also moves verti-
cally 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 9)

Enter each written char-
acter indicated on the
keyboard, including shift-
ed characters.

Characters are written on dis-
play

Keyboard; TC

Enter PAGE

Display erases; cursor goes
home

®
o
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Activity

Results

Circuit/Adjustment

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

All letters should be written
upper case

Keyboard

Enter’ { l'and ~

Note that they are inhibited.
The code for the unshifted sym-
bol is sent, regardless 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. (Move thumb-
wheels to check for storage)

TC; Crosshair Cursor Intensity or
Focus (steps 10 and 11)

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 dis-
play area

TC; Deflection Amplifier (step 4)

Move horizontal thumb-
wheel to mid-position

Vertical line is positioned

near center of display; bottom
of line should be approximately
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 4)

Check horizontal line
straightness

All points should be within

0.5%. Distance between any
point on line and the mean

path of the line should not
exceed .04 inch

Deflection Amplifier (step 4)
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Activity

Results

Circuit/Adjustment

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

All points should be within
0.5%. Distance between any
point on the line and the mean
path of the line should not
exceed .03 inch.

Deflection Amplifier (step 4)

ness
Enter PAGE Crosshair disappears, Alpha TC
cursor appears at top-left cor-
ner
Enter ESC CTRL Z Crosshair returns
Enter any key except PAGE |No effect
or SHIFT RESET
Position the crosshair Crosshair disappears and Alpha
intersection to approxi- appears at top-left corner
mate mid-screen and enter
SHIFT RESET
Enter CTRL SHIFT M Cursor disappears TC
Enter Space  Space @ Dark vector is executed; cannot [TC
be observed
Enter @ Dot appears in lower-left corner (TC
Enter 8 k 8 K 45° diagonal line appears; TC
starting from bottom-left cor-
ner
Check line focus Should be sharply focused step 9
Check dynamic geometry Distance between any point on
the line and the mean path of
the line should be within 2%
(0.17 inch) of line length.
Press PAGE Alpha cursor appears at top- TC
left
Enter CTRL G (BEL) Rings bell TC
Enter TAB Cursor moves one space to TC

right




Performance Check/Adjustment—RE4012

Activity Results Circuit/Adjustment
Enter CTRL | (HT) Cursor moves one space to TC
right
Enter BACKSPACE Cursor moves one space to left [TC
Enter CTRL H (BS) Cursor moves one space to left |TC
Enter LF Cursor moves down one line; TC

may also return to margin if the
LF EFFECT option is at LF — CR

Enter CTRL J (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 TC
disappears

Enter Space RUBOUT Space |Vector is drawn from lower-left |TC

-+ RUBOUT 0 _

corner to center of screen

Enter ESC CTRL W (ESC
ETB)

Copy of display is made if Hard
Copy Unit is attached and ener-
gized

TC; Hard Copy TARSIG Amp; Hard
Copy Selector; High Voltage and

Z Axis circuit; Storage circuit;
steps 16 through 20

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

Enter CTRL SHIFT M (GS) Cursor disappears TC

Enter @ @ Dot appears near display center |[TC

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

Enter CTRL SHIFT M (GS) Cursor disappears TC

Enter @ _ A horizontal line is written TC
near display center

Enter CTRL M (CR) Alpha cursor appears at left TC

margin opposite the line. If CR
EFFECT strap is at CR — LF,
the cursor will also move down
one line

4-5
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4.6

Activity Result Circuit/Adjustment
Enter CTRL SHIFT M Space |A dot should appear at bottom- |TC
Space DD left corner
Enter CTRL SHIFT M 8 k A dot should appear at upper- |TC
! J— right corner
Enter ESC CTRL Z (ESC Crosshair cursor appears TC
SUB) (should not be entered at key-

board with switch at LINE)

Using thumbwheels, move Intersect point is positioned to |[TC
intersect point to dot at 4X, oY
bottom left of display
Move intersect point to Intersect point is positioned to |TC

dot at top right of
display

1023X, 779Y

Press PAGE

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

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 adjustmentis to be performed on
aroutine 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. In the event the Terminal will be used in an environment whose temperature is always at an
extreme, adjustment should be done at that temperature instead of at the previously stated +20°C to

+30°C.

Equipment Required

ADJUSTMENT

The following equipment is required in this procedure:

Variable Voltage Source. Output capability of atleast2 Aat100,110,0r 120 Vacoratleast1.25 Aat
200, 220, or 240 V ac. The instrument output should be variable to at least plus and minus 10% from the

stated value.

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

Voltmeter. Range at least —25 V dc to +400 V dc; accuracy within at least .05% at +15 V, 0.1% at
—15V, 0.2% at +5 V, 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.

Test Graticule. (optional) Tektronix Part No. 067-0771-00. Provides greater convenience and
accuracy in adjusting display size and geometry.

Wrench. 11/32 inch, open end, minimum of 8 inches overall. Tektronix Part No. 003-0771-00.

Screwdriver. 1/8 inch tip; non-conductive, not more than six inches overall length.

Hard Copy Unit. Used for adjusting copy-making circuitry, 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 equipment up for adjusting. Page 4-11
Detailed Procedure. Page 4-11

1. Low Voltage Power Supply Check/Adjustment (R57, Reg Voltage on Power Supply
Board) Page 4-13

See Tables 4-1 and 4-2 for details.

2. High Voltage Check/Adjustment (HV LEVEL on High Voltage & Z Axis Board) Page 4-18
Adjust HV LEVEL for —5850 V at TP45.

4-7



Performance Check/Adjustment—RE4012

3. Pre-adjust Writing Intensity, Focus, and Alpha Cursor Brightness (FOCUS ADJUST
and WRITING INTENSITY on High Voltage & Z Axis Board; Alpha cursor Brightness on
TC-1) Page 4-20

With Cursor Brightness on TC-1 fully CW, adjust WRITING INTENSITY 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.

4. Display Positioning Check/Adjustment (X GAIN, Y GAIN,XPOS, YPOS, XGEOM, Y
GEOM on Deflection Amp & Storage Board) Page 4-21

Adjust Crosshair Brightness, R29, on TC-2 for non-storing cursor; with Test Graticule
installed, adjust X GAIN and X POS for proper position and length of crosshair cursor’s horizontal
line; adjust Y GAIN and Y POS for proper position of bottom of crosshair cursor’s vertical line, and
vertical position of Alpha cursor at "home" position; adjust X GEOM for straight vertical line; adjust
Y GEOM for straight horizontal line.

4 (Alternate). Display Positioning Check/Adjustment (X GAIN, Y GAIN,XPOS, YPOS,
X GEOM, Y GEOM on Deflection Amp & Storage Board) Page 4-24

Adjust R29, Crosshair Brightness on TC-2 for non-storing 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 yoke-mounting bracket for parallelism between horizontal 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 7.8 inch horizontal line; adjust Y GAIN for5.9
inches between bottom of vertical GIN line and top of top line of Alpha Mode characters.

5. Storage Check/Adjustment (NORM COLL, OP LEVEL in Deflection Amp & Storage
Board in display unit) Page 4-29

Adjust NORM COLL for presence (at Hard Copy TARSIG Amplifier board TP127) of CE value
written on shield; adjust OP LEVEL for presence (at Hard Copy TARSIG Amplifier board TP35) of
STORAGE LEVEL value written on shield for same CRT, or to value midway between fade-positive
and drop out for replacement 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 foroptimumuniformity and
brightness; NORM COLL should not be set to less than 90 V.

6. Writing Intensity Check/Adjustment (WRITING INTENSITY on High Voltage & Z
Axis Board) Page 4-34

Adjust WRITING INTENSITY for complete vectors drawn by the following commands:

Space Space @8 k ? _8 k Space @ Space ' ?8k ?_

4-8
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7. Alpha Cursor Brightness Check/Adjustment (R91, Alpha Cursor Brightness on
TC-1) Page 4-36

Adjust R91 for desired non-storing Alpha cursor intensity.

8. Alpha Character Brightness Check/Adjustment (R95 Character Brightness on
TC-1) Page 4-37

Adjust R95 for desired brightness of Alpha Mode characters.

9. Character and Vector Focus Check/Adjustment (FOCUS and CHARACTER/VEC-
TOR FOCUS on High Voltage & Z Axis Board) Page 4-37

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

10. Crosshair Cursor Intensity Check/Adjustment (R29, Crosshair Cursor Brightness
on TC-2) Page 4-39

Adjust R29 in GIN Mode so that the cursor is visible but does not store.

11. Cursor Focus Check/Adjustment (Cursor Focus on High Voltage & Z Axis Board) Page 4-39

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

12. Vector Dynamic Geometry error check Page 4-39

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 @

13. Vector Parallelism Check Page 4-40

Enter Space ' Space @8k @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. Or, using graticule, lengths should be within
limits defined on graticule.

14. Character Transmission and Writing Check Page 4-41

Check writing of each ASCII character; check that TTY LOCK restricts transmissionto TTY
code.
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15. Control Character Transmission and Response Check Page 4-41

Check control character response as outlined in step 15 of the detailed procedure.

16. Hard Copy position and Amplitude Check/Adjustment (X HC AMP, Y HC AMP, X
HC POS, Y HC POS on Deflection Amp & Storage Board) Page 4-43

Adjust Y HC POS and Y HC AMP for scan 1/4 inch below and 1/8 inch above page full of
written characters; adjust X HC POS and X HC AMP for scan 1/8inch beyond leftand right edges of
page full of written characters.

17. Hard Copy Intensity Adjustment, HC INTENSITY, COARSE on the High Voltage &
Z Axis Board, HARD COPY BRIGHTNESS on the front of the Terminal Page 4-45

With the front-panel HARD COPY BRIGHTNESS at mid-range position, adjust the HC
INTENSITY, COARSE just below the level at which the Hard Copy scan bar stores.

18. Hard Copy Threshold Check/Adjustment (R167, Hard Copy Threshold on Hard
Copy Amplifier Board) Page 4-45

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.

19. Hard Copy Dynamic Threshold Adjustment (R265, Hard Copy Dynamic Threshold
on Hard Copy Amplifier Board) Page 4-48

Adjust R265 so separation between waveforms remains fairly constant during Hard Copy
scanning. Oscilloscope at 10 us and 0.5 V per division.

20. Hard Copy Writing Check Page 4-49

Check for five sequential satisfactory copies of the same display. Re-adjust HARD COPY
BRIGHTNESS if necessary.

21. Restoring Original Conditions Page 4-50

Turn Terminal off; remove line plug; reset transformer wiring and fuse; reset option straps.
Remove jumpers(s) if asynchronous interface is installed, and reconnect output cable. Replace
covers.

4-10
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Preliminary Procedure

Turn off the Terminal POWER switch and remove the line cord from the power source.

Dangerous voltages exist within the Terminal. Normal electrical precautions should be
observed whenever working within the unit while the covers are removed. Keep the line cord
disconnected when working in the transformer area.

Remove the top, left side and back covers from the Terminal. Pull the interlock (under right cover, at
bottom-front) to its out position.

This procedure does not include accessory cards which may be used with the Terminal (such as
Display Multiplexer). Therefore, remove all cards other than TC-1, TC-2, the Communication Interface
Card (i.e., General Purpose Asynchronous Serial Interface) and the Deflection Amp & Storage board
from the Mother Board. See Fig. 4-1.

Hard Copy TARSIG
Amplifier board

HV & Z Axis
shield

Fan
housing

Logic &
Interface
cards

Deflection
Amp &

Jomdtames
board
cover
LV Power

Supply

Fig. 4-1. Setup for adjusting.
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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 cable connections near the
bottom-outer 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.

Change the Origin Shift strap on the Deflection Amp & Storage Board (Fig. 4-1 and 4-2) to CAL
position.

ORIGIN
SHIFT

DAS

Fig. 4-2. TC-1, TC-2 and Deflection Amp and Storage strappable option selections for
adjusting the Terminal.

4-12
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Determine the type of Interface card installed. If it is a General Purpose Asynchronous Serial
Interface 021-0160-00, check it against Fig. 4-3 and set the indicated straps to specified positions.
Although positions of other straps are not pertinent, all straps should be in place in some valid position.
Note that P110 isdisconnected from J110,and J110 pins 2 and 6 are shorted together. Install the Interface
card in the Mother Board.

If a General Purpose Parallel Interface 021-0159-01 is installed, all straps should be in a valid
position, and it should be connected to a computer, if available.

At the lower left corner, within the right side of the cabinet, remove the shield which covers the
transformer terminals (see Fig. 4-1). It is held in place by four screws. Determine what voltage the
transformer is wired for, by comparing the connections against Fig. 4-4. 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, as indicated in Fig. 4-4. Replace the
shield to minimize shock hazard.

Install an appropriate slow blow fuse (3.2 A for 115 V or 1.6 A for 230 V) in the front-panel fuse
holder.

Check the remaining fast blow fuses for proper sizes. Their values should be F221-2A, F225-2A,
F381-8A.

Detailed Procedure

1. Low Voltage Power Supply Check/Adjustment (R57, Reg Voltage on Power Supply Board)

a. After the preliminary procedure has been completed, connect the line cord to a variable power
source (autotransformer) which is set to the voltage for which the transformer is wired. If no
autotransformer is available, connect it to the available power source, after wiring the transformer circuit
to be compatible, as explained in the preliminary procedure.

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

c. Connect the voltmeter reference lead to ground at J71. See Fig. 4-5.

d. Using a voltmeter which has .05% or better accuracy at 15 V, adjust R57 to obtain +15.000 V at
J77 pin 1. Adjustment and test point locations are shown in Fig. 4-5.
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TDATA
L
NORM

(]

‘3

9.6

BAUD
RATE

OoooOooeO
DOoOoooaoo

2 6
OpoooOpDoO

J110

Fig. 4-3. General Purpose Asynchronous Serial Interface strap positions for adjusting
4-14 the Terminal. Positions of pertinent straps are shown. Other straps @
are indicated by blocks and may be in any valid position.
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b

(A) Terminal layout, shown wired for 115V * 10%.
Line voltage is always connected to 1 and 4.

Voltage (+10%) 100 115 120 200 220 | 230 | 240
1-8 1-2 1-7
Terminals 5-8 5-7 2.3 6-7
jumpered 45 | 34 | 46
together - -
il *SadtieR™"
Line fuse 3.2A 1.6A
l‘» ! (B) Connections and fuse sizes for various voltages.

Fig. 4-4. Transformer connection information.

@ 4-15
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J70

oooo

J71

Oooooooo

J72

ooooao
=

J73

ooo

J74

oooo

J75

ooo

rs7 @] V76

gooooog

J77

ooooao

Fig. 4-5. Low Voltage Power Supply adjustment and
test point locations.

4-16

-€———Ground

@

+328V

+175V
+20V FIL
-20V

-15V

+20V

+5V

+15V

C C



Performance Check/Adjustment—RE4012

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 notexceed those values given in Table
4-1.

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

TABLE 4-1
Power Supply Voltage Limits
Supply Jack Voltage Limits Ripple (P-P) Comments
+15V J77 +14.025 to +15.075 10 mV  |Adjust R57 for +15.000 V; readjust
if necessary to compromise so that +15,
+5V J76 +4.9 to +5.1 10 mV  [+5, and —15 V supplies are all
within limits with line voltage at mid-
—-15V J74 —14.850 to —15.150 10 mV  |position as well as at high and low
limit.
—20 V Unreg | J73 —21 to —27 28V
28V
+20 V Unreg | J75 +21 to +27 +0.8 VH.V.
. 36 to 44 V more positive .
=+ - .
20 V Fil |J72-5 than —20 V Supply 28V Not adjustable
+175 V Unreg|J72-4 +163 to +176 6V
+328 V Unreg|(J7103 +317 to +330 8V
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TABLE 4-2 l
Observed Voltages
(A) (B) (©) (D) % Observed '
Center Low High Greater Regulation
Line Line Line Deviation (_D_) X100 Regulation
Supply Voltage Voltage Voltage From (A) (A) Limit '
+15 V 0.2%
+5V 1.0% '
—15V 0.2%
—20V
Unreg
+20 V
Unreg
+20 V NOT
Fil APPLICABLE
+175 V
Unreg é
+328 V
Unreg

2. High Voltage Check/Adjustment (HV LEVEL on High Voltage & Z
Axis Board)

a. With the Terminal off, set the voltmeter to read —5850 Vdc and connect it to TP45 on the High
Voltage & Z Axis board in the back of the unit. See Fig. 4-6. The TP45 eyelet can be seen by looking into
the cutouts on the front edge of the shield.

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

c. After about one minute, press PAGE. Then check for —5850 V at TP45. Adjust HV LEVEL (Fig. 4-
6) as necessary to obtain that value. Use a non-metallic screwdriver to minimize the possibility of causing
a short circuit.

d. Setthe 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.

f. Turn the terminal power switch OFF.

g. Disconnect the voltmeter from TP45.
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Fig. 4-6. High Voltage adjustments and test points.
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3. Preadjust Writing Intensity, Focus, and Alpha Cursor Brightness
(FOCUS ADJUST and WRITING INTENSITY on High Voltage & Z Axis Board; Alpha Cursor
Brightness on TC-1)

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. Turnthe 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. 4-12), turn the OP LEVEL (on
Deflection Amp & Storage board, Fig. 4-7) fully counterclockwise. (OP LEVEL will be adjusted properly in
a later step.)

d. At TC-1, turn R91, Alpha Cursor Brightness, fully clockwise. (See Fig. 4-7 for location.)

e. Enter 17 LF commands and 37 space commands.

CHARACTER BRIGHTNESS
d R95

ALPHA CURSOR
BRIGHTNESS
R91
CROSSHAIR
BRIGHTNESS
R29
TC1 &
Deflection TC-2
Amp & (interchangeable)
storage
board

Wrench adjustments
access
for yoke
housing
nut

Fig. 4-7. Circuit card and adjustment information.
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f. On the High Voltage & Z Axis board in the back of the unit, rotate 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, R91 on TC-1 may be set to the
wrong limit, or the Terminal may be in Hold status. (Press SHIFT to clear Hold status.)

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 clockwise and Y
POS fully counterclockwise to bring the cursor back into view. X POS and Y POS are located on the top of
the Deflection Amp & Storage board, whose location is shown in Fig. 4-7.

h. Press PAGE and check for the momentary appearance of a dot at the bottom-left of the cusor
position. The dot may appear just before the cursor comes back into view. Adjust WRITING INTENSITY
(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. CAUT/ION—Do not allow the dot to become too bright. Then readjust
WRITING INTENSITY just to the point where the dot no longer appears after an erase cycle. The cursor
should still be visible.

i. AtTC-1, adjust R91, Alpha 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 (Fig. 4-6) to obtain a reasonable
focused cursor. (Final focusing will be done later in the procedure.)

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

NOTE

Use this procedure if a Test Graticule, Tektronix Part No. 067-0771-00 is available. If a
graticule is not available, use Step 4 (Alternate) which immediately follows step 4.

a. Situate the Terminal so that the display screen is facing approximately East or West to minimize
effect of earth’s magnetic field.

b. Install the test graticule over the display screen, within the bezel. Move the graticule so the outer
lines on the top and right are superimposed over the top and right edges of the screen, where it meets the
dark mask area. This will hereafter be referred to as reference position.

c. 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 or dim, adjust R29, Crosshair
Brightness (on TC-2, Fig. 4-7) as necessary to provide a display of minimum intensity, consistent with
good viewing. The crosshair should not be so bright that it stores; move the thumbwheels to check for
storing.
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d. Enter PAGE and ESC and CTRL Z to erase the display and regain the crosshair cursor. Place the
horizontal and vertical thumbwheels near mid-position; then perform a rough check of the display as
follows. If the display appears approximately correct, continue with the procedure without adjusting
anything at this point. If any parameters are grossly in error, perform a coarse adjustment of any or all of
the listed adjustments to approximately obtain described results before proceding. Adjustments are
located on the Deflection Amp & Storage Board, whose location is shown in Fig. 4-7.

Desired Results

Adijust

Cursor’s horizontal line is approximately parallel with the
graticule’s center horizontal line.

Yoke Rotation (Follow pro-
cedure and precautions in

Step 4e.)
Cursor’s horizontal line extends from graticule’s left vertical X GAIN, X POS
line to its 2nd from right vertical line.
Cursor’s vertical line starts at graticule’s bottom horizontal line. Y GAIN, Y POS

With vertical thumbwheel at upper limit, cursor’s horizontal line
is in the vicinity of the two closely-spaced vertical lines at the
top of the graticule.

Y GAIN, Y POS

Horizontal line is approximately straight.

Y GEOM

Using horizontal thumbwheel, move cursor’s vertical line to the
vicinity of the two closely-spaced vertical lines at the left on
the graticule. Vertical line should be approximately straight.

ej.

X GEOM

e. Check/Adjust Yoke Rotation. Using the vertical thumbwheel, locate the cursor’s horizontal line
directly under the center horizontal line on the graticule. The two should be parallel. If not parallel, loosen
the yoke housing nuts (Fig. 4-8) and adjust the yoke rotation lever to obtain parallelism.

CAUTION

Access for the special 11/32 inch open-end wrench is provided between the LV Power Supply
board and the Deflection Amp & Storage board (Fig. 4-7). However because of the proximity
of voltage-laden transistor cases, the Terminal should be shut off prior to loosening the Yoke

Housing nuts.

After loosening, turn the Terminal on, press PAGE and enter ESC CTRL Z; move the Yoke
Rotation Lever to obtain parallelism. Then turn the Terminal off and tighten the Yoke Housing

nuts.

®
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Yoke Housing Nuts

. Yoke Rotation Lever

Fig. 4-8. Yoke Housing information.
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f. Check/Adjust X GAIN and X POS. Turn the Terminal on and press PAGE and ESC CTRL Z. The
crosshair cursor’s vertical line should start at the bottom horizontal line and extend through the top edge
of the display area. If it doesn't, adjust Y GAIN and/or Y POS on the Deflection Amp & Storage Board (Fig.
4-7) to achieve those results.

g. Press PAGE and check the top of the Alpha cursor. It should be aligned with the upper of the two
closely-spaced graticule lines. If it isn’t adjust Y GAIN and/or Y POS to achieve those results. Repeat
steps f and g until both are acceptable.

h. Check Orthogonality. Enter ESC and CTRL Z and align the cursor’s vertical line with the
graticule center vertical line. Check that the top and bottom of the vertical line passes between the two
short vertical lines which straddle the graticule’s center vertical line at top and bottom. (Note that the
cursor's horizontal line must be parallel to the graticule’s horizontal line before this check can be reliably
made. Orthogonality is not adjustable.)

i. Check/Adjust vertical line straightness. Move the horizontal thumbwheel to position the cursor’s
vertical line to fall within the left two vertical lines. Shift the graticule as necessary for optimum alignment.
All points on the line should fall within the confines of the two lines (except that the line will extend up
beyond the graticule markings). Adjust X GEOM (on Deflection Amp & Storage board, Fig. 4-7) as
necessary to achieve the described results. Move the vertical line to the right side and repeat the check. It
may again be necessary to move the graticule slightly. If necessary, compromise the adjustment to
achieve specified results on both sides.

j. Check/Adjust horizontal line straightness. Relocate the graticule to its reference position. Move
the horizontal line to fall between the two closely-spaced lines near the top of the graticule. Rotate the
graticule slightly for optimum alignment if the line is tilted slightly. All points on the cursor’s horizonal line
should fall within the confines of the two lines. Adjustthe Y GEOM (Deflection Amp & Storage board, Fig.
4-7) as necessary to achieve the described results. Then move the horizontal line to the bottom of the
display and repeat the check, again moving the graticule as necessary. Compromise the Y GEOM
adjustment to achieve the desired results at both top and bottom.

4 (Alternate). Display Positioning Check/Adjustment (X GAIN, Y GAIN, X POS, Y POS,
X GEOM, Y GEOM on Deflection Amp & Storage Board)

NOTE

This procedure is to be used if no Test Graticule is available. It provides for an approximately
centered 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 aminimum of parallax. This can be achieved by closing one eye and keeping the
reflection of the viewing eye superimposed over the point being observed.

C C
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a. Situate the Terminal so the display screen is facing approximately East or West to minimize
Earth’s magnetic field effect.

b. 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 itis excessively bright, adjust R29, Crosshair Brightness,
on TC-2 (Fig. 4-7) as necessary to provide a display of minimum intensity, consistent with good viewing.
The crosshair should not be so bright that it stores; move the thumbwheels to check for storing.

c. Putthe Vertical Thumbwheel to its upper limit, and the Horizontal thumbwheel to mid-position.

d. 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.)

e. Check display positioning against the following requirements (see Fig. 4-9). Go to step f if any
discrepancies are found.

Equal Spacing
| I l(—— ~7.8 Inches —————— —>ll |

Straight; within ~Parallel
~.04 Inch
of mean

Straight; within
~.03 Inch
of mean

~Parallel

~0.3 Inch

Fig. 4-9. Display positioning, using crosshair cursor.
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Horizontal line

Vertical line

Should remain in view

Both ends occur before reaching edges of display area

Approximately centered horizontally in display area

Approximately 7.8 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)

Bottom end occurs approximately 0.3 inch before reaching edge of display
area

Horizontal intercept is approximately 5.9 inches above bottom of vertical
line

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)

f. 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. See Fig. 4-7. Use Fig.

4-9 as a display reference.)

g. Adjust display positioning as follows:

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

(2) Adjust Y POStoapproximately center the vertical line segmentdescribed by its lowerend
and the point of intercept with the horizontal line (vertical thumbwheel at upper limit).
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(3) If necessary, rotate the yoke-mounting bracket (Fig. 4-8) to obtain approximately equal
spacing between the ends of the cursor’s horizontal line and the top edge of the display area. Two
nuts hold the yoke housing in place. Final adjustment and tightening of the yoke housingisdonein
a later step.

Access for the special 11/32 inch wrench is provided between the LV Power Supply board and
the Deflection Amp and Storage board (Fig. 4-7). However, because of the proximity of
voltage-laden transistor cases, the Terminal should be shut off prior to loosening or
tightening the yoke housing nuts. Enter PAGE and ESC CTRL Z to regain the crosshair
cursor.

(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.

(5) Adjust Y GEOM for approximate straightness of the horizontal line, with the vertical
thumbwheel at its upper limit.

(6) Adjust X GAIN for a horizontal line length of approximately 7.8 inches.
(7) Readjust X POS for approximate centering of the horizontal line.

(8) Adjust Y GAIN for approximately 5.9 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 R95, Character Brightness, on
TC-1 (Fig. 4-7) and repeat the check.
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(13) If the Zs do not store, gradually increase the OP LEVEL setting (Top of Deflection Amp &
Storage board, (Fig. 4-7) while entering Zs until they do store. Do notset OP LEVEL any higherthan
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 is 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 5.9 inches. If it is not, adjust Y GAIN to compensate for the error. (Adjust
the bottom of the 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 rotation as necessary. The yoke housing is held in place by two nuts which must
be loosened before the Yoke Rotation Lever can be moved. See Fig. 4-8. Access to one of the nuts is
provided between the LV Power Supply board and the Deflection Amp and Storage board (Fig. 4-7);
turn off the Terminal before loosening it or tightening it. A special, long-handled, 11/32 inch wrench
is required. After loosening, turn the terminal on, press PAGE, enter ESC CTRL Z, check the
parallelism, adjust the Yoke Rotation Lever as necessary, turn off the Terminal, and tighten the nuts.
Then turn the terminal back on, press PAGE, enter ESC CTRL Z and recheck. Repeat as necessary.

(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.

h. Press PAGE to return to Alpha Mode.

‘}‘
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5. Storage Check/Adjustment (NORM COLL, OP LEVEL on Deflection Amp & Storage Board)

a. If a General Purpose Asynchronous Interface is installed, connect TSTROBE to CSTROBE by
connecting a piece of wire from pin 3 to pin 5 of the connection on the end of the Mother Board, or
between pins 3 and 5 of an empty connector if a Mother Board Extender is installed. (See Fig. 4-10.) The
pins are 3rd and 5th from the bottom on the inner-most column of pins on the connector on the end of the
Mother Board; on a Mother Board Extender the pins are 3rd and 5th from the bottom in the left row.

Do not put the terminal in graph mode, while the TSTROBE to CSTROBE strap is installed.

b. Perform step 5b for adjusting a Terminal in which the CRT has not just been changed. Ifthe CRT
has just been changed, go to step c.

(1) Note the CE voltage value written on the tag attached to the top of the CRT shield in the
unit. Check for that value at TP137 on the Hard Copy TARSIG Amplifier Board (Fig. 4-11), with the
Terminal in View status. CAUTION: Turn the Terminal off while connecting to TP137. (Press SHIFT
to regain View staus.)

(2) Adjust NORM COLL (top of Deflection Amp & Storage board Fig. 4-7) to obtain the
specified value.

(3) Turn the Terminal off. Move the meter lead from TP137 to TP35 on the Hard Copy
TARSIG Amp board. (Fig. 4-11.)

(4) Turn the Terminal on; then press PAGE.

(5) Note the STORAGE LEVEL value written on the tag attached to the top of the CRT shield.
Check for that value at TP35.

(6) Adjust OP LEVEL (top of Deflection Amp & Storage board, Fig. 4-7) to obtain the
specified value.

(7) Put the LOCAL/LINE switch at LINE. Then go to step 5d.
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(A) Connecting the jumper on the end
of the Mother Board.
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(B) Connecting the jumper on a
connector on the Mother Board °
Extender.
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Fig. 4-10. TSTROBE to CSTROBE jumper.
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TP35 TP137
(CE)

Fig 4-11.

Hard Copy TARSIG amplifier board, indicating
STB and CE test points.
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c. Perform step 5c for adjusting a Terminal in which the CRT has just been changed.

(1) Turn the Terminal off and connect the meter lead to TP137 on the Hard Copy TARSIG
Amplifier board. (Fig. 4-11.) Set the meter to accept about +100 V dc.

(2) Note the CE Voltage value written on the tag supplied with the replacement CRT.Turnthe
Terminal on and adjust NORM COLL (top of Deflection Amp & Storage board Fig. 4-7) to obtain that
CE voltage.

(3) Turn the Terminal off and move the voltmeter lead to TP35 on the Hard Copy TARSIG
Amplifier board (Fig. 4-11). Set the meter to accept approximately +200 V dc.

(4) Set OP LEVEL (top of Deflection Amp & Storage board) fully counterclockwise. Then
turn the Terminal on and adjust OP LEVEL 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. 4-12A). Record thevoltage
which exists at TP35.

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

(6) If a General Purpose Asynchronous Serial Interface is installed, put the LOCAL/LINE
switch at LINE and press the 8 key. The display should fill with 8s. If a General Purpose Parallel
Interface is installed, use computer assist to rapidly fill the screen with characters. If a General
Purpose Parallel Interface is installed and no computer is available, leave the LOCAL/LINE switch
at LOCAL and use the keyboard to fill the display with characters.

(7) Turnthe OP LEVEL counterclockwise until the displayed numbers appear to degrade due
to dots disappearing (dropping out). (See Fig. 4-12B.) Record the TP35 voltage at which this
occurs. (Press the SHIFT key as necessary to maintain View status.)

(8) Determine the mid-voltage between the two recorded voltages. Set the OP LEVEL to
obtain this value.

d. Press PAGE and fill the page 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. If 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.)
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Fade-psnive
effects

(A) Fade-Positive

(B) Drop-Out

Fig. 4-12. Display Conditions.

e. Upon completion of step d, measure the voltage at TP35 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) Turnthe Terminal off and move the voltmeter lead to TP137 (Fig. 4-11) on the Hard Copy
TARSIG Amplifier board, expecting about +100 V.

(2) Turn the Terminal on and press PAGE and fill the page with 8s.
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(3) Adjust NORM COLL in small increments, pressing PAGE and filling the display with 8s
after each adjustment. Note the voltage at TP137 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 maximum display brightness. A too-positive voltage will often
cause obvious streaking or shadows around some characters. A too-negative voltage may resultin
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. Settings below 90 V may also provide degraded
displays at low temperatures, and should be avoided.

(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 itand
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.

g. If a General Purpose Asynchronous Serial Interface is installed, remove the TSTROBE to
CSTROBE strap from the Mother Board connector.

6. Writing Intensity Check/Adjustment (WRITING INTENSITY on High Voltage &
Z Axis Board)

a. Check the position of the FUZZ strap on the High Voltage & Z Axis board. The strap is visible
through the CHARACTER/VECTOR FOCUS slot in the High Voltage & Z Axis shield. (Fig. 4-13.) The
strap should always be in the position shown.

b. Put the LOCAL/LINE switch at LOCAL.

c. Press PAGE to erase the display.

d. While observing the Alpha cursor, adjusting WRITING INTENSITY (on the High Voltage & Z
Axis board, Fig. 4-13) until the Alpha cursor intensity diminishes to where it can barely be seen.

e. Press PAGE to erase the display.

f. Check that the TSTROBE to CSTROBE strap has been removed (step 5f). Then enter CTRL
SHIFT M at the keyboard to put the Terminal in Graph Mode.
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CHARACTER/
VECTOR

FOCUS

CURSOR

WRITING FOCUS
INTENSITY
~\

O

53

\

O Focus

o

Fig. 4-13. Location of intensity and focus adjustments.
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g. Enter the following characters to draw a vector from the bottom-left of the display to the top-
right.

Space ' Space @ 8k ? _

h. 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. Ifacomplete vector is drawn from the bottom-
left to the top-right corner, press PAGE and again adjust WRITING INTENSITY to diminish the intensity
of the Alpha cursor. It may be necessary to increase the setting of R91, Alpha Cursor Brightness, the
lower adjustment on TC-1 (Fig. 4-7), to keep a visible cursor so the effect of the WRITING INTENSITY
adjustment can be observed.

i. Repeat steps e through h until a partial vector is obtained.

j. Press PAGE and then adjust WRITING INTENSITY about 10 degrees to increase the intensity of
the Alpha cursor slightly.

k. Enter CTRL SHIFT M Space Space @ 8k ?_and check foracomplete vector, drawn from the
bottom-left to the top-right. If the vector remains broken, repeat steps j and k until it is satisfactory.

I. Enter PAGE and CTRL SHIFT Mand Space ' Space @8k ? _8k Space @Space ' ?_8k?_and
check for complete vectors. If incomplete or insufficiently bright, repeat steps j and I.

m. Enter PAGEand CTRL SHIFT Mand 8 k Space @ Space ' Space @ Space ' ?_8k Space @8k
? _and check for complete vectors. If incomplete or insufficiently bright, repeat steps j and m.
NOTE

Tube life varies inversely with intensity. Therefore, the intensity should always be adjusted for
minimum brightness consistent with good viewing of complete vectors.

7. Alpha Cursor Brightness Check/Adjustment (R91, Alpha Cursor Brightness on TC-1)
a. Press PAGE to erase the display.

b. Note the intensity of the Alpha cursor. It should be bright enough for convient viewing, but not
so bright that it stores.
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c. Adjust Alpha Cursor Brightness (R91, the lower adjustment on TC-1) to obtain the desired
intensity. If the cursor continues to store with R91 at minimum intensity, the WRITING INTENSITY
adjustment may be set too high; step 6 should be re-checked.

8. Alpha Character Brightness Check/Adjustment (R95, Character Brightness on TC-1)

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

b. Adjust Character Brightness (R95, the upper adjustment on TC-1) 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:

L _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 comparable to the vector brightness.

g. Press PAGE to erase the display.

9. Character and Vector Focus Check/Adjustment (FOCUS and CHARACTER/VECTOR
FOCUS on High Voltage & Z Axis Board)

a. Press PAGE.

b. Enter an e character and check its focus.

c. Adjust FOCUS (alongside yoke housing—Fig. 4-13) 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. If a General Purpose Asynchronous Interface is installed connect the CSTROBE to TSTROBE
strap between pins 3 and 5 on the Mother Board connector. See Fig. 4-10.
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e. Switchthe LOCAL/LINE switch to LINE.Fillthe display with e characters. Ifa parallel interface is
installed, use computer assist, or leave the LOCAL/LINE switch at LOCAL and fill the page from the
keyboard. Compare the writing in the four corners. (Ignore 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.

f. 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.

(8) 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 CHARACTER/VECTOR FOCUS (on High
Voltage & Z Axis board in the display unit, Fig. 4-13) until center focus and corner focus are
approximately the same.

g. Place the LOCAL/LINE switch at LINE. Then press PAGE.

h. If an asynchronous interfaceisinstalled, enter an 8 and the display should fill with 8s. If a parallel
interface is installed, use computer assist to fill the display or leave the LOCAL/LINE switch at LOCAL
and fill the display from the keyboard.

i. 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 (R95,
upper adjustment on TC-1) affects the writing of characters, and may have to be increased or decreased
to provide a good compromise between brightness and focus. As previously 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 6. Focus is highly dependent upon the WRITING INTENSITY
adjustment (step 6), which is set for complete vector drawing. Its adjustment may be compromised for
focus considerations, but steps 7, 8 and 9 must then be repeated.

j- If an asynchronous interface is installed, remove the CSTROBE to TSTROBE jumper from the
Mother Board connector.
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10. Crosshair Cursor Intensity Check/Adjustment (R29, Crosshair Cursor Brightness
on TC-2)

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. Ifnecessary, adjust R29 Crosshair Intensity (on bottom of TC-2) so that the cursor can be seen.

e. Move the thumbwheels and check to see if the cursor stores. Readjust R29 as necessary to
provide a clearly visible non-storing cursor.

11. Cursor Focus Check/Adjustment (CURSOR FOCUS on High Voltage & Z Axis Board)

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

b. Adjust CURSOR FOCUS (on the High Voltage & Z Axis board, Fig. 4-13) for uniform focus of the
lines.

c. Move the cursor to various positions on the screen. If necessary, adjust CURSOR FOCUS (Fig.
4-13) to obtain the most uniform line focusing throughout the display.

d. Press PAGE to return to Alpha Mode.

12. Vector Dynamic Geometry Error Check

a. Check that the CSTROBE to TSTROBE jumper has been removed. Then press PAGE and enter
CTRL SHIFT M.

\

b. Enter Space = Space @ to set the beam to 0, 0.

c. Enter 8 k 8 K to draw a vector from 0, 0 to 779, 779.

d. Enter Space ' Space @ to draw a vector from 779, 779 to 0, 0.
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e. Check that the separation between the two lines does not exceed 3% of line length
(approximately 0.25 inch) at any point. See Fig. 4-14.

C
o e o

f. Press PAGE to erase the display.

c

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

b. Enter the following sequence to draw a rectangle:

]
K oo

Space ' Space @ 8k @ k ? _Space ' _ ' Space @

c. If a test graticule is installed, continue with step c; otherwise, go do d.

(1) Check that the difference in horizontal line lengths does not exceed the distance of
separation between the graticule’s two vertical lines on the left plus the distance of separation
between the graticule’s two vertical lines on the right. This can be checked by moving the graticule
slightly as necessary.

¢
Nl G s E e

(2) Check that the difference in vertical line lengths does not exceed the distance of
separation between the graticule’s two vertical lines on the bottom plus the distance of separation
between the graticule’s two vertical lines on the top. Again, the graticule can be moved slightly to
check.

Separation between
the two lines should
not exceed 3% of

i line length at any
point.

C

Fig. 4-14. Vector dynamic geometry illustration.
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d. If no test graticule is available perform this step.

(1) Measure and record the length of all lines.

(2) 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
length is approximately 7.8 inches horizontal and 5.9 inches vertical. Line length difference should
not exceed approximately 0.12 inch horizontal and approximately 0.16 inch vertical.

14. 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.

c. Presseach 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.

15. 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

CTRL SHIFT K ESC FF Erases display, homes cursor

and CTRL L

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 margin.
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CONTROL CHARACTER REPONSE 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 and sets the
Space _ Terminal for a bright vector
0@ 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 SHIFT O 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 @; if CR EFFECT op-
tion is at CR — LF, a line feed will
also occur
CTRL SHIFT K ESC sSuB Selects GIN Mode and displays the crosshair
and CTRL Z cursor
Put SP Crosshair cursor disappears if an Interface
LOCAL/LINE is installed. If no Interface is installed,
switch at LINE; the crosshair cursor will remain
then enter Space

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




Performance Check/Adjustment—RE4012

16. Hard Copy Amplitude and Position Check/Adjustment (X HC AMP, Y HC AMP, X
HC POS, Y HC POS on the Deflection Amp & Storage Board)

a. If an asynchronous interface is installed, replace the TSTROBE to CSTROBE strap between
pins 3 and 5 on the Mother Board connector.

b. 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.

c. Connect the Hard Copy Unit to the Terminal, viathe HARD COPY Unit connector on the back of
the display unit.

d. Turn the Hard Copy Unit on.

e. Turn the HARD COPY BRIGHTNESS on the front of the Terminal fully clockwise.

f. Press the Terminal COPY button and note that a scan bar moves up or across the screen.
(Direction will depend upon type of Hard Copy Unit and upon option selection within the Hard Copy
Unit.) If the scan bar does not appear, adjust HC INTENSITY, COARSE (on the High Voltage and Z Axis
board, Fig. 4-15) until the bar does appear. Alternately press PAGE and COPY, and adjust the HC
INTENSITY, COARSE, until the display is just at the point where thecomplete scan bar stores.

g. Note the position of the stored scan bar with respect to the edges of the display area. If the bar
scans beyond the limits of the display areain the vertical and/or horizontal direction, place the Y HC AMP
and/or X HC AMP adjustments (bottom of Deflection Amp and Storage board) fully counterclockwise.
Then press PAGE and COPY and again note the stored scan bar position with respect to the edges of the
display area. (If the bar still overscans the display area, the Y HC AMP and/or X HC AMP adjustment(s)
may be in the wrong limit.)

h. Adjust the X HC POS and the Y HC POS (bottom of Deflection Amp & Storage board) to
approximately center the display. The axis along which the bar scans should be adjusted between scans,
pressing PAGE and COPY after each adjustment. The other axis can be adjusted while the bar is
scanning, since its effects can be seen immediately.

i. Adjustthe X HC AMP and the Y HC AMP to place the ends of the scanning bar approximately 1/8
inch from the edges of the display area. Again, the direction in which the bar scans should be adjusted
between scans, and the other direction during scans. Readjust X HC POS and Y HC POS (on Deflection
Amp & Storage board) as necessary to bring both ends and top and bottom of the stored scan bar display
to within approximately 1/8 inch of the edges of the display area.
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Fig. 4-15. Location of HC INTENSITY, COARSE.
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j. Alternately press PAGE and COPY and adjust the front panel HARD COPY BRIGHTNESS
control while the bar is scanning, until a point is reached just below that where the scanning bar does any
storing. Readjust HC INTENSITY, COARSE, at the High Voltage and Storage board, if necessary to
achieve this.

k. Check the adjustment as follows: if an asynchronous interface s installed, put the LOCAL/LINE
switch to LINE, press PAGE and 8 and fill the display with 8s. If a parallel interface is installed, use
computer assist or the keyboard to fill the display. Press COPY and observe that the bar extends
approximately 1/8 inch to left, right and above the 8s, and approximately 1/4 inch below. The scan bar
should not extend to the edge of the screen in any direction. Refinethe XHC POS, Y HC POS, XHC AMP,
Y HC AMP adjustments, if necessary.

17. Hard Copy Intensity Adjustment (HC INTENSITY, COARSE, on the High Voltage &
Z Axis Board, HARD COPY BRIGHTNESS on the front of the Terminal)

a. Set HARD COPY BRIGHTNESS (front of Terminal) to mid-position.

b. Press PAGE and COPY and adjust HC INTENSITY, COARSE (on High Voltage & Z Axis board)
to a point just below that at which the scan bardoes any storing. Repeat as necessary to eliminate storing
at all points on the display area.

18. Hard Copy Threshold Check/Adjustment (R167, Hard Copy Threshold on Hard
Copy Amplifier Board)

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 oscillosocpe’s external trigger jack to the X signal line at pin 4, either
on the end of the Mother Board, or at pin 4 on a connector on the Mother Board Extender, if one is
installed. (See Fig. 4-16.) 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. 4-17). 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. 4-17). Connect the probe ground lead to ground on the board.
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Fig. 4-16. Minibus pin 4 location on Mother Board.
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Fig. 4-17. Hard Copy TARSIG amplifier board;
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e. Switch the Terminal to LOCAL. Then press PAGE and COPY and check for an oscilloscope
display as in Fig. 4-18. The peaks of the most prominent pulses should almost touch.

c

Il I N N I e

f. Adjust R167—Hard Copy Threshold (on the Hard Copy Amplifier board, Fig. 4-17) until the
peaks almost touch as in Fig. 4-18. The separation may vary with the position of the scan bar on the
screen. If so, adjust for minimum separation of the closest pulses. The waveform may vary slightly
between specific units.

Peks should
almost touch

¢

Fig. 4-18. Hard Copy Treshold adjustment waveform. 0.5V/
division vertical; 0.5 wus/division horizontal.

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

a. Switch the oscilloscope sweep rate to 10 us/division. The oscilloscope remains connected asin
step 20.

b. Press COPY and check the display as the scanning bar moves across the screen. The vertical
separation between the pulse peaks of the two traces should remain fairly constant as the hard copy bar

scans.

c. Press COPY and adjust R265, Dynamic Threshold Adjust (Fig. 4-17) until the separation
between the pulse peaks remains fairly constant as the Hard Copy bar scans. The appearance may
change with the position of the scan bar; in that case, adjust for the best compromise.

d. If the Dynamic Threshold was grossly out of adjustment, steps 18 and 19 should be repeated.
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e. Disconnect the probes from the Hard Copy TARSIG Amplifier board.

20. Hard Copy Writing Check

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

b. Press PAGE. If an asynchronous interface is installed, press the A key to write a full page. If a
parallel interface is installed, use computer assist or the keyboard to fill the display.

c. Press 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:

Condition

Possible Causes

Information does not copy
or information drop-out
occurs

Mis-adjusted Hard Copy Intensity setting on Terminal (step 17);
Scanning pulses too far apart (step 18); Pulse separation not
constant (step 19).

Excessive background
writing (noise)

Hard Copy Intensity setting on Terminal set too high (step 17; In-
sufficient separation between scanning pulses (step 18).

Information missing
around perimeter

Underscan caused by X HC AMP and/or Y HC AMP being set too
low (step 16).

Information missing from
one edge

X HC POS or Y HC POS not properly set (step 16).

Copy too small; bars on
edge or edges of paper

X HC AMP and/or Y HC AMP set too high (step 16). Y HC POS
or X HC POS improperly set (step 16).

NOTE

If the copying uniformity 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,
because of low temperature considerations, NORM COLL should not be set below 90 V. The
NORM COLL adjustment also affects uniformity of storing, drop-out, focus, and intensity. If
readjusted, steps 6 through 11 and step 20 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 display data. If
the fifth copy is unacceptable, decrease HARD COPY BRIGHTNESS setting slightly and repeat step 3.

f. Disconnect the probes from the Terminal.
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21. Restoring Original Conditions
a. Turn the Terminal OFF and disconnect the line plug from the power source.

b. If necessary, remove the transformer protection plate and rewire the Terminal transformer to its
previous configuration. Then replace the transformer protection plate. Change the front-panel line fuse,
if necessary, to agree with the voltage selection.

c. Reset the option straps on TC-1, TC-2 and the Interface Card to the condition recorded in the
Preliminary Procedure.

d. If an asynchronous interface is installed, remove the jumper strap which was installed in the
Preliminary Procedure. Reconnect the output cable to J110.

e. Remove the TSTROBE to CSTROBE strap from the Mother Board Connector.
f. Reinstall the ORIGIN SHIFT strap (Deflection Amp and Storage board) to NORM.

g. Reinstall any accessory cards which are to be used with the Terminal. If desired, check them out
referring to their documentation.

h. Reinstall the side and back covers.
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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.

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 contact you 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
COMP COMPOSITION SEL SELECTED
CONN CONNECTOR SEMICOND SEMICONDUCTOR
ELCTLT ELECTROLYTIC SENS SENSITIVE
ELEC ELECTRICAL VAR VARIABLE
INCAND INCANDESCENT WW WIREWOUND
LED LIGHT EMITTING DIODE XFMR TRANSFORMER
NONWIR  NON WIREWOUND XTAL CRYSTAL

Section 5—RE4012
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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 I
01121 ALLEN-BRADLEY CO. 1201 2ND ST. SOUTH MILWAUKEE, WI 53204
01295 TEXAS INSTRUMENTS, INC.,
SEMICONDUCTOR GROUP P. 0. BOX 5012 DALLAS, TX 75222 -
01807 PETERSEN RADIO CO., INC. 2800 WEST BROADWAY COUNCIL BLUFFS, IA 51501 l
01963 CHERRY ELECTRICAL PRODUCTS CORP. 3600 SUNSET AVE. WAUKEGAN, IL 60085
02735 RCA CORP., SOLID STATE DIVISION ROUTE 202 SOMERVILLE, NY 08876
03877 TRANSITRON ELECTRONIC CORP. 168 ALBION ST. WAKEFIELD, MA 01880
04713 MOTOROLA, INC., SEMICONDUCTOR
PRODUCTS DIV. 5005 E. MCDOWELL RD. PHOENIX, AZ 85036
05347 ULTRONIX, INC. 461 N 22ND ST. GRAND JUNCTION, CO 81501
07263 FAIRCHILD SEMICONDUCTOR, A DIV. OF
FAIRCHILD CAMERA AND INSTRUMENT CORP. 464 ELLIS ST. MOUNTAIN VIEW, CA 94042
07910 TELEDYNE SEMICONDUCTOR 12515 CHADRON AVE. HAWTHORNE, CA 90250 I
08806 GENERAL ELECTRIC CO., MINIATURE
IAMP PRODUCTS DEPT. NELA PK. CLEVELAND, OH 44112
11237 CTS KEENE, INC. PASO ROBLES, CA 93446 o
12697 CLAROSTAT MFG. CO., INC. LOWER WASHINGTON ST. DOVER, NH 03820
12954 DICKSON ELECTRONICS CORP. 8700 E. THOMAS RD. SCOTTSDALE, AZ 85252
12969 UNITRODE CORP. 580 PLEASANT ST. WATERTOWN, MA 02172
14099 SEMTECH CORP. 652 MITCHELL ROAD NEWBURY PARK, CA 91320
14936 GENERAL INSTRUMENT CORP., SEMICONDUCTOR i
PRODUCTS GROUP 600 W. JOHN ST. HICKSVILLE, NY 11802
15818 TELEDYNE SEMICONDUCTOR 1300 TERRA BELIA AVE. MOUNTAIN VIEW, CA 94040
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 l
21845 SOLITRON DEVICES, INC., TRANSISTOR DIV. 1177 BLUE HERON BlVD. RIVIERA BEACH, FL 33404
27014 NATIONAL SEMICONDUCTOR CORP. 2900 SAN YSIDRO WAY SANTA CLARA, CA 95051
27193 CUTLER-HAMMER, INC.
SPECIALTY PRODUCTS DIVISION 4201 N. 27TH ST. MILWAUKEE, WI 53216 ‘
28480 HEWLETT-PACKARD CO., CORPORATE HQ. 1501 PAGE MILL RD. PALO ALTO, CA 94304
32159 WEST-CAP ARIZONA 2201 E. ELVIRA ROAD TUCSON, AZ 85706
32293 INTERSIL, INC. 10900 N. TANTAU AVE. CUPERTINO, CA 95014
33297 ELECTRONIC ARRAYS, INC. 550 E. MIDDLEFIELD RD. MOUNTAIN VIEW, CA 94043 i
50157 N. L. INDUSTRIES, INC., ELECTRONICS l
DEPT. P. 0. BOX 787 MUSKEGON, MI 49443
52833 KEYTRONICS CORP. BLDG. 14 SPOKANE INDUSTRIAL PK SPOKANE, WA 99216
56289 SPRAGUE ELECTRIC CO. NORTH ADAMS, MA 01247
63743 WARD LEONARD ELECTRIC CO., INC. 31 SOUTH ST. MOUNT VERNON, NY 10550
71400 BUSSMAN MFG., DIVISION OF MCGRAW-
EDISON CO. 2536 W. UNIVERSITY ST. ST. LOUIS, MO 63107
74199 QUAM NICHOLS CO. 218 E. MARQUETTE RD. CHICAGO, IL 60637
72982 ERIE TECHNOLOGICAL PRODUCTS, INC. 644 W. 12TH ST. ERIE, PA 16512
73138 BECKMAN INSTRUMENTS, INC., HELIPOT DIV. 2500 HARBOR B1VD. FULLERTON, CA 92634 l
75042 TRW ELECTRONIC COMPONENTS, IRC FIXED
RESISTORS, PHILADELPHIA DIVISION 401 N. BROAD ST. PHILADELPHIA, PA 19108
75915 LITTELFUSE, INC. 800 E. NORTHWEST HWY DES PLAINES, IL 60016
76493 BELL INDUSTRIES, INC.,
MILLER, J. W., DIV. 19070 REYES AVE. COMPTON, CA 90224
80009 TEKTRONIX, INC. P. 0. BOX 500 BEAVERTON, OR 97077
80294 BOURNS, INC., INSTRUMENT DIV. 6135 MAGNOLIA AVE. RIVERSIDE, CA 92506
81073 GRAYHILL, INC. 561 HILLGROVE AVE. LA GRANGE, IL 60525
81483 INTERNATIONAL RECTIFIER CORP. 9220 SUNSET B1VD. LOS ANGELES, CA 90069 l
82877 ROTRON, INC. 7-9 HASBROUCK LANE WOODSTOCK, NY 12498
83003 VARO, INC. 800 W. GARLAND AVE. GARLAND, TX 75040
86684 RCA CORP., ELECTRONIC COMPONENTS 415 S. S5TH ST. HARRISON, NJ 07029 i
90201 MALLORY CAPACITOR CO., DIV. OF l
P. R. MALLORY CO., INC. 3029 E. WASHINGTON ST. INDIANAPOLIS, IN 46206
91637 DALE ELECTRONICS, INC. P. 0. BOX 609 COLUMBUS, NB 68601
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. Tektronix  Serial/Model No. Mfr
I Ckt No.  Part No.  Eff Dscont Name & Description Code Mfr Part Number
CIRCUIT BOARD ASSEMBLIES

l Al eemem emeee CHASSIS PARTS
A2 119-0714-00 CKT BOARD ASSY:KEYBOARD 52833 65-1125-01
A2 119-0714-01 CKT BOARD ASSY:KEYBOARD 52833 65-1125-01
A3 670-3911-00 CKT BOARD ASSY:MOTHER 80009 670-3911-00
A4 670-3882-00 CKT BOARD ASSY:TCl 80009 670-3882-00
A5 670-3883-01 CKT BOARD ASSY:TC2 80009 670-3883-01
26 670-3917-00 CKT BOARD ASSY:H.V. AND Z AXIS 80009 670-3917-00
Rt mmmem e CKT BOARD ASSY:DEFLECTION AMP
a8 670-3920-00 CKT BOARD ASSY:HARD COPY 80009 670-3920-00
a9 670-3852-00 CKT BOARD ASSY:POWER SUPPLY 80009 670-3852-00

l Al s sssee CHASSIS PARTS
B1001 119-0147-00 FAN, TUBEAXIAL: 115V, 50-60HZ, 14W 82877 MUzZAl

l C353 290-0697-00 CAP. ,FXD, ELCTLT:86, 000UF,+75-10%, 15V 90201 CG5863M015X4C3PC
CR1004  152-0274-00 SEMICOND DVC,DI:SILICON,100V,10A 80009 152-0274-00
CR1005 152-0274-00 SEMICOND DVC,DI:SILICON,100V,10A 80009 152-0274-00
CR1090 150-1001-00 LAMP,LED:RED, 2V, 100MA,LED 2 28480 5082-4403
CR1092  150-1001-00 LAMP, LED:RED, 2V, 100MA,LED 1 28480 5082-4403
DS1004 150-0108-00 LAMP ,CARTRIDGE :10V,0.04A 08806 367X

I F1001 159-0026-00 FUSE, CARTRIDGE : 3AG, 3. 23, 125V, SLOW-BLOW 71400 MDX3-2
FL1001  119-0376-01 FILTER,RAD INT:2 X 3A,250V,400 HZ 80009 119-0376-01

l L1040  —=--= —==e-2 COIL,TUBE DEFL:
01002 151-0337-00 TRANSISTOR:SILICON,NPN 21845 935x287
01004 151-0148-00 TRANSISTOR:SILICON,NPN 02735 39539
01005 151-0275-00 TRANSISTOR:SILICON ,NPN 02735 2N3771
Q1007 151-0337-00 TRANSISTOR:SILICON,NPN 21845 93sx287
01030 151-0286-00 TRANSISTOR:SILICON,NPN 18657 2SC515
Q1032 151-0241-00 TRANSISTOR:SILICON,NPN 02735 39625
01034 151-0241-00 TRANSISTOR:SILICON,NPN 02735 39625
01036 151-0210-00 TRANSISTOR:SILICON,NPN 02735 39626
01040 151-0433-00 TRANSISTOR:SILICON,NPN 80009 151-0433-00
Q1042 151-0258-00 TRANSISTOR:SILICON, PNP 04713 MJ2955

l 01044 151-0433-00 TRANSISTOR:SILICON,NPN 80009 151-0433-00
01046 151-0258-00 TRANSISTOR:SILICON ,PNP 04713 MJ2955
R1050 311-0642-00 RES. ,VAR,NONWIR:20K OHM,20%,0.50W 12697 382-CM39820
R1070 311-0546-00 RES. ,VAR,NONWIR:10K OHM,20%,0.75W,Y POT 01121 w-8154
R1072 311-0546-00 RES. ,VAR,NONWIR:10K OHM,20%,0.75W,X POT 01121 w-8154
R1076 311-0580-00 RES. ,VAR,NONWIR:50K OHM,20%,0.50W 11237 41695
51001 260-1060-01 SWITCH,LEVER:DPST, 153, 125VAC 27193 8906K-1640
$1002 260-1497-00 SWITCH,PUSH-PUL :DPDT, 108, 250VAC 01963 E79-30A

. lavailable under 672-0504-00 only.
' 2Avai1ab1e under 610-1034-00 only.
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Tektronix Serial/Model No. Mfr .

Ckt No. Part No.  Eff Dscont Name & Description Code Mfr Part Number

51080 260-1113-00 SWITCH,LEVER:DPST, 63, 125VAC,SW 1 27193 870K-24H I

51081 260-1113-00 SWITCH, LEVER:DPST,6A, 125VAC,SW 2 27193 870K-24H

51082 260~-1113-00 SWITCH,LEVER:DPST,6A,125VAC,SW 3 27193 870K-24H

51085 260-1739-00 SWITCH,PUSH:SPST,MOM, 1A, 115VAC 81073 30-251B

51087 260-1113-00 SWITCH,LEVER:DPST, 6A,125VAC, LOCAL 27193 870K-24H '

SP1000 119-0709-00 LOUDSPEAKER,PM:2.25",45 OHM 71499 22A052Z45K

T1001 120-0977-00 XFMR, PWR, SDN/SU : 80009 120-0977-00 I

1

V1l mmmem mmmee ELECTRON TUBE:

A2 119-0714-00 CKT BOARD ASSY:KEYBOARD 52833 65-1125-01

A2 119-0714-01 CKT BOARD ASSY:KEYBOARD 52833 65-1125-01

c2 283-0239-00 CAP. ,FXD,CER DI:0.022UF,10%,50V 72982 8131NO75WR5223K I

Cc3 290-0534-00 CAP. ,FXD,ELCTLT: 1UF, 20%, 35V 56289 196D105X0035HA1

c4 283-0239-00 CAP. ,FXD,CER DI:0.022UF,10%,50V 72982 8131NO75WR5223K

Cc5 290-0536-00 CAP. ,FXD,ELCTLT:10UF,20%,25V 90201 TDC106MO25NLF 2

c6 290-0523-00 CAP.,FXD,ELCTLT:2.2UF,20%,20V 56289 196D225X0025HAL l

c7 290-0536-00 CAP. ,FXD,ELCTLT: 10UF,20%,25V 90201 TDC106MO25NLF

cs-11 283-0003-00 CAP. ,FXD,CER DI:0.0lUF,+80-20%,150V 72982 855-547E103Z

(o) H S TRANSISTOR: 52833 023-02907-002 I

Q2 151-0302-00 TRANSISTOR:SILICON,NPN 04713 2N2222A

o T p— TRANSISTOR: ; 52833 023-02907-002

04 151-0302-00 TRANSISTOR:SILICON,NPN 04713 2N2222A )

05 151-0302-00 TRANSISTOR:SILICON, NPN 04713 2N22223 .

Rl 315-0202-00 RES. ,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025

R2 315-0202-00 RES. ,FXD,CMPSN:2K OHM, 5%,0.25W 01121 CB2025

R3 315-0202-00,, RES. ,FXD,CMPSN :2K OHM,5%,0.25W 01121 CB2025

R4 315-0102-00 RES. ,FXD,CMPSN:1K OHM,5%,0.25W 01121 CB1025

R5 315-0331-00 RES.,FXD,CMPSN:330 OHM,5%,0.25W 01121 CB3315

R6 315-0202-00 RES. ,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025

R7 315-0202-00 RES. ,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025 d

R8 315-0202-00 RES. ,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025

RO 315-0470-00 RES. ,FXD,CMPSN:47 OHM,5%,0.25W 01121 CB4705

R10 315-0202-00 RES. ,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025

R11l 315-0202-00 RES. ,FXD,CMPSN :2K OHM,5%,0.25W 01121 CB2025 I

R12 =emee meeee RES. ,FXD,CMPSN:68K NOMINAL VALUE,SEL

R13 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115

R14 315-0103-00 RES. ,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035

R15 315-0103-00 RES. ,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1035

R16 ==mm= —mmem RES. ,FXD,CMPSN:43K NOM VALUE,SEL

R17 315-0103-00 RES. ,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1l035

R18 315-0511-00 RES. ,FXD,CMPSN:510 OHM,5%,0.25W . 01121 CB5115

R19 315-0202-00 RES. ,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025 I

R20 315-0103-00 RES. ,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1l035

R21 315-0103-00 RES. ,FXD,CMPSN:10K OHM,5%,0.25W 01121 CB1l035

R22 315-0202-00 RES. ,FXD,CMPSN:2K OHM, 5%, 0. 25W 01121 CB2025 )

R23 315-0202-00 RES. ,FXD,CMPSN:2K OHM,5%,0.25W 01121 CB2025 I

R25 315-0333-00 RES. ,FXD,CMPSN:33K OHM,5%,0.25W 01121 CB3335

R26 315-0181-00 RES.,FXD,CMPSN:180 OHM,5%,0.25W ' 01121 CB1815

S1-60 260-1507-00 SWITCH, REED: 52833 60-0003-02 l

lavaible under 610-1034-00 only. ‘ .

2ysed on 119-0714-0lonly. I
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Electrical Parts List—RE4012

Tektronix  Serial/Model No. Mfr
Ckt No. Part No. Name & Description Code Mfr Part Number
z1 156-0041-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 27014 DM7474N
Z2 156-0075-00 MICROCIRCUIT,DI:SNGL 8-BIT DATA SEL MUX 80009 156-0075-00
z3 156-0041-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 27014 DM7474N
z4 156-0075-00 MICROCIRCUIT,DI:SNGL 8-BIT DATA SEL MUX 80009 156-0075-00
z5 156-0032-00 MICROCIRCUIT,DI:4-BIT BINARY COUNTER 01295 SN7493AN
Z6 156-0111-00 MICROCIRCUIT,DI:BCD TO DEC DCDR/DRVR 01295 SN7414SN
z7 156-0047-00 MICROCIRCUIT,DI:3-INPUT NAND GATE 01295 SN7410N
z8 156-0030-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND GATE 01295 SN7400N
Z9 156-0058-00 MICROCIRCUIT,DI:HEX INVERTER 04713 MC7404P
710 156-0149-00 MICROCIRCUIT,DI:DUAL 4-INPUT ST 01295 SN7413N
z11 156-0035-00 MICROCIRCUIT,DI:SGL 8-INPUT POS NAND GATE 01295 SN7430N
712 156-0030-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND GATE 01295 SN7400N
z13 156-0034-00 MICROCIRCUIT,DI:DUAL 4-INPUT NAND GATE 01295 SN7420N
z14 156-0062-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS EXCL GATE 04713 MC7486P
z15 156-0034-00 MICROCIRCUIT,DI:DUAL 4-INPUT NAND GATE 01295 SN7420N
z16 156-0041-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP - 27014 DM7474N
z17 156-0043-00 MICROCIRCUIT,DI:2-INPUT NOR GATE 01295 SN7402N
z18 156-0041-00 MICROCIRCUIT,DI:DUAL D-TYPE FLIP-FLOP 27014 DM7474N
zZ19 156-0043-00 MICROCIRCUIT,DI:2-INPUT NOR GATE 01295 SN7402N
720 156-0145-00 MICROCIRCUIT,DI:QUAD 2-INPUT POS NAND BFR 01295 SN7438N
z21 156-0149-00 MICROCIRCUIT,DI:DUAL 4-INPUT ST 01295 SN7413N
722 156-0092-00 MICROCIRCUIT,DI:HEX.INVERTER 01295 SN7405N
A3 670-3911-00 CKT BOARD ASSY:MOTHER 80009 670~-3911-00
Cle4 283-0068-00 CAP. ,FXD,CER DI:0.01UF,+100-0%,500V 56289 19c241
CR161 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 02735 37304
CR164 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 07910 1N4152
R11 315-0681~-00 RES. ,FXD,CMPSN:680 OHM,5%,0.25W 01121 CB6815
R12 315-0681-00 RES. ,FXD,CMPSN:680 OHM,5%,0.25W 01121 CB6815
R85 315-0105-00 RES.,FXD,CMPSN:1M OHM,5%,0.25W 01121 CBl0O55
R87 315-0105-00 RES. ,FXD,CMPSN:1M OHM,5%,0.25W 01121 CB1l055
R115 315-0471-00 RES.,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
R119 315-0471-00 RES.,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
R131 315-0681-00 RES. ,FXD,CMPSN:680 OHM,5%,0.25W 01121 CB6815
R135 315-0471-00 RES. ,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
R147 315-0681-00 RES.,FXD,CMPSN:680 OHM,5%,0.25W 01121 CB6815
R149 315-0681-00 RES.,FXD,CMPSN:680 OHM,5%,0.25W 01121 CB6815
R151 315-0680-00 RES. ,FXD,CMPSN:68 OHM,5%,0.25W 01121 CB6805
R155 315-0680-00 RES. ,FXD,CMPSN:68 OHM,5%,0.25W 01121 CB6805
R159 315-0471-00 RES. ,FXD,CMPSN:470 OHM,5%,0.25W 01121 CB4715
R164 315-0182-00 RES. ,FXD,CMPSN:1.8K OHM,5%,0.25W 01121 CB1825
R184 315-0681-00 RES. ,FXD,CMPSN:680 OHM,5%,0.25W 01121 CB6815
Ulll 307-0455-00 RES. ,FXD,FILM:1.8K OHM,2%,1.5W 91637 CDP14-182G-02
ulds 307-0455-00 RES.,FXD,FILM:1.8K OHM,2%,1.5W 91637 CDP14-182G-02
Ul71 307-0455-00 RES.,FXD,FILM:1.8K OHM,2%,1.5W 91637 CDP14-182G-02
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Electrical Parts List—RE4012

Tektronix  Serial/Model No. Mfr
Ckt No.  Part No. Eff Dscont Name & Description Code Mfr Part Number
A4 670-3882-00 CKT BOARD ASSY:TCl 80009 670-3382-00
c9 283-0003-00 CAP. ,FXD,CER DI:0.01UF,+80-20%,150V 72982 855-547E1032
cz8 283-0003-00 CAP,. ,FXD,CER DI:0.0lUF,+80-20%,150V 72982 855-547E1032
ca4 283-0647-00 CAP.,FXD,MICA D:70PF,1%,100V 00853 D151E700F0
Cc50 283-0647-00 CAP. ,FXD,MICA D:70PF,1%,100V 00853 D151E700F0
c85 283-0003-00 CAP. ,FXD,CER DI:0.01UF,+80-20%,150V 72982 855-547E1032
c8s8 281-0551-00 CAP. ,FXD,CER DI:390PF,10%,500V 72982 301-000X5P0391K
clol 290-0273-00 CAP, ,FXD,ELCTLT:68UF ,10%,60V 56289 109D686X9060T2
Cl13 283-0003-00 CAP, ,FXD,CER DI:0.01UF,+80-20%,150V 72982 855-547E103Z
Ccl147 283-0065-00 CAP,. ,FXD,CER DI:0,001UF,5%,100V 72982 805-505B102J
€153 283-0003-00 CAP. ,FXD,CER DI:0.01UF,+80-20%,150V 72982 855-547E103Z
Cl66 283-0003-00 CAP. ,FXD,CER DI:0.0lUF,+80-20%,150V 72982 855-547E103Z
€172 283-0065-00 CAP. ,FXD,CER DI:0.001UF,5%,100V 72982 805-505B102J
€222 281-0525-00 CAP. ,FXD,CER DI:470PF ,+/-94PF,500V 72982 301-000X5U0471M
c241 283-0003-00 CAP,. ,FXD,CER DI:0.01UF,+80-20%,150V 72982 855-547E1032
Cc259 283-0003-00 CAP. ,FXD,CER DI:0.01lUF,+80-20%,150V 72982 855-547E103Z
C301 290-0273-00 CAP. ,FXD,ELCTLT:68UF,10%,60V 56289 109D686X9060T2
c310 283-0003-00 CAP, ,FXD,CER DI:0.01lUF,+80-20%,150V 72982 855-547E1032
€325 290-0167-00 CAP. ,FXD,ELCTLT:10UF,20%,15V 56<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>