
10 SERIES 

CRT DATA TERMINAL 

-----_ ... ------
----~.:=-.­.--­.-

REFERENCE ,MANUAL 

PWONE 16121 94~o3300 • nNX 910·576·2837 • TELEX 29·0502 



10 SERIES 

REFERENCE MANUAL 

August. 1980 

KA055047-001 

PHONE (612) 941-3300 • TWX 910-576-2837 • TELEX 29-0502 



TABLE OF CONTENTS 

Section I - Specifications 

TSB 103 

Section 2 - Machine Organization 

Signal Flow and Cabling Diagram 

Section 3 - Monitor Module 

Zenith.DTI 
Servicing Guidelines 
Theory of Operation 
Adjustments 
Schematics 
Parts Lists 

Section 4 - Power Supply Module 

A. Theory of Operation - Series Pass Type 
B. Theory of Operation - Switching Type 
C. Parts List 
D. Boschert Ol2s 

Maintenance Manual 
Schematics 

Section 5 - Keyboard Module 

A. Theory of Operation 
B. Key Encoding - Standard and European 
C. Schematics 
D. Parts Lists 

Section 6 - Logic Module 

A. Architecture 
B. Theory of Operation 

I. Display Refresh Hardware 
2. Character Generator and Field Modifier logic 
3. Display Memory and Program Memory 
4. Keyboard and Switch Interfdces 
5. Serial Input/Output Interfaces 

C. Timing Chart 
D. Memory Maps 
E. List of Test Points 
F. Schematics 
G. Parts Lists 

ii 



Section I 

SPECIFICATIONS 

I-I 



GeERAL 

TB..ERA Y MODEl.. 10 
SPECIFICATION 

The Model 10 TELERAY is a microprocessor controlled CRT terminal with a display' capacity of 1920 
characters (24 lines of 80 coll.rons). It operates either Half or Full Duplex, Scroll or Page IT19de, 
and in either Character or Block transmission mode. The terminal provides text editing and for­
matting capability, enhanced display and protected fields, full cursor control and addressing, and 
cursor position readout. It also provides many prograrrmable features (down-Ioadable or keyboard­
loadable), . including comnunications speeds, wide character· display (24 lines x 40 columns), and 32 

. functions. The modular "no toals" design enables operator replacement of malfunctioning modules. 

Weight: 

Power: 

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

115 or 230 VAC +10%, 52 watts, 
50 or 60 Hz. -

Operating Temperature: 400 to 1150 F 
(40 to 46°C) 

Storage Temperature: 

RelatLve Humidity: 10-90%, non-condensing 
. Dimensions in inches 

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¥Z" 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: 

Character Formation: 

Character Size: 

, Cursor: 

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. 

7 x 9 dot matrix, in 10 x 12 field 

Wide Mode 

inches: 

Normal Mode 

.10 wide, .20 high 
2.5 wide, .5 high 

.20 wide, .20 high 
.5 wide, .5 high mm: 

Block character, blinking at I Hz rate. 
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KEYBOARD 

Style: 

Switches: 

Rollover: 

Repeat: 

97 key, typewriter-paired (except brackets unshifted, braces shifted), including numeric 
pod, cursor control pod, function, edit and transmit keys. The cursor control pod, trons­
mit, print, clear and edit keys perform local functions only (do not transmit). European 
versions are optionally available. 

Single-oction contact. switches except for five keys (Local/Remote, Block/Character, 
Scroll/Page, Monitor and Cops Lock) which ore alternate-action switches 

N-key 

Auto-repeat at IS characters per second when any key (except Control, Shift md Cops Lock) 
or combination of keys is held down longer than a half second 
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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 I 
Xmit to Cursor 2 Xmit to End 
Xmit an ETX 3 
Full 4 Half Duplex Right Block 
Wrap 5 
New Line /) 
New Line on CR 7 New Line on LF 
I-Loop 8 RS-232 

Baud I I 
Baud 2 2 
Baud 3 3 
Baud 4 4 
Even 5 ODD 
Parity Enabled /) No Parity Left Block 
I Stop Bit 7 2 Stop Bits 

Left Most Switch 7 Bits 8 8 Bits 

Connectors: 

-Standard 3-pin (grounded) line cord connector Power 
Serial I/O -DP25S connector, 25-pin miniature - for on-line communications interfacing in Remote 

mode. Pin assignments: 

RS232C Standard 

I - Protective Ground 
2 - Transmitted Data 
3 Received Data 
4 - Request to Send 
5 - Clear to Send (must be 

asserted for Transmit) 
7 - Signal Ground 
8 - Carrier Detect (must be 

asserted for Receive) 
20 - Data' Terminal Ready 

Current Loop (Optional) 

12 - Transmitted Data + 
24 - Transmitted Data -
13 . Received Data + 
2S - Received Data -

Peripheral Interface -DP2SS connector, 2S':pin miniature - for interfacing with RS232 printer or other 
peripheral device. Pin assignments: 

I - Protective Ground 
3 - RS232 Ser iol Data Out 
5 - Clear to Send (+12 V) 
/) - Data Set Ready (+12 V) 
7 - Signal Ground 
8 - Data Carrier Detect (+12 V) 

Keyboard Interface -DP25P Connector, 2S-pin miniature - for keyboard/terminal interconnection. 

COMMUNICA TIONS MODES 

Character IBlock 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 ~ode, keyed data goes to the TELERA Y display and is only transmitted by the transmit functions. 
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Half/Full Ot4>lex 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 pG1el switch. 

Full Duplex Operation 

When the TELERAY is in Character mode G1d 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 G1d Full Duplex modes, keyed data goes to the TELERAY 
display G1d does ~ 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 ood Half Duplex mode, a local copy is imaged on the screen as 
items are keyed and transmitted. The Serial I/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 CI'ld Block modes, the Request to Send signal is asserted only during a blocl< 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 TELERA Y keyboard and programmable functions are executed within the TELERA Y. 
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 CI'ld keyed data is transmitted as determined by the Full/Half Duplex and Character/Block modes. 

COMMUNICA nONS 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. 

Pcrity EnoblelDisable Modes 

The parity EnabieiDisabie switch enables and disables both the parity generation and the parity checking. 
If parity is disabled a parity bit will not be generated G1d the. communications character, which is trans­
mitted, will be one bit shorter than the character transmitted when parity is enabled. 

Seven/Eight Bit Modes 

The 7 bits or 8 bits switch controls the length of the communications character excl~sive of the parity or 
stop bit positions. When set to 8 bits the TELERA Y will automatically put a I in the 8th bit position 
on transmission and will ignore the 8th bit on reception. 

Conmonly Used Convnunicotims Character Mode Settings 

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

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

BaudRotes 
The Serial I/O baud rate can be changed from tfole rate selected on the rear panel baud rate switches to 
any other of the fifteen available rates by an ESC C followed by the appropriate character shown in Table 
2. Once changed, the baud rate remains fixed untir 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 pG1el 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. 
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OPERATING MODES 

Wide/Normal Character Modes 

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

Monitor Mode 

When the TELERA Y 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 TELERA Y 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 palel 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 on additional rear panel switch. 
Pressing either the CR or LF key will cause the cursor to go to the first collXT1n of ·the next line in New 
Line mode. When the TELERAY is not in New Line mode, the Line Feed Q"ld Carriage Return commands 
are treated as separate functions. 

Right Mcrgin Wrap Mode 

When this mode is selected by the rear palel switch and data is entered in the 80th column of any line, the 
cursor will automatically be positioned in the first collXT1n of the next line. A cursor right function from 
column 80 will also couse the cursor to go to the first column of the next line. This "wrap" can cause a 
scroll to occur ar can couse 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 Q"ld the cursor is in the 80th column, a cursor right function or 
entry of Q"ly data which moves the cursor will not advance the cursor; the cursor will remain in the 80th 
column Q"ld the data in that column will be rewritten. 

Scroll/Page Modes 

These modes ore 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 Q"ld a blank line inserted on the bottom of the displayed page. In 
Page mode when Q"l attempt is made to position the cursor below the bottom line, the cursor will "wrap" 
to the top line. No scrolling occurs. When the TELERA Y is placed in Protect mode, the TELERA Y will 
automatically ~ ~ ~~. -

Protect Mode 

The TELERAY will enter Protect mode !..pon 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 I/O. 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 ooly Lnprotected 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. 

Keybocrd 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 I/O. The Keyboard Unlock sequence, ESC c, 
is accepted only from the I/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 completioo of these operations the keyboard will be unlocked. 
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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 TELERA Y 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 Di'splay (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 TELERA Y without interfering with the 
operator. A typical download sequence might include the following: 

A. Lock keyboard (ESC b) 
B. Disable display (ESC e) 
C. Define function (ESC U II) 
D. 'The message which is to be loaded into the function 
E. End definition (ESC V) 
F. Enable display (ESC f) 
G.' Enable keyboard (ESC c) 

The Disable Display mode is also useful within the function programming to exclude portions or all of the 
function programming from going to the TELERA Y screen. For example: If the functions were 
programmed to initiate sequences for control of the T eledisk, operator may not want these sequences to 
go to the display area of the TELERAY but would wont 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 

Fields 
( 

Dim, Blink, Underline, Inverse Videa and Protected fields may be established on the TELERAY in any 
combination. These fields are started, chonged, or ended by entering a special character (field modifier) 
in the TELERA Y 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 os either a space or os a "11" depending on the position of the rear panel 
switch. On transmission of data in unprotected mode, a space cod~ 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 ald 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 I/O interface. When keyboard entry moves the cursor post 
the 72nd character position in aly line or into the 24th line the bell tone is also produced. Serial 1/0 
cursor manipulation will !:!2!. generate the tone, nor will Tab absolute cursor position, etc. 

Interr~t 

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 1/0 transmitted 
data line. This function does not affect internal operations of the TELERA Y. 
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Pcrlty Error 

If parity is enabled O'ld a parity error or a framing error (stop bits missing) occurs en ASCII sue character 
will be substituted for the erroneous character. The SUB character will be displayed as se. 

PROGRAMMABLE FUNCTIONS 

The TELERA Y contains 32 programmable functions. Any ASCII 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 call 
itself or coli 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 Progranmoble FUlCtiClnS 

The functioos will be initiated by either the appropriate keys on the keyboard (first 8) or may be initiated 
by 3-choracta sequence - ESC T followed by the function number. The function number must be a two 
digit number from 0 I through 32, inclusive. Both digits must be used (e.g., 0 I, 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 end ESC sequences will be executed end/or transmitted as determined by the operating mades. 

Progranming the Progranmoble Fln:tiClnS 

Programming of the functioos will be initiated by the sequence ESC U, followed by function number. The 
programming of eny 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 end a new one 
entered. As the functions are being programmed, the progrtllTl 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 O'l RS232 serial asynchronous interface for a printer or other peripheral 
device. Following a peripheral-on command (DC2) from the keyboard or the 1/0 interface, data are 
transmitted to the peripheral port as received or as entered en the keyboard. The peripheral baud rate 
will be set to the 1/0 baud rate, either as set by rear ponel switches or as changed by ESC sequence (Table 
2), for concurrent printing. A peripheral-off command (DC4) will tum 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 AN) BUFFERING 

Partial Line: 

Line: 

Message: 

Partial Page: 

Full Page: 

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

With the rear palel switch in the Xmit to End position, the Transmit l:ine function 
transmits the line the cursor is on. 

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 "EX" but not transmitted) is entered at the 
cursor positioo before transmission. 

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

With the rear palel switch in the Transmit to End position, the Xmit Page function trans­
mits the entire page. 

These trensmissioos can be initiated by ESC followed by i, I, or Z for line, message or page, respectively 
or by the Xmit Line, Xmit Msg end 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 pasitien except ofter 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 
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line ere suppressed. L.F and CR, or New Line codes ore appended to the end of each line os 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 -os 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). 

Buffet"ing 

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 to 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 DC I (Ready) command is sent to the computer to 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 MANIPULA TlON 

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, 0 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). 

Mcrgin 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. 

Cur.scr Address Write md Read 

The cursor can be moved directly to any line-column coordinate using the sequence ESCape Y - line code -
eolumn code. The sequence ESC a wiii cause the TELERAY to transmit its cursor position in that order. 
The line code O"1d column code for each position is given in Table I. An illegal coordinate in on 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 TELERA Y accommodates a total of 16 columnar tab stops. A columnar tab stop con 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 os a tab 
stop. If no tab stops have been set the cursor will not move. 

a.EARS AND EDITS 

CJear F unctiau 
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 TELERA Y in the "power up" state: memory is clear, tab stops 
are removed, peripheral is disabled and cursor is at home. Thes,e 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 erose protected fields in Protect mode, 
Reset to Initial State will erose them in any mode. 

Edit Fmc:tions 

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

8 



Insert Chcirocter 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 
dota 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 TELERA Y 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 CJ'ld Delete functions will not operate when the TELERA Y is in Protect mode. 

Tobie I 

ClRSOR COORDINATE POSITIONING 

I ) Press ESC • • • then '!. . .. 
2) then Line Code • •• 3) then Column Code 

LINE CODES COLUMN CODES 

. 
Line Col. Col. Col. 
No. Char. No. Char. No. Char. No. Char. 

I Spoce I Space 28 ; 55 v. 
2 .! .2 ! 29 < 56 W 
3 " 3 " 30 = 57 X 
4 II 4 /I 31 > 58 Y 
5 $ 5 $. 32 ? S9 Z 
6 % 6 % 33 @ 60 c 
7 & 7 & 34 A 61 \ 

8 I 8 I 35 B 62 J 

9 (> 9 ( 36 C 63 A 

ro . ) 10 ) 37 D 64 -
II * II * 38 E 65 I 

12 + 12 + 39 F 66 a 
13 , 1·3 , 40 G 67 b 
~4 - 14 - 41 H 68 c 
15 . IS · 42 I 69 d 
16 I 16 I 43 J 70 e 
17 0 17 0 44 K 71 f 
18 1 18 I 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 7S j 
22 S 22 5 49 P 76 k 
23 6 23 6 SO Q 77 I 
24 7 24 7 51 R 78 m 

25 8 52 S 79 n 
26 9 S3 T 80 0 

27 · 54 U · 
Note: Any undefined coordinate character will be ignored. 
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FUNCTIONAL SUMMARY 

Commmications Modes 
Character/Block ••••••••••••••• ! ••••••••••••••••••• Keyboard Switch 
Half/Full Duplex ••••••••••••••• ' •••••••••••••••••••• Rear Panel Switch 
Local/Remote. ••••••••••••••••••••••••••••••••••••• Keypoard Switch 

Commmications Charocter Modes 
One/Two Stop Bit ••••••••••••••••••••••••••••••••••• Rear Panel Switch 
Parity EnablelDisable ••••••••••••••••••••••••••••••• Rear Panel Switch 
Seven/Eight Bit •••••••••••••••••••••••••••••••••••• Rear Panel Switch 
Baud Rates •••••••••••••••••••••••••••••••••••••••• Rear Panel Switch or ESC ( Table I 

Operating Modes 
Wide/Normal Characters ••••••••••• ~ •••••••••••••••• ESC m / ESC I 
Men itor ••••••••••••••••••••••••••••••••••••••••••• Keyboard Switch 
New Line •••••••••••••••••••••••••••••••••••••••••• Rear Ponel Switches 
Right Margin Wrap. ••••••••••••••••••••••••••••••••• Rear Panel Switch 
Scroll/Page •••••••••••••••••••••••••••••••••••••••• Keyboard Switch 
Enter/Leave Protect •••••••••••••••••••••••••••••••• ESe W / ESC X 
Keyboard Lock/Unlock •••••••••••••••••••••••••••••• ESC b / ESC c 
Disable/Enable Display ••••••••••••••••••••••••••••• ESC e /ESe f 

Operator Commmications 
Fields ••••••••••••••••••••••••••••••••••••••••••••• ESe R and Table 2 
Search & Clear Delimiter •••••••••••••••••••••••••••• ESC S 
Bell •••••••••••••••••••••••••••••••••••••••••••••• BEL (CTRL G) 
Interrupt •••••••••••••••••••••••••••••••••••••••••• Keyboard Switch 

'. 

Break ••••••••••••••••••••••••••••••••••••••••••••• Keyboard Switch 
Parity Error ••••••••••••••••••••••••••••••••••••••• Automatic sB display 

Programmable FU'1Ctions 
Execute Programmed Function •••••••••••••••••••••• ESC T Number (2 digit, 0 I 
Define Function ••••••••••••••••••••••••••••••••••• ESC U Number (2 digit, 0 I 
End Function Definition ••••••••••••••••••••••••••••• ESC V 

through 32) 
through 32) 

PeripheraJ Interface 
Print ............................................................ .Keyboard Switch or ESC 0 (oh) 
Peripherai On ................................................. ,. ................... DC2 (CTRL R) 
Peripheral Off ••••••••••••••••••••••••••••••••••••• DC4 (CTRL T) 
Change Peripheral Baud ............................. ESC \ Table I 

Transmits mel Buffering 
Line ............................................................................................ Keyboard Switch or ESC 
Message .................................................................................... Keyboard Switch or ESC I 
Page ........................................................................................... Keyboard Switch or ESC Z 
Xmit to Cursor/End •••••••••••••••••••••••••••••••• Rear Panel Switch 
Xmit an ETX ............................................................................ Rear Panel Switch 
Time Fi II .................................................................................. NUL 
Suspend/Busy ............................................................................ DC3 (CTRL S) 
Resume/Reedy ............................................... DC I (CTRL Q) 
Enable Busy/Ready •••••••••••••••••••••••••••••••••• ESC h 

Cursor Manipulation 
One Up ••••••••••••••••••••••••••••••••••••••••••• Keyboard Switch or ESC A 
One Down ••••••••••••••••••••••••••••••••••••••••• Keyboard Switch or ESC B or LF (CTRl J) 
One Right •••••••••••••••••••••• ; •••••••••••••••••• Keyboard Switch or ESC C or Space 
One Left •••••••••••••••••••••••••••••••••••••••••• Keyboard Switch or ESC D or BS (CTRl H) 
Home ••••••••••••••••••••••••••.••••••••••••••••••• Keyboard Switch or ESC H 
Left Margin ••••••••••••••••••••••••••••••••••••••• CR (see New Line) 
Absolute Position ••••••••••••••••••••••••••••••••••• ESC Y Table 4 
Position Reed •••••••.•• ; ••••••••••••••••••••••• ' ••••• ESC a 
Tab Set ••••••••••••••••••••••••••••••••••••••••••• Keyboard Switch or ESC F 
Clear This Tab ••••••••••••••••••••••••••••••••••••• Keyboard Switch 
Clear All Tabs ••••••••••••••••••••••••••••••••••••• ESC G 
Tab ••••••••••••••••••••••••••••••••••••••••••••••• Keyboard Swi tch or HT (CTRL I) 
Back Tob •••••••••••••••••••••••••••••••••••••••••• Keyboard Switch or ESC d 

Clears and Edits 
Cleor EOl ••••••••••••••••••••••••••••••••••••••••• Keyboard Switch or ESC K 
Clear EOP •.••••••••••••••••••••••••••••••••••••••• Keyboard Switch or ESC J 
Clear Page •••••••••••••••••••••••••••••••••••••••• Keyboard Switch or j or FF (CTRl L) 
Reset to Initial State ••••••••••••••••••••••••••••••• ESC g 
Insert Character ••••••••••••••••••••••••••••••••••• Keyboard Switch or ESC P 
Delete Character ••••••••••••••••••••••••••••••••••• Keyboard Switch or ESC Q 
Insert Line •••••••••••••••••••••••••••••••••••••••• Keyboard Switch or ESC l 
Delete Line ••••••••••••••••••••••••••••••••••••••• Keyboard Switch or ESC M 
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Table 2 Saud Rate Table 3 Control Character. Generation CI'1d 

Program 
Monitor Mode Display 

Displayed Control Press'" Sequence Rear Panel 
Ser ial I/O: ESC C theni Baud Switch Positions As Character Control & 
Per ipheral ESC \ then Rate 4 3 2 I 

" AK 

, / 
f) 50 L' U U U ACK F 
I 75 D U U U BL BEL G 
2 110 U D U U .BS BS H 3 134.5 D D U U 
4 150 U U D U CN CAN X 
5 300 D U D U CR CR M 6 600 U D D U 
7 1200 D D D U D, DCI Q 
8 1800 U U U D C?2 DC2 R 9 2000 D U U D 

2400 U D U D D3 DC3 S 
; 3600 D D U D D4 DC4 T < 4800 U U D D 

7200 D U D D DL DLE P > 9600 U D D D EM EM y ? Res D D D D 
EQ ENQ E 

U = Up ET EOT D D = Down 
EC ESC [ 

Tobie 4 Field Modifiers ES ETB W 
ESC R EX ETX C 
Then Field Characteristics FF FF L 
@ Normal (ends all others) FS FS A Blink 

G5 B Dim GS ] 
C Dim, Blink HT HT D Inverse 

LF E Inverse, Blink LF J 
F Inverse, Dim NK NAK U G Inverse, Dim, Blink 
H Underline NU NUL 2 
I Underline, Blink RS RS 

, 
J Underline, Dim 

5, K Underline, Dim, Blink 51 0 
L Underline, Inverse So SO N M Underline, Inverse, Blink 

SH N Underline, Inverse, Dim SOH A 
0 Underline, Inverse, Dim, Blink Sx 5TX B P Protect Only 

58 Q Protect Blink SUB Z 
R Protect, Dim Sy SYN V S Protect, Dim, Blink 

Us T Protect, Inverse US ? 
U Protect, Inverse, Blink VT VT K V Protect, Inverse, Dim 
W Protect, Inverse, Dim, Blink 

*Dedicated keys on keyboard for several of these X Protect, Underline 
codes. See Keyboard description. y Protect, Under Ii ne, Blink 

Z Protect, Underline, Dim 
C Protect, Underline, Dim, Blink 
\ Protect, Underline, Inverse 
J Protect, Underline, Inverse, Blink 

" Protect, Underline, Inverse, Dim 
Protect, Under line, Inverse, Dim, Blink 

" 



COOING SUMMARY 

~ 
Cantroi Characters Exope Sequences 

Co 
L 

0 I 4 5 6 

0 NUL DLE ~ 

"" 
P 

"Time Fill" Insert Char 

I SOH DCI A Q a Table 4 
Resumel One Delete Read 
Ready Up Character Cursor Posn. 

--. 
2 STX DC2 6 R Table 2 b 

Limit Peripheral One Field Lcd< 
Transmit On Down I.:odifier Keyboard 

3 ETX Dd C S c 
Suspend/ One Search/Clr. Unlock 
Busy Right .'Ilodifier Ke)·board 

4 EOT DC4 D T d 
Peripheral One Execute Back Tab 
Off Left Programr.-eC 

Function 

.' 

5 ENQ NAK E U e 
Clear Tab Define Disable 
Stap Function Display 

.. ACK SYN F 'I f 
Set Tab End Encble 
Stop Function Display 

Definition 

7 BEL ETa G w 9 
Bell Clear All Enable p.eset to 

Tab Stops Protect Initial 
State 

8 BS CAN H X h 
One Home Leave Enable 
l..eft Protect Reaciy/Busy 

9 HI EM I Y Table 4 i 
Tab Transmit Load Transmit 

Message Cursor Line 
Position 

10 LF SUS J Z j 
Line Feed Parity Error Clear to Transmit Clear' 

EOP Page Page 

II VT ESC K [ Table I k 
Intraduce Clear to Set I/O 
Sequence EOL Baud 

12 FF FS L / Table I I 
Clear Insert Set Periph Normal 
Page Line Baud Character 

Format 

13 CR GS M ] m 
Cursor Delete Wide 
Return Line Character 

Format 

14 50 R5 N 1\ n 

IS 51 US 0 - a 
Print 

12 



Section 2 

MACHINE ORGANIZATION 

The T eleray 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. 

2-1 



r-- MONITOR MODULE 

J Vertical I 
Amp 

,II 
CRT I Yokes ~ 

Video 
Tube Amp 

~ 
II' 

Horizontal 
Amp 

--- --
Hi~ 

Voltage 
Supply 

--., 
Vert '., 9 

Video 
I ... 8 

Horiz. '., 6 -
I I, 10 I 

I 
I 
I 
I 
I 
I 
I 

Solder~ I 
Comections \1 

1 

! 

POWER SUPPLY MODULE 

Rear Pmel 
Fuse O,,-Off 

Supply 
T ronsformer 

L... _______ 120I240V 

1-

Solder 
Connections 

Contrast 
Adjust -Rear 
Pmel 

---, 

line 
Filter 

1 
I 

+12V I~ 7 I 
lagic God. ~------..... L _________________ ....J _____ Monitor 1- _ _ [- _____ _ 

'~ I" 

r---
I 
I 

Cord Edge 
Connector H V V 

o i e 
Ribbon Coble ____ r d r 
Connector i e t 

z: 0 
, I' I ~ 

lOGIC MODUlE ------ - ----"------

MONITOR TIMING, 
KEYBOARD INTERFACE, 
SERIAL INTERFACES, 
MICROPROCESSOR, ETC. 

(See lagic section) Chassis Ground 

L 
o 
9 G 
i n 
c d 

-----, 
1 
I 
I 
I 
I 
1 
I 

I 
I 
I 
I 
I 
I L ________ _ 

- -- -------r--
____________________ J n7 

Rear Ponel 
0025 Type 
Connector 

Rouild Coble -----

If 

, 

I' , ," 

AO-3 KBO-7 of- Chassis 
Lagic God. 

(4) (8) 5 God. (Shield) 
'I' V , It 

~YBOARD MODULE ~ 
. 

---
MODULE SIGNAL FLOW AND CABLING DIAGRAM 
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Section 3 

MONITOR MODULE 

Zenith DTI 

Servicing Guidelines 
Theory of Operation 
Adjustments 
Schematics 
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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 
. 1. 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. 

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

3. 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. . 

4. 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. 

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

6. All critical c.omponents (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. 

7. 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. 

TO GOOD EARTH GROUNO 
SUCH AS WATER PIPE. 
CONOUIT. ETC. 

12'7S1 
o A.C. VOLTMETER 0 

22-4314 
.I'MFO 

A.C. TYPE 

63·10401·7. 
1500 ohm 10 _ PLACE THIS PROBE 

ON EACH EXPOSEO 
METALLIC PART. 
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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 

. per~onnel cover the subj~ct of X-radiation. The only po­
tential source of X-rays IS the picture tube. However, 
this tube does not emit ~-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 
~chematic 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 AN D PRECAUTIONS. 



GENERAL INFORMATION 
This service manual introduces the Zenith 012 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 012 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 
CATHOOE RAY TUBE 

12" diagonal measure, 90· deflection, 12.5 KV nominal 
high voltage at 50 /LA. beam current. Available with bonded 
anti-reflective face plate option. P4 phosphor is standard 
and other EIA phosphors are available. 

NOMINAL OISPLAY AREA 
51 sq. in. defined by a rectangle 8V2 1 X6" centered on the 
CRT. (Other display dimensions optional.) 

INPUT SIGNALS (TIL LEVEL) 
HORIZONTAL 

4 to 40 p,sec. duration (positive going standard). 
VERTICAL 

50 to 1400 p,sec. 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 cat 800 mao max., or 
12V DC at 1100 mao max. 

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

INTERCONNECT TO CUSTOMER SYSTEM 
Via standard 10-pin edge connector. 

VIKING #25V10S 11-2 
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" highx8V2" wide. 
VERTICAL 
a. Height of display at left side shall be within.±. 2.0 per­

cent of height at right side. 
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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 
in a row or column respectively. No specific character shall 
vary in width or height more than.±. 10% of an adjacent 
character . 

HORIZONTAL 
15.75.±. 0.5KHz. 

SYNCHRONIZATION 

18.60.±. 0.5KHz. (Optional) 
Horizontal Blanking 

10.0 /Lsec. min. 
Horizontal Phasing Control 

10.0 (J. sec. min. adjustment 
VERTICAL 

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

STORAGE 
Sso C. max. with bonded anti-reflective faceplate. 
6So C. max. for plain faced CRT's. 

ENVIRONMENT 
Operating temperature 

Sso max. (free air temperature of display electronics). 
Altitude 

40,000 ft. + storage & shipment. 
10,000 ft. max. operating. 

WEIGHT 
11.5Ibs. max. without optional power supply. 
13.Slbs. 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 (CA501, CA502, CA503 and 
CA504). The positive output of the bridge rectifier 
(junction of CA503 and CA504), 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 OX501 and OX502 and their 
associated circuitry. The emitter voltage of OX501 is 
maintained by diodes CA505, CA506 and CA507. The 
base voltage is provided by potentiometer RX506. 

If B+ increases, diodes CA505, CR506 and CA507 
will draw more current to maintain the emitter volt­
age of OX501. Additionally, the voltage developed 
across RX506 will increase, resulting in a higher pos­
itive voltage at the base of OX501 which will result in 
less conduction. This reduces the base current of 
OX502 since OX501 provides the em itter I base cur­
rent path for OX502. When OX502 conducts less, the 
voltage drop across 0502 is increased thus lowering 
B+. 

If B+ decreases, diodes CA505, CR506 and CR507 
will reduce conduction to maintain the emitter volt­
age of OX501. Additionally, the base voltage provid­
ed by RX506 will decrease. Less voltage on the base 
of OX501 will cause it to increase conduction, result­
ing in a greater emitter I base current flow in OX502. 
With this condition the voltage drop for 0502 is less 
and B+ is increased. ' 

HOAIZONTAL 

The low-level horizontal section, which consists of 
transistors 0101 and 0102 (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 0101 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 0102, 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 

4 

emitter of 0103. The astable multivibrator circuit is 
completed through 0104 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 0104 which is then D.C. coupled to the 
base of the horizontal driver tranSistor, 0105. 

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 li'1earity 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 0301 and 0302 and associated circuit­
ry. Amplification is provided by transistors 0303 and 
0304 with the emitter of 0304 feeding the base of the 
vertical driver 0305. The vertical output transistors, 
0306 and 0307 are wired in the standard push-pull 
configuration. One feature of this vertical circuit is 
the addition of transistor 0308. This transistor dou­
bles B+ during retrace, thus maintaining less than 
800/01 sec. of retrace time. 

VIDEO 

The video amplifier circuit consists of transistors 
0401 and 0402 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 0402 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 R406, 
C403, and L401. Aesistors R402 and R403 provide 
bias for the amplifier. 

The collector output of 0401 is D.C. coupled to the 
cathode of the C.R.T. through resistor R201. Raster 
cut-off is adjusted with the brig,htness control R114 
which is connected to G1 of the C.R.T. 
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ADJUSTMENT PROCEDURES FOR 012 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 

CIJ CIJ CIJ 
0 CIJ CIJ CIJ UJ UJ UJ Z Z Zs; ZOo ::;) r-- r-o r-< 0 J:J: J:...J J:r-
0: S2 (!) S2 (!) 

0: ex: 0: 
CD CD CD 

2 3 4 --------------Optional 

A. Horizontal drive signal -15750 Hz.±. 500 Hz 

2.Sv 
to 

S.Sv 

Ov 

B. Video drive signal 

1.0v 
to 

2.Sv 

Ov 

4.0 p.sec. 
I- to --+-

40 iLsec. 

> ...J 
< ...IN 

r-UJ <--
z> z+ 
0- 0:0: 
NO: UJO 
ex: 0 r-> 
0 XII) UJ_ 
J: -+l 

5 6 7 

...J 
<UJ 0 

0 2> Z UJ ::;) 
0 r--

0:0: 0 :> UJO 0: 
> (!) 

8 9 10 

At a horizontal frequency of 1S.7KHZ the video drive signal should start 11 microseconds.±S p. sec. 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.Sv 
to 

S.Sv 

Ov 
-------------

50 p.sec. 
to 

10 milli 
sec. 
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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 VIDEO 
wire at the edge connector. SIGNAL 

Should the video drive level exceed the 2.5 
volts speci·fied, 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. 

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. 

7 
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LEGEND 
ITEM NO. PART NO. DESCRIPTION ITEM NO. PART NO. DESCRIPTION 

C101 22-7614..Q6A 330 PFO"CAPACITOR 20% DISC 50V R303 63-9922..Q4 22K OHM RESISTOR 50/4 FILM 1/4W 
C102 22-7619-39A 160 PFD CAPACITOR 5% DISC NPO 50V R304 63-9921·95 9.1 K OHM RESISTOR 5% FILM 1/4W 
C103 22-7619-39A 160 PFD CAPACITOR 5% DISC NPO 50V R305 63-9922-10 39K OHM RESISTOR 5% FILM 1/4W 
C104 22-7622-28A 56 PFD CAPACITOR 10% DISC NPO 50V R306 63-9921-40 47 OHM RESISTOR 5% FILM 1/4W 
C105 22-7619-39A 160 PFD CAPACITOR 5% DISC NPO 50V RX307 63-10559-36 33 OHM RESISTOR 5% FILM 1/4W 
C106 22-7619-39A 160 PFD CAPACITOR 5% DISC NPO 50V R308 63-9922-42 820K OHM RESISTOR 5% FILM 1/4W 
C107 22-7619-39A 160 PFD CAPACITOR 5% DISC NPO 50V R309 63-10651-08 CONTROL 250K OHM VERT SIZE 
C108 22-7619-39A 160 PFD CAPACITOR 5% DISC NPO 50V R310 63-9924-48 1.5 MEGOHM RESISTOR 10% FILM 1/4W 
C109 22-7152..Q3 4.7 MFO CAPACITOR + 100%-10% ELEC 25V R311 63-9922-22 120K OHM RESISTOR 5% FILM 1/4W 
C110 22-7613A 100 PFD CAPACITOR 10% DISC 50V R312 63-9922 15K OHM RESISTOR 5% FILM 1/4W 
C111 22·7622-28A 56 PFD CAPACITOR 10% DISC 50V R313 63-9922-10 39K OHM RESISTOR 5% FILM 1/4W 
C112 22-7613-24A .01 MFD CAPACITOR 10% DISC 50V R314 63-9921-78 1.8K OHM RESISTOR 5% FILM 1/4W 
C113 22·7440 .0047 MFD CAPACITOR 10% DISC 500V R315 63-9922 15K OHM RESISTOR 5% FILM 1/4W 
CX114 22·7530..Q7 .015 MFD CAPACITOR 5% POLYESTER 400V R316 63-9921-69 750 OHM RESISTOR 5% FILM 1/4W 
C115 22-7656-13A 22 PFD CAPACITOR 10% DISC SOV R317 63-7816 5.6K OHM RESISTOR 5% CARBON COMP 
C116 22-7313 10 MFD CAPACITOR 20% NP ELEC 25V 1/2W 
C117 22-7718..Q9 100 MFD CAPACITOR 20% ELEC 25V R318 
CX118 22-3748 .001 MFD CAPACITOR 10% DISC 1KV RX319 63-10565-56 220 OHM RESISTOR 5% FILM 1/2W 
C119 R320 63-9922..Q4 22K OHM RESISTOR 5% FILM 1/4W 
C120 22-7722..Q2 2.2 MFD CAPACITOR 20% ELEC 100V R321 63-9921-45 75 OHM RESISTOR 5% FILM 1/4W 
C121 22-7722..Q1 1 MFD CAPACITOR 20% ELEC 100V R322 63-9921-84 3.3K OHM RESISTOR 5% FILM 1/4W 
C201 22-4905..Q1 .01 MFO CAPACITOR + 80%-20% 500V R323 63-9921-70 820 OHM RESISTOR 5% FILM 1/4W 
C202 22-4905-01 .01 MFD CAPACITOR + 80%-20% 500V R324 63-9921-44 68 OHM RESISTOR 5% FILM 1/4W 
C203 22-4905..Q1 .01 MFO CAPACITOR + 80%-20% 500V R32S 63-9921-10 2.7 OHM RESISTOR 5% FILM 1/4W 
C204 R401 
CX205 22-7144-09 220 MFD CAPACITOR + 100%-10% ELEC 35V' R402 63-9921-72 1 K OHM RESISTOR 5% FILM 1/4W 
CX206 22-7142..Q3 4.7 MFDCAPACITOR + 100%-10% ELEC 25V R403 63-9921-72 1 K OHM RESISTOR 5% FILM 1/4'11 
C301 22-7613-24A .01 MFD CAPACITOR 10% DISC 50V R404 63-9921-40 47 OHM RESISTOR 5% FILM 1/4W 
C302 22-7548 .15 MFD CAPACITOR 10% POLYESTER 50V R405 63-9921-98 12K OHM RESISTOR 5% FILM 1/4W 
C303 22-7152..Q5 22 MFD CAPACITOR + 100%-10% ELEC 25V R406 63-9921-32 22 OHM RESISTOR 5% FILM 1/4W 
C304' 22-7720..Q9 100 MFD CAPACITOR 20% ELEC 50V R407 63-10371-70 820 OHM RESISTOR 5% FILM 2W 
C305 22-7579-03 4.7 MFD CAPACITOR ELEC 16V R408 63-9921-40 47 OHM RESISTOR 5% FILM 1/4W 
C306 22-7614..Q4A 220 PFD CAPACITOR 20% DISC 50V R409 
C307 22-7389..Q2 1 MFD CAPACITOR 20% ELEC 25V R410 
C308 22-7718-08 47 MFD CAPACITOR 20% ELEC 25V R411 63-9922..Q4 22K OHM RESISTOR 5% FILM 1/4W 
C309 22-7152..Q4 10 MFD CAPACITOR + 100%-10% ELEC 25V R412 63-10651-05 CONTROL 100K OHM BRIGHTNESS 
C310 22-7614-18A .0033 MFD CAPACITOR 20% DISC 50V R413 63-9922..Q4 22K OHM RESISTOR 5% FILM 1/4W 
C311 22-7615..Q8A .022 MFD CAPACITOR +80%-20% DISC 50V R414 63-7952 10 MEGOHM RESISTOR 5% CARBON 1/2W 
C312 22-7579..Q4 1000 MFD CAPACITOR 10% ELEC 16V R415 63-10651-07 CONTROL2MEGOHMFOCUS 
C313 22-7389..Q2 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 SOV R417 63-9922-40 680K OHM RESISTOR 5% FILM 1/4W 
C315 R418 63-9922 15K OHM RESISTOR 5% FILM 1/4W . 
C401 22-7722..Q8 47 MFD CAPACITOR 20% ELEC"100V R419 
C402 22-7721..Q4 4.7 MFD CAPACITOR 20% ELEC 63V L101 20-3906 COIL. RCF LINEARITY 
C403 22-7613A 100 PFD CAPACITOR 10% DISC 50V LX102 20-3882 COIL. RCF TUNABLE WIDTH 
0404 22-7724 .02 MFD CAPACITOR +80%-20% DISC 500V LX201 20-3824 COIL. HORIZ FILTER 
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..Q3 TRANSFORMER HORIZ DRIVER 
R102 63-9919-94 8.2K OHM RESISTOR 2% FILM 1/4W TX102 95-3395-01 HV SWEEP TRANSFORMER 
R103 6'3-9919-94 8.2K OHM RESISTOR 2% FILM 1/4W TX202A.B 95-3397 DEFLECTION YOKE 
R104 63-10651..Q6 CONTROL 25K OHM (HORIZ PHASE) CR101 103-142..Q1 DIODE 
R105 63-10533-05 357K OHM RESISTOR 1% METAL FILM 1/4W CR102 103-142..Q1 DIODE 
R106 63-9922-14 56K OHM RESISTOR 5% FILM 1/4W CR103 103-142..Q1 DIODE 
R107 63-10533..Q4 267KOHM RESISTOR 1% METAL FILM 1/4W CR104 103-261..Q4A 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% FILM 1/4W CR107 103-298-04 DIODE 
R111 63-9919-96 10K OHM RESISTOR 2% FILM 1/4W CR108 103-261..Q2A DIODE 
R112 63-9919-92 6.8K OHM RESISTOR 2% FILM 1/4W CR201 103-280..Q2 DIODE AL T: 103-263 (2) IN PARALLEL 
R113 63-10533-04 267K OHM RESISTOR 1% METAL FILM 1I4W CR301 
R114 63-10533..Q4 267K OHM RESISTOR 1% METAL FILM 1/4W CR302 
R115 63-9919-84 3.3K OHM RESISTOR 2% FILM 1/4W CR303 
R116 63-9921-79 2K OHM RESISTOR 5% FILM 1/4W CR304 103-142..Q1 DIODE 
R117 63-9919-86 3.9KOHM RESISTOR 2% FILM 1/4W CR305 103-261-o2A DIODE 
RX118 63-10559-48 100 OHM RESISTOR 5% FILM 1/4W CR401 103-295-02A DIODE 
R119 0101 121-975 TRANSISTOR #1 HORIZ OSC 
R120 0102 121-975 TRANSISTOR #11 HORIZ OSC 
RX121 63-10565-24 10 OHM RESISTOR5% FILM 1/2W 0103 121-975 TRANSISTOR #111 HORIZ OSC 
R122 63-9921-46 82 OHM RESISTOR 5% FILM 1/4W 0104 121-975 TRANSISTOR #IV HORIZ OSC 
RX123 63-10559-40 47 OHM RESISTOR 5% FILM 1/4W 0105 121-819 TRANSISTOR HORIZ DRIVER 
RX124 63-10559-68 680 OHM RESISTOR 5% FILM 1/4W OX106 121-1039 TRANSISTOR HORIZ OUTPUT 
R125 63-9922-44 1 MEGOHM RESISTOR 5% FILM 1/4W 0301 . '21-975 TRANSISTOR #1 VERT OSC 
R126 63-9922-20 100K OHM RESISTOR 5% FILM 1/4W 0302 121-699 TRANSISTOR #11 VERT OSC 
RX127 0303 121-699 TRANSISTOR #1 VERT AM P 
RX128 63-10565 1 OHM RESISTOR 5% FILM 1/2W 0304 121-975 TRANSISTOR #11 VERT AMP 
R201 63-7763 330 OHM RESISTOR 5% CARBON COMP 1/2W 0305 121-972 TRANSISTOR VERT DRIVER 
R202 63-7710 16 OHM RESISTOR 5% CARBON COMP 1/2W 0306 121-819 TRANSISTOR VERT OUTPUT I 
R203 63-7799 2.2K OHM RESISTOR 10% CARBON COMP 0307 121-973 TRANSISTOR VERT OUTPUT II 

1/2W 0308 121-819 TRANSISTOR VERT RETRACE CONTROL 
R204 63-7827 10K OHM RESISTOR 10% CARBON COMP 0401 121-1034 TRANSISTOR VIDEO OUTPUT 

1/2W 0402 121-895 TRANSISTOR VIDEO DRIVER 
R205 63-7855 47K OHM RESISTOR 10% CARBON COMP E201 52-2240..Q1 SPARK GAP (PART OF CRT SOCKET ASSY) 

1/2W E202 52-2240-01 SPARK GAP (PART OF CRT SOCKET ASSY) 
R206 63-7771 470 OHM RESISTOR 10% CARBON COMP E203 52-2240..Q1 SPARK GAP (PART OF CRT SOCKET ASSY) 

1/2W· E204 52-2240..Q1 SPARK GAP (PART OF CRT SOCKET ASSY) 
R301 63-9922-27 200K OHM RESISTOR 5% FILM 1/4W VX201 100-684 12" CRT OR 
R302 63-9921-92 6.8K OHM RESISTOR 5% FILM 1/4W 100-684..Q2 12" CRT 
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ITEM PART ITEM 
NUMBER NUMBER DESCRIPTION PART DESCRIPTION NUMBER NUMBER 
CIOI 22-7614-06A 330 PFO CAPACITOR :20% OISC. 50V RX401 
CI02 22-7622-28A 56 PFD CAPACITOR :10% OISC. 

63·IOS5e.a2 22 OHM RES I STOR 5%' FAILSAFE 1/4W 
50V H402 63-7760 

CI03 22-7152-03 4.7 MFO CAPACITOR +100-10% ELEC. 25V R403 63-7760 
270 OHM RESISTOR 5% CARBON COMPo 1/2W 

CI04 22-7614-ZAA .01 PFO CAPACITOR :20% DISC. 50V R4Q.4 63-7760 
270 OHM RESISTOR 5% CARBON COMPo 1/2'N 

CI05 
270 OHM RESISTOR 5% CARBON COMPo 1/2W 

CI06 22-7313 10 MFa CAPACITOR SPECIAL NPZO - R405 

CX107 22-7530-08 .018 MFD CAPACITOR SPECIAL 5% 400V R406 63-9921-72 IK OHM RESISTOR 5% FILM 1/4W 

CI08 22-7153-07 47 MFa CAPACITOR +100-10% ELEC. 50V R407 63-9921-72 lK bHM RESISTOR 5% FILM 1/4'N 

CI09 22-7152-09 220 MFa CAPACITOR -100-10% ELEC. II R408 
25V .1 R409 63-9921-40 47 OHM RESISTOR 5% FILM 1/4'N 

CliO R410 
CIII 22-4-905-01 .01 MFD CAPACITOR +80-20% OISC. 500V R411 63-9921-32 22 OHM RESISTOR 5% FILM 1/4W 

CI i2 22-4905~1 .01 MFO CAPACITOR +80-20% DISC. 500V R412 63-9921-40 47 OHM RESISTOR 5% FILM 1/4W 

C113 22·3748 .001 MFO CAPACITOR 10% DISC. IKV 
ellS 22-7152.- 0 9 220 MFO CAPACITOR 100 -IO"'e:L.E.C 2SV 

C ll6 22-76 15-09 .033 M 1= ° CAPACITOR -+ 80-2." "'. Ol~ Co sov CRIOI 103-142-01 DIODE 
C301 22-7613-24A .01 MFO CAPACITOR :10% OISC. 50V CRI02 
C302 22-7548 .15 MFO CAPACITOR :10% POLY 50V CRI03 
C303 22-7152-07 47 MFD CAPACITOR -100-10% ELEC. 25V CRI04 103-298-03A OIOOE 

C304 22-7152-09 220 MFO CAPACITOR .100-10% ELEC. 25V CRI05 

C305 22-7153-01 47 MFO CAPACITOR -100-10% ELEC. SOV CRI06 103-254-01 DIODE 

C306 
CRI07 103-323-03A DIODE 

C307 22-7152-04 10 MFO CAPACITOR .100-10% ELEC. 25V CRI08 tn:1-n3-03A DIODE 
~ 

.C308 22-7579-07 470 MFO CAPACITOR :10% ELEC. 16V CRII2 103-316-02A- DIODE 
C309 22-7614-18A 3300 PFD CAPACITOR :20( OISC. 50V 

103-336-2IA OIOOE ZENER 12V 
C310 22-7389-02 I MFO CAPACITOR :20% ELEC. 25V CR301 

C311 
C312 22-7389-02 I MFO CAPACITOR :20% ELEe. 25V 
C313 22-7389-10 10'MFO CAPACITOR :10% ELEC. 25V 

.01 MFD CAPACITOR±IOOfo DISC. 50V 
L1 01 20-3943-02 COIL RCF TUNABLE WIDTH 

C316 22-7613-24 L102 20-3906 COIL RCF LINEARITY 

C401 22-4905-g1 ~A 01 MFD CAPACITOR _80-20% OISC. 500V 

(,402 22-7613- 4 220 PFO CAPACITOR :10% OISC. 50V 

C403 22-7152-03 4.7 MFO CAPACITOR +100-10% ELEC. 25V COIL RCF6.8Xh L401 20-3887-IOC-

63-9922 15K,OHM RESISTOR 5% FILM 1/4W TXl01 95-3136 TRANSFORMER HORIZ. DRIVER 
Rl01 TX201 95-347S TRANSFORMEP H.V. SWEEP 
Rt02 63-9~ZI-65 560 OHM RESISTOR 5% FILM 1/4W TX202 95-3397-02 TRANSFORMER OEFLECTION YOKE 
RXI03 63-10559-Z4 10 OHM RESISTOR 5% FAILSAFE 1/4W 
RXI04 63-10559-24 10 OHM RESISTOR 5% FAILSAFE 1/4W 
RI05 0101 121-IQ70 TRANSISTOR HORIZ. OUTPUT 
RI06 63-9921-46 82 OHM RESISTOR 5% FILM 1/4W 

RXI07 sa -105'1~-4.B 100 OHM RESISToR s;!· FAILSAFE '14W. 

RIOS 63..,7838 18K OHM RESISTOR 10% CARBON COMPo I/2W Q401 121-1058 TRANS I STOR VIDEO OUTPUT 
RI09 63-1091/-0'4- CONTROL lOOK BRIGHTNESS 0402 121-895 TRANS I STOR VIDEO DRIVER 
Rl10 
Rill 63-9922 15K OHM RFSISTOR 5% FILM 1/4W 

RI12 RESISTOR H.V. BLEEDER 160 MEG. RI13 63-10824 
R114 63·10182 -54- 2.7 MEG OHI!. RES I STOR 5% CARBON 1/4W I 
RI15 CONTROL 6 MEG. FOCUS RI16 63-10670-04 I NT. CKT. THICK FILM SUBSTRATE HORI Z. 
RI17 5101 223-15 -04 

RI18 CONTROL 25K PHASE C .... L. T. '3 -10'5/- 11) RI19 53-10911·03· S301 223-14 INT. CKT. THICK FILM SUBSTRATE VERT. 
RI20 6aQOHM RES I STOR 5% CARBON COMP. 1/4:« 
R121 63-992\-"8 

VX201 100-708 12" CRT 

R301 63-9921:"92 s.aK OHM RESISTOR 5% FILM 1/4W 

R302 63-10811-oS CONTROL 250K VERT S 1 ZE.l .... U. '3-I""~ 

R303 63-9922-06 27K OHM RESISTOR 5% FILM 1~4: 
R304 63-9922-06 27K OHM RESISTOR 5% FILM I 4 

R305 lK OHM RESISTOR 5% FILM 1/4W 
R306 63-9921-72 2.7 OHM RESISTOR 5% FILM 1/4W 
R307 63-9921-10 
R308 63·0803 22K OHM RESISTOR 5% FILM 1/4W 

R309 
R310 
R311 
R312 
R313 
R314 

63-9921-84 3.3K OHM RESISTOR 5% FILM 1/4W 
R315 1I4W 
R320 6,3-09921- 88 4.71< OHM RESISTOR 5% FII...M 

DT 17. - 1'/ f- - 1/ 



CID! 

'102 

22-1142 

OESCRIPTl vN 

1'j0 PFO ca,..CITOR lOt TUBULaR 'jOV 

CI03 22-1101-011 J"J UFD CAPaCITOR "50 _ 10\ ELEG. lilV 

CI04 2.2-7173-10 .0068 MFa CAPACITOR t'% POLY 100\t 
CIOS 

1:106 
ClIB 

CI08 

C 1 !'I 9 
CliO 
CXIII 
C1 1 2 
CI13 
CI14 

GI IS 

e1l6 
CI11 

el18 

C1I9 
G120 

C'l' 
GI22 

CI23 

ClOI 

C302 
CJO] 

C304 

C305 
C306 

C307 

CJD8 
C309 

CliO 
C]1t 

C312 

C31] 
C314 

C31S 
C316 
C31l 

C401 

C402 
e403 

RIOI 

Rl02 
Rl03 
Rl04 

AIDS 
Rl06 
RIOl 
AIDa 

RI09 

ItIIU 

RIll 
R1I2 

R1I3 

RI14 
RI15 

22-1774-12 .111 IIIFO CAPaCITOR 10:t POLY. 100'1 
22-1173-111 6800 PFO capaCITOR ~t POLY. IOOV 

22- 777~- I' 018 MFt CAPACITOR ~% POLY 1000/ 

22-7774-16 .OZ,,,YFO CIPACtT(1R lOt POLY. 100'1 

22-1198-02 

22-1313. 
22-1114-16 
22-1111-0a 

22-1811.0. 
22-7811.0. 

22-1108-IOC 

22-7108-IOC 

22-7114-12 

l.cIS MFO CAPAC: TOR 'j~ POL Y. SPECIAL 400'1 
In .. FO CAPaCI TOR SPEC IAI N{1N-POLAR 1lEO 

.022 MFO CAPHI TOR I 0". ?OU • 100'1 
33 NFO C.ln,CI TOR +')0 _ lOt ELEC. 63'1 

.001 MFO CAPaCITOR! 10'0; DISC. !KV 
,001 "FQ CAPACITOR :tIO' DiSC IKV 

220 IIIFO caPlCI TOR +50'- - 10'- ELEC. 25V 
220 IIIFD CAPAC I TOR +~O:ti ... 10' ElEC. 25Y 

{)I liFO CAPACt TOR: 10'- POU. !nov 
22-1774-12 .nl IIIf'O CAPACITOR ! 10~ POLY. Inov 
22-78I1A _001 \lFO CAPAC I lOR ! IO~ OISt. IKV 

21-1742-12 1500 PFO CAPlel fOR :IO~ TU8ULAR SOV 

22-1742 150 PFO CAPACITOR !'IOl TUBULAR SOV 

22- 77 73-14 . I WFO CAPac! TOR ! ~ ... POLY. I MV 
12-1101-011 JJ IIIfD CAPAC I TOA +50 - In, ElEC. 16'1 

22 ... 1389-14C 10 MfO CAPaCITO'1t :tln~ ELECTROlYfIC 25V 

22./11]-021 I MFQ CAPaCI TOR! 20; ELEe, 3SV 
22-7113-02-. I liFO CAPaCITOR: 20\ ELEe 35'1 

22-1108-08.0. 47 IIIFO CAPac I TOR + 50 - IO~ €lEe. Z~Y 

22-1708-081 41 ~FO CAPaC1 TOR +50 - 10\ ELEC. Z5Y 
22-1l0a-05A 10 MFO CAPaCI TOR +50 - In,. ElEC. 25'1 

22-1714-16 .022 MFO CAPaCITOR: 10'- POLY. 100V 

22-157'3-128 
22-17G8 - IOC 

22-1712·034 

22-1108·05A 
22-1142-02 

410 liFO caPACl TOR t 10'- flEe. 1&'1 

22G '.!FO ~,APA/'1 rnq :50 -10 ELEC l:)V 

~.3MFO CAPaCITOR +~O-!O~"EI:\- '00'" 

11.1 liFO CAPICI TOR'" 5U- IO~ ELEC. Z5V 
220 PFD CAPICI rOR ! 10,. TUBULAR Sny 

63-IOZl~-'30 5_611. OHIIl RESISTOR :j~ FILM 1/41 

S3-'02:3~· 72. IK OHM FlESISTOR =5"'. FILM 1I4W 
63'I0Z3!.72 II< OHM RESISTOR !5% FIL" 1/41 

63-;0235"'08 6800"M R€::;ISTOR,!,5~ FI:.M !l4~ 
6'3-I0236--v4 2ZK Ot'lAof RESISTOR! ~". FII.M 1/4W 

GJ-IOZ.36-80 6BO OHM R~SISroR:S FtL~1 ':it 
El-IO:oD6· 04 221'1 OH'" RESISTOR ~5 FILM ','III 

2.41<0MIII RESISTOR~~'"I.FIUI If4W 

63~I08·~7 '\)9 2.51< OHM CONTROL P'HASE 
G3~I02'l:!·-93 2.51(0HfII RESISTOR :Z'O FILM 1/41 

15~ ''::2~-n I" OHIII RESISTOR :'5% fILM 1/41 

63-I023~~SO 2.2K OHMFl.ESI5T1JR~~". FlLt-A 114\01 

RII6 ,,3--IOZ_'l6-'96 10K OkNlRE6.SlOn: 5% ilL .... 1/4W 
RIll 6'3·'U<:'~-Qa •. ,'CJHMioIfStSnR !2~. FILM 1/4", 

RXII8 63-10559-]2 22 OHIIl RESISTOR :!:5l FAILSAFE 1/41 

RX!l9 63_10559_1~ 3,3CHM RESISTOR :5; fAltSAFE 1/4W 

RIZn 
Rill 63'IQ23~-46 131 OHM RESISTOR :5\ FIUI 1,'4' 

RXI22 63-10559-48 lno OHIII RESISHlIl :5% FAILSAFE 1/4. 

RI23 6~'hJ23~"'68 56e ~H\,j "lESlsru" 5 ,. 
A124 

IH\I PUT 
NUYSER ~UIIIBER 

OESCIUPTION I rEw 
HUMBER 

RZ04 

R206 

R201 

REFERENCE 2.2K OHM RESISTOR ::10'- CAR80N COMP. 1/2W 0101 

REFERENCE 10K OHM RESISTOR :10% CARBO"" COMP. 1/2w 0102 

REFERENCE 4711, OHM RESISTOR !In~ CARSON CaMp. _1/2W 0103 

R30 I 

R30-1 
R303 

R304 

R3Ml 
R30S 

R301 

R308 
R309 
R31a 
R3! I 

AJI2 
R313 

A314 

A3!5 
R31& 

R311 

RJI8 

R319 

R320 
R321 

R322 
RX323 

R324 

Rll; 
R326 

R3ZI 

R328 
R319 

R330 
R331 

R332 
~1(313 

R401 
A402 
R403 
R404 

I1A405 

R40S 
R401 
IWla 
R409 

R410 
R41! 
R412 

R413 
R414 
R415 

CAIOI 

eRI02 

CRI03 
CR! 04 
CRI05 
CRIOS 

63>-1023~-90 5.611 OHM AESISTOR 5t FIL'" 1/41 
63~I0236-04 22" OHM RESISTOR 5% FILM 1141 
63-10236-21 200K. OHIII RESISTOR 5% FILM 1/41 

63-IUI83-4G U OHM RESISTOR ~IO CARBON COP.lP ,w 

63-1023'-98 12,11 OHM RESISTOR :5:\ FILM 1/41 

63-1023'-92 6,8" OHM AESISTOR !'j~ FILM If411 
63-10236-06271( OHM RESISlOR :5~ FILM 114111 

63-lvl82-~2 a.a.EGOHM RESI STaR :5 'j,ReON caMP 1/4W 

63-IOI82~48 USMEG OHM AES I STOR :t5~ C.a.RSGN CQMP 1/4 W 

63-10851-20 25M OHM CONTROL ,{ERT _ SIZE 
63-10183-48 ln~ OHM RESISTOR :!O'= CARSON COMP 1/41 

63"'102'1'5-98 121\ OHM RESISTOR'5 FILM ','. 

63-102'36-06 '7K OHM RESISTOR !5.'t F!tlll 114' 

63-1023!5-60 12 2!!: OHM RESISTOR·'j !=IL"A ','/1 
63-101113-48 Ion OH" t:tESISrOFt :!:IO~ CARSON CO\PI/4' 

6)-102;6-80 .tHI. OHM rorESISTOR !5% FILM 1/4' 

6'~I02,~-eO,2.H OHM RES!STOR'5 FilM ',* 
6~·IO'3'!.-dl.i IZ.2Wi OH'" RESISTOR ~'5 ;-i~:1t,,, 

'63_I0559-!213'31<~'H" PES.STAR :5% ;AILSAh 1/'" 
G;-lv2~3 ."I~ 220 OHM RESISTOR :5% FI1,'" 1/21 

63-1023'-68 680 OHM RESISTOR t,,,. FILM 1/4 W 
6,3-101''''-+' 75 OHIoI RESISTOR !'j";, FILM t/~' 
;'3 -10.;.'\"'·&. '.::'0( OHIoI RESISTOR :5'0 FILII! '4' 

~.,-IO,::, .. ::-o21 390 OHM RESISTOR '.5 FILM '-,W 

~.3-I02'11", ·sa SSC OHM RESISTOR:5 FIUI ',. 

63-I021~ ·'0 2.1 OHM RESISTOR !S-. FilII If41 

63-10559-11 22 OHM RESISTOR ::5\ FAILSAFE 1/41 

6,j-I0818-10 
63,ll'l.: '-'5--12 
6HOlY'l·12 

63-10183-40 
RUEREliCE 

63- I 0 183-40 

63-10183·32 

153-10236 

103_142_01 

In3-339-04A 

103-32]-03A 

103-321-041 

820 OHIII RESISTOR :'5~ ",(fAL FILM 21 

HI OHM RESISTOR !5" FILM 1/41 
IK OHY RESISTOR :!:5\ FILM 1/4. 

41 OHM RESISTOR !IO\ CARBI1N CO"P. 1/.1.111 
J30 ('IH¥ RESISTOR !5% IIZI 

4/ QH~'" RESJsrOR -10 CAR80N ,CCIJP ',w 

41 OHM RESISTOR !\[l; CARBON CaMP. 1/41 

22 OHM RESISTOR !IO% CARSON COWP. 1/411 

'''''', ·~REsrSTOR!~· ... FILM 1/4W 

DIODE 

DIODE 
DIODE 

OIOOE 
eRIO] !03-295-!13A OIOOE 

CRI08 K)3-323-03A DIODE 
CRI09 IOJ-339~02A OIOOE 
CRII () 103-2.~4~OI DIODE 
"'Fd~1 
r:"11l. 103-'142 ul OK·or 

CRX10I IOl-279·23A OIOOF ZENER 14V 1I2w 

CA102 103-\42-01 0100£ 
CRlO] :OJ-142-[ll DIOOE 

0104 

0301 

0302 

0303 
0304 

030\ 
0306 

0307 

0308 

Q401 

Q402 

alOI 

alQ2 

fX202 

\ CIOI 

v120l 
11 ... 201 

R125 CRJ04 103-254-01 O! ODE 

AI26 63-10184-04 ~2K OHM Rt.SrSJUR !IO,- CAReON COIIP. 114' CR)US 

!'f121 63-10184-18 81K OHIII RESISTOR !IO~ CARBON CaMP. 1/4' CR306 

RI28 63-10851-11 10K OHM CONTROL BRIGHTNESS 

RI29 
RI30 

RI31 

Rll2 63_10184_44 I ME.G n"ll,t RESISTOR '1~ CARBIJN COI,tC ',w 
AI J3 
RI34 63·10184-40 6~OI( OHM RESiSTOR !IO CARBON CO~P ,,'111 

R!J5 
RI]S 63-10851-2' Z !,lEu OHM CONTROL FOCUS 

11131 

RI38 63-10236 "KOHM RESlsrOR'5 FILM 'k 
R139 63-IO!e'·$~ 180 OHM RESISTOR loa!. CARSON CaMP' 1/4W 
RI40 

~~~ 
R203 REFERENCE 330 OHM RESISTQA ! 5'"1. CARBON CeMP. 1/2 W 

LXl01 20-3943-[12 COIL - '10TH 
LXI 02 20-3906 COIL • LI~EAR1TY 

w2.1 20- 3eZ4 Call.. 

l40 I 20-3901-lI'll COIL· 6.8 IJH PEAIUNG-TU8ULAR 

PUT 
NUIliSEA 

12.1-91~A 

121-1040 

121-1070 
121-915A 

121-91sa 

121-699A 

121-699a 
121-1040A 

!21-1036A 

121-1035a 

121-1040A 

121-1058 
121-8951 

95-3136-01 

95-3419-02 

95-]397-02 

221-217 

100-724 
1I.X),1'(<'·vr:l 

':'!;Au$ISTOI;: 
fRaNS I STOR 

TRANSISTOR 
TRANS I $ TO'll 

TRANSISTOR 
TRANS I STOR 

TRANSISTOR 
TRANSISTOR 

TRANSISTOR 
TRaNS I STaR 

TRANS I S TOR 

TRANSISTOR 

nU,NSISTOR 

OESCW I pr 1 ON 

rRaNSFORMr~-HORllOt'HAL 

TAANSFORMER - It. 'I. SlEEP OFF 80ARO 

DEflECTHIN YOKE gO' OFF BOARO 

INTEGRATED CIRCUI r 

CoR T 'ON QSI2NF"5I) 
\".h.T IUHOSI2f'if!l6l 



012 VIDEO DISPLAY 18.6KHz 

---- - - --- - - ----

VERTICAL 
VERT. ~ DRIVE ' 
NEll. 

SYNC. 
R302 
6.81< 

C301 
.01 R320 

22K 

Q302 
VERT. 

OSC. II 

HORIZ. DRIVE 
POS. SYNC 

r--------------------------, 
P.C. 80ARD EDGE CONNECTOR 

KEY 
(FOIL SIDE) 

c 
;;: 

Q307 
VERT. 

OUT. I I 

Q308 
VERT. 

RETRACE 
CONTROL 

VIDEO 
INPUT 

HORIZONTAL 

o DC VOLTAGE SOURCE 

o = DC VOLTAGE APPLIED 

NOTE: I. CUSTOMER SUPPLIED EXTERNAL Q C SOURCE ON 
PIN 7 EDGE CONNECTOR 

---- - - --- - - ----

Q402 
VIDEO 

DRIVER 

VIDEO 

R412 

lOOK 
BRIGHTNESS 

r C404 .02 

E203 

1 
I L __ -=--- __ ~ 

12 



LEGEND 
ITEM NO. PART NO. DESCRIPTION ITEM NO. PART NO. 

0101 22-7614-06A 330 PFD CAPACITOR 20% DISC50V R304 63-9921-95 
Cl02 22-7619-39A 160 PFD CAPACITOR 5% DISC NPO SOV R305 63-9922-10 
C103 22-7619-39A 160 PFD CAPACITOR 5% DISC NPO SOV R306 63-9921-40 
Cl04 22-7622-28A 56 PFD CAPACITOR 10% DISC 50V RX30T,;,·.· .,. 63-10559-36 
Cl05 22-7619-39A 160 PFDCAPACITOR 5% DISC NPO 50V R308 63-9922-42 
Cl06 22-7619-37 A 130 PFD CAPACITOR 5% DISC NPO 50V R309 63-10651-08 
Cl07 22-7619-39A 160 PFD CAPACITOR 5% DISC NPO 50V R310 63-9924-48 
Cl08 22-7619-32A 82 PFD CAPACITOR 5% DISC NPO 50V R311 63-9922-22 

R312 63-9922 
11313 63-9922-10 

Cl09 22-7152-03 4.7 MFD CAPACITOR + 100%-10% ELEC 25V 
C110 22-7613A 100 PFD CAPACITOR 10% DISC 50V 
Clll 22-7622-28A 56 PFD CAPACITOR 10% DISC 50V R314 63-9921-78 
C112 22-7613-24A .01 MFD CAPACITOR 10% DISC 50V R315 63-9922 
C113 22-7440 .0047 MFD CAPACITOR 10% DISC 500V R316 63-9921-69 
CX114 :_ .. ,··.·22~7530-01 .01SMFDCAPACITOR5%POt.YESTER400v"~. R317 63-7816 
C115 22.7656-13A 22 PFDCAPACITOR 10% DISC 50V 
Cl16 22-7313 10 MFD CAPACITOR 20% NP ELEC 25V R318 

DESCRIPTION 

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 J 4W 
CONTROL 250K OHM VERT SIZE 1/4W 
1.5 MEGOHM RESISTOR 10% FILM1J4W 
120K OHM RESISTOR 5% FILM 1/4W 
15K OHM RESISTOR 5% FILM 1/4W 
39K OHM RESISTOR 5% FILM 1 J 4W 
1.8KOHM RESISTOR 5% FILM 1/4W 
15K OHM RESISTOR 5% FILM 1/4W 
750 OHM RESISTOR 5% FILM 1/4W 
5.6K OHM RESISTOR 5% CARBON COMP 

1I2W 

Cl17 •..•• ~ .• 22-7718-09 100 MFD CAPACITOR 20% ELEC 25V RX319' ,".'-, 63'10565-5Ir ·.·.·220 OHM RESISTOR 5% FILM 1I2W 
CX118 .. ".c<' .. 22:-3748<.~ •. :::;:.OQ1:MFD:.CAPAcrroR;1QOfo;DISCjKV< . .::;:::c:.:.L~ R320 63-9922-04 22K OHM RESISTOR 5% FILM 1/4W 
C119 
C120 
C121 
C201 
C202 
0203 
C204 

R321 63-9921-45 75 OHM RESISTOR 5% FILM 1/4W 
22-7722-02 
22-7722-01 
22-4905-01 
22-4905-01 
22-4905-01 

2.2 MFD CAPACITOR 20% ELEC 100V 
1 MFD CAPACITOR 20% ELEC 100V 

R322 63-9921-84 3.3K OHM RESISTOR 5% FILM 1/4W 
R323 63-9921-70 820 OHM RESISTOR 5% FILM 1/4W 

.01 MFD CAPACITOR +80%-20% DISC 500V 

.01 MFD CAPACITOR +80%-20% DISC 500V 

.01 MFD CAPACITOR +80%-20"10 DISC 500V 

R324 83-9921-44 680HM RESISTOR 5% FILM 1/4W 
R325 63-9921-10 2.7 OHM RESISTOR 5% FILM 114W 
R401 
R402 63-9921-72 1 K OHM RESISTOR 5% FILM 114W 

CX205" . 22-Tt4'4-09' "'220MFDCAPACITOR+100~10%ELEC35V' R403 63-9921-72 1K OHM RESISTOR 50/0 FILM 1/4W 
CX206- .. ' 22-7142-03 .. 4.7MFDCAPACITOR+100%-10%ELEC·25V R404 63-9921-40 47 OHM RESISTOR 5% FILM 114W 
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 114W 
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% ELEe 25V R408 63-9921-40 47 OHM RESISTOR 5% FILM 1/4W 
C305 22-7579-03 4.7 MFD CAPACITOR 10% ELEC 16V 
C306 22-7614-04A 220 PFD CAPACITOR 20% DISC 50V 
C307 22-7389-02 1 MFD CAPACITOR 20% ELEC 25V 
C308 22-7718-08 47 MFD CAPACITOR 20% ELEC 50V 
C309 22-7152.04 10 MFD CAPACITOR + 100%-10% ELEC 25V 
C310 22-7614-18A .0033 MFD CAPACITOR 20% DISC 50V 
C311 22-7615-08A .022 MFD CAPACITOR + 80%-20% DISC 50V 

R409 
R410 
R411 
R412 
R413 
R414 

63-9922-04 
63-10651-05 
63-9922-04 
63-7952 

C312 22-7579-04 1000 MFD CAPACITOR 10% ELEC 16V R415 63-10651-07 
C313 22-7389-02 1 MFD CAPACITOR 20% ELEC 25V R416 63-9922-18 
C314 22-7614-20A .0047 MFD CAPACITOR 20% DISC 50V R417 63-9922-40 
C401 22-7722-08 47 MFD CAPACITOR 20% ELEC 100V R418 63-9922 . 
C402 22-7721-04 4.7 MFD CAPACITOR 20% ELEC 63V L 101 20-3906-02 
C403 22-7613A 100 PFD CAPACITOR 10% DISC 50VLX102:: .. ' '. - 20-3905 
0404 22-7724 .02 MFD CAPACITOR + 80%-20% DISC 500V LX201. " ........ 20-3824: .... . 
C405 22-3512 .01 MFD CAPACITOR +40%-10% DISC 1KV L401 20-3887-10C 
R101 63-9922 15K OHM RESISTOR 5% FILM 1/4W Tlo1 95-3136-01 
Rl02 63:-9919-94 8.2K OHM RESISTOR 2% FILM 1 J4W TXl02' ", 95-3395-01" 
Rl03 63-9919-94 8.2K OHM RESISTOR 2% FILM 1 J 4W TX202 A,B.. 95-3397 
R104 63-10651-06 CONTROL 25K OHM (HORIZ PHASE) CR101 103-142-01 
R105 63-10533-04 267K OHM RESISTOR 1% (METAL FILM) 1 J4W CR102 - 103-142-01 
R10S 63-9922-14 56K OHM RESISTOR 5% FILM 1/4W CR103 103-142-01 
R107 63-10533-11 200K OHM RESISTOR 1% METAL FILM 114W OR104 103-261-04A 
R108 63-9921-94 8.2K OHM RESISTOR 5% FILM 1/4W CR105 103-263A 
Rl09 63-9921-94 8.2K OHM RESISTOR 5% FILM 1/4W CR106 212-76 
R110 63-9921-66 560 OHM RESISTOR 5% 114W CR107 103-298-04 

- Rl11 63-9919-96 10KOHM RESISTOR 2% FILM 1J4W CR108 103-261-02A 
A112 63-9919-92 6.8K OHM RESISTOR 2% FILM 1 J4W CR201 103-280-02 
R113 63-10533-04 267K OHM RESISTOR 2% FILM 1I4W CR301 
A114 63-10533-04 267K OHM RESISTOR 1% METAL FILM 1 J4W CR302 
R115 63-9919-84 3.3K OHM RESISTOR 2% METAL FILM 1I4W CR303 
R116 63-9921-79 2K OHM RESISTOR 2% FILM 1 J4W CR304 103-142-01 
R117 63-9919-86 3.9K OHM RESISTOR 2% FILM 1I4W CR305 103-261-02A 
RX118· ... · 83-10559-48. c· .• ,1000I::lM RESISTOR50f0;FILM1l4W .. '- CR401 11023-1_92975-05 2A 
Rl19 0101 
R120 ." 0102 121-975 

~~Jft . ::~~g~~~4'··~gg~t1~~~l~+g~~~ ~l~~:~' ..... ~::~. '. g~g~ m:~~~ 
RX123 '., 63-10559-40' 470HMRESISTOR5%.FILM1I4W 0105 121-819 

~~J;4 .... ; ... ~~g~~8 ··~~Jlo~~E~~~1~fo5:s~!LtiUJ1%w ..•.. ., g~J~6m:~~~9 
R126 63-9922-20 lOOK OHM RESISTOR 5% FILM 114W 0302 121-699 
RX128i ..• . 83-10565~:'::.1 OHM RESISTOR 5% FILM 1I2W' ",~ ' .. ':. 0303 121-699 
R201 63-7763 330 OHM RESISTOR 5% CARBON COMP 1 J2W 0304 121-975 
A202 63-7710 16 OHM RESISTOR 5% CARBON COMP 1 J2W 0305 121-972 
R203 63-7799 2.2K OHM RESISTOR 10% CARBON COMP 0306 121-819 

R204 

R205 

R206 

R301 
R302 
R303 

63-7827 

63-7855 

63-7771 

63-9922-27 
63-9921-92 
63-9922-04 

1J2W • 0307 121-973 
10K OHM RESISTOR 10% CARBON COMP 0308 121-819 

1/2W 0401 . 121"1034 
47K OHM RESISTOR 10% CARBON COMP 0402 121-895 

~ J2W E201 52-2240-01 
470 OHM RESISTOR 10% CARBON COMP E202 52-2240-01 

1 J2W .. E203 52-2240-01 
200K OHM RESISTOR 5% FILM 1/4W E204 52-2240-01 
6.8K OHM RESISTOR 5% FilM 1 J 4W VX201 100.684 
22K OHM RESISTOR 5% FILM 1 J 4W ......, "_,100.684-02 
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22K OHM RESISTOR 5% FILM 1/4W 
CONTROL lOOK OHM BRIGHTNESS 
22K OHM RESISTOR 5% FILM 1I4W 
10 MEGOHM RESISTOR 5% CARBON COMP 

1/2W , 
CONTROL 2 MEGOHM FOCUS' _ 
82K OHM RESISTOR 5% FILM 1/4W 
fl80K OHM RESISTOR 5% FILM 1 J 4W 
15K OHM RESISTOR 5% FILM 1 J4W 
COIL, RCF LINEARITY 
COIL, RCFTUNABLEWIDTH" 
COIL, HORIZ FILTER CHOKE. ... 
COIL, RCF 6.8 uh 
TRANSFORMER HORIZ DRIVER 
HV·SWEEP TRANSFORMER. 

. DEFLECTION YOKE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 
DIODE 

DIODE 
DIODE 
DIODE 
TRANSISTOR I HORIZ OSC 
TRANSISTOR II HORIZ OSC 
TRANSISTOR III HORIZ OSC 
TRANSISTOR IV HORIZ OSC 
TRANSISTOR HORIZ DRIVER 
TRANSISTOR HORIZ OUTPUT 
TRANSISTOR VERT OSC 111 
TRANSISTOR VERT OSC 112 
TRANSISTOR VERT AMP 1#1 
TRANSISTOR VERT AMP 1#2 
TRANSISTOR VERT DRIVER 
TRANSISTOR VERT OUTPUT 1 
TRANSISTOR VERT OUTPUT 2 
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." CRT OR 
12~ CRT 



2 3 4 5 6 7 8 9 10 11 12 

--

~-------~====~==------r-Ip~c~a~-~ 
I 111;' "l." VERTICAL 

VIDEO 

+SO 
VDC 

".1 IND. 

n 
L.:J 

A310 
I.SHEa 
10'" 

Q303 
VERT. 

AMP. I 

20"'" Rll] 

'la4t~ 
1!l1C ~ - I 

HO,.IZ. 
PHASE. 

3 .. 

Q304 
VERT. 

AMP. II 

11.~7,j.'j 
lSV -

20" 

R31S 

I. 

All4 .... 

CRlC" 

Q307 
Q30S VERT. 
VERT. OUT. II 

DRIVER ..t?J. 
~~~--.-'~~ ~~': 
~ 10"" 

.¥~~A~ 
~ 16'1 
~R325 

... 2.1 

."'": 
I,IIC 

032' -

Q308 
VERT. 

RETRRCE 
CONTROL 

HORIZONTAL 

METAL 
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B+ ADJUST 

POT 

":., .. ", 

C501 
C502 
C503 
C504 
R501 
R502 
R503 
R504 

22-7154-13 2200 MFD CAP ELECT + 100%-10% 35V RX508 63-9921~58_.; < 270·0HM RESISTOR5%FIl.M1/4W .:':: 'i,,', 
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1]:-140 Direct Drive Monitor 

OPERATOR CONTROlS AND SET UP AD..nJS'IMENTS 

All adjustments are located on the Printed Circuit Assembly with the exception of 
the Raster Centering Rings and Beam Alignment Rings. Only qualified '~ervice 
personnel should be making these adjustments. 

Brightness - R474 - Adjusts DC Voltage level between Cathode and Control Grid. Set 
so that the background raster is just extinguished. 

Vertical'Size - R303 - Adjusts the height of the d.isplay. With a full video pattern 
applied adjust for desired ,height. 

Vertical Hold - R302 - Adjusts the free running frequency of the Vertical Oscillator. 
May need to be adjusted when switching from 60 to 50 Hz. 

Vertical Linearity - R307 - Adjusts the size relationship between characters at the 
top and bottom of the display. 

Video Centering - R410 - Adjusts the t~g relationship between the horizontal 
drive and video. With a full video pattern applied adjust so that the video is 
centered horizontally within the raster. 

Width Coil L403 - Adjusts the current to the horizontal winding of the yoke. With 
a full video pattern applied adjust, for desired width. A .10411 Hex non-magnetic tuning 
tool must be used. 

Raster Centering Rings Part of Yoke 1404 - The 2 magnetic rings at the back of the 
yoke are used to ~enter the raster and display vertically and horizontally. 

Focus - R477 - Adjust to obtain best overall focus quality. 

Power Supply - RS02 - Adjust Power Supply for +55VDC output. 

8-12-81 
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DM40 Direct Drive Monitor 

THEORY OF OPERATION 

This DM40~~ries Video MOnito~ is pr~rily intended as an alpha numeric data 
display. It~is canpletely solid state, .except for the cathode ray tube. The 
following is a functional' description ·of the operation by sec~ion. 

VIDEO AMPLIFIER - The Video Amplifier consists of one section, the single stage 
voltage amplifier Q104. 

Q104, operating as a class C amplifier, remains cut off until a positive going 
signal arrives at its base and turns on the transistor. Rl18 adds series feed­
back which stabilizes v01tagegain from one transis·tor to another as well as 
variations in temperature. 

The negative. going signal at the collecteL-'of Q104 drives the CRX cathode to 
increase electron beam current and exc:t-ee the screen. 

The overall brightness of the CRT screen is determined by the setting of the 
brightness control R474. 

HORIZON'l:AL DElAY (Video Centering) - Horizontal Sync/Drive is fed to the base 
of Q400 where it is inverted. C406, R40S, R404 form an edge trigger network to 

i·couple the Horizontal Sync/Drive to U400. U400 provides a ficed delay from the 
beginning of Horizontal Drive until U400 times out. . The falling edge of U400 IS 

output is coupled to U401. U401 provides a variable delay which is controlled 
by R4l0 (Video Cent). The combined delays of U400 and U401 allow the Horizontal 
Drive to be delayed from 0 to 1 full line time. This allows the video to be 
centered with respect to the raste.r. U402 provides a constant width drive pulse 
to the Horizontal Driver Q413. 

HORIZONTAL DEFLECTION - The circuitry associated with Q413 and Q414 has been 
designed to optimize the efficiency and reliability of-the horizontal deflection 
circuits. 

A positive going pulse is coupled through R4l3 to the base of Q413. 

The driver stage Q413 is either cut off or driven into saturation by the base 
signal. The output signal appears as a rectangular wave form and is transformer­
coupled to the base of the horizontal output state Q4l4. The polarity of the 
voltage at the secondary of the driver transformer is chosen such that Q4l4 is cut 
off when Q413 conducts and vice versa. 

ELSTON ELEc:TRONlCS CORPORATION. 35 LEillGH STREET. P.O. BOX 553. GENEVA. NEW YORK 14456 
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During conduction of the driver transistor, energy is stored in the coupling 
transformer. The voltage at the second~ry is then: negative and keeps Q4l4 cut 
off. As soon as the primary current of T403 is interrupted due to the base 
signal driving Q4l3 into~cut off, the secondary voltage changes polarity. 
Q4l4 starts conducting, and its base current flows. This gradually decreases 
at a rate dete~ned by the transformer inductance and circuit resistance. 

The horizontal output stage has 3 .main funcitons: to supply the yoke with 
the correct horizontal scanning currents; develop an accelerator grid voltage 
for use with the eRr; develop a negative supply ~oltage for eRr bias. 

Q414 acts as a switch which is turned on or off by the rectangular waveform. on 
the base. When Q414 is turned on, the supply voltage pl!lS the charge on C44l 
causes yoke current to increase in a linear manner ~d moves the beam from near 
the center of the screen to the right side. At this time, the transistor is 
turned off by negative voltage on its aseo which causes the output circuit to 

° os~illate. A high reactive voltage in the form of a hal~ cycle negative voltage 
0' pulse is developed by the yoke's inductance and the primary of T402. The peak 
. magnetic energy which was stored in the yoke during scan time is then trans-

ferred to c43'8 and the yoke's distributed capacity. During this cycle, the 
beam is returned to the center of the screen. 

The distributed capacity now 'discharges ,in1:o the yoke and induces a current in 
a direction opposite to the current of th~ previous part of the cycle. The 
magnetic field thus created around the yoke moves the scanning beam to the 
left of the screen. 

After slight.ly more thail half a cycle, the voltage across C438 biases the 
damper diode into conduction which prevents the f1yback pulse from oscillating. 
The'magnetic energy that was stDred in the yoke from the discharge of the . 
distributed capacity is released to provide sweep for the first half of scan 
and to charge C44l through the rectifying ac;tion of the damper diode. The 
beam is then at the center of the screen. The cycle will repeat as soon as 
the base voltage of Q4l4 becomes negative. 

C44l, in series with the yoke, also serves to block DC currents through the 
yoke and to provide 115" shaping of the current waveform. "5" shaping compen­
sates for stretching at the left and right sides of the picture tube because 
the curvature of the CRT face and the deflected beam do not describe the same 
arc. 

1403 is an adjustable width control placed in series with the horizontal deflec­
tion coils. The variable inductive reactance allows a greater or lesser amount 
of the def1ectiDn current to flow through the horizontal yoke and, therefore, 
varies the width of the horizontal scan. t402 is a saturable reactor, magnetically 

.biased to effect a changing impedance in series with the horizontal yoke winding 
depending on current direction to improve horizontal scan linearity. 
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The same pulse is transformer-coupled to the secondary of transformer T402 where 
it is rectified by CR407 to produce rectified voltages of approximately 17kv for 
the CRT. 

VERTICAL DEFLECTION - Vertical sync/drive pulses are coupled to the base of Q298, 
the vertical sync inverter, where they are inverted and coupled to pin 8 of the 
vertical deflection system IC. C300 provides high frequency bypassing. 

U300, TDAl170, is a monolithic IC which incorporates all of the functions of a": 
vertical deflection system, including output stages, in one package. 

R302, the vertical hold control, and C304 
oscillator. R301 sets the range of R302. 
used to adjust the size of the display on 
6f R303. 

form the bas ic timing for the vertical 
R303, the vertical size control, is 

the vertical axis. R304 sets the range 

, R307, the vertical linearity control, provides a. feedback path to allow pre-disto~tion 
of the ramp produced at pin 12 of U300. R306 sets the range of R307. 

R314 is used as an "5" shaping resistor to allow correction for the curvature 
of sane CRTs. 

Due to the internal structure of U300, ".the vertical adjustments do not interact 
with each other. 

C30l, C307 and C308 provide high frequency bypassing and stabilization for U300 
and minimizes any tendancy toward high-· frequency oscillations in the vertical 
circuit. 

C302 is used by U300 to generate a high voltage retrace pulse which is approximately 
2 times the supply voltage. 

R316 or R3l7 when present supplies a raster shift by introducing a DC current 
in the vertical deflection windings. The minimum value of R3l6 or R3l7 is 100 ohms. 
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Section 4 

POWER SUPPLY MODULE 

This module may be one of two types: (1) a series pass supply, or (2) a 
switching supply. 

A. Theory of Operation ~ Series Pass TYPe 

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 limi ting, power 
limi ting 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 v0l:t supply~ These supplies are also imple­
mented using three terminal regulators. These regulators have a 
I-amp output capability with internal current limiting, power 
limiting and thermal shutdown. 

The power supply is designed for convection cooling. The three ter­
minal 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. 

B. Theory of Operation - Switching Type 

The OL25 is a 2S watt supply providing ± 12 volts and ± 5 volts. It 
is a flyback switcher whose feedback loop is closed with respect to 
a primary reference winding on the power transformer. Multiple out­
put voltages are provided through the use of multiple secondary 
windings producing outputs which are related by winding count and 
are, therefore, not independently adjustable. However, ~ll outputs 
are simultaneously adjusted when the +5 volt potentiometer is 
adjusted. Short circuit and overvoltage protection are provided on 
all outputs. 

4-1 



PARTS LIST 

Title: ASSY-POWER SUPPLY, 1061 ID53615 Rev: D 

ITEM DESCRIPTION PART NO. INVENTORY 1 2 3 4 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Assy-Power Supply, 1061 3B2159 X 

Trimpot - 500 ohm 91X 6B0311 X 

IC-LIN, Voltage Regulator 5V LM323K-5 33B0363 X 

IC-LIN, Voltage Regulator 12V 7812CK 33B0364 X 

IC-LIN, Voltage Regulator -12V 7912UC 33B0365 X 

IC-LIN, Voltage Regulator -SV 79MOSUC 33B0256 X 

Diode IN5624 32B0271 X 

Diode IN4003 32C0133 X 

Capacitor-10,000 MFD/lSV, Ele. TVAl175.8 l5B0306 X 

Capacitor-2500 MFD/25V, Ele. TVAl213.5 15B0307 X 

Capacitor-10 MFD/63V, Ele. VTT10D63 l5B0196 X 

Capacitor-.l MFD/50V, Disc. DG01SEl04Z 15B0304 X 

Fuse - 1 Amp, 125V, Slo-Blo 313001 l7B0183 X 

Transformer 023-2851 7B0240 X 

ORDERING INFORMATION 

1) 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 reference both to this parts 
list number and revision level, plus the Model Number and Serial Number 
of the instrument for which these parts are being ordered. 

1 of 1 
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D. Boschert OL25 
Maintenance Manual 
Schematics 
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SINGLE STAGE 

(FLYBACK-DISCONTINUOUS) 

POWER SUPPLY 

MAINTENANCE MANUAL 

All drawings supplied for the BOSCHERT power supply 
are the property of BOSCHERT INCORPORATED and 
shall not be reproduced or copied or used in whole or in 
part as the basis for manufacture or sale of the items 
shown therein without the express written permission 
of an officer of BOSCHERT INCORPORATED. 



SINGLE STAGE (FLYBACK-DISCONTINUOUS) POWER SUPPLY 

TABLE OF CONTENTS 

Description Page 

GENERAL THEORY OF OPERATION 1 

DETAILED THEORY OF OPERATION 2 

Input Circuit 2 

Power Switch Circuit 4 

Output Circuit 6 

Modulator Circuit 8 

Main Feedback Loop 10 
Overvoltage Protection 11 

Spike Catcher Circuit 12 

Troubleshooting Instructions 13 

. 
NOTE: The descriptions and component deSignations in this 

manual refer to the OL2S-l00l. However, all flyback­
discontinuous supplies have analogous circuits which 
operate in a manner similar to the OL2S-1001. 
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SINGLE STAGE (FLYBACK-DISCONTINUOUS) POWER SUPPLY 

GENERAL THEORY OF OPERATION 

The flyback converter-discontinuous mOde derives its name from the 
fact that during each cycle a point is reached where current ceases 
to flow in either the primary or secondary windings. Thus, the flux 
in the transformer virtually "ceases" qt some point'in the cycle. 

The converter design is extremely simple. This class of converter 
operates as a blocking oscillator under the following control law: 
Jhe output is linearly proportional to the current flowing in the 
power swi tch when it turns off, i. e. t the output voltage is propor­
tional to the amount of energy loaded into the core in the form of 
a magnetic field. The greater the field, the higher the output 
voltage. 

The feedback loop regulates output voltages by adjusting the turn-off 
point of the power switch. Switching frequency is around 25 kHz at full, 
power, and operating frequency is inversely 'proportional to the output 
power. The duty cycle remains relatively constant for a constant line 
vol tage. 



SINGLE STAGE (FLYBACK-DISCONTINUOUS) POWER SUPPLY 

DETAILED THEORY OF OPERATION 

Input Circuit 

f=1 'fR1 
~~~~-.--~~ 

~ R14 

L __________ ---+~-R\~ 
0-0 ----.----.--

Figure 2 
INPUT CIRCUIT 

a. RFI Filter. Consists of L1, Cl, C2 and C3. The purpose of 
this circuit is! to filter out 20 kHz and above switching noise, 
preventing it from being transmitted back out "the input line. 

b. Fuse. Fl is included to protect the PC board traces and to 
reduce fire and personal hazard in the event of catastrophic 
supply failure. Boschert strongly recommends the use of an 
additional external line fuse for further protection. A 
Littlefuse 3AG series or equivalent rated at 1-1/2 A is 
sufficient. 
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c. Voltage Doubler Circuit is a method of allowing the supply to 
operate from either a 115 VAC or 220 VAC source. In the 115 VAC 
mode (strap in) capacitors C4 and C5 charge on alternate line 
half cycles. The voltage which appears across each capacitor is 
approximately the peak input voltage (about 150 V). The total 
voltage to the switching regulator is about 300 V. 

In the 220 VAC mode (strap out) the input rectifiers act as a 
full wave bridge rectifier, charging C4 and C5 to approximately 
the peak input voltage (about 300 V). Resistors R14 and R15 
force C4 and C5 to charge equally, and discharge the capacitors 
when the power is turned off. 

d. Inrush Limiting is accomplished with thermistor Rl. When cool, 
its resistance is high. When the supply is initially turned on, 
it prevents a huge surge current from flowing into C4 and C5, 
which are initially discharged. In operation, the normal input 
current quickly heats Rl decreasing its resistance by a factor 
of about 10. Since C4 and C5 are fully charged by this time, 
there is no further need for surge limiting. When the supply is 
turned off, Rl cools and C4 and C5 discharge. The circuit is 
designed so that the discharge time constant and cooling time 
constant are roughly equal. Thus, if the supply is turned back 
on before Rl has fully cooled, the inrush current is limited by 
a combination of the charge remaining on C4 and C5, and the 
resistance of Rl. 

e. Energy Storage in capacitors C4 and C5 insure that the supply 
will continue to operate within regulation limits for a minimum 
of 16 mS after the input line has fallen below limits or failed . 
. Th~s allows time for information in a volatile memory to be 
stored permanently before system failure following line inter­
ruption or line brownout. 

3 



Power Switch Circuit 

t~~ ~---------4~------~ 
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Figure 3 
POWER SWITCH CIRCUIT 

'In the first half of the power cycle, switch Ql will turn on and load 
energy into the transformer in the form of a magnetic field. Switch Ql 
witl then turn off. 

The second half of the power cycle is described in the Output Circuit 
description. 

When power (+300) is applied, a small trickle current through R3 begins 
to bias Ql on. As the full supply voltage +Vcc begins to appear 
across winding one (Wl), transformer action induces about 6 V across 
.winding two (W2). CR2 is forward biased, and regenerative feedback 
current from W2 quickly forces Ql into saturation. 

\. 
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Now the current in Wl begins to ramp up linearly. A voltage ramp 
also appears across R5 due to the current ramp. 

Meanwhile, W2 is also charging C9 to about +6 V via R9 and CR3. 
When this voltage rises high enough, Q3 is biased on. This also 
turns on current buffer Q2. Ql begins to turn off because Q2 and Q3 
are conducting base drive away from Ql. The current ramp in Wl stops 
rising because Ql is beta limited and is coming out of saturation. 
The rate of current change (di/dt) hasbec~me negative, therefore 
the voltage polarity on the windings must change. W2 has now reversed 
voltage (the dotted end is now positive) and it helps turn off Ql by 
completely backbiasing the base emitter junction via R5, R4 and C8. 
When Q1 is off, and the voltage across all transformer windings has 
-reversed, C10 is charged via CR4 and R9. 

(The second half of the cycle is continued in the Output Circuit 
Section.) 

5 



Output Circuit 

Figure 4 
OUTPUT CIRCUIT 

This section describes the second half of the power cycle. The first 
half was described in the Power Switch Circuit description. 

In the first half of the power cycle. switch Ql turned on and loaded 
energy into the transformer in the form of a magnetic field. Ql then 
turned off, and the collapsing magnetic field is now driving positive 
the dotted ends of all transformer windings, looking for a discharge 
path. 

As the voltage rises on the dotted ends of all the windings, it will 
eventually forward bias diodes CRS through CRa. The magnetic field 
in the transformer rapidly collapses by discharging energy into the 
outputs. The C-L-C PI filters in the output store and filter this 
energy. 
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When the magnetic field has sufficiently collapsed. diodes CRS through 
CRa stop conducting. There is enough energy left in the core to allow 
it to "ring back.1I That is, the current in the secondary suddenly 
reduces its rate of discharge when the diodes stop conducting. di/dt 
changes, and the dotted end of all windings becomes negative. Ql begins 
to conduct again. This is the start of the next cycle. 

7 



Modulator Circuit 

~ 
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Figure 5 
MODULATOR CIRCUIT 
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The modulator varies the point at which Ql turns off thereby regulating 
the output voltaQes. 

In the absence of any feedback loop, Ql would continue loading energy 
into the core until a fixed point was reached. This fixed amount of 
energy would be subsequently discharged into the load. If the load' 
changed, the output voltage would change because Ql was still loading 
a fixed amount of energy into the transformer. To compensate for load 
changes, the feedback loop varies the point at which Ql turns off, 
thereby varying the amount of energy loaded, in the core. The greater 
the load, the more energy is loaded into the core. This accomplishes 
regulation. 

During normal operation, C9 and C10 are each charged to about 6 V, or 
about 12 V total. Since the junction of C9 and C10 is referenced essen­
tially to ground via R5, the base-emitter junction of Q3 must be back 
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biased. due to the base voltage determined by dividers R8 and R9. 
When Ql turns on, the voltage across R5 ramps up. This makes the 
entire modulator circuit voltage rise relative to ground. Eventually 
a point is reached where Q3 is biased on, which turns off Ql, 
terminating the first half of the cycle. 

The point at which Q3 turns on can be varied by changing the ratio 
of R8 to R9. The opto-isolator transistor, Q A3, acts as a variable 
resistor to change this ratio. If the +5 V output tended to fall 
due to an increase in load, for example, the opto-isolator tr.ansistor 
would turn off, making the base voltage on Q3 more negative. It 
would take longer for the voltage ramp on R5 to reach a point where 
Q3 was biased on. More energy would be loaded into the transformer, 
which would be discharged into the load, raising the output voltage. 

9 



Main Feedback Loop 

+s\J 
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Figure 6 
MAIN FEEDBACK LOOP 

This circuit maintains the +5 V outgut at a constant voltage. The loop 
compares a voltage divided down from the +5 V output via R13 to a 2.75 V 
reference within the 430 integrated circuit. A proportiona' current is 
sunk by the 430, driving the opto-isolator diode via R12. Rll provides 
bias current for the 430. C13 frequency compensates the loop. 

The auxiliary (other than +5V) outputs are "semi-regulated." That is, 
because of the tight magnetic coupling of all the outputs, an increased 
load on an auxiliary output lowers the volts per turn of the transformer, 
which is reflected in the +5V output (which begin~ to go down). The 
feedback loop works to restore the ~5V output, and in so doing partially 
compensates for the load change on the auxiliary output. Boschert calls 
this "semi-regulation." 

10 
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Overvoltage Protection 

+sv 

r 
Cr?,,\B t 
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41 

Figure 7 
OVP CIRCUIT 

The purpose of overvoltage protection is to protect the user's load 
from an overvoltage condition caused by supply failure. All standard 
Boschert supplies incorporate this feature. Also, Boschert supplies 
require OVP Qn only one output. If all outputs have simple passive 
filtering, and if one output should rise due to supply failure, they 
all would rise. Thus, protection is needed on only one output. 

If the +5 V output exceeds 6.25 V +0.75 V, the SCR pulls the +12 V 
supply down (to about 1.5 V) and activates the short circuit protection. 
The +12 V supply is used to insure clean foldback. Pulling the +5 V 
down to 1.5 V might not exceed the foldback point, and might simply' 
deliver a lot of power to the SCR, destroying it. 

This circuit can be cleared by cycling line power. 
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Spike Catcher Circuit 

~ov o--~i-------
I 
I 

Figure 8 
SPIKE CATCHER'CIRCUIT 

The purpose of the spike catcher circuit is to prevent high voltage 
turn off transients on the collector of Ql from destroying it. 

C4 and C5 are the input capacitors, charged to about 300 V. When Ql 
has finished loading energy into the transformer core and turns off, Wl 
begins to look like a current source. Its dotted end becomes positive 
and the voltage rises. Although the discharge path is ultimately 
through the output, there is enough leakage inductance in Wl to allow 
the voltage to rise to a destructive value. However, as the dotted 
end of Wl reaches 300 V, so does the dotted end of W3. (They both have 
the same number of turns.) As the voltage tries to rise further, CRl 
conducts and clamps the collector voltage to 600 V. This prevents the 
destruction of Ql. 
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SINGLE STAGE (FLYBACK-DISCONTINUOUS) POWER SUPPLY 

TROUBLESHOOTING INSTRUCTIONS 

EQUIPMENT NEEDED: 

1, 50 MHz oscilloscope with isolated ground 
1 DVM or VTVM with isolated ground 
1 Isolation transformer 
1 lA Variac (O-130Vac) 
2 Adjustable lab supplies, 0-20VDC @ 500mA, with adjustable current limit. 

A good supply of resistors and clip leads. 
1 'AC voltmeter (O-130Vac) 

CAUTION: Lethal voltages are present in this supply. Only authorized 
service technicians should perform these tests. Use AC 
isolated equipment in all tests. 

NOTE: It is desirable to use an AC i.solati,on transformer in performing 
all tests to minimize shock hazard. The kVA rattng of thJs 
transformer should be three times the maximum supply power to . 
avoid AC line waveform dis,tortion. ' 

13. 



NOTE: Steps 1 thru 9 are intended as 
passive tests to be performed with the supply 
completely disconnected from line power. 
To prevent any oscillations, connect jumper· 
wire from the anode of CRS to the cathode 
of CRa. 

1. Use DVM to check the continuity of the 
input fuse (Fl), thermistor (TR1) 
bridge rectifier (BR-1), diodes CR1 
thru CRa for proper continuity. 
Replace as necessary. 

2. Connect a lab supply (lSV with current 
limit at SOOmA) across the AC input 
terminals. After an initial surge, no 
current should flow. Reverse the leads 
and repeat. If any current flows, check 
the input section for shorts. 

14 
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3. Check the operation of Ql. Set the lab 
supply for 15V with the current limit set 
for 500mA. Connect a 220 ohm resistor in 
series with the positive output and connect 
this to the l15V input terminals as shown. 
With the DVM across the collector-emitter 
terminals of Q1, momentarily parallel R3 
(220K) with a 100 ohm 1/4W resistor. Is 
voltage drop across Ql as follows? 

R3 not paralleled 
R3 paralleled 

Yes - Go to Step 4 

Vce (Ql) 
l3.5V ±lV'· 
1. SV ±.l V 

No - Replace Ql and repeat Step 3 

4. Check the operation of Q2 and Q3. Use a 
DVM or a lab supply with the output set 
at +5V, current limit at 10mA. Check the 
continuity of Q2 and Q3 for opens or 
shorts. Replace as necessary. Then go 
to Step 5. 

15 
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5. " Check overvol tage protection operation. 
Set both supplies to +S.OV with the 
current "limit.set to lOOmA. Connect the 
first supply across the'+5V output and 
return. Connect the second supply across 
the +12V output and return. (The +12V 
output should be the one which the anode 
of the SCR is connected to. If not, the 
supply should be connected to the output 
which is connected to the SCR anode. Now 
slowly ramp up the voltage on the first 
supply. At 6.2SV ±D.7SV on the first 
supply, does the second supply suddenly 
go into current limit? 

Yes - Go to Step 7 
No - Go to Step 6 

6. Check CR9. Set lab supply current limit 
to lOOmA and the voltage to O. Connect 
the positive terminal to the +SV output 
and the negative terminal to the return. 
Put a DVM across CR9. Turn the voltage 
slowly up to lOV, or to the point where 
the supply limits. Does the DVM voltage 
ramp up to S.6V ~ O.25V and stop? 

Yes - Replace CR4, and Repeat Step 5 
No - Replace SCR-l and Repeat Step 5 
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7. Check A2. Set lab supply to +5.0V 
(Ilim = 300 mAl across +5V output. 
Read vol tage across Rll wi th DVM whi le 
adjusting pot R13. Are the voltages as 
follows', 

R13 fully clockwise 3.0V + 0.5V 
R13 fully counterclockwise 0.2V + 0.2V 

Yes - Go to Step B 
No - Replace A2 and repeat Step 7 

B. Check A3 and modulator. Hook up first 
supply (+SV, Ilim = 300mA) across the 
+5V output. Hook up second supply 
(+5V, Ilim = 300mA) across the 
modulator. Watch the voltage across 
RB with the DVM while adjusting R13. 
Are the voltages as follows? 

R13 fully clockwise 3.0V + O.5V 
R13 fully counterclockwise O.3V + 0.2V 

Yes - Go to Step 9 
No - Replace A3, repeat Step B 

NOTE: This concludes all the passive tests. 
Disconnect all supplies, DVM, and jumper 
from CRS to CRB before proceeding. 
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9. Di sconnect a 11 connections made for the 
passive tests. Plug the supply into the 
Variac and turn the voltage up to 115Vac. 
Is the voltage across the input capacitor(s) 
within the following limits? 

Supply designed for 115Vac only 
150V ±lOV 

Supply designed for 220Vac only 
300V ±20V 

Supply 115/220 strappable 
JOOV ±20V 

Yes - Go to Step 10 

No - Look for faulty component in 
input circuit. Repeat Step 9. 

10. Use an oscilloscope to check the voltage 
waveform on the collector of Ql with 
respect to emitter. 

18 
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With proper waveform, notice 
that duty cycle is roughly 50%. 

With no output load, the supply 
"burps II every 120 ms or so. This 
is known as the burp mode. (The 
,supp 1y waits about 120ms, tri es to 
turn on, the SCR fires because there 
is no +5V load to" keep it from over­
shooting, and it folds back and waits 
120ms again.) 

- . 

--19 

Figure 19 
Proper Waveform 
Horizontal - 5 ps/Div. 
Vertical - 50V/Div. 

Figure 20 . 
No load waveform 
Horzontal - 5ps/Div. 
Vertical- 50V/Div. 



In an overload condition, output 
voltages and currents are very low. 
Notice the very short duty cyle (about 12%) 

. which typifies the overload condition. 
Under a heavy overload, the supply 

. every SOOms or so. I· 

With an output short, the sUiply goes 
fnto its "burp" mode again. The peri od . 
is about 160ms between "burps." 

Figure 21 
Overload Waveform 
Horizontal S~s/Div. 

Vertical SOV/Div. 

Figure 22 
Output Short Waveform 
Hori zonta 1 S}Js/Di v. 
Vertical SOV/Div. 

. --.: 
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11. Use the oscilloscope on each or any 
output to determine if any fau1t~ 
are occurring. 

+12V Output Proper waveform 

. . 

The sharp rise and fall time of 
an output is due to unload~d 
outputs. Generally only an SCR 
firing can cause such a rapid 
fall time on an output. 

21 
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Figure 23 

Figure 24 
Proper Output Waveform 
Horizontal - 50ms/Div. 
Vertical - 2V/Div. 

Figure 25 
No Load on Ou.tputs 
Horiiontal - 50ms/Div. 



The much longer fall time of an output 
. indicates a short on some other output 

than the one measured. 

No rise or fall indicates the short 
is on this output. 

. Figure 26 
Short on some other output 
Horizontal - 5Oms/Div. 
Vertical - 2V/Div. 

Figure 27 
.. Short on -thi s output 
Horizontal - 5Oms/Div. 
Vertical - 2V/Div. 
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3 -l2. v ad A -+-1 L. ,,~ v -11:·3~ v 
4- -5 v 0., A -4,il v -5:-& ~ v 
5 v A V v 
f4 v A V v 
I +5" v QI' A +-:ct, 3 i V +~.Q4 V 

l. ±'2... v a~~ A + tr.bS v +·l2."~Z. v 
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PROCEDURE FOR CURRENT LIMIT 

1. Set line voltage to 110 VAC (when strapped for 
110 operation). 

2. Set load to: +SV 3A 

+12V .SA 

-SV . SA 

3. Increase output current of +SV and note maximum 
current. Maximum current must be between 4A ~gA. 
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Section 5 

KEYBOARD MODULE 

A. Theory 9f 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 KAO through KA3. The 
data lines to the logic card are labeled KBO through KB7. A 'one-of-16-
decoder is used to 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 0 volts. The microprocessor senses a logic 0 for keys which are active 
and a I 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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Key No Key No Key No 
Legend Shift Shift Control Legend Shift Shift Control Legend Shift Shift Control 

Clear Clear 
Space Space Space Space W w W ETB Clear EOL EOL Line ** 

Ii ~ 1) "i E e E ENQ Del Line -Delete Line-
Caps Lock - Caps Lock - R r R DC2 Insert Line -Insert Line-
Shift - Shift - T t T DC4 Del Char -Delete Character-

Z z Z SUB Y y Y EM Insert Char -Insert Character-
X x X CAN U u U NAK Xmit Line - Transmit Line-
C c C ETX I i I HT Xmit Msg - Transmit Message-
V v V SYN 0 0 0 SI Xmit Page - Transmit Page-
B b B ~TX P p P DLE Print -Print AII-
N n N SO ( [ f ESC CR CR CR CR 
M m M CR \ \ • FS YJ f) () YJ , 
, < NUL + + + + . . . . . > NUL ESCAPE ESC ESC ESC I I I I 
I I ? US I I ! NUL 2_ 2 2 2 

Shift - Shift - 2 l (@ NUL 3 3 3 3 
Line Feed LF LF LF 3 3 /I NUL 4 4 4 4 

} + + + 4 4 S NUL 5 5 5 5 
DEL DEL DEL DEL 5 5 % NUL 6 6 6 6 
Control - Control - 6 6 1\ NUL 7 7 7 7 

A a A SOH 7 7 & NUL 8 8 8 8 
S s S DC3 8 8 * NUL 9 9 9 9 
D d D EOT 9 9 ( NUL Break 270 msec Break-
F f F ACK fJ f) ) NUL Interrupt (to NMI) 
G g G BEL - - - NUL 
H h H BS = = + NUL 
J j J LF .. , 

"-" RS 
K k K VT Bk ~pace B~ BS BS Key Up Ke)' Down 
L J L FF t t t t (Logic I) (Logic 0) 
; ; : NUL FI FI F5 ** LOCAL ON LINE Local Mode , , 

" NUL . F2 F2 F6 ** SCROLL Page Mode Scroll Mode 
] ] } GS F3 F3 F7 ** XPRINI Normal Xparent Mode 

Return CR CR CR F4 1-4 1-8 ** BLOCK Character Block Mode 
+ + + + Tab Set Tab Set Tab Clr ** 

Tab Tab Back Tab ** Clr Page - Clear Page -
Q q Q DCI Clr EOP - Clear EOP -

Note: On these keys the control key input is ignored. Control overrides shift except for keys marked ** in Control column; on the 
marked keys the control input is ignored. 

KEYBOARD CODING - STANDARD 
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Keyboard Coding - Numbered keys are those whose coding and/or legend 
changes for the European version of the keyboard. The coding and legend 
changes for these keys are shown on the following page. 

.... 



EUROPEAN KEYBOARD LEGENDS/CODING 

Key top 
for LEGEND LEGEND ASCII 

Circled Swedish LEGEND Norwegian Coding 
Number Ke~toQ German Danish Unshift Shift CTRL 

& '& & 
6 & NUL 

6 6 6 
I I I 

2 7 I NUL 
7 7 7 
( ( ( 

3 8 ( NUL 
8 8 8 
) ) ) 

4 . 9 ) NUL 
9 9 9 
= = = 

5 0 = NUL 
0 0 0 
? ? ? 

6 + ? NUL 
+ + + 
E' ! * 

7 @ NUL 
e' \ I 
) ) "-' 

8 ) ( NUL 
( ( '" 

none none 
9 • .. 0 1 GS 

A 'U A 
0 A 

10 -p RS 
u 

none none none , 
II .. . . , \ FS 

0 0 IE 
none none none 

12 
95 t r NUL 

A A 

* * c 
13 * NUL 

@ 

< 
14 , NUL .~ 

2 2 S : . . 
15 • NUL 

16 US 

" " " 
17 2 " NUL 

2 2 2 
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+5V 

KA3 

KA2 

KAI 

KAO 

ENABLE 

Feed 

INT 

TYPIC 

Future 
JUJl.l?~r 

-4 

thruls~4 
".; 

~ 

AL 

74154 

0 

C 

B 

A 

Interrupt 
-Key 
o o-:L 

Encoding R ow 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 r I 
( ) 

, ,~ ,It w V W " ,II 
KB7 KB6 KB5 K84 KB3 KB2 KBI KBD 

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

KEYBOARD SCHEMATIC 

5-5 

, 

D 
I 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

o 
E 

F 



KA KB7 KB6 KBS KB4 KB3 KB2 

3210 

0000 a 7 6 5 4 3 2 

0001 I 

0010 2 G F E D C B 

0011 3 0 N M L K J 

0100 4 W V U T S R 

0101 5 = Z 

0110 6 / = ; 
, . , 

0111 7 

1000 8 DEL BREAK RETURN ESC LF 

1001 9 CLEAR CLEAR TAB CLEAR 
EOP PAGE SET EOL F4 F3 

1010 A XMT XMT XMT INST DEL 
PRINT PAGE MSG LINE CHAR CHAR 

10" B 

1100 C* 7 6 5 4 3 2 

1101 D* CTRL CR . 
1110 E CAPS 

SHIFT LOCK 
" 

1111 F TRANS-
LOCAL PARENT 

Interrupt = dedicated line to connector 
*These rows contain the numeric block 

All Addresses (KA) located at 000 X 16 
KeyswitCh Memory Addresses 

. KEYBOARD SCf-EMA TIC - Continued 
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KBI KBO 

I a 
9 8 

A Space 

I H 

Q P 

y X 

TAB BS 

F2 FI 

INST DEL 
LINE LINE 

I a 
9 8 

SHIFT 

BLOCK SCROLL 



KEYBOARD CONNECTOR/CABLE PIN ASSIGNMENT 

Keyboard Signal Wire 
Pin No. Name Color 

I Logic Ground White-Red 
2 +5V Green 
3 KAO Orange 
4 KAI Brown 
5 KA2 Black 
6 KA3 Red 
7 Interrupt Blue 
8 KB7 White 
9 KB4 Grey 

10 KB6 Yellow 
II KB5 Violet 
12 KB3 White-Yellow 
13 KB2 White-Brown 
14 KBI White-Orange 
15 KBO White-Black 
16 Unused 
17 Chassis Ground White-Blue 
18 Unused 

.....------'1) (I I 
pin I pin 18 

KEYBOARD CIRCUIT CARD 

TOP VIEW 

5-7 

Rear Panel 
Connector Pin No. 

23 
6 
4 
2 
I 
3 
7 

10 
9 
5 
8 

24 
12 
25 
II 

13 



KEYBOARD PARTS LIST 

Title 

1062 Keyswitch, momentary 

1062 Keyswitch, locking 

Diode, IN914 or equivalent 

Ie, I of 16 decoder 74154 

LED GEl! LED 558 or equivalent 

Resistor, 47 Q , 1/4 watt, carbon 

5-8 

Quantity 
Used 

91 

6 

97 
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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 

I. 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 distihct. 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 TELERA Y logic provides the Horizontal Drive 
and Vertical Sync and controls the Video signal. 

,--------,::::::::0-
I 
I 
I ......:::;~--__:::==_ 
I 

:--=~---::::::==­
I 
:......:::;~---::::::==-

: ...:::=-----, , _______ ______ J 

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 lOx 12 position field. 
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Monitor 

- -

Display 
RAM 
Memory 

- --
Program 
RAM & 
ROM 
Memory 

Power 
~upply 

I 
I 

It 

I Character Generator 

I and Field-Modifier 
Logic 

Microprocessor 

. 
Back Panel Switches I 

I 

LOGIC BOARD 

I 
I 

I Display Refresh 
Hardware and 

I Timing Generation 

-- -- -
Serial 
Input 
and 

Output 

Keyboard Interface 

Keyboard 
~ r--

lOGIC MODULE ARCHITECTURE DIAGRAM 
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Eighty characters are formed on each horizontal line (a total of SO x 10 = 
SOO 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 SO + 20 
= 100 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 TELERA Y 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. A t 50 Hertz refresh there 
are 31 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-Iine counter counts I 00 characters ( ;. by 100). The 
horizontal drive signal is derived from this "character-per-Iine 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 31 character rows are counted. 

Some frequencies associated with the above discussion follow: 

Master OSC 
Dot Counter Output 
Horizontal Drive 
Character Row 
Vertical Sync 

OR 

IS.6 MHZ 
IS.6 KHZ 
IS.6 KHZ 
1.55 KHZ 

60 HZ 
50 HZ 

6-4 

53.S nsec period 
53.S nsec period 
53.S usec period 
64.5 usec peirod 
16.67 msec period 
20 msec period 



l 

2. 

, 

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 (TQPR) into these counters. Two characters are read out of the 
display memory during 01; the UP only uses the RAM during 'IJ2. 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 Charqcter 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 
01, the Address Counters are used to access the Display RAM; during 
Clock '/J2 the microprocessor can access Display RAM. 

Wide mode is controlled by the microprocessor. When the Output Con­
trol Register bit is set to a I 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 I 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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~ 0 
L .. 

A 0 M 0001 
S I E 
C S M 
I P ,') 001 0 
I L R 

.~ D1 I 
• 

~ D2 II 

A Y 
Y 001 1 Ex °3 # 

b7 06 
b6 05 o 1 0 0 .~ D4 $ 
b5 04 
bL~ 03 
b3 02 o 1 0 1 
b2 01 
bl DO 

o 1 1 0 

EQ ~ % 
'k Sy & 

011 1 BL ~ 
J 

1 0 00 BS 'N ( 

1 001 ~ EM ) 

1 010 ~ Se * 
1 0 1 1 lJ,- E'c + 
1 1 0 0 Fr Fs J 

. 

1 1 0 1 'R Gs -
1.110 So RS • 

1 1 1 1 SI Us / 

e @ p \~, 

1 A Q a 
2 B R b 
3 C S c 
4 D T d 
5 E U e 
6 F V f 
7 G W 19 
8 H X h 
9 I ,Jet • 

1 

• J Z j • 
• K [ k J 

< L ..... 1 
M ] - m -

> N A n 
? 0 0 • -
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IR 
q 
r 
s 
t 
u 
V 
w 
x 
~y 
z 
{ 
I 
I 

} 
.J 

• 

Coding Example 

Seven Most Significant 
Address Li nes = 4 0 ' 
Character = "M" 

ROM 
Scan 

Address DOTS 
Lines (ROM Outputs) 

(4 LSB) 7 6 5 4 3 2 I 0 

0000 a I a 0 a 0 a I 
000 I a I I a 0 a I I 
0010 0 I a I a I a I 
00 I I a I a 0 I 0 0 I 
0100 a I 0 0 I 0 a I 
0101 a I a 0 a 0 0 I 
0110 a I 0 0 a a 0 I 
0111 0 I 0 0 0 0 0 I 
1000 a I 0 0 0 a a I 
100 I a Normally all zero 
10 I a 0 used fer characters 

1011 a 
w/tails below line 
such as "g" 

• 

1100 0.1 
1101 a All Zero 
1110 a Unused 
1111 00000000 

• 

• 



FIELD 
MODIFIER 

BIT CHARACTER 

7 

6 Z 

S Y (Underscore) 

4 Y (Inverse) 

:3 Y (Dim) 

2 Y (Blink) 

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 (bS 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 I .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 "II" video pattern. The character generator video is disregarded 
during the attribute character time interval. 
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3. Display Memory and Program Memory 

The Display Memory is implemented with 4 of I K 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 01. 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. 

4. 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 ASCII characters. 
The microprocessor keyboard coding table lists the hexidecimal codes 
generated for each memory address. 
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MEMORY MEMORY MEMORY 
ADDRESS/ Code In Code In Code In ADDRESS/ Code With Code With Code With ADDRESS/ 

BIT No Shift Shift Control BIT No Shift Shift Control BIT No Shift Shift Control 

,2 0 Space 20 20 20 53 W 77 57 17 9 4 Clear LF Clear LF Clear ** 
EOL EOL Line 

B 0 , Home LF Home LF Home LF 2 5 E 65 45 05 A o Del LF Delete LF 
Line Line 

t:. 6 KF Caps Lack KF 42·R 72 5T 12 A I Insert LF Insert 
Line Line 

E7 KF Shift KF 44 T 74 54 14 A.Z Del Lt- Delete 
Char. Char. 

5 2 z 7A SA IA 5 I y 79 59 19 A j Insert LI- Insert 
Char. Char. 

=> U x 78 78 18 4 5 u 75 -55 15 A 4 Trans. LF Trans. 
Line Line 

23 c 63 43 03 3 I I 69 49 09 A 5 I rans. LI- Trans. 
Msg. Message 

4,6 v 76 56, 16 370 6F -lJF OF A 6 Trons. LF Trans. 
Page Page 

22:B 62 42 02 40p 70 50 10 A 7 Print LF Print LF 
All 

36 N 61:. 4E OE 5 3[ 5B 7B IB D 5 CR OD OD OD 
35M 6D 40 OD 54\ 5C 7C Ie C 0 f) 30 30 30 
6 4 2C 3C 00 B3+ LI- ane Left LF o 2 • 21:. 2E 2E' 
66. 21:. 3E 00 83 ESC IB IB IB C I I 31 31 31 
6" 7 I 2F 31- IF o I I 31 21 00 C 2 2 32 32 32, 
EO Shift KF KF, KF o 2 2 32 40 00 C 3 3 33 33 33 
8 2 Lf OA OA OA 033 33 '23 00 C 44, 34 34 34 

" B I ... LF One Down LF 044 34 24 00 C 5 5 35 35 35 
8 IDI:.L 7F 7F 7F 055 35 25 00 C 6 3 36 36 36 

, D 7 KI- ( ontrol KF o 6 6 36 5E 00 C 7 7 37 37 37 
21A 61 41 01 077 37 26 00 C 88 38 38 38 
4 j ,!>" 73 53 13 088 38 2A 00 C 9 9 39 39 39 
24'D 64 44 04 o 99 39 1lf lJO 8 6 Break LF Break LF 
2 6 F 66 46 06 000 30 29 00 Int LI- Interrupt( NMI LI-
Z 7 G 67 47 07 57- 2D SF 00 
30H 68 48 OB 65= 3IJ iB W 
3 1 J 6A 4A OA 60' 60 7E IE 
3 3 K 6B 41::1 -OB 8 0 Bksp 08 08 08 
34l 6C 4C OC B 4 t LF One Up LF 
6 j ; 31::1 3A 00 90 FI FI F5 ** 
6 2 ' 27 22 00 9 I F2 F1 T6 ** Legend Key Up Key 

Down 
55] 5D .71), ... ID 9 2 F3 F3 F7 ** F7 Local On Lme Lacal 
8 5 Return OD OD OD 9 3 F4 Flf F8 ** FO Scroll POQe Mode Scroll / 
B2 .... LF One Right " LF 9 5 Tab LF Tab LF Tab ** F6 Xprnt Normal Xprnt 

Set Set Clr Mode 
8 I Tab 0.9 LF Back Tab ** 9 6 Clr Po (F Clear Po [F FI Black Char. Block 
41Q 71 51 " 9 7 Clr EOP LF Clear/End LF J 

of Paoe 

~, ',l, LF = Local Function 
KF = Keyboard Function 

i; **Control input has no effect· on unmarked inputs control overrides shift 

MICROPROCESSOR KEYBOARD CODING 
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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 2651 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 PCI 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 
• 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 OLE stripping 
Odd, even, or no parity 
Local or remote maintenance loop 
back mode . 
Baud rate: dc to 0.8M baud (1 X clock) 

• Asynchronous operation 
5 to 8-bit characters 
1,11/2 or 2 stop bits 
Odd, 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.SK baud (64X clock) 

2651-1 

OTHER FEATURES PIN CONFIGURATION 
• Internal or external baud rate clock 
• 16 intemal rates-50 to 19,200 baud I PACKAGE 

• Double buffered transmlHer and re-
ceiver 

• Full or half dupiex operation 
• Fully compatible with 2650 CPU 
• TTL compatible inputs and outputs 
• Single 5V power supply 
• No system clock required 
• 28-pin dual In-line package 

APPLICATIONS 
• Intelligent terminals 
• Network processors 
• Front end processors 
• Remote data concentrators 
• Computer to computer links 
• Serial peripherals 

PIN DESIGNATION 

PIN NO. SYMBOL NAME & FUNCTION TYPE 

27,28,1,2,5-8 Do-07 B-bit data bus I/O 
21 RESET Reset I 

12,10 Ao-A1 Internal register select lines I 
13 RIW Read or write command I 
11 CE Chip enable input I 
22 DSR Data set ready I 
24 DTR Data terminal ready 0 
23 RTS Request to send 0 
17 CTS Clear to send I 
16 OCD Data carrier detected I 
18 TxEMT/OSCHG Transmitter empty or data set change 0 
9 TxC Transmitter clock 1/0 
25 RxC Receiver clock 1/0 
19 TxO Transmitter data 0 
3 RxD Receiver data I 
15 TxROY Transmitter ready 0 
14 RxROY Receiver ready 0 
20 BRCLK Baud rate generator clock I 
26 Vee +5V supply I 
4 GNO Ground I 

BLOCK DIAGRAM Operation Control 
The PCI consists of six major sections. 
These are the transmitter, receiver, timing. 
operation control, modem control and 
SYN/OLE 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. 

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-

6-12 
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Theoretical Actual Duty 
Baud Frequency Frequency Percent Cycle 
Rate 16X Clock 16X Clock Error Ofo 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 2.4 2.4 - 50/50 2112 
300 4.8 4.8 - 50/50 1056 , 

600 9.6 9.6 - SO/SO 528 
1200 19.2 19.2 - SO/50 264 
1800 28.8 28.8 - SO/50 176 
2000 32.0 32.081 0.253 SO/50 158 
2400 38.4 38.4 - SO/50 132 
3600 57.6 57.6 - SO/50 as 
4800 76.8 76.8 - SO/50 66 
7200 115.2 115.2 - SO/50 44 
9600 153.6 153.6 - 48/52 33 

19200 307.2 316.8 3.125 SO/50 16 

NOTE 

16X clock is used in asynchronous mode. In synchronous mode. clock multiplier is 1 X and duty cycle is 
5O'W5O% for any baud rate. 

PIN NAME PIN NO. 

Vee 26 
GND 4 
RESET 21 

A1-Ao 10,12 
RIW 13 
CE 11 

D7-Do 8,7,6,5, 
2,1,28,27 

TxRDY 15 

RxRDY 14 

TxEMT /DSCHG 18 

Table 1 BAUD RATE GENERATOR CHARACTERISTICS 
Crystal Frequency = 5.0688MHz 

INPUT/OUTPUT FUNCTION 

I +5V supply input 
I Ground 
I 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 theretmtil initialized with the 
appropriate control words. 

I Address lines used to select internal PCI registers. 
I Read command when low, write command when high. 
I Chip enable command. When low, indicates that control and data lines to the PCI 

are valid and that the operation specified by the RIW, A1 and Ao inputs should be 
performed. When high, places the Do-D7 lines in the tri-state condition. 

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

0 This output is the complement of Status Register bit SRO. When low, it indicates that 
the Transmit Data Holding Register CTHRl 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. 

0 This output is the complement of Status Register bit SR1. When low, it indicates that 
the Receive Data Holding Register CRHRl has a character· ready for inputto 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. 

0 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 lineto go high. It is an 
open drain output which can be used as an interrupt to the CPU. 

Table 2 CPU-RELATED SIGNALS 
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BLOCK DIAGRAM 

DATA BUS 

0,_ OT 

(27,21,1.2. 
5.1,7,8) 

) ~ ) DATA BUS 
BUFFER 

N-
t 

(21) 
OPERATION CONTROL 

K= RESET 

(12) 
MODE REGISTER 1 

(10) 
MODE REGISTER 2 r--(13) 

COMMAND REGISTER f--- t--
(11) 

BRCLK 
(20) 

(I) 

(25) 

(22) 

• 
(11) 

(17J 

(23) 

(24) 

(18) 

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, anyone 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 itto a serial bit stream, in­
serts the appropriate characters or bits 

STATUS REGISTER ) 
.--

lAUD RATE t--I-- I---
GENERATOR 

AND 
CLOCK CONTROL I--

f----

vt= 
f'v-MODEM 

CONTROL 

(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 S-bit registers storing the SYN1, 
SYN2, and OLE 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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SYN/DLE CONTROL 

SYN 1 REGISTER 

SYN 2 REGISTER 

DLE REGISTER 

TRANSMITTER (15) 

TRANSMIT DATA 
HOLDING REGISTER 

TRANSMIT (19) 
ToO 

SHIFT REGISTER 

1 J 
RECEIVER 

(14) 

RECEIVE DATA 
HOLDING REGISTER 

RECEIVE (3) 

SHIFT REGISTER • RoD 

.. (28) 
VCC 

.. (4) GNO 

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 PCI 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 

t 

• 

." 

, 

• 
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PIN NAME PIN NO. INPUT/OUTPUT FUNCTION 

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

25 I/O 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 or64Xthe 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. 

9 I/O Transmitter clock. If external transmitter clock is programmed, this input controls 
the rate at which the character is transmitted. Its frequency is 1 X, 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-

RxD 3 I 
TxD 19 0 

DSR 22 I 

OCD 16 I 

CTS 17 I 
DTR 24 0 

RTS 23 0 

a high to low transition of the start bit on 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, aM Overrun 
Error statui; bits are set if required. If a break 
cO,ndition is detected (RxD is low for the 
entire character as well as the stop bit I s I ), 
only one character conSisting of all zeros 
(with the FE status bit setl 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 PCI is initialized into the synchro­
nous mode, the receiverfirst enters the hunt 
mode. In this mode, as data is shifted into 
the Receiver Shift Register a bit at a time, 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-

comes an output at 1X the programmed baud rate. 
Serial data input to the receiver. "Mark" is high, "Space" is low. 
Serial data output from the transmitter. "Mark" is high, "Space" is low. Held in Mark 
condition when the transmitter is disabled. 
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. 
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. 
Clear to Send input. Must be low in order for the transmitter to operate. 
General purpose output which is the complement of Command Register bit CR1. 
Normally used to indicate Data Terminal Ready. 
General purpose output which is the complement of Command Register bit CR5. 
Norm~lIy used to indicate Request to Send. 

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 bit is 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 SYN 1-SYN 1-
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 
that the SYN characters used to establish i n­
itial synchronization are not transferred to 
the Holding Register in any case. 

Transmitter 
The PCI 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 accept a charac­
ter for transmission by setting the TxRDY 
status bit and asserting the"'i'i<Ri5Y 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 TxEMT/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 OLE-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 OLE bit 
in the command register is true, the OLE 
character is automatically transmitted prior 
to transmission of the message character. 

PCI PROGRAMMING 
Prior to initiating data communications, the 
2651 operational mode must be pro­
grammed by perform ing write operations to 
the mode and command registers. In addi­
tion, if synchronous operation is pro­
grammed, the appropriate SYN/OLE regis­
ters must be loaded. The PCI 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 transm ission 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, AIW, A1 and Ao inputs. The conditions 
necessary to address each register are 
shown in Table 4. 

The SYN1, SYN2, and OLE registers are 
accessed by performing write operations 
with the conditions A, = 0, Ao = 1 , and RIW = 
1. The first operation loads the SYN1 regis­
ter. The next loads the SYN2 register, and 
the third loads the OLE 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 1 and 
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. 

N 

N 

CE A, 

1 X 
0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 

NOTE 

2651 INITIALIZATION FLOW CHART 
INITIAL RESET 

r--- ---, 
I OPERATE 

---.I 

NOTE 
MOde Register 1 must be written 
betore 2 can be written. Mode Register 2 
need not be programmed it external 
Clocks are used. 

NOTE 

N 

N . 

Figure 1 

Ao RIW FUNCTION 

X X Tri-state data bus 
0 0 Read receive holding register 
0 1 Write transmit holding register 
1 0 Read status register 

2651-1 

1 1 Write SYN1/SYN2/0LE registers 
0 0 Read mode registers 1/2 

0 1 Write mode registers 1/2 

1 0 Read command register 
1 1 Write command register 

See AC Characteristics section for timing requirements. 

Table 4 2651 REGISTER ADDRESSING 
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MR17 I MR16 MR15 MR14 MR13 I MR12 MR11 I MR10 

Parity Type Parity Control Character Length Mode and Baud Rate Factor 

ASYNCH: STOP BIT LENGTH 
00 = INVALID 0=000 0= DISABLED 00 = 5 BITS 00" SYNCHRONOUS lX RATE 
01 = 1 STOP BIT 1 = EVEN 1 = ENABLED 01 = a BITS 01 = ASYNCHRONOUS lX RATE 
10 = 11/2 STOP BITS 10 = 7 BITS 10 = ASYNCHRONOUS lax RATE 
11 = 2 STOP BITS 11 = 8 BITS 11 = ASYNCHRONOUS 64X RATE 

SYNCH: NUMBER SYNCH: TRANS-
OF SYN CHAR PARENCY CONTROL 

o = DOUBLE SYN 0= NORMAL 
1 = SINGLE SYN 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 I MR26 MR25 MR24 MR23 1 MR22 1 MR21 1 MR20 

Transmitter Receiver Baud Rate Selection 
Clock Clock 

0= EXTERNAL 0= EXTERNAL 0000 = 50 BAUD 1000 = 1800 BAUD 
. NOT USED 1 = INTERNAL 1 = INTERNAL 0001 = 75 

Mode Register 1 (MR1) 
Table 5 illustrates Mode Register 1. Bits 
MR1' and MR10 select the communication 
format and baud rate multiplier. 00 specifies 
synchronous mode and lX 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 1 X 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 

0010 = 110 
0011 = 134.5 
0100 = 150 
0101 = 300 
0110 = 600 
0111 = 1200 

Table 6 MODE REGISTER 2 (MR2) 

MR17 = 1, and SYN,-SYN2 is used when 
MR17 = O. 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 01+0.016%, +0.235%, and 
+3.125% respectively. The cloc'< supplied to 
the receiver and transmitter (as selected by 
MR24 and MR2SJ has a SO%/SO% duty cycle 
except in asynchronous mode, at 9600 
baud, where the duty ·cycl~ is 48%/S2%. 

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 1 X 
the baud rate. 
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1001 = 2000 
1010 = 2400 
1011 = 3600 
1100=4800 
1101 = 7200 
1110 = 9600 
1111 = 19,200 

Command Register (CR) 
Table 7 illustrates Command Register. Bits 
CRO (TxENJ and CR2 (RxENJ 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 CRS (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 n~xt character in 
the Transmit Data Holding Register. In syn­
chronous mode. setting CR3 causes the 
transmission of the OLE register contents 
prior to sending the character in the Trans­
mit Data Holding Register. CR3 should be 
resefin response to the next TxRDY. 
Setting CR4 causes the error flags in the 
Status Register (SR3. SR4. and SRS) to be 
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CR7 I . CR6 CRS CR4 CR3 CR2 CRl CRO 

Operating Mode Request to Reset Error Receive Data Terminal Transmit 
Send Control (RxEN) Ready Control (TxEN) 

ASYNCH: 
00 = NORMAL OPERATION 0= NORMAL FORCE BREAK 
01 = ASYNCH: AUTOMATIC 0= FORCE RTS 1 = RESET 0= NORMAL 0= DISABLE o = FORCE 5i'R 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 i5TR 
OLE STRIPPING MODE OUTPUT LOW (FE.OE. 

SYHCH: OUTPUT LOW 
10 = LOCAL LOOP BACK PEiDLE DETECT) 
11 = REMOTE LOOP BACK SENO DLE 

O=NORMAL 
1 = SEND OLE 

Table T COMMAND REGISTER (CR) 

SR7 SR6 SRS SR4 SR3 SR2 SRl SRO 

Data Set Data Carrier 
FE/SYN Detect Overrrun PE/DLE Detect TxEMT/DSCHG RxRDY TxRDY 

Ready Detect 

o = i5SA INPUT 0= OCO 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 =DCO "INPUT 1 = OSR INPUT 1 = FRAMING ERROR 0= NORMAL IN OSR OR EMPTY REG BUSY 
IS LOW IS LOW ERROR 1 = PARITY DCD.OR 1 = RECEIVE 1 = TRANSMIT 

ERROR TRANSMIT HOLDING AEG HOLDING 
SYNCH: REG EMPTY SHIFT REGIS- HAS DATA 
0= NORMAL SYNCH: TERIS 
1 = SYN CHAR 0: NORMAL EMPTY 

DETECTED 1 = PARITY 

cleared. This bit resets automatically. 

The PCI 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 PCI 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 TxO 
output. 

2. Transmit clock = receive clock. 
3. TxRDY output = 1. 
4. The 'i'XEMT/i5SCHG pin will reflect only the 

data set change condition. 

ERROR 
OR 

OLE CHAR 
RECEIVED 

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 
dep~nds on the setting of bits MR17 and 
MR11S: 

1. In the non-transparent. single SYN mode 
(MR17-MR1B = 10). characters in the data 
stream matching SYNl are not transferred to 
the Receive Data Holding Register (RHR). 

2. In the non-transparent. double SYN mode 
(MR17-MR1B = 00). characters in the data 
stream matching SYN1. or SYN2 if immediately 
preceded by SYN1. are not transferred to the 
AHA. However. only the first SYN1 of an SYN1-
SYNl pair is stripped. 

3. In transparent mode (MR1B =1). characters in 
the data stream matching OLE. or SYNl il 
immediately preceded by OLE. are not trans­
ferred to the RHA. However. only the first OLE 
of a OLE-OLE pair is stripped. • 

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

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. OTR is connected to DCD and RTS is connect-
ed to CTS. 

3. Receive clock = transmit clock. 
4. The DTR. RTS and TxO outputs are held high. 
5. The Ci'S. DCD, OSR and RxD inputs are ig­

nored. 

Additional requirements to operate in the 
Local Loop Back modearethat CRO (TxEN), 
CRl (DTA), and CAS (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. Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and 
retransmitted by the transmitter on the TxO 
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. TxROY. and TxEMT/DSCHG out­

puts are held high. 
S. CRl (TxEN) is ignored. 
B. 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. 

1 

\ 

( 



• 
PRELIMINARY SPECIFICATION 

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 " 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. 

SR" 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 
Registerfrom 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 TxEMT IDSCHG 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 that in synchronous mode this bit 
will be set even though the appropriate "fill" 
character is transmitted. It is cleared when 
the transmitter is enabled by CRO 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 TxEMTI-
5SCRG 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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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 = OJ, it indicates 
receipt of the SYN1 character is single SYN 
mode or the SYN1-SYN2 pair in double SYN 
mode. In synchronous transparent mode 
(MR16 = 1), this bit is set upon detectiem 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. 



PRELIMINARY SPECIFICATION 

TIMING DIAGRAMS 

TiC 
(INPUT) 

TID 

RESET 

TRANSMIT 

, BIT TIME 

(','6, O!l64 CLOCK PERIODS) _ 

~ 
(OUTPUT) 

~I ITCS 

~----I 

READ AND WRITE ce---_ 

0 0.0 1 BUS 
(READ) FLOATING 

BRClK. TIC. RIC 

6-LO 

CLOCK 

leAL 

IAlTl 

1---- 'ItAIT ----I 

RECEIVE 

2651-1 
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• 
PRELIMINARY SPECIFICATION 2651-1 

• TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits lin asynchronous mode I ) 

Til! (IX) 

TaD DATA 1 SYN 1 

• 
'" 

TlEN 
Q 
Q 
:I .. 
:::J 
0 ToRDY Z 
0 

'" :z: 
u 

• z .. .. TaEMf '-J 
--~ 

CEFOA 
WAITE 
OFTHA 

DATA 1 DATA 2 DATA 3 DATA 4 

B 

ToO 
DATA 3 

'" TaEN 
Q 
0 
:I .. 
:::J 

• 
0 

taADY Z 
0 

'" :z: 
u z .. 
VI c ToEMT 

-ell FOA 
WAITE 
OFTHR 

DATA 1 DATA 4 DATA 2 DATA 3 

I NOTES 

A = Slart bit 
B = Stop bit 1 
C = Stop bit 2 
o = TxO marking condition 
TxEMT goes low at the beginning of the last data bit, or, if parity is enabled, at the beginning altha parity bit. 
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PRELIMINARY SPECIFICATION 

TIMING DIAGRAMS (Cont'd) 

RxRDY (Shown for 5-bit characters, no parity, 2 stop bits I in asynchronous mode I 

RxD 

RxEN 

w 
0 
0 
1I SYNDET ., 
;:) STATUS BIT 
0 z 
0 
a; 
:z: 
" iWi5V z .. 
II> 

CE FOR 
READ 

D ... T ... ' 

READ RE ... D 
STATUS ST ... TUS 

DATA 2 

RE ... D 
RHR 

(O ... T ... ') 

DATA 3 

RE ... D 
RHR 

(D ... T ... 2) 

READ 
RHR 

(OAT'" 3) 

IGNORED 

i 
I I ..... 

RE ... D 
RHR 

(DAT'" 3) 

---"-
~L._A...LI_' _1_2_D_1 A_:_ ... _I,_' __ 5..J1 B I C LI_A....LI_'_I_Z_D_IA_; ... _~_· __ 5....J11I I C I -I D I-I A I' I 2 ~A:A~ • B I C 

A I 
RxD 

OVERRUN 
STATUS BIT 

-------------------------4----~----------------------------~~~ 

CEFOR 
READ 

NOTES 

A = Start bit 
B = Stop bit' 
C = Stop bit 2 
o = T.O marking condition 

READ 
RHR 

(DATA ') 

DATA' 

READ 
RHR 

(DAT"'3) 
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D. MEMORY MAPS 
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HEX ADDR 

FCOO thru FFFF 
F800 thru FBFF 
F400 thru F7FF 
FOOO thru F3FF 
OCOO thru OFFF 

OB80 thru OBFF 
0400 thru OB7F 

0040 thru 03FF 

0050 thru OOSF 
0040 thru 004F 
0030 thru 003F 
0020 thru G02F 
0010 thru OOIF 
0000 thru OOOF 

TABLE I 

MEMORY MAP 

PROM FCOO (-I) 
PROMF800 (-2) 
PROMF400 (-3) 
PROM FOOO (-4) 
PROMOCOO (-5) 

RAM - Software use 
DISPLA Y RAM organized 24 lines of 80 (50 16 ) 

Line I (Top of Screen) = 0400 through 044F 

Line 24 (Bottom of Screen) = -B30 through OB7F 

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

T.O.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) 
Keypoard (See Keyboard Section) 
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TABLE 2 

OUTPUT CONTROL REGISTER MEMORY MAP 

A3A2AI AO Data BUS DO = Data BUS DO = 0 

X I I I ENABLE Xmit Serial I/O DISABLE 
X I I 0 ENABLE Xmit Peri ph I/O DISABLE 
X I 0 I RESERVED ENABLE REV PERI PH I/O 
X I 0 0 Jam Printer Clear to Send NORMAL CLEAR TO SEND 
X o I I ENABLE DATA TERM ROY DISABLE 
X o I 0 ENABLE WIDE (40) MODE ENABLE NORMAL (80) MODE 
X o 0 I Bell OFF Bell ON 
X o 0 0 NORMAL RESET TIMER 

TABLE 3 

SERIAL I/O MEMORY MAP 

A3A2AI AO OPERATION REGISTER 

X XI Receive Holding Register 

X XI 0 Status Register 

X XO READ Mode Registers 1/2 
X XO 0 Command Register 

X XI I Transmit Holding Register 

X XI 0 WRITE SYN I/SYN2/DLE Registers 

X XO Mode Registers 1/2 
X XO 0 Command Register 

M-3 



ADDRESS (HEX) 7 

0010 

001 I 

0020 

0021 

New Line 

Stop Bits 

NA 

NA 

NA = Not Available 

6 5 

TABLE 4 

SWITCH MEMORY MAPS 

4 

LF -NL/CR-NL Wrap Half/Full 

3 2 

Baud 2' 

Timer E Even/Odd Parity En Reserved 7 or 8 
bits 

Xmit CSR 

NA 

NA 

x 

NA 

NA 

NA 

NA 
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Reserved - Hardware not installed 

Reserved - Hardware not installed 

o 

Xmit ETX 



OB80 thru OBFF 

0400 thru OB7F 

OIFO thru 03FF 

0180 thru OIEF 

0140 thru 017F 

0100 thru 0135 

0060 thru DOFF 

TABLE 5 

SOFTWARE RAM USAGE 

Programmable Function 

Display Memory 

Programmable Function 

Pointers 

Storage 

Keyboard Counters/Registers 

Microprocessor Stack Registers 

Serial Input Buffer 

Program Storage Register - Scratch 
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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 
Point 

GND 

2 

3 

4 

5 

6 

7 

8 

9 

Grid 
Location 

3G 

68 

70 

IK 

IK 

IJ 

70 

7E 

4C 

78 

Description 

This test point is ground and is provided for 
grounding test equipment. 

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

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. 

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. 

This is a vertical synchronization signal to the 
monitor. Signal should sit at +5 volts with a 
signal going to ground every 16.67 milliseconds 
for 60 Hz (every 20 milliseconds for 50 Hz 
refresh). The signals low going duration is 
approximately 600 microseconds. 

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 
mi croseconds. 

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. 

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 1.06 usec. 
long). 

This is the serial data out of the 2651 circuit. It 
should sit at a high when no data is being 
transmitted. Signal format is per EIA standard 
and rear panel switch settings. 

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

Test 
Point 

10 

II 

13 
Bell 

14 

50 Hz 
GND 

INVRS 
GND 

Grid 
Location 

4C 

50 

3B 

2J 

4M 

Description 

Baud oscillator. This is the 5.0688MHZ oscillator 
which is used by the 2651 to develop the bit rate 
timing. Duty cycle should be approximately 
50%. 

This is a common interrupt line going to the 
microprocessor to indicate that one of the peri­
phera.l 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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PARTS LIST 

Title: ASSY-LOGIC 8D, 1061 (1053626 Rev. D 

ITEM DESCRIPTION PART NO. INVENTORY I 2 3 4 

I Assembly-Logic 8oard, 1061 382156 X 

2 Trimpot - 200 Ohm 72P-200 680310 X 

3 Resistor Network - 2.2K, SIP 4308R-101 
222 1480676 5 

4 Crystal - 18.600 MHZ 853714 3480185 X 

5 Crystal - 5.06880 MHZ (Sm.) 852233 3480182 X 

6 Alarm Device EAF-14R06C 2680149 X 

7 IC-TTL, LS, QD 2-ln Pas Nand Gate 74LSOOPC 3380284 5 

8 IC-TTL, LS, QD 2-ln Nor Gate DM74LS02 3380283 X 

9 IC-TTL, LS Hex Inverter DM74LS04 3380282 5 

10 IC-TTL, Hex Inverter SN7406N 3380200 X 

II IC-TTL, LS 3-ln Pas Nand Gate DM74LSI0 3380328 X 

12 IC-TTL, LS 4-ln Pas Nand Gate DM74LS20 3380329 X 

13 IC-TTL, LS 8-ln Pas Nand Gate DM74LS30 3380331 X 

14 'IC-TTL, LS, Quad 2 Pas Or Gate DM74LS32 3380332 X 

15 IC-TTL, LS QD 2-ln EXCL or Gate DM74LS86 3380280 X 

16 IC-TTL, LS Dual J-K Flip-Flop DM74LSI07 3380279 5 

17 IC-TTL, LS 4/1 Data Select/Mult DM74LSI53 3380301 X 

ORDERING INFORMATION 

I) For ordering information and latest prices, contact your local representa-
tive or the RESEARCH, Incorporated factory in Minneapolis, Minnesota. 

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

Title: ASSY-LOGIC BD, I 061 Conti nued IID53626 Rev.: D 

ITEM DESCRIPTION PART NO. INVENTORY 2 3 4 

18 IC-TTL, LS 2/4 Dec/Demulti DM74LSI55 33B03oo X 

19 IC-TTL, LS Binary Syncro Clear 74LSI63 33B035I 8 

20 IC-TTL, LS, Para-Load 8-Bit, S/RE 74LSI65 33B0352 X 

21 IC-TTL, LS, Hex-D Flip-FLop 74LSI74 33B0353 X 

22 IC-TTL, LS, Octal 3 St Dir/Xc've AM8304B 33B0354 X 

23 IC-TTL, LS, 4 Data Select/Multip 74LS257 3380355 6 

24 IC-TTL, LS, 8 D Type Flip Flop 74LS374 3380356 5 

25 IC-TTL, LS 8 Bit Address Latch 74LS259 3380357 X 

26 IC-TTL, Quod Line Driver HDI-1488-5 3380127 X 

27 IC-TTL, Quod Line Receiver HDI-1489-5 33BOl45 X 

28 IC-Mos, Microcomputer MCS6502 33B0287 X 

29 IC-Mos Prog Com/Interface 2651 33B0358 X 

30 Control Store - 1061 A53730 382163 X 

31 IC-Mos, Char/Gen, 7 x 9 A53895 3380366 X 

32 IC-Mos, 1024, Word, Static Rom 4DL45-45 33B0359 6 

33 IC-TTL, Hex Inverter 74504 3380361 X 

34 IC-TTL, QD 2-ln Pos Nand Gate 74500 33B0362 X 

ORDERING INFORMATION 

I) For ordering information and latest prices, contact your local representa-
tive or the RESEARCH, Incorporated factory in Minneapolis, Minnesota. 

2) When ordering spare parts, please include references both to this parts 
list number and revision level, plus, the Model Number and Serial Number 
of the instrument for which these ports are being ordered. 
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PARTS LIST 

Title: ASSY-LOGIC BD, 1061 Continued 11053626 

PART NO. 

NE555V 

IN914 

Rev.: 0 

ITEM DESCRIPTION INVENTORY 

33BOl93 

32BOl31 

35 

36 

IC-L1N, Timer 

Diode 

ORDERING INFORMATION 

X 

I) For ordering information and latest prices, contact your local representa­
tive or the RESEARCH, Incorporated factory in Minneapolis, Minnesota. 

2) When ordering spare parts, please include references both.to this parts 
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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UP ::. Clu5E.'d 
OOV.lH " Open 

SWITCHES 

Switch PO!'ition Switch 
Goal 
Loc. 

UP 

DISPLAY DELII.'dl!Of{ 
>:I~',IT TO CUHS(.\:z------------

XMIT "" ETX 
FULL DUPLEX---------------
ViHAP 
NEW LINE ENABLE----------­
NEW LlI"E ON eft 
CUilREI>JT LOOP-------------

bAU~ I 
2 
3 
4 

EVEN PARITY 
PARITY E"ABLE------------­
I STOP BIT 
7 BIT CHAR-----------------

SWITCH 
SETTINGS 

4 3 2 I 

u u U U 
o U U U 
U 0 U U 
o 0 U U 
U U 0 U 
DUD U 
U D D U 
DOD U 

BAUD 
RATE 

50 
75 

110 
134.5 

150 
300 
600 

1200 

DOWN 

1,0r,MAL 
XMT TO END----------­
NORMAL 
HALF DUPLEX---------­
NORMAL 
NORMAL- -------------­
NEW LINE ON LF 
RS-232- - --- -- --- ---- -- --

ODD PARITY 
NO PARITY -------------
2 STOP BITS 
8 BIT CHAR------------

SWITCH 
SETTINGS 

4 3 2 I 

U U U 0 
o U U D 
U DUD 
D 0 U 0 
U 'U 0 0 
DUD 0 
U 0 0 0 
o ODD 

JUMPERS 

BAUD 
RATE 

1800 
2000 
2400 
3600 
4800 
7200 
9600 

Reserved 

I 
2 
3 
4 
5 
6 
7 
8 
I 
2 
3 
4 
5 
6 
7 
8 

7A 

6A 

HZ - 50 Hertz Refresh Rate - Grid 2K 
Add jumper from pin marked 50 Hz to GND. 

IV - Inverse Video - Grid 4N 

CODE 

CLP 

220V 

Add jumper from pins INVERSE to GND. 

TITLE 

Current Loop 

220V line Input 

OPTIONS 

PHOCEDURE 

Add RI Assembly KBS0939-001 into Ie a~d ZC on 
logic board with board number away from p·ower 
connector. 

Move brown wire from hole I to hole 2; ~ove 
brown/white wire from hole 4 to hole 3 located 
on power supply board. 

DES , TYPE· +SV 

00 : 74L~CO 14 

02 i 74L$02 ! 14 

i 14 

! 14 

10 I 711L$10 14 

r-~W--~-7-4-L~$2-0-------i~ 

30 , 14 

32 : 14 

86 74L$86 I 14 

107 74L$107 14 

153 74L$153 16 

155 74L$155 I 16 

163 74L$163 i 16 

165 74L$165 ! 16 

174 74L$174 I 16 

257 74L$257 I 
259 74L$259 i 

374 74L$374 I 
8304 AM8304 

88 HOI-1488-5 

89 HOI-1489-5 I 

6502 MCS6502 

2651 2651 

2708 C2708 

8316 8316B 

40L45 4OL45-45 

$00 74~ 

$04 74$04 

555 NE555V 

.il~Cl 
~ 

~
~ 

13 $0 
12-

~ 
~ 

16 

16 

20 

20 

14 

26 

24 

24 

18 

14 

14 

-5V ' -17V 

I 

21 

10 

+12V I GNO 

7 

1 

8 

8 

8 

8 

i 8 

I 8 

8 

10 

10 

14 I 7 

I 1,21 

! 4 

19 . j 12 

I 12 

FROM 
POWER 
SUPPLY 

BD 

I 
c:KR.l EC.O 

r TADDEO 

,JFM· ... I'::"'lt-81 
Il-DG.';"ICi~Z4-g' 

IjJl'l.(''''i~ 2,('-

M.''''-IC-'. 

++ 

REV IS IONS 

CIO 

I NY.M'O .... 

• IIIESISTANce IN OHMS;:!:: 10,., Y. WATT 

• C"fI"CITANCIl IN M"a :!: :to,," 
• INDUCTANce IN HIINIIII" 
• USE 80140 IIIOSIN COIllIE _OLaIU' 
SUSIE NO CQRROII/VII "LUX 

}O S 

10 "T 
lOP 
10M 

INVENTORY 

"'SCHEMATIC. - PoC.B. ,/0 St::.RI£5 KD053'2S-lf 
LOGIC BOARD ••• " O~:=> :0>. 
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1 

CHARAfJ.T6/i? LiME:. COUIUT€:R.. 

:'-l.S It I ~o H2 /1,.7 MScc. Pri:~/OD 
OA. -"- 31 I SOH;!, l.0 M.5€.C. .PEI/IOO 

I .. To q J 1 

I 

COo QcQ.g';;'h 
F'leJ''I1a 

~I-I9"-~+-~-/~----3----,_-II-~-H-I---<~J 9 

'II • ....... uc. ,-,~: ~~ rh:.../--71=--O~=:~';/~\,!" I z ~ I 
TO PAGE:O .---(l~'(JJH') ~ 

CEil~~~~~}-----:1~ ~ 107 J ',> I~ (TIMER EXPIRED) -~ • 
• Q /)) C • 

F';R10~M~P]A=G:zE~3~[:}-____ -':":J'J K I 
(RESET TiMER • 

FROM POWER 
SlJPPL.Y BD 

Pi J 
£)IM 
ADo/U.s, 
ZOO .f'L 

R9 ZO<-
." 

I. 

DISPLAY' ATT 5W 

II. 

C/-//IR.AC TEK SCAIJ 
cO(l""rc'(' 

;'-BY 12, 1.55 XHi!-
c.~~ "!>EC. PERIOD 1 

015141.3[ 

10 PAGE 3 
--( SCAN C 241JO Hi!: 

CNAR./IC.TOK. COUNTE..I( 

riLOAO SOL 

~3 
~ 

~52.$3 
I~ 

EVEN 

FROM PAGE;3 
TP ~)---GWi!J1 DQjED) 

AFTER LINE 24}---

TrrLE~ 

SCHEMATIC- 10 SERIES 
LOGIC BOARD 

TOP OF 
PAGE 

REG.ISTER 

K0053~~-OOO I; 
DWG SIfT G. OF "3 



RZ'I 
2.701< ~ B 

, 555 
? .:,C 

2. 

3 

.-----L Ie 
All 1 /5 zc. 
All 

A'" 

3 13 

13 A 

CHIP 5EL.e:C.T De:CODIN(O. 

07"0 '100 S€L 

FROM PAGE 2 
'~ 

~ ....?!2...r-

FROM FlIGE 2. 

( Rf2. eLK WI? )--

FROM PAG£ 2 

(SEL elK 1--

-- -----I 
~~~~-, 4 I 
ij?~~-4------------------. 

::~~1~~3< CR.I 
TP. '0 5D 

1'11--'-'--.1\,,,,,,,,"--,,,120<:,010 '3 

10 

R.,2. 

'IF 

'" 0'1 p:/_'_--,Il'c( 1~ 10 

FROM PAGE 2. 
SCMI C 2%D H~) 

.------~II--~------I---+------~T>----;---1l'" ~Go (0),,,,, 9 KY8D SCAN 5EL I ( 
'I ~ , ~ 'e. ';:':~;~ ::~~ .r::===========I=========:::;;~~:::;;~~:::::::;~:::::::;~=\ 

OUTPUT CONTROL 
10 roo" 8 ,ti.AM C 5 (800 ;;p) 

2.<~"~ ____ -L9d~~I~D/~ 

PROM 5 c5 

1"0 p-:7~_-;P""R~O~"'~=:"I~C~5~ 
I~I ~'~_~P~R=O~M==~3~C~5 
1'1 "I. p-=~~-:::~,P~e=O=M::,::;:::;i!::'-iCS 
,43 p.:L.-PROM ,C S 

~." 

IZ3;j~~f ')"'..:;3---"':'110 .. p;..:'2.=----..:'::,&cGi~3'Z"\;I~I __ ,!;!.~-l~~ \:>C-'I----e-f---. }tg 2';k>':",-,5;;;E:;~;:r;/O~5~£'L~ I I~ I; > I~<. ~ 
13 3C 'L 10 Il~ 1.3 .----"-jIC 1"0 I 7 OVT Ae:6-S£L I .-_____ --'-' _______ .!S!,rrh ~" ~ I~ , _ ~ 

3Z 31.. ~ "z.e. 141 ~ TOPR. 5£L I I r-1~./~S,~h,,'1.:,.-..,.b-/!)~--'-/---'=---'=---, 

2~ , ~5: ~5: E~S,_:_(_'il_~:_;-,: ::::::0::) I I Q eN Cut2.S
A
q 13 C 

~ I~ I~ _ ~ I I 7 D 
Q A"7 A" AC:; ~ A" AOORUS I 

) 0 I Z. 3 I.( 

10 

PRoc;.RAl'\ EPROM 
I" 

J 
J 

I~ 

I 
I TD PAGE 2 
L---( RESET TIMER) 

5 

.1 

+..ALF 
L-______________ ~---l+--~-i~A~15~~~~---------------------, 

rRtJ/.w~-_-,~~3:- Il- ~l- + -SU-S -B-U-F-F£: <I : ~ ~ s-; j" i 
'IF 'I 1 I-~ 5 - ~ 1 TOPAC£2. 

~ 
i t- ~ ~ ~ l-_____ ---'--, --{ WIDE 

o ~~~e~;--3--+-+-+-~i1~~ 0 r_KA_~~,---~-----~\I~-------x~~~-~~~~~~~-------~I~lF~R~~~~PA[G~E~20 A3 

'" 
~~ e, 
""I 

\ 
('502.NMI~ 

5E lR.Q~ 
~ NC RICSb~o~ 

~so 
Ri"71:" ,413 eI A 

ABI~ 
ABZ.~ 
AB3~ 

~NC ItBI.f~ 
,,1351''1 ~ 
A8'~ 
Its ') I!L-il­
AB8~ 
AB9i!L.& 

.2 SYNC. ABI(!1...J!} 
AI3i1~ 

D B 0f=.:>!,3'-_--"D!:1¢~ 
DB 1 1-=3~~'--_~D.L1 ../1 
D BZf"3'.!.' __ .....o::D."L'-/'/ 

D 133,f"30""-__ -"O"'3'-./ 
DB'! 1~i!"-9'-_ __"D'-"t'--./ 
D135,,2"'8'---__ D"'-=!S../ 
DI3G. 2. i DG. 

DB "I. D'1 
cd3 ¢l. ¢I 

37/391 31 
(152.. /\Ie Nc.. 

ADDRESS SUS 

OATA BUS================~rl( 

+5 

/3 G" 23 
/.;A 

R.lo t. 2'0& 
5 

t--!'iL 

BEl. 3 .RPI T 
I r 

'OS89' 51 3 1 ~ '1 

KAI 

CONNECTOR 
KEY50ARD 

I 

I 

I 

I 
[ 

J TIMER EXPIRED 1 
'----------- ----' 

5 

'" B 
.------11 

...:----17 

.. o-I.f 

i<"S 

I 
I 

I 
I 
I 
I 

DeDI 

0--12. 

0-- z'l 
0-- ,. I ~ )(26 5.01088 MH~ I 

I 9 0 II I,ll( T , ~.':o=Z.:.........jI-'S"'d~~ TR.I 
'IF II'I"].I, F: 1'1,/ o-ZO D 

I l' 1/ CONNEC.TOi[" ) 

a-aS"" 

'---- ~ ~L~ Z_~~:~::C3~33~PF::::::~~::::::~-=::::::~ __ ~::::~ __ ~:AE::':'~P~ __ ~_R:A:~::~;S~ 
5CI-IE:N\ATIC. - 10 SERIES 

LOGI C. BOA.RD 
KDDS3b2.5- 000 I F 
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IRt:>.\'Uc:,,,,,\\ 
lJ/:I..\t-

2.C·q,IO 
t. 4e. '~,10) 

R\~ ;, 

\6~~~ 
'VV 

RIL 
2.'0( 

az 
ZN:!643 

-12" 

R.$~·<C<;i 17 /'/1 

R 8 -;;OO;!/I7/17 
"'lI 

REVISIONS 
sv ... DIE.C"'~TION DRAFT. .K 

A R5W "'1-')-77 

C. 1>-00 INV 'NO ':lJ \O~rn 
I:O:-t-:-I>.-=~-=D=E-='D-Gl-~-.-l<.-\-'Z.-. \-~----------l--I>."-~ -'\-2~-T7 

NIJTE.f: 

£ FOR MIlI# lib CORRlAiT LO~P. INJTALL ltV 
PO.fIfTllJlV.f /('J 2{, /w/) ,caR PERIPNERJIL 
C{/~RENT LOO~ /If/J'TRI.£ IN P4J'1.t TI()N .3C44C. 

& COT ETCH feU/AID R/)/) jUMPER.f l4) 
,cOli! CU/UUNT .rIJUIUE ()PTltJN. 

4-041 B5o':}~'?l-2 

404/ .850Jl39-1 
INYIH'OU AIU"'ln 

K - 10' 1Il:r:;: 10· UNLESS OTHERWISE INDICATED INVENTORY 

++ • AIESISTANCE IN OH .... ~ 10% '4 WAn 

• CAPACITANCE IN MFD :. 20% 

• INDUCTANCE IN HENRIES 

• USE 60/40 ROSIN CORE SOLDER 
CONNECTION NO CONNI.:CTION • ual. NO CORROSIVE FLU. 

SCI/-CLJRRENT LOOP! ,fIJURCE LJPT/ON K805;;;40 - I; 
"-------------------------J....-t~) R· I CONTROLS 

SMln I o. I 
A DIVISION OF RESEARCH. INCORPORATED 

MINNEAfaous, MINNESOTA 55424 



C. TIMING CHARTS 

T-I 



DOT OSC n.n.n.n.n. 18.6 MHZ 

Dot Counter A 

B 

C , r 

D 
,., ,......, r-1 ,........, 

Count 0 2 3 4 5 6 7 8 9 0 , 2 3 4 5 6 7 8 90 , 2 3 4 5 6 7 8 9 0 , 2 3 4 5 6 7 8 9 0 , 
Charocter Count II Bi x 120 D~CIM~l § ~ 4 

&1 , , 1 
112 J • l. 

LDSR JK - J ...., n n n n ., "-
-CLK ..rvvl.r "UVU'l.J' "V\I"U" 'V'U"\.n 

Select Clock r ~ 

Write Clock I 

CLK LOSR JK - NORM 
Always High 

CLK LDSR JK - WIDE-kan 12 
Always High 

CLR LDSR JK-WIDE-Scan I-II i L 
LDSR - NORM or Seal 12 n n ,..., ,..., ,.., n r-

LDSR - WIDE & Seal I-II n n M r-
Clock CAC - NORM or 12 r-1 ,., ,.--, ,.., r--1 ...., r---a.... 

Clock CAC - WIDE & Scan, I-II 
,., rI II r--L 

1st 80 (1st 50 16 ) 

2 thru 81 

J thru 82 

CAL LSB-NORM • , 
CAC CO~T -NORM , 0 0 , , 3 4 5 6 

CAC LSB-WIDE, 

CAC CO~T -WIDF 0 0 2 3 

Clock 5 Reg-Norm "\J'LtU'\.I'U' nn.nr 1T\.J'U1 "\AIU'lI' 
Clock 5 Reg-Wide .n.......I"\.- .J'l...J\-JL ...n..-.n...... ~ 

T-2 



1st 80 (1st 50 16 ) 

2 thru 81 

3 thru 82 

CAC LSB-NORM 

CAC COl-tolT -NORM 

CAC LSB-WIDE 

CAC COl-tolT -WIDF 
NORMAL MODE 

Even Holding Reg Contents 

Odd Holding Reg. Contents 

WIDE MODE Scans I-II 

Even Holding Reg Contents 

Odd Holding Reg. Contents 

Odd Holding Reg EN-NORM 

Even Holding Reg EN-NORM 

Odd Holding Reg EN-WIDE 

Even Holding Reg EN-WIDE 

Char 

Char 

Char GEN-NORM 

Char GEN-WIDE 

In/Out S REG-NORM 

In/Out S REG-WIDE 

CLR Attributes 

Clock Attributes-NORM 

Clock Attributes-WIDE 

Attribute H-NORM 

Clock Attribute Lotch 

.u P Read/Write Cycle 

0 0 , 3 4 5 

0 0 2 

CHAR 0 CHAR 0 CHAR 2 

ceAR CHAR CHAR 3 

CHAR CHAR CHAR 0 CHAR 
CHAR CHAR CHAR 1 CHAR 

r ... 
• 

J 

CHAR 1 CHAR 0 CHAR 1 CHAR 2 CHAR 3 

CHAR 9 CHAR 1 CHAR 2 CHAR 3 

CHAR 1 CHAR 1 CHAR 0 CHAR 1 CHAR 2 CHAR 3 

CHAR 0 cHAP] CHAR 3 , --------------------___ ~ ________________________________________________________ _J,_____,. ______________________ ~,____,. ______________________ ~,_____,. ______________________ ~,_____,~ ______________________ ~r_____1. __________ __ 

______________________________________________________________________________ --',-----,~ ________________________________________________ --',-----,. __________________________________________________ ~r_____\. ________ ... 

r If Char 9 :: Attribute If Ctl(]r i :: AttnbUte =r= If Chur , ::: A ttnbUte If Chen 3 

,- If Char 0 :: Attribute .. If Char I Attribute If Chu[ 1 = Attribute 

::.;:::::::~53n7~.6~3~~:;~·::::::~ .. :1~ __________________________ Jr--~5~e~l~:1~I~im:.~ .. ~::~7:6R~.R;:Il~:·.,~ .. ~; .. :J.~----------------------____ Jr~W~ri:le~Ti~m;e~ .. ;:::::~2T!15~~::~.::::~ .. :lI~ __________________________ Jr----------------------------.L... 
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1st 80 

2 thru 81 

3 thru 82 

CAC Count NORM 
(or WIDE on Xon 12) 

CAC Count WIDE 
(if no Scan 12) 

LOAD CAC 

LOAD SOL 

SOL Contents 

~r--------------------------------------

0" 12 '3'4'5 6'7 'a'9'A 'B 
2 3 4 5 

o 

c 4C 4D 4E I 
6 21 2F 

0 

4F I 50 , 
0 '0".2'3'4 5.' 4E 4F 50 50 

I 3D 0 2 I 3 2f 30 SA 

r-l ----------------------------------------~~~-----------None unless Scm 12 Sc.., 12 re 
o 
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