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TELERAY MODEL 1061
SPECIFICATION

GENERAL

The Model 1061 TELERAY is a microprocessor controlled CRT terminal with a display capacity of 1920
characters (24 lines of 80 columns). It operates either Half or Full Duplex, Scroll or Page mode, and in
either Character or Block transmission mode. The terminal provides text editing and formatting capa-
bility, enhanced display and protected fields, full cursor control and addressing, and cursor position
readout. It also provides many programmable features (down-loadable or keyboard-loadable), including
communications speeds, wide character display (24 lines x 40 columns), and 32 functions. The Modular "no
tools" design enables operator replacement of malfunctioning modules.

Weight:  Terminal - 31-1/2 Ibs. (14.3 Kg)
Keyboard - 8 Ibs. (3.6 Kg)

Power: I'15 0or 230 VAC +10%, 52 watts,
50 or 60 Hz.

Operating Temperature: 40° to 115°F
(4° to 46°C)

Storage Temperature: -400010 149°F
(-40° to 65°C)

Dimensions in inches
Relative Humidity:  10-90%, non-condensing “mm

Modularity: Logic, power supply, keyboard and display modules accessible and replaceable
without tools.

DISPLAY
Type: CRT, 12" diagonal, P4 phosphor, non-glare faceplate

Presentation:  Display area - 6" High by 8%" Wide
Color - White characters on black background (inverse - internal jumper)
Format - 24 lines by 80 columns, or 24 lines by 40 columns, selectable by ESC sequence

Refresh Rate: 60 Hz (50 Hz strap selectable)

Display Character Set: Monitor mode - All 128 ASCII characters are displayed.
Normal mode - ASCII upper/lower case and numerics (95 characters) plus STX
and ETX; other control characters, escape sequences and delete not
displayed.
All 128 ASCII characters are generated.

Character Formation: 7 x 9 dot matrix, in 10 x 12 field

Character Size: Normal Mode Wide Mode
inches: .10 wide, .20 high .20 wide, .20 high
mm: 2.5 wide, .5 high .5 wide, .5 high

Cursor: Block character, blinking at | Hz rate.
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KEYBOARD
97 key, typewriter-paired (except brackets unshifted, braces shifted), including numeric

Style:
pad, cursor control pad, function, edit and transmit keys. The cursor control pad, trans-
mit, print, clear and edit keys perform local functions only (do not transmit). European
versions are optionally available.
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Switches: Single-action contact switches except for five keys (Local/Remote, Block/Character,

Scroll/Page, Monitor and Caps Lock) which are alternate-action switches

Rollover: N-key \

Auto-repeat at |5 characters per second when any key (except Control, Shift and Caps Lock)

Repeat:
or combination of keys is held down longer than a half second



REAR PANEL CONTROLS AND CONNECTORS
Controls: .

On/Off - power on/off switch

Contrast - display contrast potentiometer

Logic Variables - two banks of eight DIP switches each, mounted on the logic board, are accessible
through an elongated hole in the rear panel. Their functions are as follows:

Switch
UP No. DOWN
Right Most Switch  Display Field Modifiers |
Xmit to Cursor 2 Xmit to End
Xmit an ETX 3
Full 4 Half Duplex Right Block
Wrap 5
New Line 6
New Line on CR 7 New Line on LF
I-Loop 8 RS-232
Baud | |
Baud 2 2
Baud 3 3
Baud 4 4
Even 5 OoDD
Parity Enabled 6 No Parity Left Block
| Stop Bit 7 2 Stop Bits
Left Most Switch 7 Bits 8 8 Bits
Connectors:
Power -Standard 3-pin (grounded) line cord connector
Serial I/O -DP25S connector, 25-pin miniature - for on-line communications interfacing in Remote
mode. Pin assignments:
RS232C Standard Current Loop (Optional)
- Protective Ground 2 - Transmitted Data+ 9
- Transmitted Data 24 - Transmitted Data - #
- Received Data 13 - Received Data +
Request to Send 25 - Received Data -

- Clear to Send (must be
asserted for Transmit)
- Signal Ground

- Carrier Detect (must be
asserted for Receive)
20 - Data Terminal Ready

[o o JEN] nunpHswN —
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Peripheral Interface -DP25S connector, 25-pin miniature - for interfacing with RS232 printer or other
peripheral device. Pin assignments:

- Protective Ground

- RS232 Serial Data Out

- Clear to Send (+12 V)

Data Set Ready (+12 V)

- Signal Ground

- Data Carrier Detect (+12 V)

O~NdON N W —
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Keyboard Interface -DP25P Connector, 25-pin miniature - for keyboard/terminal interconnection.

COMMUNICATIONS MODES
Character/Block Modes

In Character mode, each character code is transmitted individually as the appropriate data key is pressed;
blocks may be transmitted by pressing the transmit keys.

In Block mode, keyed data goes to the TELERAY display and is only transmitted by the transmit functions.



Half/Full Duplex Modes

Full Duplex operation is used with Full Duplex type modems (Bell 103); Half Duplex mode with Half
Duplex modems (Bell 202). These modes are selected by a rear panel switch.

Full Duplex Operation

When the TELERAY is in Character mode and Full Duplex mode, keyed data are transmitted; the data will
not go to the TELERAY display unless the remote computer echoes it. The Serial I/O Request to Send
signal is held ON in these modes. In the Block and Full Duplex modes, keyed data goes to the TELERAY
display and does not go to the Serial I/O port. Keyed data is transmitted only by the transmit functions.

Half Duplex Operation

If the TELERAY is in Character mode and Half Duplex mode, a local copy is imaged on the screen as
items are keyed and transmitted. The Serial 1/O Request to Send signal is asserted upon initiation of
keyboard data entry and negated following transmission of Line Feed or New Line code.

In the Half Duplex and Block modes, the Request to Send signal is asserted only during a block trans-
mission. Keyed data goes only to the TELERAY display and can be transmitted only by the transmit
function. .

Local/Remote Modes

In Local mode the TELERAY keyboard and programmable functions are executed within the TELERAY.
No data is transmitted and the Request to Send and Data Terminal Ready signals are negated. The Print
function will operate in Local mode. In Remote mode these signals are determined by Full/Half Duplex
mode and keyed data is transmitted as determined by the Full/Half Duplex and Character/Block modes.

COMMUNICATIONS CHARACTER MODES
One/Two Stop Bit Modes

These rear panel switch selected modes determine if one or two stop bit(s) will be appended to each trans-
mitted character.

Parity Enable/Disable Modes

The parity Enable/Disable switch enables and disables both the parity generation and the parity checking.
If parity is disabled a parity bit will not be generated and the.communications character, which is trans-
mitted, will be one bit shorter than the character transmitted when parity js enabled.

Seven/Eight Bit Modes

The 7 bits or 8 bits switch controls the length of the communications character exclusive of the parity or
stop bit positions. When set to 8 bits the TELERAY will automatically put a | in the 8th bit position
on transmission and will ignore the 8th bit on reception.

Commonly Used Communications Character Mode Settings

Parity Odd Set to Parity ENABLE, 7 Bits, | or 2 Stop Bits
Parity Even Set to Parity ENABLE, 7 Bits, | or 2 Stop Bits
Parity High Set to Parity DISABLE, 8 Bits, | or 2 Stop Bits
No Parity Set to Parity DISABLE, 7 Bits, | or 2 Stop Bits

NOTE: The combination of Parity Enable and eight bit modes should generally be avoided.

Baud Rates

The Serial 1/O baud rate can be changed from the rate selected on the rear panel baud rate switches to
any other of the fifteen available rates by an ESC L followed by the appropriate character shown in Table
2. Once changed, the baud rate remains fixed until it is changed again, until a Reset to Initial State
sequence (ESC g) has been initiated, or until power is turned off. In the latter two cases, the rate reverts
to the rate set by the rear panel switches. The peripheral baud rate can be changed to any of the other
fifteen available rates by an ESC \ followed by the appropriate character shown in Table 2. Once
changed, the rate remains fixed until it is changed again, or until power is turned off, in which case the
rate reverts to the rate set by the rear panel switches.



OPERATING MODES
Wide/Normal Character Modes

The normal display format of the TELERAY is 24 lines-of 80 characters. Receipt of an ESC m sequence
will change the format to 24 lines of 40 characters (Wide mode). In Wide mode the first 40 characters of
each line are expanded to twice their normal size. The display memory still contains 80 characters on
each line and all wrap and cursor positioning operations will be performed accordingly. The TELERAY
will remain in Wide mode until an ESC | (lower case L) or a Reset to Initial State is entered; either will
return the format to 24 lines or 80 characters.

Monitor Mode

When the TELERAY is placed in this mode (via keyboard switch) all control characters including ESCAPE
and Delete are treated as data, entered into the display memory, and displayed in the form shown in Table
3. This mode allows the TELERAY to be used as a line monitor and also allows entry of control characters
for subsequent block transmission.

New Line Mode

This mode is selected by a rear panel switch. In New Line mode the receipt of the New Line character
causes both a Carriage Return and a Line Feed to be executed by the terminal. The New Line character
can be selected as either the LF character or the CR character by an additional rear panel switch.
Pressing either the CR or LF key will cause the cursor to go to the first column of the next line in New
Line mode. When the TELERAY is not in New Line mode, the Line Feed and Carriage Return commands
are treated as separate functions.

Right Margin Wrap Mode

When this mode is selected by the rear panel switch and data is entered in the 80th column of any line, the
cursor will automatically be positioned in the first column of the next line. A cursor right function from
column 80 will also cause the cursor to go to the first column of the next line. This "wrap" can cause a
scroll fo occur or can cause the cursor to go to the top line (depending on the condition of Scroll/Page
mode) if the cursor was in the 24th line.

If Right Margin Wrap mode is not selected and the cursor is in the 80th column, a cursor right function or
entry of any data which moves the cursor will not advance the cursor; the cursor will remain in the 80th
column and the data in that column will be rewritten.

Scroll/Page Modes

These modes are selected by the keyboard switch legended "Scroll." In Scroll mode (down position),
attempts to position the cursor below the bottom line will cause all displayed data to move up one line.
The top line of data is irrecoverably lost and a blank line inserted on the bottom of the displayed page. In
Page mode when an attempt is made to position the cursor below the bottom line, the cursor will "wrap"
to the top line. No scrolling occurs. When the TELERAY is placed in Protect mode, the TELERAY will
automatically go to Page mode. -

Protect Mode

The TELERAY will enter Protect mode upon receipt of an ESC W sequence and will leave Protect mode
when it receives an ESC X. These sequences may come from the keyboard, a programmable function, or

- from the Serial /0. The fields which are to be protected must be defined before the TELERAY is placed
in Protect mode (see "Fields"). The cursor cannot be placed in protected fields nor can these fields be
modified in Protect mode. All field modifier characters (within protect fields or not) are protected. The
Clear functions will erase only unprotected data. -

In Protect mode, scrolling, editing functions, and columnar tabs are disabled. The first nonprotected
character position to the right of each protected field becomes the tab stop for tabbing operations. In
Protect mode, the protected fields are not transmitted; a single FS code is substituted for them.

Keyboard Lock Mode

In the Keyboard Lock mode, all keyboard entered data are discarded. The Keyboard Lock mode is entered
by an ESC b sequence from either the keyboard or the Serial 1/0. The Keyboard Unlock sequence, ESC c,
is accepted only from the 1/O port. The Interrupt key on the keyboard may be pressed to unlock the
keyboard manually. The Keyboard Lock mode is automatically entered during any extended time
operation (such as Print). Upon completion of these operations the keyboard will be unlocked.



Disable/Enable Display Modes

When Disable Display mode (ESC e€) is entered, subsequent data from the keyboard, or from one of the
functions, or from Serial I/O port, will not go to the TELERAY display. The data will be routed to the
programming area for one of the programmable functions, to the peripheral port, or to the serial port, as
appropriate, but will not go to the display portion of the TELERAY. Control codes (for example: Clear
Screen) will not be executed in-the terminal but will be merely passed on to the appropriate point. When
the Enable Display (ESC f) mode is entered, the TELERAY returns to normal. The Disable Display mode
will allow the remote computer to download the functions in the TELERAY without interfering with the
operator. A typical download sequence might include the following:

Lock keyboard (ESC b)

Disable display (ESC e)

Define function (ESC U #)

The message which is to be loaded into the function
End definition (ESC V)

Enable display (ESC f)

Enable keyboard (ESC c)

onmonm>

The Disable Display mode is also useful within the function programming to exclude portions or all of the
function programming from going to the TELERAY screen. For example: If the functions were
programmed to initiate sequences for control of the Teledisk, operator may not want these sequences to
go to the display area of the TELERAY but would want to transmit them to the Teledisk. These function
definitions would then contain a Disable Display in the beginning of the programming and an Enable
Display in the end of the programming.

OPERATOR COMMUNICATIONS
Flelds

Dim, Blink, Underline, Inverse Video and Protected fields may be established on the TELERAY in any
combination. These fields are started, changed, or ended by entering a special character (field modifier)
in the TELERAY memory. Any combination of field modifiers occupy only one display memory location.
The field modifiers are entered in the memory using the sequence ESC R followed by the modifier code
(see Table 4). All data following the field modifier in the display (until the end of the 80 character line)
will have the characteristics shown in Table 4. To change or terminate a field before the end of the line,
another field modifier character is entered in the memory.

Field modifiers are displayed as either a space or as a "" d‘epending on the position of the rear panel
switch. On transmission of data in unprotected mode, a space code will be substituted for the modifiers in
Protect mode, an FS (File Separator code) will be substituted for the protected field.

Undesired field modifiers can be removed using the Search and Clear modifier function (ESC S). This
function will search the display in the forward direction until a field delimiter is found, will remove that
modifier and position the cursor in the modifier position. In Protect mode, those modifiers in protected
fields will not be removed. The search will "wrap" from the end to the beginning of the display; if no
modifier is found, the cursor will be repositioned on the starting location.

Bell

An audible tone, approximately 100 msec. duration, is produced on receipt of the BEL control code from
either the keyboard (Control G) or the Serial 1/O interface. When keyboard entry moves the cursor past
the 72nd character position in any line or into the 24th line the bell tone is also produced. Serial 1/O
cursor manipulation will not generate the tone, nor will Tab absolute cursor position, etc.

Interrupt

The Interrupt switch may be used by the operator to abort any operation currently underway and return
the terminal to a ready state. When performed the interrupt will "ring" the bell; the contents of the dis-
play memory will not be changed by this function.

Break

When pressed this switch will generate a 250 msec "break' (space) signal on the Serial 1/O transmitted
data line. This function does not affect internal operations of the TELERAY.



Parity Error

If parity is enabled and a parity error or a framing error (stop bits missing) occurs an ASCII SUB character
will be substituted for the erroneous character. The SUB character will be displayed as “B.

PROGRAMMABLE FUNCTIONS

The TELERAY contains 32 programmable functions. Any ASCI| sequence may be assigned to these func-
tions; 527 characters of memory are available to be used by the functions in any combination. The func-
tions can be used to store forms, control sequences, answerback messages. A function should not cali
itself or call another function. Functions can be initiated by an appropriate ESC sequence (see below); the
first eight also can be initiated by keyboard keys assigned to them. Other keyboard arrangements with
additional keys assigned to these functions are available, consult factory for details.

Use of the Programmable Functions

The functions will be initiated by either the appropriate keys on the keyboard (first 8) or may be initiated
by 3-character sequence - ESC T followed by the function number. The function number must be a two
digit number from 01 'rhrough 32, inclusive. Both digits must be used (e.g., Ol, 02, etc.) If an illegal or
undefined function number is given the sequence will be ignored. When a function is initiated, the ASCII
sequence stored in the function memory is treated by the TELERAY as a keyboard input. Control
characters and ESC sequences will be executed and/or transmitted as determined by the operating modes.

Programming the Programmable Functions

Programming of the functions will be initiated by the sequence ESC U, followed by function number. The
progromming of any function will be terminated by the sequence ESC then V. If the definition sequence
is given for a function which has been previously defined, the old program will be discarded and a new one
entered. As the functions are being programmed, the program data will also be executed. For example: if
the program sequence contains a Clear Page function the screen will be cleared.

PERIPHERAL INTERFACE

The peripheral port provides an RS232 serial asynchronous interface for a printer or other peripheral
device. Following a peripheral-on command (DC2) from the keyboard or the I/O interface, data are
transmitted to the peripheral port as received or as entered on the keyboard. The peripheral baud rate
will be set to the I/O baud rate, either as set by rear panel switches or as changed by ESC sequence (Table
2), for concurrent printing. A peripheral-off command (DC4) will turn off the peripheral interface.

Any displayed data can also be transmitted to the peripheral port in "block" fashion by pressing the Print
key. All data, including protected fields (with space characters substituted for field delimiters), are
transmitted at the peripheral baud rate.

TRANSMITS AND BUFFERING

Partial Line:  With the rear panel switch in the Xmit to Cursor position, the Transmit Line function
transmits the data from the start of line to the cursor position.

Line: With the rear panel switch in the Xmit to End position, the Transmit Line function
transmits the line the cursor is on.

Message: With the cursor positioned at the end of the message to be transmitted, the Transmit
message function transmits the data from the first ETX preceding the cursor (or Home),
to the cursor position. An ETX (displayed as "Ey" but not transmitted) is entered at the
cursor position before transmission.

Partial Page: With the rear panel switch in the Xmit to Cursor position. the Transmit Page function
transmits the data from Home to the cursor position.

Full Page: With the rear panel switch in the Transmit to End position, the Xmit Page function trans-
mits the entire page.

These transmissions can be initiated by ESC followed by i, |, or Z for line, message or page, respectively

or by the Xmit Line, Xmit Msg and Xmit Page keys. During these transmissions the keyboard is locked
and the cursor scans the transmitted data. When transmission is completed, the cursor returns to its
original position except after a Transmit Message the cursor is placed in the character position
immediately following the ETX which was entered. Non-written spaces to the right of any data on each




line are suppressed. LF and CR, or New Line codes are appended to the end of each line as selected by
the New Line and NL on LF-NL on CR switches. An ETX code will or will not be appended to each
transmission as selected by the position of the rear panel ETX on Transmit switch. Any Control
characters or ESC sequences entered in the display while the TELERAY was in MONITOR mode will be
transmitted (but not executed). :

Buffering

Block transmission from the Teleray can be suspended by a DC3 from a sending device. A DCI code will
cause transmission to resume. Block transmission is aborted if any character, number or control code pre-
cedes the resume command. A Busy/Ready mode can be selected to permit the Teleray fo suspend data
entry from a computer equipped to detect and decode the proper commands. The mode is enabled in the
Teleray when an ESC h command is received. When this mode is enabled the Teleray sends a DC3
command (Busy) when its input buffer is 10 characters from full. When the Teleray buffer is 10 characters
from empty a DCI (Ready) command is sent to the computer fo resume data transmission. Once enabled
this mode can only be disabled by an ESC g (reset to initial state) command or if power to the Teleray is
shut off.

CURSOR MANIPULATION
Basic Moves

The cursor can be moved one position up, down, right, left or to home (line one, column one}, using either
the non transmitting keyboard keys or by using the sequence: ESC and A, B, C, D or H respectively.
Backspace will move the cursor one left; the space character one character to the right (destructively).
Line Feed )moves the cursor one down; Carriage Return places the cursor on the left margin (also, see New
Line mode).

Margin Wraps

When a cursor left function is initiated with the cursor in the first column, the cursor will move to the
80th column of the preceding line (assuming the 80th column of that line is not protected). When a cursor
left function is initiated with the cursor in the Home position, the cursor moves to the 80th column of the
24th line. A one up function in the top line, will position the cursor in the same column, Line 24. The
actions taken on the right and bottom margins depend on the condition of the WRAP and SCROLL. modes
as previously described.

Cursor Address Write and Read

The cursor can be moved directly to any line-column coordinate using the sequence ESCape Y - line code -
column code. The sequence ESC a will cause the TELERAY to transmit its cursor position in that order.
The line code and column code for each position is given in Table |. An illegal coordinate in an addressing
sequence will be ignored; this allows the cursor to be moved to another line without changing the column
or to another column without changing the line.

Tabs

The TELERAY accommodates a total of 16 columnar tab stops. A columnar tab stop can be set in any
column position by moving the cursor to that position and pressing the Tab Set key, or by the sequence
ESC F. Any existing tab stop can be cleared by moving the cursor to that position and pressing the Tab
Clear (shifted Tab Set) key. The Clear Tabs function (ESC G) clears all Tab Stops simultaneously. Tab
stops do not occupy display positions.

When the Tab/Back Tab key is pressed, the cursor moves forward or backward, respectively, to the next
tab stop (which movement may include right or left margin wrap, as appropriate). In Protect mode, the
columnar tabs are ignored and the character position to the right of each protected field acts as a tab
stop. If no tab stops have been set the cursor will not move.

CLEARS AND EDITS
Clear Functions

The Clear EOL function clears from the cursor to the end of the line; Clear EOP function clears from the
cursor to the end of the page. The Clear Page function clears the entire page. Reset to Initial State will
abort any operation underway and place the TELERAY in the "power up" state: memory is clear, tab stops
are removed, peripheral is disabled and cursor is at home. These functions are initiated by ESC K for
Clear EOL and ESC J for Clear EOP. Clear Page is initiated by ESC j or by Form Feed; Reset to Initial
State by ESC g. The Clear EOL, EOP and Page functions do not erase protected fields in Protect mode,
Reset to Initial State will erase them in any mode.

Edit Functions

The Insert Character, Delete Character, Insert Line, and Delete Line functions are initiated by the
sequences ESC then P, Q, L or M, respectively, or are initiated by the appropriate keyboard key. An



Insert Character function is performed by shifting all data in and to the right of the cursor on the cursor
line one character to the right. Data shifted past column 80 is irrevocably lost; subsequent lines are not
affected. The cursor position is not changed. The Delete Character function is performed by shifting all
data in and to the right of the cursor position on the cursor line one character to the left. A space
character is placed in column 80; subsequent lines are not affected. The cursor position is not changed.

The TELERAY performs an Insert Line function by shifting all data lines including and below the cursor
line, one line down. A line of spaces is written in the cursor line and the cursor is positioned at the left
margin on this line. Data shifted past line 24 is irrevocably lost. A Delete Line function is performed by
moving all the data below the cursor line up one line. The cursor is positioned at the left margin on the
current line. A line of spaces is written in line 24,

The Insert and Delete functions will not operate when the TELERAY is in Protect mode.

Table 1

CURSOR COORDINATE POSITIONING -

I) Press ESC . . . then Y . . .

|
2) then Line Code . . . 3) then Column Code |
LINE CODES | - COLUMN CODES
Line Col. Col. Col.
No. Char. No. Char. | No. Char. No. Char.
| Space [ Space | 28 H 55 V.
2 A 2 ! 29 < 56 w
3 " 3 " 30 = 57 X
4 i 4 i 3! > 58 Y
5 $ 5 $ 32 ? 59 Z
6 % 6 % 33 @ 60 c
7 & 7 & 3% A 6l \
8 ' 8 ! 35 B 62 ]
9 ( 9 ( 36 C 63 A
[0 ) 10 ) 37 D 64 -
I * ] * 38 E 65 ! |
12 + 12 + 39 F 66 a |
13 , 13 , 40 G 67 b
14 - 4 - 41 H 68 c
15 . 15 . 42 I 69 d |
16 / 16 / 43 J 70 e
17 0 17 0 44 K 71 f
18 | 18 | 45 L 72 g
19 2 19 2 46 M 73 h
20 3 20 3 47 N 74 i
21 4 21 4 48 0 75 j
22 5 22 5 49 P 76 k
23 6 23 6 50 Q 77 |
24 7 24 7 51 R 78 m
25 8 52 S 79 n
© 26 9 53 T 80 o
27 : 54 U

Note: Any undefined coordinate character will be ignored.



FUNCTIONAL SUMMARY

Communications Modes

Character/Block e ceoeceeseeeeseosesseanes eesesessss Keyboard Switch
Half/Full Duplex..... Cesceseccetacacastanans eeeoe.0. Rear Panel Switch
Local/Remote....... Ceeecesscstectnceeananns . .Keyboard Switch

Communications Churacter Modec
One/Two STOP Bite e eveetoceocecessseoeesccsscssasss.Rear Panel Switch
Parity Enoble/Dlsoble Cessescesacens ceseessesss..Rear Panel Switch
Seven/Eight Bit ceovvesnn .....................,.....ReqrPonelSwitch
Baud Rates.cocvveueneriancccneccsasasnnnecsssssss.Rear Panel Switch or ESC [ Table |
Operating Modes

Wide/Normal Characters « ecce.. cecosccceccnnens eeeeESCm /ESC I
Monitor.c..oveen Cetencenes ceceseanans ceessessesss.Keyboard Switch
New Line.ccoeeeene. Cecesecanans cesecenceans s 0«0 .Rear Panel Switches
Right Margin Wrap. ceccoveceees Cecececstenaone ««s0.Rear Panel Switch
ScrolI/que ....... cesccccene ceccccncnns ceeececes .+« . Keyboard Switch
Enter/Leave Protect.ccceees ceeccecaceans ceesesssss sESC W /ESC X
Keyboard Lock/Unlock «eeeeeceeannn Ceteeeenanes +0:+.ESCb/ESC ¢
Disable/Enable Display.cceecsas Cecesesescans eeesssESC e /ESC f
Operator Communications
Fieldseeeeeeeeosoncooans Ceesesescsacesaanane ceesons ESC R and Table 2
Search & Clear Delimiter..... ceeecsesaes cesessens ...ESCS
Bell coveeeeennnns ceessenses teetesseciocasenae «+«..BEL (CTRL G)
(2} 13 ¢ U/ ceecesnens cesesiecnas cees .Keyboard Switch
Breake.eeeeeeeconnoas Cetececcsasenaesns .........KeyboordSwn'rch
Parity Error ccoeeeesecccecceess Cereeiesecsacenannan Automatic B display
Programmable Functions
Execute Programmed Functioneeoeeeeeveenonens «ess. ESC T Number (2 digit, 0l through 32)
Define Function.eeeesacoas Ceetesseesnnans ceseenees ESC U Number (2 digit, 0! through 32)
End Function Definitionssecccososces ccecseccnnses ees . ESCV
Peripheral Interface
PNt e oo teeeeoeeeeeeeceuansooansasescoscsssancnnss Keyboard Switch or ESC O (oh)
Peripheral On.eeeeeeeeeeereeesoesoocascacecannanans DC2 (CTRL R)
Peripheral Off........ Cettsesecacenonas cecessaaces DC4 (CTRL T)
Change Peripheral Boud cetesessasrerntsnannsses «e+.ESC\ Table |
Transmits and Buffering
Lin€eeceesessosanccans ceeees tececeenons ceeeies .« .Keyboard Switch or ESC i
Messqge ............. [ cecsssceens csscoens «« Keyboard Switch or ESC |
o o 1= S .. Keyboard Switch or ESC Z
Xmit to Cursor/End .vcvveeeenes Checsccecssccscsanas Rear Panel Switch
Xmit an ETX toveveneerccecasnsnsnns cecescecssoncs .Rear Panel Switch
TimeFill.oveierieresoccesnnas ceeesscsnas cecsoe «oo o .NUL
Suspend/Busy «vvveererenns Ceeeeetteetaeticonns «eee..DC3 (CTRL S)
Resume/Ready .coeeereocescsacasssnnsaansas ceeseceas DCI| (CTRL Q)
Enable Busy/Ready...... Cecescsesacessaas ceessesaen ESC h
Cursor Manipulation
One Upeeecasescnons s esessesesccsssassesssacssnn o Keyboard Switch or ESC A
ONe DOWN e cvcocccsocsssossossssssssssssssssssnssossa Keyboard Switch or ESC B or LF (CTRL J)
One Right....... cesescescsces csescsanses ceocesoccs Keyboard Switch or ESC C or Space
One Lefteesecesccosocscne ceesessessscsesscsssssn e Keyboard Switch or ESC D or BS (CTRL H)
HOMEs cosoescsccsscccnssanss tecoecssanse cesesscsnan Keyboqrd Switch or ESC H
Left Margin «cveveevenannnnn, Ceetereeiaene tecrenas CR (see New Line)
Absolute Position.eeeeescsse ceteccscsccacennens eee+s.ESC Y Table 4
Position Read.ceveveeeen. Ceetecsceccssnsnans cee....ESCa
Tab Set eveeiiiiiineeiennneconnnas Cesescecsensesnas Keyboard Switch or ESC F
Clear This Tabeececoss Cececessseesresssasasesencens Keyboard Switch
Clear All Tabs ceceveeeceacss Ceteececececcsscanae «++.ESC G
Tabeoveeoeoneaoanaoas cecesrsesascsannnns vesecarena Keyboard Switch or HT (CTRL 1I)
Back Tabseeeececss cevesaences sesssesecsssatarannne .Keyboard Switch or ESC d
Clears and Edits
Clear EOL.veveevecennne Ceecesecansens Ceeeeteinanas Keyboard Switch or ESC K
Clear EOP....... cetecesenas csecsecasnns ceenen .+« .Keyboard Switch or ESC J
Clear Page «+cevvee ceceneene Cereeee Ceeeeeene «+««...Keyboard Switch or jor FF (CTRL L)
Reset to Initial State cceceeee cecesscscsscos cecsscene ESCg
Insert Character....... cecenee cesnesnearanens cesens Keyboard Switch or ESC P
Delete Character.sce. .. Cevenesecsnssannens Cesercnes Keyboard Switch or ESC Q
Insert Line «veceseccsscns cecscsscone cecessacscsscae Keyboard Switch or ESC L

Delete Line cocecessnoass ceeeteecescniane cesens «+«« Keyboard Switch or ESC M
- 10



Table 2 Baud Rate Table 3 Conirol Charocter Generation and

Monitor Mode Display
Program .
Sequence Rear Panel Displayed Control Press*
Serial 1/0: ESCC then— Baud Switch Positions As Character Control &
Peripheral ESC \ then% Rate 4 3 2 1 \ /
, : A
P 50 U UUU g ACKF
| 75 D U U VU L BEL G
2 110 UDUWU B
3 134.5D D U U o ® H
4 150 U U D U N CAN X
5 300 DUDUWU C
6 60 UDDU oy R M
7 1200 D D D U | DCI Q
8 1800 U U U D D
9 2000 DU U D o b2 R
: 2600 U D U D 3 DC3 S
; 3600 D D UD D
< 4800 U UDD ol e T
>= 7200 D U D D L DLE P
9600 U D D D E
? Ress DDDD o EM Y
Q ENQ E
U = Up E
D - Down ET EOT D
C ESC C
Table' 4 Field Modifiers EB ETB W
ESC R Ex ET™X C
Then Field Characteristics FF FF L
@ Normal (ends all others) Fe Fs .
A Blink G :
B Dim S GS ]
C Dim, Blink H
D Inve;se LT HT |
E Inverse, Blink F LF J
F  Inverse, Dim N
G Inverse: Dim, Blink K NAK U
H Underline Ny  NUL 2
| Underline, Blink RS RS \
J  Underline, Dim S
K Underline, Dim, Blink | Sl 0O
L Underline, Inverse S
M Underline: Inverse, Blink SO SO N
N Underline, Inverse, Dim H SOH A
O Underline, Inverse, Dim, Blink S
P  Protect dnly ’ ’ Sx STX B
Q Protect Blink B suB Z
R Protect, Dim S
S Pro'recT: Dim, Blink UY SYN v
T Protect, Inverse S uUs ?
U Protect, Inverse, Blink Y/
\ Profect: Inverse: Dim T Al K
¥<V g:g::zz’ B:;;:ﬁ,’-,eDlm’ Blink *Dedicated keys on keyboard for several of these
¥ Profecf: Underline, Blink codes. See Keyboard description.
Z Protect, Underline, Dim
C Protect, Underline, Dim, Blink
\ Protect, Underline, Inverse
J Protect, Underline, Inverse, Blink
A Protect, Underline, Inverse, Dim
— Protect, Underline, Inverse, Dim, Blink




CODING SUMMARY

Control Characters Escape Sequences
Row 0 | 5 6
0 NUL DLE @ P
"Time Fill" Insert Char
| SOH DCl A Q a Table 4
Resume/ One Delete Read
Ready Up Character Cursor Posn.
2 STX DC2 B R Table 2 b
Limit Peripheral One Field Lock
Transmit On Down Modifier Keyboard
3 ETX DC3 c S c
Suspend/ One Search/Clr. Unlock
Busy Right Modifier Keyboard
4 EOT DC4 D T d
Peripheral One Execute Back Tab
Off Left Programmed
Function
5 ENQ NAK E U e
Clear Tab Define Disable
Stop Furction Display
3 ACK SYN F \Y f
Set Tab End Encble
Stop Function Display
Definition
7 BEL ETB G W a
Bell Clear All Enable Reset to
Tcb Stops Protect Initial
State
8 BS CAN H X h
One Home Leave Enable
Left Protect Ready/Busy
9 HI EM | Y Table & i
Tab Transmit Load Transmit
Message Cursor Line
Position
10 LF sug J Z . j
Line Feed Parity Error Clear to Transmit Clear
EOP Page Page
1 vT ESC K [ Table | k
Introduce Clear to Set 1/O
Sequence EOL Baud
12 FF FS L / Table | |
Clear Insert Set Periph Normal
Page Line Baud Character
Format
13 CR GS M ] m
Cursor Delete Wide
Return Line Character
Format
4 SO RS N A n
15 S1 us 0] - o
Print




Section 2
MACHINE ORGANIZATION

The Teleray consists of a display cabinet and an optional detached keyboard
module. The display cabinet contains a Monitor module, Power Supply module
and Logic module. These modules are accessible without using tools for
exchange and/or repair. The Teleray instruction manual graphically illustrates
module replacement.

The Module Signal Flow and Cabling Diagram describes the signal flow between
modules. All connectors used are keyed to prevent incorrect insertion. The
ribbon cable used is symmetrical, the cable may be reversed end-to-end. Pin
numbers on the cables are provided in each section.
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PRODUCT SAFETY SERVICING GUIDELINES
FOR ZENITH DATA DISPLAY TERMINALS

CAUTION: No modification of any circuit should be at-
tempted. Service work should be performed only after you
are thoroughly familiar with all of the following safety
checks and servicing guidelines. To do otherwise in-
creases the risk of potential hazards and injury to the user.

SAFETY CHECKS
After the original service problem has been corrected, a
check should be made of the following:

SUBJECT FIRE & SHOCK HAZARD

. Be sure that all components are positioned in such a
way to avoid possibility of adjacent component shorts.
This is especially important on those chassis which are
transported to and from the repair shop.

. Never release a repair unless all protective devices
such as insulators, barriers, covers, shields, strain re-
liefs, and other hardware have been reinstalled per orig-
inal design.

. Soldering must be inspected to uncover possible cold
solder joints, frayed leads, damaged insulation, solder
splashes or sharp solder points. Be certain to remove
all loose foreign material.

. Check ‘‘across-the-line’’ capacitor (if used) and other
components for physical evidence of damage or deteri-
oration and replace if necessary. Follow original layout,
lead length and dress.

. No lead or component should touch a resistor rated at 1
watt or more. Lead tension around protruding metal sur-
faces must be avoided.

. All critical components (shaded on the schematic
diagram and parts lists) such as: fuses, flameproof re-
sistors, capacitors, etc., must be replaced with exact
Zenith types. Do not use replacement components oth-
er than those specified or make unrecommended circuit
modifications.

. After re-assembly of the terminal always perform an AC
leakage test on all exposed metallic parts of the cabinet
and screws to be sure the terminal is safe to operate
without danger of electrical shock. DO NOT USE A LINE
ISOLATION TRANSFORMER DURING THIS TEST. Use
an AC voltmeter having 5000 ohms per volt or more sen-
sitivity in the following manner: Connect a 1500 ohm 10
watt resistor (63-10401-76), paralleled by a 0.15 mfd.,
150V AC type capacitor (22-4384) between a known good
earth ground (water pipe, conduit, etc.) and the ex-
posed metallic parts, one at a time. Measure the AC
voltage across the combination 1500 ohm resistor and
0.15 mfd. capacitor. Reverse the AC plug and repeat AC
voltage measurements for each exposed metallic part.
Voltage measured must not exceed 0.75 volts RMS.
This corresponds to 0.5 milliamp AC. Any value exceed-
ing this limit constitutes a potential shock hazard and
must be corrected immediately.

v

Q A.C. VOLTMETER Q

224384
.15 MFD
A.C. TYPE
1
11

63-10401-76
1500 ohm 10 wett

]

70 GOOD EARTH GROUND
SUCH AS WATER PIPE,
CONDUIT, ETC.

PLACE THIS PROBE
ON EACH EXPOSED
METALLIC PART.

SUBJECT: IMPLOSION PROTECTION

1. All Zenith picture tubes are equipped with an integral
implosion protection system, but care should be taken
to avoid damage during installation. Avoid scratching

the tube.
2. Use only Zenith replacement tubes.

SUBJECT: X-RADIATION

1. Be sure procedures and instructions to all service

personnel cover the subject of X-radiation. The only po-
tential source of X-rays is the picture tube. However,
this tube does not emit X-rays when the HV is at the fac-
tory-specified level. It is only when the HV is excessive
that X-radiation can be generated. The basic precaution
which must be exercised is to keep the HV at the facto-
ry-recommended level. Refer to the X-ray Precaution
Label which is located inside each terminal for the cor-
rect high voltage. The proper value is also given in the
schematic diagram. Operation at higher voltages may
cause a failure of the picture tube or high voltage supply
and, also, under certain circumstances, may produce
radiation in excess of desirable levels. ‘

2. Only Zenith-specified CRT anode connectors must be
used.

3. It is essential that the serviceman has available at all
times an accurate high voltage meter. The calibration of
this meter should be checked periodically against a re-
ference standard.

4. When the high voltage circuitry is operating properly
there is no possibility of an X-radiation problem. Every
time a chassis is serviced, the brightness should be run
up and down while monitoring the high voltage with a
meter to be certain that the high voltage does not ex-
ceed the specified value and that it is regulating correct-
ly. We suggest that you and your service organization
review test procedures so that voltage regulation is al-
ways checked as a standard servicing procedure, and
that the reason for this prudent routine be clearly under-
stood by everyone.

5. When trouble shooting and making test measurements
in a terminal with a problem of excessive high voltage,
do not operate the chassis longer than is necessary to
locate the cause of excessive voltage.

IMPORTANT NOTE: DAG GROUNDING.

Each unit provides for grounding of the main P.C. Board
and CRT socket board to the dag of the CRT through the
dag grounding spring.

The ground wires are connected to the shell bond or
T-band through a terminal lug. Upon installing the Video
Display in a terminal, this grounding procedure should be
followed to provide adequate high voltage filtering and arc
protection. This especially pertains to mounting the video
display as a kit version.

CAUTION

NO WORK SHOULD BE ATTEMPTED ON
ANY EXPOSED MONITOR CHASSIS BY
ANYONE NOT FAMILIAR WITH SERVICING
PROCEDURES AND PRECAUTIONS.




GENERAL INFORMATION

This service manual introduces the Zenith D12 series of
Video Displays. The series includes three basic forms: the
D12-PF which is complete with power supply and frame,
the D12-NF without power supply, the D12-NK in kit form
which comes without frame or power supply.

The D12 series incorporate precision CRT’s which provide
uniformity of display and controlled spot size and geom-
etry. The display may be operated from a standard 15 volt
D.C. supply (or optional 12 V.D.C.) or from 120 volts A.C.

Input and output connections for the displays are made
through a 10 pin edge connector on the main circuit board.
Provision has been made for an optional remote bright-
ness control. Schematic reference numbers are printed on

the circuit board to aid in the location and identification of
components for servicing.

Vertical and horizontal linearity is maintained within speci-
fications without the use of linearity controls or adjustable
devices. Excellent vertical linearity is assured by the ex-
tensive use of current feedback and horizontal linearity is
achieved with a fixed saturable reactor.

Vertical and horizontal deflection systems sustain scan
even in the absence or interruption of synchronizing sig-
nals. Vertical and horizontal synchronization is automatic
and stable throughout the entire specified operating fre-
quency range.

SPECIFICATIONS

CATHODE RAY TUBE
12’ diagonal measure, 90° deflection, 12.5 KV nominal
high voltage at 50  A. beam current. Available with bonded
anti-reflective face plate option. P4 phosphor is standard
and other EIA phosphors are available.

NOMINAL DISPLAY AREA
51 sq. in. defined by a rectangle 81%2"x6" centered on the
CRT. (Other display dimensions optional.)

INPUT SIGNALS (TTL LEVEL)

HORIZONTAL

4 to 40 usec. duration (positive going standard).
VERTICAL

50 to 1400 usec. duration (negative going standard).
VIDEO

1.0V to 2.5V P-P (user supplies 500 ohm contrast control

for higher input levels).

Positive polarity for white characters. (Other polarities

are available for horizontal and vertical sync.)

POWER SUPPLY
120V + 10% or 240V + 10%
(customer strappable) 47 to 63 Hz., or
15V DC at 800 ma. max., or
12V DC at 1100 ma. max.

BRIGHTNESS CONTROL
Internal or Customer supplied 100 K@ potentiometer (ac-
cessible at pins 2, 3 and 4 of edge connector).

INTERCONNECT TO CUSTOMER SYSTEM
Via standard 10-pin edge connector.
VIKING #25V10S/1-2
. AMP #225-21031-101
CINCH #250-10-30-170

RESOLUTION )
900 vertical lines minimum at center of display and 700 ver-
tical lines at the corners. Pulse rise time less than 20 nano-
seconds, for 30V rise at CRT. Bandwidth is within 3db from
10 Hz. to 18 MHz.

GEOMETRY
NOTE: Measurements made with an input of 1.0-2.5V P-P
and with the display adjusted to 6” highx8%2" wide.
VERTICAL
a. Height of display at left side shall be within + 2.0 per-
cent of height at right side.

b. Top and bottom pincushion or barrel shall be within
1.25% of the average height.

HORIZONTAL

a. Width of display at top shall be within + 2.5 percent of
width at bottom.

b. Side pincushion or barrel shall be within 1.0% of the
average width.

LINEARITY ‘
No character shall vary in width or height by more than
+ 10% of the average width or height of all the characters
inarow or column respectively. No specific character shall
vary in width or height more than + 10% of an adjacent
character.

SYNCHRONIZATION

HORIZONTAL

15.75 + 0.5KHz.

18.60 + 0.5KHz. (Optional)
Horizontal Blanking

10.0 psec. min.
Horizontal Phasing Control

10.0 «# sec. min. adjustment
VERTICAL

47 to 63 Hz.
VERTICAL RETRACE TIME
850 sec. max.

STORAGE
55° C. max. with bonded anti-reflective faceplate.
65° C. max. for plain faced CRT’s.

ENVIRONMENT
Operating temperature
55° max. (free air temperature of display electronics).
Altitude
40,000 ft. + storage & shipment.
10,000 ft. max. operating.

WEIGHT
11.5 Ibs. max. without optional power supply.
13.5 Ibs. max. with optional power supply.
9.0 Ibs. max. without frame.




THEORY OF OPERATION

POWER SUPPLY

Power Transformer TX201 is designed for use with
120V or 240V A.C. source. The secondary provides
power to bridge rectifier (CR501, CR502, CR503 and
CR504). The positive output of the bridge rectifier
(junction of CR503 and CR504), forms the raw B+
supply ( ~ 20VDC).

Voltage regulation is accomplished in the negative
leg of the power supply through a feedback network
consisting of transistors QX501 and QX502 and their
associated circuitry. The emitter voltage of QX501 is
maintained by diodes CR505, CR506 and CR507. The
base voltage is provided by potentiometer RX506.

If B+ increases, diodes CR505, CR506 and CR507
will draw more current to maintain the emitter volt-
age of QX501. Additionally, the voltage developed
across RX506 will increase, resulting in a higher pos-
itive voltage at the base of QX501 which will result in
less conduction. This reduces the base current of
QX502 since QX501 provides the emitter/base cur-
rent path for QX502. When QX502 conducts less, the
voltage drop across Q502 is increased thus lowering
B+.

If B+ decreases, diodes CR505, CR506 and CR507
will reduce conduction to maintain the emitter volt-
age of QX501. Additionally, the base voltage provid-
ed by RX506 will decrease. Less voltage on the base
of QX501 will cause it to increase conduction, result-
ing in a greater emitter/base current flow in QX502.
With this condition the voltage drop for Q502 is less
and B+ isincreased.

HORIZONTAL

The low-level horizontal section, which consists of
transistors Q101 and Q102 (and associated circuitry),
functions as a variable time delay monostable multi-
vibrator. The input trigger for this circuit is provided
by the horizontal drive pulse. The pulse is injected
into the base or emitter (for either positive or nega-
tive pulse respectively) of Q101 through injection
network C101, C111, R101, R110 and CR101. By vary-
ing the recovery time of the multivibrator, potentiom-
eter R104 adjusts video information position (with re-
spect to raster scan). Output of the monostable mul-
tivibrator, derived at the collector of Q102, is injected
through a coupling network consisting of C110 and
CR103. The resulting ‘‘Lock’’ signal is rereceived by
one side of a precision astable multivibrator at the

emitter of Q103. The astable multivibrator circuit is
completed through Q104 and associated circuitry.
This circuit will act as a free running oscillator until
the “‘Lock” signal is received from the previous
stage. Once locked, an output pulse is formed at the
emitter of Q104 which is then D.C. coupled to the
base of the horizontal driver transistor, Q105.

Remainder of the horizontal circuit is straightfor-
ward. Features to be noted are: Width and Linearity
Coils LX102 and LX101 in series with the yoke
(TX202). Linearity is fixed and an adjustable coil is
provided for width. The linearity coil has a magnetic-
ally biased core which makes the inductance of the
coil dependent upon its current. Pincushion and ge-
ometric corrections are made at the factory by the
addition of rubber magnets around the plastic ring of
the yoke. D.C. operation of 12 volts is accomplished
by the (optional) addition of a boost circuit at the hor-
izontal sweep transformer.

VERTICAL

The vertical circuit includes an oscillator consisting
of transistors Q301 and Q302 and associated circuit-
ry. Amplification is provided by transistors Q303 and
Q304 with the emitter of Q304 feeding the base of the
vertical driver Q305. The vertical output transistors,
Q306 and Q307 are wired in the standard push-pull
configuration. One feature of this vertical circuit is
the addition of transistor Q308. This transistor dou-
bles B+ during retrace, thus maintaining less than
800, sec. of retrace time.

VIDEO

The video amplifier circuit consists of transistors
Q401 and Q402 and associated circuitry. The circuit
comprises a cascode amplifier which is triggered by
a positive pulse at pin 8 of the edge connector. Upon
receiving the input pulse, conduction is initiated and
the collector voltage of Q402 is lowered. Amplifica-
tion of low frequency voltage gain is fixed by the ra-
tio of R407 and R408. Gain is maintained to 18 MHz
by the bandwidth enhancing components R4086,
C403, and L401. Resistors R402 and R403 provide
bias for the amplifier.

The collector output of Q401 is D.C. coupled to the
cathode of the C.R.T. through resistor R201. Raster
cut-off is adjusted with the brightness control R114
which is connected to G1 of the C.R.T.
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ADJUSTMENT PROCEDURES FOR D12 VIDEO DISPLAY

1. External power is applied to the monitor through an AC line cord or a 4 pin molex connector. The unit is wired for
120 VAC 50/60 Hz operation. (240 VAC 50/60 Hz optional)

2. INPUT SIGNALS: Input signals are connected to the display board through a 10 pin edge connector.

Component Side of Display Board
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Optional

A. Horizontal drive signal — 15750 Hz + 500 Hz

2.5v
to 4.0psec.
5.5v <— {0 —p]
40 usec.
Ov

B. Video drive signal

1.0v

to
2.5v X ™M
Ov

Ata horizontal frequency of 15.7KHZ the video drive signal should start 11 microseconds +5pusec. after the
leading edge of horizontal sync, and 900 microseconds or greater after the leading edge of vertical sync.

C. Vertical drive signal — 47 Hz to 63 Hz

2.5v
to
50 psec.
5.5v to
10 milli
sec.
Ov




In normal operation the horizontal and ver-
tical drive signals and signal ground are
connected to the edge connector through
a cable assembly. If this is not the case
connect pins 1 & 10 together with a jumper
wire at the edge connector.

Should the video drive level exceed the 2.5
volts specified, an external contrast con-
trol must be provided. The video drive sig-
nal is connected to the top end of the
5000 pot, the bottom end is grounded and
the wiper arm connects to the video input
of the edge connector as shown.

VIDEO
SIGNAL

500 ohm

CONTRAST
CONTROL
(EXTERNAL)

TO PIN 8 OF
EDGE CONNECTOR

3. Once power is applied to the display and the input signals connected, adjust the
brightness control until the edges of the raster are visible.

4. Depending on the requirements for height and width of the video presentation, the

vertical size control and width coil should be adjusted accordingly.

5. The power supply board also has a control to adjust the regulated B+ of the monitor to

+15V. Check for proper adjustment.

6. Adjust the phase control to center the video information within the raster. (The contrast
control may have to be adjusted to obtain a display of the video information.)

7. Adjust brightness control for visual cutoff of the raster.

8. Adjust external contrast control for desired luminance.

9. Adjust focus control for best possible overall focus.

IMPORTANT NOTE: DAG GROUNDING.

Each unit provides for grounding of the main P.C. Board and CRT socket board to the dag

of the CRT through the dag grounding spring.

The ground wires are connected to the shell bond or T-band through a terminal lug. Upon
installing the Video Display in a terminal, this grounding procedure should be followed to
provide adequate high voltage filtering and arc protection. This especially pertains to

mounting the video display as a kit version.



VIDEO BOARD & CRT SOCKET
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LEGEND

ITEM NO.

C101
C102
G103
C104
G105
C106
G107
C108
C109
C110
Ci1
C112
C113
CX114
C115

PART NO.

22-7614-06A
22-7619-39A
22-7619-39A
22-7622-28A
22-7619-39A
22-7619-39A
22-7619-39A
22-7619-39A
22-7152-03
22-7613A

22-7622-28A.

22-7613-24A
22-7440
22-7530-07
22-7656-13A
22-7313
22-7718-09
22-3748

22-7722-02
22-7722-01
22-4905-01
22-4905-01
22-4905-01

22-7144-09
22-7142-03
22-7613-24A
22-7548
22-7152-05
22-7720-09
22-7579-03
22-7614-04A
22-7389-02
22-7718-08
22-7152-04
22-7614-18A
22-7615-08A
22-7579-04
22-7389-02
22-7614-20A

22-7722-08
22-7721-04
22-7613A
22-7724
22-3512
63-9922
63-9919-94
63-9919-94
63-10651-06
63-10533-05
63-9922-14
63-10533-04
63-9921-94
63-9921-94
63-9921-66
63-9919-96
63-9919-92
63-10533-04
63-10533-04
63-9919-84
63-9921-79
63-9919-86
63-10559-48

63-10565-24
63-9921-46
63-10559-40
63-10559-68
63-9922-44
63-9922-20

63-10565
63-7763
63-7710
63-7799
63-7827
63-7855
63-7771

63-9922-27
63-9921-92

DESCRIPTION

330 PFD CAPACITOR 20% DISC 50V

160 PFD CAPACITOR 5% DISC NPO 50V

160 PFD CAPACITOR 5% DISC NPO 50V

56 PFD CAPACITOR 10% DISC NPO 50V

160 PFD CAPACITOR 5% DISC NPO 50V

160 PFD CAPACITOR 5% DISC NPO 50V

160 PFD CAPACITOR 5% DISC NPO 50V

160 PFD CAPACITOR 5% DISC NPO 50V

4.7 MFD CAPACITOR +100%—10% ELEC 25V
100 PFD CAPACITOR 10% DISC 50V

56 PFD CAPACITOR 10% DISC 50V

.01 MFD CAPACITOR 10% DISC 50V

.0047 MFD CAPACITOR 10% DISC 500V

.015 MFD CAPACITOR 5% POLYESTER 400V
22 PFD CAPACITOR 10% DISC 50V

10 MFD CAPACITOR 20% NP ELEC 25V

100 MFD CAPACITOR 20% ELEC 25V

.001 MFD CAPACITOR 10% DISC 1KV

2.2 MFD CAPACITOR 20% ELEC 100V

1 MFD CAPACITOR 20% ELEC 100V

.01 MFD CAPACITOR +80%—20% 500V
.01 MFD CAPACITOR +80%—20% 500V
.01 MFD CAPACITOR +80%—20% 500V

220 MFD CAPACITOR +100%—10% ELEC 35V
4.7 MFD CAPACITOR +100%—10% ELEC 25V
.01 MFD CAPACITOR 10% DISC 50V

.15 MFD CAPACITOR 10% POLYESTER 50V
22 MFD CAPACITOR +100%—10% ELEC 25V
100 MFD CAPACITOR 20% ELEC 50V

4.7 MFD CAPACITOR ELEC 16V

220 PFD CAPACITOR 20% DISC 50V

1 MFD CAPACITOR 20% ELEC 25V

47 MFD CAPACITOR 20% ELEC 25V

10 MFD CAPACITOR +100%—10% ELEC 25V
.0033 MFD CAPACITOR 20% DISC 50V

.022 MFD CAPACITOR +80%—20% DISC 50V
1000 MFD CAPACITOR 10% ELEC 16V

1 MFD CAPACITOR 20% ELEC 25V

.0047 MFD CAPACITOR 20% DISC 50V

47 MFD CAPACITOR 20% ELEC 100V

4.7 MFD CAPACITOR 20% ELEC 63V

100 PFD CAPACITOR 10% DISC 50V

.02 MFD CAPACITOR +80%—20% DISC 500V
.01 MFD CAPACITOR +40%—10% DISC 1KV
15K OHM RESISTOR 5% FILM 1/4W

8.2K OHM RESISTOR 2% FILM 1/4W

8.2K OHM RESISTOR 2% FILM 1/4W
CONTROL 25K OHM (HORIZ PHASE)

357K OHM RESISTOR 1% METAL FILM 1/4W
56K OHM RESISTOR 5% FILM 1/4W

267K OHM RESISTOR 1% METAL FILM 1/4W
8.2K OHM RESISTOR 5% FILM 1/4W

8.2K OHM RESISTOR 5% FILM 1/4W

560 OHM RESISTOR 5% FILM 1/4W

10K OHM RESISTOR 2% FILM 1/4W

6.8K OHM RESISTOR 2% FILM 1/4W

267K OHM RESISTOR 1% METAL FILM 1/4W
267K OHM RESISTOR 1% METAL FILM 1/4W
3.3K OHM RESISTOR 2% FILM 1/4W

2K OHM RESISTOR 5% FILM 1/4W

3.9K OHM RESISTOR 2% FILM 1/4W

100 OHM RESISTOR 5% FILM 1/4W

10 OHM RESISTOR 5% FILM 1/2W

82 OHM RESISTOR 5% FILM 1/4W

47 OHM RESISTOR 5% FILM 1/4W
680 OHM RESISTOR 5% FILM 1/4W

1 MEGOHM RESISTOR 5% FILM 1/4W
100K OHM RESISTOR 5% FILM 1/4W

1 OHM RESISTOR 5% FILM 1/2W
330 OHM RESISTOR 5% CARBON COMP 1/2W
16 OHM RESISTOR 5% GARBON COMP 1/2W
2.2K OHM RESISTOR 10% CARBON COMP
1/12W
10K O/I-zl(\lllv RESISTOR 10% CARBON COMP
1
47K O/H%RESISTOR 10% CARBON COMP
1/2
470 O;—izl\cvRESISTOR 10% CARBON COMP
1

200K OHM RESISTOR 5% FILM 1/4W
6.8K OHM RESISTOR 5% FILM 1/4W

ITEM NO.

R303
R304

PART NO.

63-9922-04
63-9921-95
63-9922-10
63-9921-40
63-10559-36
63-9922-42
63-10651-08
63-9924-48
63-9922-22
63-9922
63-9922-10
63-9921-78
63-9922
63-9921-69
63-7816

63-10565-56
63-9922-04
63-9921-45
63-9921-84
63-9921-70
63-9921-44
63-9921-10

63-9921-72
63-9921-72
63-9921-40
63-9921-98
63-9921-32
63-10371-70
63-9921-40

63-9922-04
63-10651-05
63-9922-04
63-7952
63-10651-07
63-9922-18
63-9922-40
63-9922

20-3906
20-3882
20-3824
20-3887-10C
95-3136-03
95-3395-01
95-3397
103-142-01
103-142-01
103-142-01
103-261-04A
103-263A
212-76
103-298-04
103-261-02A
103-280-02

103-142-01
103-261-02A
103-295-02A
121-975
121-975
121-975
121-975
121-819
121-1039
121-975
121-699
121-699
121-975
121-972
121-819
121-973
121-819
121-1034
121-895
52-2240-01
52-2240-01
52-2240-01
52-2240-01
100-684
100-684-02

DESCRIPTION

22K OHM RESISTOR 5% FILM 1/4W
9.1K OHM RESISTOR 5% FILM 1/4W

39K OHM RESISTOR 5% FILM 1/4W

47 OHM RESISTOR 5% FILM 1/4W

33 OHM RESISTOR 5% FILM 1/4W

820K OHM RESISTOR 5% FILM 1/4W
CONTROL 250K OHM VERT SIZE

1.5 MEGOHM RESISTOR 10% FILM 1/4W
120K OHM RESISTOR 5% FILM 1/4W
15K OHM RESISTOR 5% FILM 1/4W

39K OHM RESISTOR 5% FILM 1/4W

1.8K OHM RESISTOR 5% FILM 1/4W

15K OHM RESISTOR 5% FILM 1/4W

750 OHM RESISTOR 5% FILM 1/4W
5.6K1CI)g|vl\VA RESISTOR 5% CARBON COMP

220 OHM RESISTOR 5% FILM 1/2W
22K OHM RESISTOR 5% FILM 1/4W
75 OHM RESISTOR 5% FILM 1/4W
3.3K OHM RESISTOR 5% FILM 1/4W
820 OHM RESISTOR 5% FILM 1/4W
68 OHM RESISTOR 5% FILM 1/4W
2.7 OHM RESISTOR 5% FILM 1/4W

1K OHM RESISTOR 5% FILM 1/4W
1K OHM RESISTOR 5% FILM 1/4W
47 OHM RESISTOR 5% FILM 1/4W
12K OHM RESISTOR 5% FILM 1/4W
22 OHM RESISTOR 5% FILM 1/4W
820 OHM RESISTOR 5% FILM 2W
47 OHM RESISTOR 5% FILM 1/4W

22K OHM RESISTOR 5% FILM 1/4W
CONTROL 100K OHM BRIGHTNESS

22K OHM RESISTOR 5% FILM 1/4W

10 MEGOHM RESISTOR 5% CARBON 1/2W
CONTROL 2 MEGOHM FOCUS

82K OHM RESISTOR 5% FILM 1/4W

680K OHM RESISTOR 5% FILM 1/4W

15K OHM RESISTOR 5% FILM 1/4W

COIL, RCF LINEARITY

COIL, RCF TUNABLE WIDTH
COIL, HORIZ FILTER

COIL, RCF 6.8 uh
TRANSFORMER HORIZ DRIVER
HV SWEEP TRANSFORMER
DEFLECTION YOKE

DIODE

DIODE

DIODE

DIODE

DIODE

DIODE

DIODE

DIODE
DIODE ALT: 103-263 (2) IN PARALLEL

DIODE

DIODE

DIODE

TRANSISTOR #| HORIZ OSC

TRANSISTOR #ll HORIZ OSC
TRANSISTOR#Ill HORIZ OSC
TRANSISTOR #IV HORIZ OSC
TRANSISTOR HORIZ DRIVER
TRANSISTOR HORIZ OUTPUT
TRANSISTOR #I VERT OSC

TRANSISTOR #ll VERT OSC

TRANSISTOR #| VERT AMP

TRANSISTOR #ll VERT AMP

TRANSISTOR VERT DRIVER

TRANSISTOR VERT OUTPUT |
TRANSISTOR VERT OUTPUT I
TRANSISTOR VERT RETRACE CONTROL
TRANSISTOR VIDEO OUTPUT
TRANSISTOR VIDEO DRIVER

SPARK GAP (PART OF CRT SOCKET ASSY)
SPARK GAP (PART OF CRT SOCKET ASSY)
SPARK GAP (PART OF CRT SOCKET ASSY)
SPARK GAP (PART OF CRT SOCKET ASSY)
12" GRT OR

12" CRT
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IMPORTANT SAFETY NOTICE

FOR X-RADIATION, FIRE OR SHOCK
HAZARD PREVENTION, CERTAIN SPE-
®® ® ® ® ClAL OR REDUNDANT PARTS ARE USED.
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BRIGHT. TAP
BRIGHT. LOW

B+12v

JSE ONLY EXACT REPLACEMENTS. DO
NOT ALTER THE CIRCUIT OR DEFEAT
THE FUSES. FAILURE TO COMPLY MAY
3E UNLAWFUL.




D12 VIDEO DISPLAY 15.7KHz
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O

IMPORTANT SAFETY NOTICE ? IMPORTANT SAFETY NOTICE

- When servicing this chassis, under no circumstances should the origi-
<:> = DC VOLTAGE APPLIED nal design be modified or altered without permission from the Zenith FOR X-RADIATION, FIRE OR SHOCK
o e cosm | SRIGESDRNR TN Dol eI R T o HAZARD PREVENTION, CERTAIN SPE.
to prevent shock and fire hazard. These critical components are shad- CIAL OR REDUNDANT PARTS ARE USED.
ed on the schematic and parts list for easy identification. USE ONLY EXACT REPLACEMENTS. DO

This circuit diagram may occasionally differ from the actual circuit NOT ALTER THE CIRCUIT OR DEFEAT
used. This way, implementation of the latest safety and performance

improvement changes into the set is not delayed until the new service THE FUSES. FAILURE TO COMPLY MAY
literature is printed. BE UNLAWFUL.
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D12 VIDEO DISPLAY 18.6KHz
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NOTE: |.CUSTOMER SUPPLIED EXTERNAL DC SOURCE ON
PIN 7 EDGE CONNECTOR

IMPORTANT SAFETY NOTICE
When servicing this chassis, under no circumstances should the origi-
nal desian be modified or altered without permission from the Zenith
Radio Corporation. All components should be replaced only with types
identicai to those in the original circuit, Special components are used
to prevent shock and fire hazard. These critical components are shad-
ed on the schematic and parts list for easy identification.

This circuit diagram may occasionally differ from the actual circuit
used. This way, implementation of the latest safety and performance
improvement changes into the set is not delayed until the new service
literaturs is printed.

IMPORTANT SAFETY NOTICE

FOR X-RADIATION, FIRE OR SHOCK
HAZARD PREVENTION, CERTAIN SPE-
CIAL OR REDUNDANT PARTS ARE USED.
USE ONLY EXACT REPLACEMENTS. DO
NOT ALTER THE CIRCUIT OR DEFEAT
THE FUSES. FAILURE TO COMPLY MAY
BE UNLAWFUL.
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LEGEND

ITEMNO. PARTNO. DESCRIPTION ITEMNO. PARTNO. DESCRIPTION
C101 22-7614-06A 330 PFD CAPACGITOR 20% DISC 50V R304 63-9921-95 9.1K OHM RESISTOR 5% FILM 1/4W
C102 22-7619-39A 160 PFD CAPACITOR 5% DISC NPO 50V R305 63-9922-10 39K OHM RESISTOR 5% FILM 1/4W
G103 22-7619-39A 160 PFD CAPACITOR 5% DISC NPO 50V R306 63-9921-40 47 OHM RESISTOR 5% FILM 1/4W
C104 22-7622-28A 56 PFD CAPACITOR 10% DISC 50V RX307 63-10559-36 33 OHM RESISTOR 5% FILM 1/4W
C105 22-7619-39A 160 PFD CAPACITOR 5% DISC NPO 50V R308 63-9922-42 820K OHM RESISTOR 5% FILM 1/4W
C106 22-7619-37A 130 PFD CAPACITOR 5% DISC NPO 50V R309 63-10651-08 CONTROL 250K OHM VERT SIZE 1/4W
c107 22-7619-39A 160 PFD CAPACITOR 5% DISC NPO 50V R310 63-9924-48 1.5 MEGOHM RESISTOR 10% FILM 1/4W
C108 22-7619-32A 82 PFD CAPACITOR 5% DISC NPO 50V R311 63-9922-22 120K OHM RESISTOR 5% FILM 1/4W
C109 22-7152-03 4.7 MFD CAPACITOR +100%—10% ELEC 25V | R312 63-9922 15K OHM RESISTOR:5% FILM 1/4W
C110 22-7613A 100 PFD CAPACITOR 10% DISC 50V R313 63-9922-10 39K OHM RESISTOR 5% FILM 1/4W
G111 22-7622-28A 56 PFD CAPACITOR 10% DISC 50V R314 63-9921-78 1.8K OHM RESISTOR 5% FILM 1/4W
C112 22-7613-24A .01 MFD CAPACITOR 10% DISC 50V R315 63-9922 15K OHM RESISTOR 5% FILM 1/4W
C113 22-7440 .0047 MFD CAPACITOR 10% DISC 500V R316 63-9921-69 750 OHM RESISTOR 5% FILM 1/4W
CX114 22-7530-07 :015 MFD CAPACITOR 5% POLYESTER 400V R317 63-7816 5.6K OHM RESISTOR 5% CARBON COMP
C115 22-7656-13A 22 PFD CAPACITOR 10% DISC 50V 1/2W
C116 22-7313 10 MFD CAPACITOR 20% NP ELEC 25V R318
C117 22-7718-09 100 MFD CAPACITOR 20% ELEC 25V RX319 63-10565-56 220 OHM RESISTOR 5% FILM 1/2W
CX118 22-3748 .001 MFD CAPACITOR 10% DISC 1KV R320 63-9922-04 22K OHM RESISTOR 5% FILM 1/4W
G119 R321 63-9921-45 75 OHM RESISTOR 5% FILM 1/4W
C120 22-7722-02 2.2 MFD CAPACITOR 20% ELEC 100V R322 63-9921-84 3.3K OHM RESISTOR 5% FILM 1/4W
Ci21 22-7722-01 1 MFD CAPACITOR 20% ELEC 100V R323 63-9921-70 820 OHM RESISTOR 5% FILM 1/4W
C201 22-4905-01 .01 MFD CAPACITOR +80%—20% DISC 500V R324 63-9921-44 68 OHM RESISTOR 5% FILM 1/4W
C202 22-4905-01 .01 MFD CAPACITOR +80%—20% DISC 500V R325 63-9921-10 2.7 0HM RESISTOR 5% FILM 1/4W
G203 22-4905-01 .01 MFD CAPACITOR +80%—20% DISC 500V R401
C204 R402 63-9921-72 1K OHM RESISTOR 5% FILM 1/4W
CX205 22-7144-09 220 MFD CAPACITOR +100%—10% ELEC 35V | R403 63-9921-72 1K OHM RESISTOR 5% FILM 1/4W
CX206 22-7142-03 4.7 MFD CAPACITOR +100%—10% ELEC 25V | R404 63-9921-40 47 OHM RESISTOR 5% FILM 1/4W
C301 22-7613-24A .01 MFD CAPACITOR 10% DISC 50V R405 63-9921-98 12K OHM RESISTOR 5% FILM 1/4W
C302 22-7548 .15 MFD CAPACITOR 10% POLYESTER 50V R406 63-9921-32 22 OHM RESISTOR 5% FILM 1/4W
C303 22-7152-05 22 MFD CAPACITOR +100%—10% ELEC 25V R407 63-10371-70 820 OHM RESISTOR 5% FILM 2W
C304 22-7720-09 100 MFD CAPACITOR 20% ELEC 25V R408 63-9921-40 47 OHM RESISTOR 5% FILM 1/4W
C305 22-7579-03 4.7 MFD CAPACITOR 10% ELEC 16V R409
C306 22-7614-04A 220 PFD CAPACITOR 20% DISC 50V R410
C307 22-7389-02 1 MFD CAPACITOR 20% ELEC 25V R411 63-9922-04 22K OHM RESISTOR 5% FILM 1/4W
C308 22-7718-08 47 MFD CAPACITOR 20% ELEC 50V R412 63-10651-05 CONTROL 100K OHM BRIGHTNESS
C309 22-7152-04 10 MFD CAPACITOR +100%—10% ELEC 25V R413 63-9922-04 22K OHM RESISTOR 5% FILM 1/4W
C310 22-7614-18A .0033 MFD CAPACITOR 20% DISC 50V R414 63-7952 10 MEGOHM RESISTOR 5% CARBON COMP
G311 22-7615-08A .022 MFD CAPACITOR +80%—20% DISC 50V 1/2W
C312 22-7579-04 1000 MFD CAPACITOR 10% ELEC 16V R415 63-10651-07 CONTROL 2 MEGOHM FOCUS
C313 22-7389-02 1 MFD CAPACITOR 20% ELEC 25V R416 63-9922-18 82K OHM RESISTOR 5% FILM 1/4W
C314 22-7614-20A .0047 MFD CAPACITOR 20% DISC 50V R417 63-9922-40 680K OHM RESISTOR 5% FILM 1/4W
C401 22-7722-08 47 MFD CAPACITOR 20% ELEC 100V R418 63-9922 15K OHM RESISTOR 5% FILM 1/4W
C402 22-7721-04 4.7 MFD CAPACITOR 20% ELEC 63V L101 20-3906-02 COIL, RCF LINEARITY
C403 22-7613A 100 PFD CAPACITOR 10% DISC 50V LX102 20-3905 COIL, RCF TUNABLE WIDTH
C404 22-7724 .02 MFD CAPACITOR +80%—20% DISC 500V LX201 20-3824 COIL, HORIZ FILTER CHOKE
C405 22-3512 .01 MFD CAPACITOR +40%—10% DISC 1KV L401 20-3887-10C  COIL, RCF 6.8 uh
R101 63-9922 15K OHM RESISTOR 5% FILM 1/4W T101 95-3136-01 TRANSFORMER HORIZ DRIVER
R102 63-9919-94 8.2K OHM RESISTOR 2% FILM 1/4W TX102 95-3395-01 HV SWEEP TRANSFORMER
R103 63-9919-94 8.2K OHM RESISTOR 2% FILM 1/4W TX202 A,B 95-3397 DEFLECTION YOKE
R104 63-10651-06 CONTROL 25K OHM (HORIZ PHASE) CR101 103-142-01 DIODE
R105 63-10533-04 267K OHM RESISTOR 1% (METAL FILM) 1/4W | CR102 103-142-01 DIODE
R106 63-9922-14 56K OHM RESISTOR 5% FILM 1/4W CR103 103-142-01 DIODE
R107 63-10533-11 200K OHM RESISTOR 1% METAL FILM 1/4W CR104 103-261-04A  DIODE
R108 63-9921-94 8.2K OHM RESISTOR 5% FILM 1/4W CR105 103-263A DIODE
R109 63-9921-94 8.2K OHM RESISTOR 5% FILM 1/4W CR106 212-76 DIODE
R110 63-9921-66 560 OHM RESISTOR 5% 1/4W CR107 103-298-04 DIODE
R111 63-9919-96 10K OHM RESISTOR 2% FILM 1/4W CR108 103-261-02A  DIODE
R112 63-9919-92 6.8K OHM RESISTOR 2% FILM 1/4W CR201 103-280-02 DIODE
R113 63-10533-04 267K OHM RESISTOR 2% FILM 1/4W CR301
R114 63-10533-04 267K OHM RESISTOR 1% METAL FILM 1/4W CR302
R115 63-9919-84 3.3K OHM RESISTOR 2% METAL FILM 1/4W CR303
R116 63-9921-79 2K OHM RESISTOR 2% FILM 1/4W CR304 103-142-01 DIODE
R117 63-9919-86 3.9K OHM RESISTOR 2% FILM 1/4W CR305 103-261-02A  DIODE
RX118 63-10559-48 100 OHM RESISTOR 5% FILM 1/4W CR401 103-295-02A  DIODE
R119 Q101 121-975 TRANSISTOR | HORIZ 0SC
R120 Q102 121-975 TRANSISTOR Il HORIZ OSC
RX121 63-10565-24 10 OHM RESISTOR 5% FILM 1/2W Q103 121-975 TRANSISTOR Il HORIZ OSC
R122 63-9921-46 82 OHM RESISTOR 5% FILM 1/4W Q104 121-975 TRANSISTOR IV HORIZ OSC
RX123 63-10559-40 47 OHM RESISTOR 5% FILM 1/4W Q105 121-819 TRANSISTOR HORIZ DRIVER
RX124 63-10559-68 680 OHM RESISTOR 5% FILM 1/4W QX106 121-1039 TRANSISTOR HORIZ OUTPUT
R125 63-9922-44 1 MEGOHM RESISTOR 5% FILM 1/4W Q301 121-975 TRANSISTOR VERT OSC #1
R126 63-9922-20 100K OHM RESISTOR 5% FILM 1/4W Q302 121-699 TRANSISTOR VERT OSC #2
RX128 63-10565 1 OHM RESISTOR 5% FILM 1/2W Q303 121-699 TRANSISTOR VERT AMP #1
R201 63-7763 330 OHM RESISTOR 5% CARBON COMP 1/2W | Q304 121-975 TRANSISTOR VERT AMP #2
R202 63-7710 16 OHM RESISTOR 5% CARBON COMP 1/2W Q305 121-972 TRANSISTOR VERT DRIVER
R203 63-7799 2.2K OHM RESISTOR 10% CARBON COMP Q306 121-819 TRANSISTOR VERT OUTPUT 1
172w Q307 121-973 TRANSISTOR VERT OUTPUT 2
R204 63-7827 10K OHM RESISTOR 10% CARBON COMP Q308 121-819 TRANSISTOR VERT RETRACE CONTROL
1/2W Q401 121-1034 TRANSISTOR VIDEO OUTPUT
R205 63-7855 47K OHM RESISTOR 10% CARBON COMP Q402 121-895 TRANSISTOR VIDEO DRIVER
1/2W E201 52-2240-01 SPARK GAP (PART OF CRT SOCKET ASSY)
R206 63-7771 470 OHM RESISTOR 10% CARBON COMP E202 52-2240-01 SPARK GAP (PART OF CRT SOCKET ASSY)
112w E203 52-2240-01 SPARK GAP (PART OF CRT SOCKET ASSY)
R301 63-9922-27 200K OHM RESISTOR 5% FILM 1/4W E204 52-2240-01 SPARK GAP (PART OF CRT SOCKET ASSY)
R302 63-9921-92 6.8K OHM RESISTOR 5% FILM 1/4W VX201 100-684 12" CRT OR
R303 63-9922-04 22K OHM RESISTOR 5% FILM 1/4W 100-684-02 12" CRT

13




POWER
SUPPLY

Q501
(121-1021)

R501
B+ ADJUST
POT

TO Q502
(ON CHASSIS FRAME)
CONNECT W/WHT-YEL

WIRE TO LEFT
CR504- o v + 2
) 15V ) 8 *
S + 50l €502 S G
b L o \
w o
o
Te]
o
oo
L \ \Q
o CR506 o
(@] ] N~ b3
n (@) @
x 0
= n:
bl ] 3
7 g § 2 Rsoad E
~
G CR503 O R504- © B+ ADJUST 2
o E C B @ CR505 0
o = S o
£ 3
LEGEND
ITEM NO. PART NO. DESCRIPTION ITEM NO. PART NO. DESCRIPTION
C501 22-7154-13 2200 MFD CAP ELECT +100%—10% 35V RX508 63-9921-58 270 OHM RESISTOR 5% FILM 1/4W
C502 22-7152-08 100 MFD CAP ELECT +100%—10% 25V T201 95-3396 TRANSFORMER, POWER 110/220V
C503 22-7717-09 100 MFD CAP ELECT 20% 16V CR501 103-261-04A DIODE
C504 22-7154-08 100 MFD CAP ELECT +100%—10% 35V CR502 103-261-04A DIODE
R501 63-7769 430 OHM RESISTOR 5% CARBON COMP 1/2W | CR503 103-261-04A DIODE
R502 63-7715 22 OHM RESISTOR 10% CARBON COMP 1/2W | CR504 103-261-04A DIODE
R503 63-10449-69 75 0HM RESISTOR WW 5% 7W CR505 103-279-09A DIODE ZENER 4.7V
R504 63-7743 100 OHM RESISTOR 10% CARBON COMP CR506 103-142-01 DIODE
1/12W CR507 103-142-01 DIODE
RX505 63-9921-72 1K OHM RESISTOR 5% FILM 1/4W Q501 121-1021 TRANSISTOR ERROR AMP
RX506 63-10651-01 CONTROL 1K OHM (B + ADJ) Qx502 121-992-01 TRANSISTOR VOLTAGE CONTROL
RX507 63-9921-66 560 OHM RESISTOR 5% FILM 1/4W FX502 136-120-06 FUSE 2.5 AMP 32V
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Section 4

POWER SUPPLY MODULE

A. Theory of Operation

The power supply is designed for full wave center tapped operation with
series pass regulation. One center tapped winding is used to develop the +5
volt supply. A 5 volt, 3 terminal regulator is used to develop a 3 amp
regulated output capability. The regulator is virtually blowout proof and has
internal current limiting, power limiting and thermal shutdown. A second
center tapped winding is used to develop the +12 volt supplies. The -5 volt
supply is derived from the -12 volt supply. These supplies are also
implemented using 3 terminal regulators. These regulators have a | amp
output capability with internal current limiting, power limiting and thermal
shutdown.

The power supply is designed for convection cooling. The 3 terminal
regulators are attached to the aluminum rear panel for thermal conduction;
the rear panel is black-anodized to maximize radiation.  Thermally
conductive pads are installed between the regulators and the rear panel. If a
regulator is replaced the pads must also be replaced or a thermally
conductive grease applied.
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Title: ASSY-POWER SUPPLY, 1061

ITEM
I

O 00O N O D BWwN

T o N =20

DESCRIPTION

Assy-Power Supply, 1061
Trimpot - 500 Ohrn

IC-LIN, Voltage Regulator 5V
IC-LIN, Voltage Regulator 12V
IC-LIN, Voltage Regulator -2V
IC-LIN, Voltage Regulator -5V
Diode

Diode

Capacitor-10,000 MFD/I5V, Ele.

Capacitor-2500 MFD/25V, Elec.
Capacitor-10 MFD/63V, Elec.
Capacitor-.1 MFD/50V, Disc.
Fuse - | Amp, 125V, Slo-Blo

Transformer

PARTS LIST

#D53615
PART NO.

9IX
LM323K-5
7812CK
7912UC
79M05UC
IN5624
IN4003
TVAII175.8
TVAI1213.5
VTTI0Dé63
DGOI5E 1042
313001
023-2851

ORDERING INFORMATION

|) For ordering information and latest prices, contact your local represen-
tative or the RESEARCH, Incorporated factory in Minneapolis, Minnesota.

2) When ordering spare parts, please include references both to this parts

INVENTORY
3B2159
6B031 |
33B0363
33B0364
33B0365
33B0256
32B0271
32C0133
15B0306
1580307
15B0196
15B0304
17B0183
780240

X

list number and revision level, plus, the Model Number and Serial Number
of the instrument for which these parts are being ordered.
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Section 5
KEYBOARD MODULE

A. Theory of Operation

The keyboard consists of mechanically sealed switches connected in a matrix
which is located directly in the microprocessor memory space. The micro-
processor scans the addresses at which keys are located and determines when
a key has been pressed. Thus, the keyboard is encoded by the microprocessor.
Functions such as switch debouncing, n-key rollover and automatic repeat of
"held" keys are performed by the microprocessor. A diode is connected
electrically in series with each switch to isolate the switches from each
other.

The address lines from the logic card are labeled KAQ through KA3. The
data lines tfo the logic card are labeled KBO through KB7. A one-of-16-
decoder is used tfo decode the address lines and drive the data lines. The
switches are connected in series between the decoder and the data lines. A
pull up resistor on the logic card holds the data lines at +5 volts; when a key
is pressed (and the microprocessor addresses the line that the switch is
connected to) the active low output of the decoder will pull the data line to
near O volts. The microprocessor senses a logic 0 for keys which are active
and a | for keys which are not active.

An LED is supplied on the keyboard which illuminates whenever the keyboard
is correctly plugged into the terminal and power is applied to the terminal.
The keyboard cable connects to the rear of the Teleray. A round shielded
cable is used. The shield is connected to chassis ground and to the metal key
mounting surface to discharge operator induced static electricity.
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EUROPEAN KEYBOARD LEGENDS/CODING

Keytop
for LEGEND LEGEND ASCII
Circled Swedish LEGEND Norwegian Coding
Number Keytop German Danish Unshift Shift CTRL
& '& &
I . 6 & NUL
6 6 6
/ / /
2 7 / NUL
7 7 #
( ( (
3 8 ( NUL
8 8 8
) ) )
4 9 ) NUL
9 9 9
5 0 = NUL
0 0 0
? ? ?
6 + ? NUL
+ + +
none § @
7 ' @ NUL
E' N\ N
> > >
8 > < NUL
< < <
none none
9 . g . ) ] Gs
A U A
none A A
10 .. ~o A\ RS
9] ¢ n
none none none |
I Ve . I \ FS
0 0 @
none none none
12 .. . { [ NUL
A A <
* * *
13 ' * NUL
14 , ; NUL
I5 . : NUL
16 - — us
17 2 " NUL
2 2 2

5-4



< —W—{(D)) 1
+5V LED =
74154
Encoding Row
0 lo- 0
| P |
2 o ?
3 b 2
4 p- :
5 b :
KA3 D 6 p— 6
KA2 C 7P /
KA B 8 P 2
KAQ A 9 b~ 9
Future 10 b £
Jumper
ENABLE 5 3 1 b d
Feed’rhru’s‘<1 12 P (
1 13 o '
) m E
15 b (//—:3 ’
Interrupt
Key
INT ——p}—0 o——L
= v v Vv v v Vv Vv WV

KB7 KB6 KB5 KB4 KB3 KB2 KBI KBRO
TYPICAL

Key
Switch  Diode

The Key Switch Memory Addresses on the following
page describes which points in the matrix have switches
and diodes.

KEYBOARD SCHEMATIC
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KA KB7 KB6 KB5 KB4 KB3 KB2 KB KBO
3210
0000 | O 7 6 5 4 3 2 | 0
000! | | 9 8
0010 | 2 G F D B A Space
00l |3 0 N M L J | H
0100 | &4 W U T S R P
0101 | 5 = V4 X
ol10 | 6 / = ) ; '
ol |7
1000 | 8 DEL BREAK RETURN ESC LF TAB BS
1001 | 9 CLEAR CLEAR  TAB CLEAR

EOP PAGE SET EOL Fi F3 F2 Fl
1010 | A XMT XMT XMT INST DEL INST DEL

PRINT  PAGE MSG LINE CHAR CHAR LINE LINE
10l | B
1100 | C* 7 6 5 4 3 2 [ 0
101 | D* CTRL CR 9 8
1110 | E CAPS

SHIFT  LOCK SHIFT
L F TRANS-

LOCAL PARENT BLOCK  SCROLL

Interrupt = dedicated line to connector

*These rows contain the numeric block

All Addresses (KA) located at 000 X

Keyswitch Memory Addresses

KEYBOARD SCHEMATIC - Continued
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Keyboard
Pin No.

VO NONONT T WN —

KEYBOARD CONNECTOR/CABLE PIN ASSIGNMENT

Signal Wire Rear Panel
Name Color Connector Pin No.

Logic Ground White-Red 23 .
+5V Green 6
KAO Orange 4
KAI Brown 2
KA?2 Black |
KA3 Red 3

Interrupt Blue 7
KB7 White 10
KB4 Grey 9
KBé6 Yellow 5
KB5 Violet 8
KB3 White-Yellow 24
KB?2 White-Brown 12
KBI White-Orange 25
KBO White-Black Il

Unused

Chassis Ground White-Blue 13

Unused

pin | pin 18

KEYBOARD CIRCUIT CARD
TOP VIEW
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KEYBOARD PARTS LIST

Quantity
Title Used
1062 Keyswitch, momentary 91
1062 Keyswitch, locking 6
Diode, IN914 or equivalent 97

IC, | of |6 decoder 74154 I
LED GE# LED 55B or equivalent |
Resistor, 479 , |/4 watt, carbon |



Section 6
LOGIC MODULE

A. Architecture

The Teleray logic is a microprocessor oriented bus structured design.
Specialized hardware is provided for the display of data from RAM on the
CRT (display refresh hardware, character generator). Specialized hardware is
also provided for enhancing the data display (Field Modifier Logic). Bus
oriented interfaces are provided for the keyboard, the Serial Input/Output and
for the rear panel switches. Program space for ROM and RAM is also
provided. the Logic Module Architecture Diagram shows this structure; the
Logic Module Block Diagram further details the organization.

B. Theory of Operation

Display Refresh Hardware

This logic controls the monitor and provides time and address references
for retrieving data from memory. The display on the TELERAY monitor
is a "raster" scan. The electronic beam scans the face of the CRT 60
times a second following the generalized pattern shown below. The
pattern is "non-interlaced"; i.e., the beam starts at the same place every
time and horizontal lines remain distinct. The "vertical sync" signal
causes the beam to return to the top left corner of the screen; the
"horizontal drive" signal causes the beam to start a new line. The
characters are formed when the beam is moving from left to right by
illuminating a given position as the beam passes. The signal which
provides the "illumination" information to the monitor is the video signal.
The timing section of the TELERAY logic provides the Horizontal Drive
and Vertical Sync and controls the Video signal.

The characters are formed within a 7 x 9 dot matrix. There are seven
dots horizontally and nine dots vertically. "In addition, there are three
dots (horizontally) of intercharacter separation and three lines of
vertical interline separation. Each character position then occupies 12
horizontal lines of ten dots per line, and the characters themselves are
formed on a 7 x 9 matrix field within this 10 x 12 position field.
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Power

Monitor - Supply
I l LOGIC BOARD o
| I |
I I o
Display | Character Generator | Display Refresh
RAM | and Field-Modifier Hardware and
Memory Logic | Timing Generation
Program Serial
RAM & . Input
ROM Microprocessor and
Memory Output
Back Panel Switches | Keyboard Interface
|
Keyboard
e | —

LOGIC MODULE ARCHITECTURE DIAGRAM
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Eighty characters are formed on each horizontal line (a total of 80 x 10 =
800 dots per scan line). Timing for an additional 20 character positions is
provided on each line to allow the beam to return from the right side of
the CRT to the left side and to provide a "margin" on each side of the
data on the CRT screen. Each horizontal line contains a total of 80 + 20
= |00 character positions. As mentioned earlier, 12 horizontal lines are
used to write a single row of characters. The TELERAY is capable of
displaying 24 character rows in a page, or frame. The timing additionally
provides for more rows to give the beam time to return from the bottom
of the CRT to the top, and leave a margin at top and bottom. A total of
310 scan lines are thus used as the beam scans the entire face of the
CRT (one frame). When the TELERAY is set for 50 Hertz refresh, 372
scan lines are used.

Characters are formed by selectively illuminating the proper dot
positions within the matrix. Ten dots are allowed horizontally for each
character, 100 characters for each line, 12 lines for each character row,
and 25 and 10/12 character rows per frame. At 50 Hertz refresh there
are 3| character rows per frame.

A crystal oscillator provides the base for all timing. The period of the
oscillator controls the width of one dot. The dot counter then counts
groups of ten dots ( - by 10) to indicate horizontal character positions.
The dot counter is also used to clock out the video information.

The character-per-line counter counts 100 characters (: by 100). The
horizontal drive signal is derived from this "character-per-line timing
counter". Decoding is used to correctly set the relationship between the
video information and the horizontal drive signal. This counter is also
used to generate the microprocessor clock.

The Character Scan counter counts scan lines and divides by 12 (counts
to 12) to indicate when a character line has been completed. Outputs
from this counter also go to the character generator to indicate which
line within the character is to be displayed.

The Character Line Counter counts the character rows. Decoding on this
counter locates the Vertical Sync signal to center the video information
on the CRT face vertically. If the TELERAY is set for 50 Hz refresh
this counter is modified so that 3| character rows are counted.

Some frequencies associated with the above discussion follow:

Master OSC 18.6 MHZ 53.8 nsec period
Dot Counter Output 18.6 KHZ 53.8 nsec period
Horizontal Drive 18.6 KHZ 53.8 usec period
Character Row I.55KHZ - 64.5 usec peirod
Vertical Sync 60 HZ |16.67 msec period
OR 50 HZ 20 msec period



The display hardware maintains a set of address counters called Current
Address Counters. At the beginning of each frame the starting address
of the frame is loaded from the microprocessor written Top of Page
Register (TOPR) into these counters. Two characters are read out of the
display memory during Pl; the UP only uses the RAM during §2. This
hardware address counter controls which characters are read from the
display RAM. Scrolls are effected by changing the contents of TOPR. If
the hardware display counters reach the end of the display memory, the
Clear Current Address Counter (CLC) signal will be generated resetting
the counters to the start of display memory.

Clocks for the Current Address Counters are derived from the Dot
Counter, the Character Counter, the Character Scan Counter and from
the Line Counter. There will be 80 clocks on the beginning of every
Character Scan to advance the Current Address Counters. Since the
Character Counter is used to clock both these counters and to generate
the microprocessor clocks, the microprocessor and the Current Address
Counters are always in synchronization with each other. During Clock
Pl, the Address Counters are used to access the Display RAM; during
Clock 2 the microprocessor can access Display RAM.

Wide mode is controlled by the microprocessor. When the Output Con-
trol Register bit is set to a | the display refresh hardware goes to Wide
mode; the video clocks run at half their normal speed - horizontal and
vertical remain unchanged, of course. In Wide mode, the Address
Counters count at half their normal speed except during the twelveth
scan. During this scan the counters always count at their normal rate to
ensure that they will be at the correct location for the start of scan | on
the following character line.

Character Generator and Field Modifier Logic

The Teleray uses a ROM to convert the ASCII coded information in the
display memory to a dot pattern forming characters on the CRT face.
All seven dots are outputted by the character generator ROM in parallel.
These dots are serialized by the video shift register and are presented to
the video amplifier of the monitor one at a time. The video shift
register uses clocks developed from the dot counter to clock the dots to
the video amplifier. ‘

A mask programmed 2K by 8 ROM is used as the character generator.
Ultraviolet erasable (UVEPROM) versions of this ROM are available.
The ROM has 8 data outputs, the eighth bit is unused for all characters.
The four least significant address lines are controlled by the character
scan counter. These lines are used to determine which row of dots within
the character will be displayed. The seven most significant address lines
are the ASCII coded dots from the display memory. The Teleray display
font is shown on the following page.

Characters are accessed from the Display Memory in pairs. A bus is used
to route this data one character at a time to both the character
generator and to the Field Modifier logic. The Display Memory bit map
shows the coding used within the Display Memory. If memory bit 7 is a
I; the character is treated as a field modifier character and the
character is loaded into a latch. The outputs of this latch, when set to a
I will:
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FIELD

" MODIFIER
BIT CHARACTER
7 I
6 z
5 Y (Underscore)
4 Y (Inverse)
3 Y (Dim) .
2 Y (Blink)
I z
0 z
Legend

X = data bits, ASCII coded
Y = attribute bits
Z = reserved (currently unused)

DISPLAY MEMORY BIT MAP
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DATA

CHARACTER

0

X (b7 in ASCII)
X (b6 in ASCII)
X (b5 in ASCII)
X (b4 in ASCII)
X (b3 in ASCII)
X (b2 in ASCII)
X (bl in ASCII)



BLINK - the Blink oscillator is ANDed with serial video
UNDERSCORE - the serial video is ORed with a | during scan 12
INVERSE - the serial video is INVERTED, except during retrace

and DIM - the serial video amplitude is clamped to a potentiometer preset
value which is lower than the normal value.

A special attribute character is formed using the dot counter to generate
a "lI" video pattern. The character generator video is disregarded
during the attribute character time interval.




Display Memory and Program Memory

The Display Memory is implemented with 4 of IK by 4 static RAMs.
These RAMs are organized into an even bank of 8 bits and an odd bank of
8 bits. The refresh hardware accesses one character from each bank
during microprocessor fl. These characters are stored in a buffer regi-
ster and fed to the character generator and attribute logic one at a time.
There are 2048 bits of display memory but only 1920 are needed for the
display of 24 by 80 characters. The remaining 128 bits are used by the
program. See the memory maps for the description of their use. 1024
additional bits of RAM memory are provided for program use. Again, see
the memory maps. 4K bits of ROM space are installed for the standard
program. An additional IK bit can be installed if necessary.

Keyboard and Switch Interfaces

The rear panel switches and the keyboard can be read directly by the
microprocessor. The switches and the keyboard are located in the micro-
processor address space and during a read operation the appropriate
switches are gated onto the microprocessor data bus by tri-state
integrated circuits. The switches and the keyboard are scanned by the
microprocessor. No interrupts are generated by the hardware. A
hardware timer does generate an interrupt every 645 microseconds to
help the microprocessor "time" its scans. See the memory maps for the
switch and keyboard memory locations.

The microprocessor converts the key contact inputs to ASCI| characters.

The microprocessor keyboard coding table lists the hexidecimal codes
generated for each memory address.

6-9
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5. Serial Input/Output

The serializing and deserializing of characters and the majority of the
protocol signal generation is performed by programming of the 2651
serial I/O integrated circuits. The details of this circuit are included on
the following pages.

NOTE

The 2651 is being driven in the asynchronous
mode.

The output control register contains bits which allow the software to
steer the 265! serial output data stream to the serial I/O and/or to the
peripheral I/O interface. EIA RS232 drivers and receivers are supplied as
standard, a current loop may be optionally installed and switch selected.
When the current loop is selected the half duplex protocol signals are
forced to the enabled condition by the interface hardware.
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DESCRIPTION

The Signetics 2651 PCl is a universal syn-
chronous/asychronous data communica-
tions controller chip designed for micro-
computer systems. It interfaces directly to
the Signetics 2650 microprocessor and may
be used in a polled or interrupt driven sys-
tem environment. The 2651 accepts pro-
grammed instructions from the microproc-
essor and supports many serial data
communication disciplines, synchronous
and asynchronous, in the full or half-duplex
mode.

The PCI serializes parallel data characters
received from the microprocessor for trans-
mission. Simultaneously, it can receive seri-
al data and convert it into parallel data
characters for input to the microcomputer.

The 2651 contains a baud rate generator
which can be programmed to either accept
an external clock or to generate internal
transmit or receive clocks. Sixteen different
baud rates can be selected under program
control when operating in the internal clock
mode.

The PCI is constructed using Signetics n-
channel silicon gate depletion load technol-
ogy and is packaged in a 28-pin DIP.

FEATURES

e Synchronous operation
5 to 8-bit characters
Single or double SYN operation
Internal character synchronization
Transparent or non-transparent mode
Automatic SYN or DLE-SYN insertion
SYN or DLE stripping
0Odd, even, or no parity
Local or remote maintenance ioop
back mode
Baud rate: dc to 0.8M baud (1X clock)

e Asynchronous operation

5 to 8-bit characters

1, 1 1/2 or 2 stop bits

0dd, even, or no parity

Parity, overrun and framing error de-

tection

Line break detection and generation

False start bit detection

Automatic serial echo mode

Local or remote maintenance loop

back mode

Baud rate: dc to 0.8M baud (1X clock)
dc to 50K baud (16X clock)
dc to 12.5K baud (64X clock)

2651-1
OTHER FEATURES PIN CONFIGURATION
© [nternal or external baud rate clock
e 16 internal rates-50 to 19,200 baud I PACKAGE
e Double buffered transmitter and re- o, [1] Bl
ceiver : T
e Full or half duplex operation o, [Z] [27] o,
e Fully compatible with 2650 CPU RxD [3 | 26] Ve
e TTL compatible inputs and outputs ano [4] 5] Avc
e Single 5V power supply
¢ No system clock required . [5] 24] BTR
e 28-pin dual in-line package o [6] 23] ATS
o, [7] 22] SR
D; |8 21
APPLICATIONS = 2] reser
. e 8] 20] BRCLK
e [ntelligent terminals
e Network processors A [i] [19] Tx0
® Front end processors e [1] (18] T<EMT/DSCHG
© Remote data concentrators A [2] 7] &7
e Computer to computer links Fw [ ) 55
e Serial peripherals
AxADY [14] [15] TaRDY
PIN DESIGNATION
PIN NO. SYMBOL NAME & FUNCTION TYPE
27,28,1,2, 5-8 Do-D7 8-bit data bus 1/0
21 RESET Reset |
12,10 Ao-Aq Internal register select lines |
13 R/W Read or write command |
11 CE Chip enable input I
22 DSR Data set ready [
24 DTR Data terminal ready o)
23 RTS Request to send 0
17 CTS Clear to send |
16 DCD Data carrier detected |
18 TXxEMT/DSCHG | Transmitter empty or data set change 0
9 TxC Transmitter clock 1/0
25 RxC Receiver clock 1/0
19 TxD Transmitter data (0]
3 RxD Receiver data |
15 TxRDY Transmitter ready 0
14 RxRDY Receiver ready (0]
20 BRCLK Baud rate generator clock |
26 Vce +5V supply |
4 GND Ground |

BLOCK DIAGRAM

The PCI consists of six major sections.
These are the transmitter, receiver, timing,
operation control, modem control and
SYN/DLE control. These sections commu-
nicate with each other via an internal data
bus and an internal control bus. The internal
data bus interfaces to the microprocessor
data bus via a data bus buffer.

6-12

Operation Control

This functional block stores configuration
and operation commands from the CPU and
generates appropriate signals to various in-
ternal sections to control the overall device
operation. It contains read and write circuits
to permit communications with the micro-
processor via the data bus and contains
Mode Registers 1 and 2, the Command Reg-




PRELIMINARY SPECIFICATION 2651-1
Theoretical Actual Duty
Baud Frequency Frequency Percent Cycle

Rate 16X Clock 16X Clock Error % Divisor
50 0.8 KHz 0.8 KHz - 50/50 6336
75 1.2 1.2 - 50/50 4224
110 1.76 1.76 - 50/50 2880
134.5 2.152 2.1523 0.016 50/50 2355
150 24 2.4 - 50/50 2112
300 4.8 4.8 - 50/50 1056
600 9.6 9.6 - 50/50 528
1200 19.2 19.2 - 50/50 264
1800 28.8 28.8 - 50/50 176
2000 32.0 32.081 0.253 50/50 158
2400 38.4 38.4 - 50/50 132
3600 57.6 57.6 - 50/50 88
4800 76.8 76.8 - 50/50 66
7200 115.2 115.2 - 50/50 44
9600 153.6 153.6 - 48/52 33
© 19200 307.2 316.8 3.125 50/50 16

NOTE

16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X and duty cycle is

50%/50% for any baud rate.

Table 1 BAUD RATE GENERATOR CHARACTERISTICS

Crystal Frequency = 5.0688MHz

PIN NAME

PIN NO.

INPUT/OUTPUT

FUNCTION

Vce
GND
RESET

A1-Ao
AW
CE
D7-Do

TxRDY

TXxEMT/DSCHG

26

21

10,12
13
11

8,7,6,5,
2,1,28,27
15

14

18

+5V supply input

Ground

A high on this input performs a master reset on the 2651. This signal asynchronous-
ly terminates any device activity and clears the Mode, Command and Status regis-
ters. The device assumes the idle state and remains there until initialized with the
appropriate control words.

Address lines used to select internal PCI registers.

Read command when low, write command when high.

Chip enable command. When low, indicates that control and data lines to the PCI
are valid and that the operation specified by the R/W, A1 and Ag inputs should be
performed. When high, places the Do-D7 lines in the tri-state condition.

8-bit, three-state aata bus used to transfer commands, data and status between PCI
and the CPU. Do is the least significant bit; D7 the most significant bit.

This output is the complement of Status Register bit SR0. When low, it indicates that
the Transmit Data Holding Register (THR) is ready to accept a data character from
the CPU. It goes high when the data character is loaded. This output is valid only
when the transmitter is enabled. It is an open drain output which can be used as an
interrupt to the CPU.

This output is the complement of Status Register bit SR1. When low, it indicates that
the Receive Data Holding Register (RHR) has a character ready for input to the CPU.
It goes high when the RHR is read by the CPU, and also when the receiver is
disabled. It is an open drain output which can be used as an interrupt to the CPU.
This output is the complement of Status Register bit SR2. When low, it indicates that
the transmitter has completed serialization of the last character loaded by the CPU,
or that a change of state of the DSR or DCD inputs has occurred. This output goes
high when the Status Register is read by the CPU, if the TXEMT condition does not
exist. Otherwise, the THR must be loaded by the CPU for this line to go high. Itisan
open drain output which can be used as an interrupt to the CPU.

Table 2 CPU-RELATED SIGNALS
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BLOCK DIAGRAM

2651-|

(15)

(19)

(14)

(3)

TxD

RxRDY

RxD

SYN/DLE CONTROL
DATA BUS DATA BUS
Do_ D, BUFFER
SYN 1 REGISTER
(27,28,1,2,
56.7.8) f SYN 2 REGISTER
DLE REGISTER
21 OPERATION CONTROL
RESET Gl
12
Ao 02 MODE REGISTER 1
A o MODE REGISTER 2
13) TRANSMITTER
RW COMMAND REGISTER
CE (1)
CE STATUS REGISTER TRANSMIT DATA
HOLDING REGISTER
TRANSMIT
SHIFT REGISTER
—
BRCLK (20 :
BAUD RATE =
C (9) GENERATOR 1]
< —> AND
CLOCK CONTROL
AxC (25) RECEIVER
Rx
RECEIVE DATA
HOLDING REGISTER
RECEIVE
BsA (22) — SHIFT REGISTER
FoYels] (16)
bco >0
cTs (17)
crs —>0 MODEM
_ CONTROL
ATS (23
bTR (24) <
TEMT/ (18)
DSCHG

@ Vee
-

< em

ister, and the Status Register. Details of reg-
ister addressing and protocol are presented
in the PCI PROGRAMMING section of this
data sheet.

Timing

The PCI contains a Baud Rate Generator
(BRG) which is programmable to accept ex-
ternal transmit or receive clocks or to divide
an external clock to perform data communi-
cations. The unit can generate 16 common-
ly used baud rates, any one of which can be
selected for full duplex operation. See Table
1.

Receiver

The Receiver accepts serial data on the RxD
pin, converts this serial input to parallel for-
mat, checks for bits or characters that are
unique to the communication technique
and sends an “assembled” character to the
CPU.

Transmitter

The Transmitter accepts parallel data from
the CPU, converts it to a serial bit stream, in-
serts the appropriate characters or bits

(based on the communication technique)
and outputs a composite serial stream of
data on the TxD output pin.

Modem Control

The modem control section provides inter-
facing for three input signals and three out-
put signals used for *handshaking” and sta-
tus indication between the CPU and a
modem.

SYN/DLE Control

This section contains control circuitry and
three 8-bit registers storing the SYNI1,
SYN2, and DLE characters provided by the
CPU. These registers are used in the syn-
chronous mode of operation to provide the
characters required for synchronization,
idle fill and data transparency.

INTERFACE SIGNALS

The PCI interface signals can be grouped
into two types: the CPU-related signals
(shown in Table 2), which interface the 2651
to the microprocessor system, and the
device-related signals (shown in Table 3),
which are used to interface to the communi-
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cations device or system.

OPERATION

The functional operation of the 2651 is pro-
grammed by a set of control words supplied
by the CPU. These control words specify
items such as synchronous or asynchro-
nous mode, baud rate, number of bits per
character, etc. The programming procedure
is described in the PCI PROGRAMMING
section of this data sheet.

After programming, the PCl is ready to per-
form the desired communications func-
tions. The receiver performs serial to paral-
lel conversion of data received from a
modem or equivalent device. The transmit-
ter converts parallel data received from the
CPU to a serial bit stream. These actions are
accomplished within the framework specifi-
ed by the control words.

Receiver

The 2651 is conditioned to receive data
when the DCD input is low and the RXEN bit
in the command register is true. In the
asynchronous mode, the receiver looks for
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PIN NAME PIN NO. INPUT/OUTPUT FUNCTION

BRCLK 20 | 5.0688MHz clock input to the internal baud rate generator. Not required if external
receiver and transmitter clocks are used.

RxC 25 1/0 Receiver clock. If external receiver clock is programmed, this input controls the rate
atwhich the character is to be received. Its frequency is 1X, 16X or 64X the baud rate,
as programmed by Mode Register 1. Data is sampled on the rising edge of the clock.
If internal receiver clock is'programmed, this pin becomes an output at 1X the pro-
grammed baud rate.

TxC 9 1/0 Transmitter clock. If external transmitter clock is programmed, this input controls
the rate at which the character is transmitted. Its frequency is 1X, 16X or 64X the
baud rate, as programmed by Mode Register 1. The transmitted data changes on the
falling edge of the clock. If internal transmitter clock is programmed, this pin be-
comes an output at 1X the programmed baud rate.

RxD 3 | Serial data input to the receiver. “Mark” is high, “Space” is low.

TxD 19 o] Serial data output from the transmitter. “Mark” is high, “Space” is low. Held in Mark
condition when the transmitter is disabled.

DSR 22 | General purpose input which can be used for Data Set Ready or Ring Indicator con-
dition. Its complement appears as Status Register bit SR7. Causes a low output on
TxEMT/DSCHG when its state changes.

DCD 16 | Data Carrier Detect input. Must be low in order for the receiver to operate. Its com-
plement appears as Status Register bit SR6. Causes a low output on
TxEMT/DSCHG when its state changes.

CTS 17 | Clear to Send input. Must be low in order for the transmitter to operate.

DTR 24 o General purpose output which is the complement of Command Register bit CR1.
Normally used to indicate Data Terminal Ready.

RTS 23 o General purpose output which is the complement of Command Register bit CR5.

1 Normally used to indicate Request to Send.

a high to low transition of the start biton the
RxD input line. If a transition is detected, the
state of the RxD line is sampled again after a
delay of one-half of a bit time. If RxD is now
high, the search for a valid start bit is begun
again. If RxD is still low, a valid start bit is
assumed and the receiver continues to sam-
ple the input line at one bit time intervals
until the proper number of data bits, the par-
ity bit, and the stop bit(s) have been assem-
bled. The data is then transferred to the Re-
ceive Data Holding Register, the RxRDY bit
in the status register is set, and the RxRDY
output is asserted. If the character length is
less than 8 bits, the high order unused bits in
the Holding Register are set to zero. The
Parity Error, Framing Error, and Overrun
Error status bits are set if required. If a break
condition is detected (RxD is low for the
entire character as well as the stop bit [s.]),
only one character consisting of all zeros
(with the FE status bit set) will be transferred
to the Holding Register. The RxD input must
return to a high condition before a search
for the next start bit begins.

When the PCl is initialized into the synchro-
nous mode, the receiver first enters the hunt
mode. In this mode, as data is shifted into
the Receiver Shift Registerabitatatime, the
contents of the register are compared to the
contents of the SYN1 register. If the two are
not equal, the next bit is shifted in and the
comparison is repeated. When the two re-

Table 3 DEVICE-RELATED SIGNALS

gisters match, the hunt mode is terminated
and character assembly mode begins. If
single SYN operation is programmed, the
SYN DETECT status bitis set. If double SYN
operation is programmed, the first charac-
ter assembled after SYN1 must be SYN2 in
order for the SYN DETECT bit to be set.
Otherwise, the PCI returns to the hunt
mode. (Note that the sequence SYN1-SYN1-
SYN2 will not achieve synchronization).
When synchronization has been achieved,
the PCI continues to assemble characters
and transfer them to the Holding Register,
setting the RxRDY status bit and asserting
the RxRDY output each time a character is
transferred. The PE and OE status bits are
set as appropriate. Further receipt of the ap-
propriate SYN sequence sets the SYN DE-
TECT status bit. If the SYN stripping mode
is commanded, SYN characters are not
transferred to the Holding Register. Note
thatthe SYN characters used to establish in-
itial synchronization are not transferred to
the Holding Register in any case.

Transmitter

The PCl is_conditioned to transmit data
when the CTS input is low and the TxEN
command register bit is set. The 2651 indi-
cates to the CPU that it can acceptacharac-
ter for transmission by setting the TxRDY
status bit and asserting the TxRDY output.
When the CPU writes a character into the
Transmit Data Holding Register, these
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conditions are negated. Data is transferred
from the Holding Register to the Transmit
Shift Register when it is idle or has complet-
ed transmission of the previous character.
The TxRDT conditions are then asserted
again. Thus, one full character time of buf-
fering is provided.

In the asynchronous mode, the transmitter
automatically sends a start bit followed by
the programmed number of data bits, the
least significant bit being sent first. It then
appends an optional odd or even parity bit
and the programmed number of stop bits. If,
following transmission of the stop bits, a
new character is not available in the Trans-
mit Holding Register, the TxD output re-
mains in the marking (high) condition and
the TXxEMT/DSCHG output and its corre-
sponding status bit are asserted. Trans-
mission resumes when the CPU loads a new
character into the Holding Register. The
transmitter can be forced to output a contin-
uous low (BREAK) condition by setting the
Send Break command bit high.

In the synchronous mode, when the 2651 is
initially conditioned to transmit, the TxD
output remains high and the TxRDY condi-
tion is asserted until the first character to be
transmitted (usually a SYN character) is
loaded by the CPU. Subsequent to this, a
continuous stream of characters is trans-
mitted. No extra bits (other than parity, if
commanded) are generated by the PCI
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unless the CPU fails to send a new character
to the PCI by the time the transmitter has
completed sending the previous character.
Since synchronous communications does
not allow gaps between characters, the PCI
asserts TXEMT and automatically “fills” the
gap by transmitting SYN1s, SYN1-SYN2
doublets, or DLE-SYN1 doublets, depend-
ing on the command mode. Normal trans-
mission of the message resumes when a
new character is available in the Transmit
Data Holding Register. If the SEND DLE bit
in the command register is true, the DLE
character is automatically transmitted prior
to transmission of the message character.

PClI PROGRAMMING

Prior to initiating data communications, the
2651 operational mode must be pro-
grammed by performing write operations to
the mode and command registers. In addi-
tion, if synchronous operation is pro-
grammed, the appropriate SYN/DLE regis-
ters must be loaded. The PCIl can be
reconfigured at any time during program
execution. However, the receiver and trans-
mitter should be disabled if the change has
an effect on the reception or transmission of
a character. A flowchart of the initialization
process appears in Figure 1.

The internal registers of the PCI are ac-
cessed by applying specific signals to the
CE, R/W, A1 and Ag inputs. The conditions
necessary to address each register are
shown in Table 4.

The SYN1, SYN2, and DLE registers are
accessed by performing write operations
with the conditions A1=0,Ag=1,and R/W =
1. The first operation loads the SYN1 regis-
ter. The next loads the SYN2 register, and
the third loads the DLE register. Reading or
loading the mode registers is done in a
similar manner. The first write (or read)
operation addresses Mode Register 1,and a
subsequent operation addresses Mode Reg-
ister 2. If more than the required number of
accesses are made, the internal sequencer
recycles to point at the first register. The
pointers are reset to SYN1 Register and
Mode Register 1 by a RESET input or by
performing a “Read Command Register”
operation, but are unaffected by any other
read or write operation.

The 2651 register formats are summarized
in Tables 5, 6, 7 and 8. Mode Registers 1and
2 define the general operational charac-
teristics of the PCI, while the Command
Register controls the operation within this
basic frame-work. The PCI indicates its
status in the Status Register. These regis-
ters are cleared when a RESET input is
applied.

SYN 2 REGISTER

TRANSPARENT
MODE?

LOAD
DLE REGISTER

2651-1
2651 INITIALIZATION FLOW CHART
INITIAL RESET
LOAD
MODE REGISTER 1
LOAD NOTE
MODE REGISTER 2 Mode Register 1 must be written
before 2 can be written. Mode Register 2
need not be programmed if external
w clocks are used.
N
Y
LOAD
SYN 1 REGISTER NOTE
SYN1 Register must be written
before SYN2 can be written, and
SYN2 before DLE can be written.
DOUBLE N
SYNC?
Y |
TRANSPARENT
LOAD MODE?

r————— &

[ LOAD

I COMMAND REGISTER
———|

———
| OPERATE |

b e o

—_———

= o

RECONFIGURE?

DISABLE
RCVR AND XMTR

]

Figure 1
CE As Ao R/W FUNCTION
1 X X X Tri-state data bus
0 0 0 0 Read receive holding register
0 0 0 1 Write transmit holding register
0 0 1 0 Read status register
0 0 1 1 Write SYN1/SYN2/DLE registers
0 1 0 0 Read mode registers 1/2
0 1 0 1 Write mode registers 1/2
0 1 1 0 Read command register
0 1 1 1 Write command register
NOTE

See AC Characteristics section for timing requirements.

Table 4 2651 REGISTER ADDRESSING
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PRELIMINARY SPECIFICATION 2651-1
MR17 MR16 MR15 MR14 MR13 MR12 MR11 MR10
Parlty Type Parity Control Character Length Mode and Baud Rate Factor
ASYNCH: STOP BIT LENGTH
00 = INVALID 0=00DD 0 = DISABLED 00 =5BITS 00 = SYNCHRONOUS 1X RATE
01=1STOP BIT 1=EVEN 1=ENABLED 01 =6BITS 01 = ASYNCHRONOUS 1X RATE
10 = 11/2 STOP BITS 10=7 BITS 10 = ASYNCHRONOUS 16X RATE
11 =2 STOP BITS 11 =8 BITS 11 = ASYNCHRONOUS 64X RATE

SYNCH: NUMBER

SYNCH: TRANS-

OF SYN CHAR

0= DOUBLE SYN
1= SINGLE SYN

PARENCY CONTROL

0 = NORMAL
1=TRANSPARENT

NOTE

Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if internal clock is selected.

Table 5 MODE REGISTER 1 (MR1)

MR27 MR26 MR25 MR24 MR23 MR22 MR21 MR20
Z::::mmer Rc:::'l(ver Baud Rate Selection
0= EXTERNAL | 0= EXTERNAL 0000 = 50 BAUD 1000 = 1800 BAUD

NOT USED 1= INTERNAL 1= INTERNAL 0001 =75 1001 = 2000
0010 = 110 1010 = 2400
0011 =134.5 1011 = 3600
0100 = 150 1100 = 4800
0101 = 300 1101 = 7200
0110 = 600 1110 = 9600
0111 = 1200 1111 = 19,200

Mode Register 1 (MR1)

Table 5 illustrates Mode Register 1. Bits
MR11 and MR10 select the communication
format and baud rate multiplier. 00 specifies
synchronous mode and 1X multiplier. 1X,
16X, and 64X multipliers are programmable
for asynchronous format. However, the
multiplier in asynchronous format applies
only if the external clock input option is
selected by MR24 or MR25.

MR13 and MR12 select a character length of
5, 6, 7, or 8 bits. The character length does
not include the parity bit, if programmed,
and does not include the start and stop bits
in asynchronous mode.

MR14 controls parity generation. If enabled,
a parity bit is added to the transmitted
character and the receiver performs a parity
check on incoming data. MR15 selects odd
or even parity when parity is enabled by
MR14.

In asychronous mode, MR17 and MR16
select character framing of 1, 1.5, or 2 stop
bits. (If 1X baud rate is programmed, 1.5 stop
bits defaults to 2 stop bits on transmit). In
synchronous mode, MR17 controls the
number of SYN characters used to establish
synchronization and for character fill when
the transmitter is idle. SYN1 alone is used if

Table 6 MODE REGISTER 2 (MR2)

MR17 = 1, and SYN1-SYN2 is used when
MR17 = 0. If the transparent mode is speci-
fied by MR16, DLE-SYN1 is used for char-
acter fill, but the normal synchronization se-
quence is used.

Mode Register 2 (MR2)

Table 6 illustrates Mode Register 2. MR23,
MR22, MR21, and MR20 control the fre-
quency of the internal baud rate generator
(BRG). Sixteen rates are selectable. When
driven by a 5.0688 MHz input at the BRCLK
input (pin 20), the BRG output has zero error
except at 134.5, 2000, and 19,200 baud,
which have errors of +0.016%, +0.235%, and
+3.125% respectively. The clock supplied to
the receiver and transmitter (as selected by
MR24 and MR25) has a 50%/50% duty cycle
except in asynchronous mode, at 9600
baud, where the duty cycle is 48%/52%.

MR25 and MR24 select either the BRG or the
external inputs TxC and RxC as the clock
source for the transmitter and receiver,
respectively. If the BRG clock is selected,
the baud rate factor in asynchronous mode
is 16X regardless of the factor selected by
MR11 and MR10. In addition, the corre-
sponding clock pin provides an output at 1X
the baud rate.
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Command Register (CR)

Table 7 illustrates Command Register. Bits
CRO (TxEN) and CR2 (RxEN) enable or
disable the transmitter and receiver respec-
tively. If the transmitter is disabled, it will
complete the transmission of the character
in the Transmit Shift Register (if any) prior to
terminating operation. The TxD output will
then remain in the marking state (high). If
the receiver is disabled, it will terminate
operation immediately. Any character being
assembled will be neglected.

Bits CR1 (DTR) and CR5 (RTS) control the
DTR and RTS outputs. Data at the outputs is
the logical complement of the register data.

In asynchronous mode, setting CR3 will
force and hold the TxD output low (spacing
condition) at the end of the current transmit-
ted character. Normal operation resumes
when CR3 is cleared. The TxD line will go
high for a least one bit time before begin-
ning transmission of the next character in
the Transmit Data Holding Register. In syn-
chronous mode, setting CR3 causes the
transmission of the DLE register contents
prior to sending the character in the Trans-
mit Data Holding Register. CR3 should be
reset in response to the next TxRDY.

Setting CR4 causes the error flags in the
Status Register (SR3, SR4, and SR5) to be
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PRELIMINARY SPECIFICATION 2651-1
CR7 CR6 CR5 CR4 CR3 CR2 CR1 CRoO
Request to Recelve Data Terminal | Transmit
Operating Mode Send Reset Error Control (RXEN) | Ready Control (TxEN)
ASYNCH:
00 = NORMAL OPERATION | 6=NORMAL FORCE BREAK
01 = ASYNCH: AUTOMATIC 0 = FORCE RTS| 1 = RESET 0 = NORMAL 0 = DISABLE 0=FORCE DTR| 0= DISABLE
ECHO MODE OUTPUT HIGH | ERROR FLAG 1 =FORCE 1=ENABLE | OUTPUT HIGH | 1=ENABLE
SYNCH: SYN AND/OR |1 =FORCE RTS | IN STATUS REG BREAK 1 = FORCE DTR
B DLE STRIPPING MODE QUTPUT LOW | (FE, OE, SYNCH: OUTPUT LOW
10 = LOCAL LOOP BACK PE/DLE DETECT) SEND DLE
11 = REMOTE LOOP BACK
0 = NORMAL
1=SEND DLE
Table 7 COMMAND REGISTER (CR)
SR7 SR6 SRS SR4 SR3 SR2 SR1 SRO
Data Set Data Carrier i
Ready Detect FE/SYN Detect Overrrun PE/DLE Detect | TXEMT/DSCHG RxRDY TxRDY
0=DSR INPUT | 0=DCD INPUT | ASYNCH: 0= NORMAL 0 =NORMAL 0 = RECEIVE 0 = TRANSMIT
IS HIGH IS HIGH 0=NORMAL | 1=OVERRUN | ASYNCH: 1=CHANGE | HOLDING REG | HOLDING
1=DSR INPUT | 1=DCD INPUT | 1 = FRAMING ERROR 0=NORMAL | NDSR OR EMPTY REG BUSY
IS LOW IS LOW ERROR 1 = PARITY DCD, OR 1= RECEIVE 1=TRANSMIT
- ERROR TRANSMIT HOLDING REG | HOLDING
SYNCH: : SHIFT REGIS- | HAS DATA REG EMPTY
0 = NORMAL SYNCH: TER IS
1= SYN CHAR 0=NORMAL | EMPTY
DETECTED 1 =PARITY
ERROR
OR
DLE CHAR
RECEIVED

cleared. This bit resets automatically.

The PCIi can operate in one of four sub-
modes within each major mode (synchro-
nous or asynchronous). The operational
sub-mode is determined by CR7 and CR6.
CR7-CR6 = 00 is the normal mode, with the
transmitter and receiver operating inde-
pendently in accordance with the Mode and
Status Register instructions.

In asynchronous mode, CR7-CR6 = 01
places the PCl in the Automatic Echo mode.
Clocked, regenerated received data is auto-
matically directed to the TxD line while
normal receiver operation continues. The
receiver must be enabled (CR2 = 1), but the
transmitter need not be enabled. CPU to
receiver communications continues nor-
mally, but the CPU to transmitter link is
disabled. Only the first character of a break
condition is echoed. The TxD output will go
high until the next valid start is detected.

The following conditions are true while in

Automatic Echo mode:

1. Data assembled by the receiver is automatically
placed in the Transmit Holding Register and
retransmitted by the transmitter on the TxD
output.

. Transmit clock = receive clock.

. TxRDY output = 1.

. The TXEMT/DSCHG pin will reflect only the
data set change condition.

A WOWN

Table 8 STATUS REGISTER (SR)

5. The TxEN command (CRO) is ignored.

In synchronous mode, CR7-CR6 = 01
places the PCI in the Automatic SYN/DLE
Stripping mode. The exact action taken
depends on the setting of bits MR17 and
MR16:

1. In the non-transparent, single SYN mode
(MR17-MR16 = 10), characters in the data
stream matching SYN1 are not transferred to
the Receive Data Holding Register (RHR).

2. In the non-transparent, double SYN mode
(MR17-MR16 = 00), characters in the data
stream matching SYN1, or SYN2 ifimmediately
preceded by SYN1, are not transferred to the
RHR. However, only the first SYN1 of an SYN1-
SYN1 pair is stripped.

3. In transparent mode (MR16 =1), characters in
the data stream matching DLE, or SYNT1 if
immediately preceded by DLE, are not trans-
ferred to the RHR. However, only the first DLE
of a DLE-DLE pair is stripped.

Note that Automatic Stripping mode does
not affect the setting of the DLE Detect and
SYN Detect status bits (SR3 and SR5).

Two diagnostic sub-modes can also be
configured. In Local Loop Back mode
(CR7-CR6 = 10), the following loops are
connected internally:

1. The transmitter output is connected to the
receiver input.
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2. DTRis connected to DCD and RTS is connect-
ed to CTS.
. Receive clock = transmit clock.
4. The DTR, RTS and TxD outputs are held high.
5. The CTS, DCD, DSR and RxD inputs are ig-
nored.

w

Additional requirements to operate in the
Local Loop Back mode are that CRO(TxEN),
CR1 (DTR), and CR5 (RTS) must be set to 1.
CR2 (RxEN) is ignored by the PCI.

The second diagnostic mode is the Remote
Loop Back mode (CR7-CR6 = 11). In this
mode:

1. Dataassembled by the receiver is automatically
placed in the Transmit Holding Register and
retransmitted by the transmitter on the TxD
output.

2. Transmit clock = receive clock.

3. No data is sent to the local CPU, but the error
status conditions (PE, OE, FE) are set.

4. The RxRDY, TxRDY, and TxEMT/DSCHG out-
puts are held high.

5. CR1(TxEN) is ignored.

6. All other signals operate normally.

Status Register

The data contained in the Status Register
(as shown in Table 8) indicate receiver and
transmitter conditions and modem/data set
status.
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SRO is the Transmitter Ready (TxRDY) sta-
tus bit. It, and its corresponding output, are
valid only when the transmitter is enabled. If
equal to 0, it indicates that the Transmit
Data Holding Register has been loaded by
the CPU and the data has not been trans-
ferred to the Transmit Shift Register. If set
equal to 1, it indicates that the Holding
Register is ready to accept data from the
CPU. This bit is initially set when the Trans-
mitter is enabled by CRO, unless a character
has previously been loaded into the Holding
Register. It is not set when the Automatic
Echo or Remote Loop Back modes are
programmed. When this bit is set, the
TxRDY output pin is low. In the Automatic
Echo and Remote Loop Back modes, the
output is held high.

SR1, the Receiver Ready (RxRDY) status bit,
indicates the condition of the Receive Data
Holding Register. If set, it indicates that a
character has been loaded into the Holding
Register from the Receive Shift Register and
is ready to be read by the CPU. If equal to
zero, there is no new character in the Hold-
ing Register. This bit is cleared when the
CPU reads the Receive Data Holding Regis-
ter or when the receiver is disabled by CR2.

When set, the RxRDY output is low.

The TXxEMT/DSCHG bit, SR2, when set,
indicates either a change of state of the DSR

‘or DCD inputs or that the Transmit Shift

Register has completed transmission of a
character and no new character has been
loaded into the Transmit Data Holding Reg-
ister. Note thatin synchronous mode this bit

- will be set even though the appropriate “fill”

character is transmitted. It is cleared when
the transmitter is enabled by CR0 and does
not indicate transmitter condition until at
least one character is transmitted. It is also
cleared when the Status Register is read by
the CPU. When SR2 is set, the TXEMT/-
DSCHG output is low.

SR3, when set, indicates a received parity
error when parity is enabled by MR14. In
synchronous transparent mode (MR16 = 1),
with parity disabled, it indicates that a char-
acter matching the DLE Register has been
received. However, only the first DLE of two
successive DLEs will set SR3. This bit is
cleared when the receiver is disabled and by
the Reset Error command, CR4.

The Overrun Error status bit, SR4, indicates
that the previous character loaded into the
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2651-1

Receive Holding Register was not read by
the CPU at the time a new received charac-
ter was transferred into it. This bit is cleared
when the receiver is disabled and by the
Reset Error command, CR4.

In asynchronous mode, bit SR5 signifies
that the received character was not framed
by the programmed number of stop bits. (If
1.5 stop bits are programmed, only the first
stop bit is checked.) In synchronous non-
transparent mode (MR16 = 0), it indicates
receipt of the SYN1 character is single SYN
mode or the SYN1-SYN2 pairin double SYN
mode. In synchronous transparent mode
(MR16 = 1), this bit is set upon detection of
the initial synchronizing characters (SYN1
or SYN1-SYN2) and, after synchronization
has been achieved, when a DLE-SYN1 pair
is received. The bit is reset when the receiv-
er is disabled, when the Reset Error com-
mand is given in asynchronous mode, and
when the Status Register is read by the CPU
in the synchronous mode.

SR6 and SR7 reflect the conditions of the
DCD and DSR inputs respectively. A low
input sets its corresponding status bit and a
high input clears it.
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TIMING DIAGRAMS

2651-1

RESET CLOCK
< 'BRH —=|*— !BRL —|
< R/TH == tR/TL =
RESET / \ / \
<~—— thes —| BRCLK, TxC, RxC __./ ;/
Y1BRG
R
TRANSMIT RECEIVE
1 BIT TIME
————i
(1,16, OR 64 CLOCK PERIODS)
TxC \
(INPUT) A —— ey —_——
;—&L RxD
Ve o e o o o e o — - — )
—— e ey f——— ' | \
- | RXS RXH |
p— e e e e o e o e = o = e o —— RRE (1X) \
—| ttxD —{ t1yp [*=—
<—t1Ccs
™C
(OUTPUT)

READ AND WRITE

A

N\ /
‘ce
rr- ——————————— =\
A, x
P = o o o
tas—>| |=— YA [
‘ S A N
R/W
= = ed e e e e o e
tcs < tcH— -

04D, [
(WRITE) \
———— —— e ——
tps —=| |=— ton
D¢-D; BUS NOT
(READ)  FLOATING X VALID DATA VALID X BUS FLOATING

<~—— tpp —*| — toF |[*~—




PRELIMINARY SPECIFICATION 2651-1
TxRDY, TXEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode| )
TxC (IX)
11213 )41} 5 11 2}13)4) 5 11 2}33]147; 5 14321314115 1421331415
<D DATA 1 DATA 2 DATA 3 SYN1 DATA4
| I | |
wll Txen | | | |
§ | | | |
2 | | | |
2/ TxmpV I | /
s -
[
I |
A \
@ | TXEMT “al
e emd
i A Ly Ly
WRITE
OF THR
DATA 1 DATA 2 DATA 3 DATA 4
<— D——> A 1,2,;3,4,5,8 C Aj1,2;3,4,5,8 C Aj1,2,3 4,5, 8 C<—D—PA)1;2)
o ] DATA 1 I DATA 2 ] patas | I DATA 4
}
| | | | |
wl TxEN I | [ | | |
[=]
] | | | |
: |
» | | I |
2
8( wmov |
z( Txmov B
£
g 0
£
2| wEwT K 4
C_EFOR—I}/
WRITE W W
OF THR
DATA 1 DATA 2 DATA3 DATA 4
NOTES
A = Start bit
B = Stop bit 1
C = Stop bit 2

D = TxD marking condition
TxEMT goes low at the beginning of the last data bit, or, if parity is enabled, at the beginning of the parity bit.
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TIMING DIAGRAMS (Cont'd)

2651-1

RxRDY

112|3|4l5

1|2|3|4|5

(Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode| )

112,3,4,5

RxD SYN 1 DATA 1 DATA 2 DATA 3 DATA 4 DATA §
| -
b IGNORED =
RXEN I
w
a
)
21 svnoer
S | sTATUS BIT r
°
z
]
-4
I
2 | AxRoY
<
H X
e Iy ¥ ¢ ¢ U
READ —
READ READ READ READ READ READ
STATUS STATUS RHR RHR RHR RHR
(DATA 1) (DATA 2) (DATA 3) (DATA 3)
D
<> A1) 2) 34| 5| BJC A| 1] 2|3]4|]5|BjC|—|D|—™ A 123|445 B)JC A|1]2])]3)
RxD DATA 1 L DATA 2 DATA 3 DATA 4
w
a
2| Rxen I
1%
2
<}
2
o
£ | AxADY
o o
2
>
[
<
OVERRUN
STATUS BIT
CE FOR
READ
READ READ
RHR RHR
(DATA 1) (DATA 3)
NOTES
A = Start bit
B = Stop bit 1
C = Stopbit2
D = TxD marking condition
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DOT 0SC fpigipigigh
Dot Counter A JE ay NN oy BN o BN o, BN o, BN, BN o, N

18.6 MHZ

B | B | | . | 1
C —— | | =y
Count o 1 2 3 4 7 8 90 7 8 901
Character Count EX_100 DECIMAL | | T T
[/} T [ f _f
02 J L gy L L
LOSR JK - J f = I | 1 e
-CLK JSUUur pipipig iy UL
CLK LOSR JK - NORM -
Always High
CLK LDSR JK - WIDE-Scan 12
Always High
CLR LDSR JK-WIDE-Scan I-11 § [ | = L
LDSR - NORM or Scan 12 = =~ Nl e
LDSR - WIDE & Scan |_j| 1 L lm | N
Clock CAC - NORM or 12  — I L I e N | L
Clock CAC - WIDE & Scan [-11 J | f 1 o | l__l_
Ist 80 (lst SOIG) i
2 thru 81
3 thru 82 g
CAL LSB-NORM | m
CAC COUNT-NORM 0 1L T 5 7
CAC LSB-WIDE e = r
CAC COUNT-WIDE 9 1 T T
Clock § Reg-Norm  LALALLILS o vuuw
Clock S Reg-Wide LU nn_n S Jn_n
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Ist 80 (Ist 50|6) J
2 thru 81 I
3 thru 82 r
CAC LSB-NORM I py M | =
CAC COUNT-NORM I (] | ] I 2 ) | 3 | 4 L 2 )
CAC LSB-WIDE § B S
CAC COUNT-WIDF 9 1 1 2 3
NORMAL MODE
Even Holding Reg Contents CHAR 0 T CHAR 0 I _CHAR 2 |
Odd Holding Reg. Contents CHAR | I CHAR ] | CHAR 3 |
WIDE MODE Scans [-11
Even Holding Reg Contents CHAR 0 I CHAR 0 1 CHAR O I CHAR 2
Odd Holding Reg. Contents CHAR 1 | CHAR 1 i CHAR 1 1 CHAR 3
0Odd Holding Reg EN-NORM I . [ L |l
Even Holding Reg EN-NORM — f = f U
Odd Holding Reg EN-WIDE = f =
Even Holding Reg EN-WIDE T u | e
Char GEN-NORM CHAR 1 I CHAR 0 1 CHAR 1 | CHAR 2 I CHAR 3 |
Char GEN-WIDE CHAR_0 1 CHAR 1 [ CHAR 0 | CHAR 2 | CHAR 3
Char In/Out S REG-MORM 1 CHAR 1 | CHAR 1 N CHAR 0 { CHAR 1 | _CHAR 2 I CHAR 3 |
Char In/Out S REG-WIDE | CHAR 0 | CHAR 1 | CHAR 3
CLR Attributes e B i ===
Clock Attributes-NORM cn—— [ . — o
Clock Attributes-WIDE Sm—— [ [r—— e
Attribute H-NORM — If Char 0 - Attribute | | If Char [ = Attribute i If Char 2 = Attribute j 1 If Char 3
Clock Attribute Latch f==t—— If Char 0 = Attribute | <a————— If Char | = Attribute 1 If Char 2 = Attribute
~[_,lP Read/Write Cycle  —s——— 537.63 nsec.————— =1 J Select time g 268.8 nsec._»' J Write Time —s—— 215 nsec. =1 | J S
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Ist 80 ) 1
- 7 —L——

2 thru 81 ——— L | ——_ﬂ
3 thru 82 —
| S | 1
CAC Count NORM 1
(or WIDE on Scan 12) v 12 [ 3 [ 4 15 T e 17 18 19 [ A [8 TC 4c__ | a0 | 4 T 4F J 50 [ o To T T2 T T
3 4 L 5 16
QAC Count WIDE | 0 | i T 2 T 3 T 3 T 5 T 6
(if no Scan 12) 1 b1 130 I 0 I 1 I 2 3
LOAD CAC
LOAD SOL
None unless S 12
SOL Contents 0 — e
0 | 0
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HEX

ADDR

FC00
F800
F400
F000
0C00

0B80
0400

0040

0050
0040
0030
0020
0010
0000

thru
thru
thru
thru
thru

thru
thru

thru

thru
thru
thru
thru
thru
thru

FFFF
FBFF
F7FF
F3FF
OFFF

0BFF
0B7F

03FF

005F
004F
003F
002F
001F
000F

TABLE 1|

MEMORY MAP
PROMFC00  (-1)
PROM F800 (-2)
PROM F400 (-3)
PROM F000 (-4)
PROM 0C00 (-5)

RAM - Software use
DISPLAY RAM organized 24 lines of 80 (50|6)

Line | (Top of Screen) = 0400 through 044F
Line 24 (Bottom of Screen) = -B30 through OB7F

Scratch Pad RAM - Software use - stack, function
keys, etc.

T.0.P.R. (Top of Page Register)

OUTPUT CONTROL REGISTER (See Table 2)
Serial I/O (See Table 3)

Reserved for "Not-normally-installed" switch inputs
Switch Inputs (See Table 4)

Keyboard (See Keyboard Section)
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TABLE 2
OUTPUT CONTROL REGISTER MEMORY MAP

A3A2A1%0  Data BUS DO = | "~ Data BUS DO = 0
X 11 1 ENABLE Xmit Serial 1/O DISABLE
X110 ENABLE Xmit Periph 1/0 DISABLE
X 10 1 RESERVED ENABLE REV PERIPH 1/0
X 100 Jam Printer Clear to Send NORMAL CLEAR TO SEND
X 01 1 ENABLE DATA TERM RDY DISABLE
X011 0 ENABLE WIDE (40) MODE ENABLE NORMAL (80) MODE
X 00 | Bell OFF Bell ON
X 00 O NORMAL RESET TIMER
TABLE 3

SERIAL 1/O MEMORY MAP
A3A2A | AO OPERATION REGISTER
X X1 | Receive Holding Register
X X1 0 Status Register
X X0 | READ Mode Registers /2
X X0 0 Command Register
X X1 1 Transmit Holding Register
X X1 0 WRITE SYNI/SYN2/DLE Registers
X X0 | Mode Registers 1/2
X X0 O Command Register




9|qD|IDAY JON = VN

PSIID4SUl JOU SIDMPIDH| - PaAIasaY VN VN VN VN 1200
P9|[DJSUl JOU SIDMPIDH - PIAISSDY VN VN VN VN 0200
siq X
X13 Hwx  YSD Hwy 8 o/ paAalesey U3z AlDd  ppO/udAj Jlswi]  spg doig 1100
ol Ped | Pnog 2C pnog ¢C Pnog 11N 4/31PH doip  TIN-YHD/TIN-4T dul meN 0100
0 _ Z € f S 9 L (X3H) ss3daav

SAVW AYHOWIW HOLIMS
% 37avl



0B80
0400
0IFO

0180
0140
0100
0060

thru
thru
thru

thru
thru
thru
thru

OBFF
0B7F
O3FF

OIEF
OI7F
0135
00FF

TABLE 5
SOFTWARE RAM USAGE

Programmable Function Pointers
Display Memory

Programmable Function Storage

Keyboard Counters/Registers
Microprocessor Stack Registers

Serial Input Buffer

Program Storage Register - Scratch Pad
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E. Logic Module Test Points

The following is a list of Test Points provided within the TELERAY and a
description of the signal on each. Test points are marked on the TELERAY board
by a square and the Test Point number.

Test Grid
Point Location Description

GND 3G This test point is ground and is provided for
grounding test equipment.

I 6B This test point is the trigger portion of the
Master Reset Timer Circuitry. To initiate a
Master Reset without removing power from the
unit, this point can be momentarily grounded.
It's normal state is +5 volts.

2 7D This is the clock to the cursor address counters.
There should be 80 low going clocks on every
scan line. This clock advances the counters
through the display ROM address space.

3 IK This is video to the monitor. This signal should
normally be at a ground level with high going
pulses for video. The height of the pulses will
depend upon the setting of the contrast pot.

4 IK This is a vertical synchronization signal to the
monitor. Signal should sit at +5 volts with a
signal going to ground every [6.67 milliseconds
for 60 Hz (every 20 milliseconds for 50 Hz
refresh).  The signals low going duration is
approximately 600 microseconds.

5 1J This Test Point is located on the horizontal drive
signal to the monitor. Signal should have a
repetition rate of 53.8 microseconds in both 60
and 50 Hz refresh. The pulse duration will be 5
microseconds.

6 7D This test point is located on the output control
register WIDE mode signal. It can be momentar-
ily forced high for Wide mode or low for Narrow
mode for test purposes.

7 7E This is the clear current address counter signal.
It will go low for the period of the clock current
address counter signal when the address counters
reach the end of display memory (10 pulses low
going every 538 usec., each pulse [.06 usec.
long).

8 4C This is the serial data out of the 265! circuit. It
~ should sit at a high when no data is being
transmitted. Signal format is per EIA standard

and rear panel switch settings.

9 B This is serial data input to the 2651 circuit.
Format is the same as for test point 8 above.
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Module Logic Test Points Continued

Test
Point

10

13
Bell
4

50 Hz
GND

INVRS
GND

Grid
Location

4C

5D

3B

2J

4M

Description

Baud oscillator. This is the 5.0688MHZ oscillator
which is used by the 265] to develop the bit rate
timing. Duty cycle should be approximately
50%. ‘

This is @ common interrupt line going to the
microprocessor to indicate that one of the peri-
pheral devices, (peripheral to the microproces-
sor), requires service. In normal operation this
signal will have low going pulses for the timer
interrupt, additional low going pulses occur when
a serial data character is received by the 2651.

These test points may be used to silence or to
temper the volume of the bell. See instruction
manual.

A jumper between these test points causes the
screen to be refreshed at 50 Hz - see instruction
manual.

A jumper between these test points covers the
screen to go to a black-on-white display. See
instruction manual.
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REVISIONS

SYM. ZONE DESCRIPTION DRAFT. | CHECK. DATE
N QR\RY7 DWE., CAT. Na\TTRCES 4 Pol | AR W-\-T78
Tl AWMY PBSE e TYPE
B DOCUMENTED FOR IMS SYS. |CLR 31679
‘ Fla7w INSL2% (4 (z.258)
N .
—1A + 5V
LR
FILTER /Fl\/ IS ver ¢ : A 1
Hl. <—] NS | CrRZ J_ l tM3zsic L_ Yg _
! + 78HOS &ND
Lo e clo ez
T lcooo/\uv‘[ T N T \o/waV b | HOR. DRIVE
GRD_~—— v 9| V. %N To
_J 70 +12v MONITOR
CR3 8| VIbEO
INPUT |
POWER = D (i_"fz’*) Pl o
: , &RD
32 et Az l 560 ]
CRY
N ez + L CONTRAST / VIDED
A s 4+ e3 VERT.
zsoo/zsv’f T.l T\e/esv HOR.
NS VOLT  BRN ¢ BLK To *) ) ” * sV
# RS \V/
INPUT BRN/W § BWK/W To #4 e (2 A) u
N -
IN 4003 e 12
230 VOLT BLK To * | l
INPUT BRN To ¥2 CR& l Tz
BLK/W T ¥3 Kl e 7 T
BRN/W TO *uy 2500 /ZSV’P» T" /w3 |V o
LOG\C -
\V4 +12V
-z Vv
Ay > -5\
7905 l
41 ¢
0/3V
& CoM.
\Y
1060 |D055093
100 |DOS36I5
ORAFTSMAN K =10 M = 10t UNLESS OTHERWISE INDICATED USED ON ASSEMBLY
MY 1 e ISTANCE IN OHMS % 10 Va WATT
R + I S IITE I orwe £ %k MODEL
© INDUCTANCE IN HENRIES_
ol e 77 rion o connecrion | & ot s eomem e g5 3belT
SCHEMATIC - POWER SUPPLY |, 10LO | Kos2el? B
N -000
sur. ) o |

| (T-) CONTROLS DIVISION - nessancw mconronares « mimm
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SWITCHES
UP = Closed
DOWN = Open
Goal
Switch Position Switch Loc.
UP DOWN
DISPLAY DELIMITER NORMAL |
XMIT TO CURSOR=====cecemenn XMT TO END------==uu- 2
XMIT AN ETX NORMAL 3
FULL DUPLEX--=e=emccaceeen HALF DUPLEX-------=-- 4 7A
WRAP NORMAL : 5
NEW LINE ENABLE----------- NORMAL--==aaecmeeeen 6
NEW LINE ON CR NEW LINE ON LF 7
CURRENT LOOP-==---ceaeae RS-232---mcmmmmmmeeeem 8
BAUD | |
2 2
3 3
4 4 6A
EVEN PARITY ODD PARITY 5
PARITY ENABLE----==--auo-- NO PARITY----oeceeaaan 6
| STOP BIT 2 STOP BITS 7
7 BIT CHAR=====ccccceeeee o 8 BIT CHAR-=---------- 8
SWITCH SWITCH
SETTINGS BAUD SETTINGS BAUD
4 3 2 1 RATE 4 3 2 1 RATE
Uuuuu 50 Uuuub 1800
DUUWUVU 75 DU UD 2000
UbDuUu 110 UDUD 2400
DDUU 134.5 D DUD 3600
UuubDuU 150 Y¥'UDD 4800
DUDUWU 300 D UDD 7200
UDDUWU 600 UDDD 9600
D DDU 1200 D DDD Reserved
JUMPERS
HZ - 50 Hertz Refresh Rate - Grid 2K
Add jumper from pin marked 50 Hz to GND.
IV - Inverse Video - Grid 4N
Add jumper from pins INVERSE to GND.
OPTIONS
CODE TITLE PROCEDURE
CLP Current Loop Add RI Assembly - #B58939-001 into 1C and 2C on
logic board with board number away from power
connector.
220V 220V Line Input Move brown wire from hole | to hole 2; move

brown/white wire from hole 4 to hole 3 located
on power supply board.

REVISIONS
SYM. ZONE DESCRIPTION DRAFT. | CHECK. DATE
-5V -12v 12v GND A SCH L We. WAS (S AXS -8
oes TYPE =Y . ABED A0 ADE & o5 €3 WS I5es °
00 741.500 14 7 B NG . WINSTER. OSCVLRNee QO NS W-22-78
0 740502 m 7 C CHE'D R3O WAD DINOW 120 [caS 3-18-79
D DOCUMENTED FOR IMS 3Y3. |CLR 35-29719
04 74504 14 7 ARTWORK. CHANGE . JUNPER OPTION AT
ROM 5 ,*COPY’ OPTION AT 3H,2G. MDC 4-4-79
06 741506 14 7
10 741510 14 7
20 741520 14 7
30 741.$30 14 7
32 741632 14 7
86 741586 14 7
107 745107 14 7
153 7416153 16 8
155 74L$155 16 8
163 45163 16 8
165 T4LS5165 16 8
174 T4LS 174 16 8
257 7415257 16 8
259 7416259 16 8
374 T4L$374 20 10
8304 AM8304 20 10
88 HDI-1488-5 | 14 7
89 HDI-1489-5 14 7
6502 MCS6502 8 1,21
2651 2651 26 4
2708 C2708 24 21 19 12
8316 8316B 24 12
40L45 4OL45-45 18 9
$00 74500 14 7
504 74504 14 7
555 NES555V 8 |
UVNUSED TC PORTIONS
49 faN'e ;/Vlj 15,17,19 +5V
c5
| 02 ! bo Tioesv
e = -ley
ax FROM 10u€ /63
5 3 POWER 0 +
O SUPPLY = "%V
BD 10mf/63Y
W INAR, AU o) 1N z +av
cs
b‘ 2 1 e T T iou/o3v
13 P .—th‘m- e 24,6810
aD 9 L 12,1416, 18,20 l 7 PRRY
13 w,. 2 26 ‘© 06O [D053887
) o2 VOGO  [DO53626
3K
8 \o "“""“‘/;'7 K =10 M = 10t UNLESS OTHERWISE INDICATED USED ON ASSEMBLY
2)o2 JE 5% ' | e T MODEL
q E AE = = © INDUCTANCE IN HENRIES.
13 @. g AN , bb x’ EF i 5 CONNECTION NO CONNECTION : :zz :Z‘:oc;:::;?vzo:ﬁl:OLD“ 3D [Al)
2 a TITLE LA NUMBER REV.
SOAEWMKTC - TELERAY LOG\C BOALD KCOR3625 D
' . -000
WMODEL  \0GD 00

s, ) or 3
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PARTS LISTS
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Title: ASSY-LOGIC BD, 1061

ITEM

DESCRIPTION

Assembly-Logic Board, 1061
Trimpot - 200 Ohm
Resistor Network - 2.2K, SIP

Crystal - 18.600 MHZ
Crystal - 5.06880 MHZ (Sm.)

Alarm Device

PARTS LIST

IC-TTL, LS, QD 2-In Pos Nand Gate

IC-TTL,
IC-TTL,
IC-TTL,
IC-TTL,
IC-TTL,
IC-TTL,
IC-TTL,
IC-TTL,
IC-TTL,
IC-TTL,

LS, QD 2-In Nor Gate

LS Hex Inverter

Hex Inverter

LS 3-In Pos Nand Gate

LS 4-In Pos Nand Gate

LS 8-In Pos Nand Gate
LS, Quad 2 Pos Or Gate
LS QD 2-In EXCL or Ga<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>