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SECTION 1
GENERAL DESCRIPTION

1.1 INTRODUCTION

This manual contains a general description, instal-
lation and operating instructions, theory of
operation, and maintenance information for the
Lear Siegler ADM-3A Interactive Display
Terminal. '

Additional information is contained in the ADM-
- 3A Operator’s Handbook. The maintenance
technician should be thoroughly familiar with
material in the Operator’s Handbook before
attempting to troubleshoot or repair the ADM-3A.

1.2 ADM-3A CAPABILITIES

" The ADM-3A has
capabilities:

the following general

a. Receives USASCII-coded data from a remote
computer and displays it on a CRT screen
displaying up to 1920 characters.

b. Permits the operator, using a keyboard, to
compose a message, visible on the screen as it
is transmitted to the remote computer or other
device.

c. Through an extension port,
interfacing with a hard-copy printer, magnetic
tape recorder, or other terminals.

d. Provides for full-duplex or half-duplex
communications, through either an RS-232C
or current-loop interface.

e. Permits 202 communications line turnaround
by means of either EOT or ETX code-
turnaround (in which the controlling device
transmits a turnaround code to give control to
the device at the other end of the line), or
secondary-channel turnaround (in which a
secondary channel selection establishes
control of a device for data transmission
through the primary channel).

f. Allows the operator to select between a double
underline cursor which enters data on the
bottom line, or a reverse block cursor homed
at the top left of the screen.

permits -
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g. The terminal has the ability to recognize and
position the cursor at any location on the
screen.

h. The ADM-3A contains an overflow detector
which causes wrap-around or scrolling on
forward or downline operations and allows
the cursor to be ‘homed.’ ‘

1.3 PHYSICAL DESCRIPTION

Principal components of the ADM-3A are as
follows:

a. A molded case comprising a base and a cover.
The base contains the power switch, power
transformer, beeper speaker, and
intercomponent cabling. The main circuit
board rests on supports molded in the base
and is held in place by two guide pins.

The cover contains the monitor CRT and
other monitor subassemblies. It is hinged at
the rear so that all components of the ADM-
3A are accessible when it is opened. The cover
is easily removed by swinging it back as far as
it will go, and then sliding it to the left, off the
hinge pins. (The monitor-connecting cable
must be disconnected.)

b. The main circuit board which contains all
elements of the ADM-3A except monitor,
power switch, line fuse and transformer, and
beeper speaker. The keyboard consists of
integrated key rows and is built directly on the
main circuit board.

The main circuit board rests on supports
within the base and is held in place by guide
pins. Two connectors on the rear edge of the
board provide the RS-232C and current loop
(optional printer port) interface at both the
main and extension ports.

c. The CRT monitor which comprises three
subassemblies,-as follows:

1 The CRT 1tself which is mounted in a
metal frame with its face held against the
cover bezel by two brackets, each retained
by a single screw.



2. A printed circuit board (video board),
containing most circuits of the monitor.
The video board is held in place by the
cover molding on one side, and by pressure
of the flyback assembly on the other.

3. The flyback assembly, which is held in
place by a single screw. Bosses in the cover
molding assembly surface retain the edge of
the video board.

1.4 SPECIFICATIONS
DISPLAY

Screen

12-inch (diagonally measured) rectangular CRT
with P4 white phosphor and etched non-glare
surface.

Display Format

Standard: 960 characters, 12 lines of 80
characters

Optional: 1920 characters, 24 lines of 80
characters

Character Set :
Generated: 128 ASCII characters (upper and
lower case, numeric, punctuation and

control) :
Displayed: Standard — 64 ASCII characters
(upper case, numeric,

punctuation)
Optional — 95 ASCII characters
(upper and lower case,
numeric, punctuation)

Character Generation
5 x 7 dot matrix, 0.18 in. high x 0.075 in. wide

Cursor (2 modes)

(1) Underline, homes to lower left of screen
(2) Reverse block image, homes to upper left of
screen '

Data Entry

New data enters on progressive lines, top to bottom
or on bottom line of screen. Line feed causes upward
scrolling of entire display page with top-of-page
overflow, if cursor is on bottom line.

Refresh Rate

60Hz or 50Hz, dependent on an internal switch set
to match power line frequency.

KEYBOARD

59-key solid-state keyboard designed similar to a
teletypewriter layout and containing the following
keys:

47 alphanumeric keys CTRL (Control)

RETURN BREAK

LINE FEED CLEAR

RUB REPT (Repeat)

HERE IS ESC (Escape)

SHIFT ~ ‘Space Bar
COMMUNICATIONS

Modem Interface

EIA standard RS-232C and 20mA current loop
(switch selectable)

Extension Interface

Extension. RS-232C port for interfacing serial
asynchronous auxiliary device (e.g., hard copy
printer, magnetic tape recorder or additional data
terminals).

Optionally, the extension port is available with both
RS-232C and 20mA current loop interfaces.
Communication Rates

75, 110, 150, 300, 600, 1200, 1800, 2400, 4800, 9600,
19200 baud (switch selectable)

Send/Receive Modes

Full duplex and half duplex (switch selectable) -

Word Structure

Total word length is switch selectable to 9, 10 or 11
bits consisting of the following:

7-bit data word 1 start bit
8th bit - parity, odd or even| 1 or 2 stop bits]
OR
forced to 1 or 0
OR
8th bit suppressed

PHYSICAL AND ELECTRICAL

Dimensions
13.5 in. high x 15.5 in. wide x 19 in. deep



Weight ~ 50Hz or 60Hz, switch selectable

25 pounds Optional 230 Vac

Operating Environment

5-55°C (41 - 122°F), 5 - 95% relative humidity
without condensation.

Power Consumption
60 watts @115 Vac  10%

MONITOR ELECTVRICAL SPECIFICATIONS

TABLE 1-1. MONITOR INPUT DATA SPECIFICATIONS

Vertical Drive Horizontal Drive
Video Signal : Signal
Input (Necessary Accessory — Available)
Connector Printed circuit board card edge connector — Viking No. 2VK10S/1-2
or Amphenol No. 225-21031-101
Pulse Rate or Width Pulse Width: Pulse Rate: Pulse Rate: 15,000
100 nsec min. 47 to 63 pulses/sec to 16,500 pulses/sec
Amplitude Low = Zero igg volts
High = 4 + 1.5 volts
Signal Rise and Fall Times | Less than 20 nsec Less than 100 nsec Less than 50 nsec
(10% to 90% amplitude ‘ '
DATA DISPLAY SPECIFICATIONS - Minimum Maximum
Shunt Shunt
Input Impedance Resistance Capacitance
) ’ 3.3 K ohms 40 pF
(a) Video Input: 3.3 K ohms 40 gF
(b) Vertical Drive Input: 470 ohms 40 oF
(c) Horizontal Drive Input: . P
Video Amplifier
(a) Bandwidth: | 12 MHz (—3 dB)
(b) Rise and Fall Times Less than 35 nsec
(10% to 90% amplitude): (linear mode)
(c) Storage Time: 315 nsec, maximum (linear mode)
Retrace and Delay Times
(a) Vert_ical: k 900 sec retrace, maximum
(b) Horizontal: ’ / 7 sec retrace plus 4 sec delay, maximum
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TABLE 1-2. CRT DISPLAY SPECIFICATIONS

Nominal Diagonal

*Resolution (TV Lines)

Measurement -
(inches) Phosphor Center Corner
12 900 at 40 fL 800 at 40 fL

*Resolution is measured in accordance with EIA RS-375 except Burst Modulation (or Depth of Modulation) is adjusted for

100 percent.

Geometric Distortion

The perimeter of a full field of characters shall approach an ideal rectangle to within  1.59% of the rectangle

height. :

Power Requirements

Input Connector

Input Voltage
Input Power

Output Voltages

ENVIRONMENTAL SPECIFICATIONS

Temperature (Chassis or Custom Unit)
Operating Range:

Storage Range:
Humidity : :
5 to 95 per cent (Noncondensing)

Altitude

Operating Range:

HUMAN FACTORS SPECIFICATIONS

X-Ray Radiation

These units comply with DHEW Rules-42-CFR-Part 78

Receptable, Molex No. 03-06-1041 Supplied with
Unit Mating Plug, Molex No. 03-06-2041 —
Necessary Accessory (Available)

105 V to 130 V rms (120 V nominal); 50/60 Hz
24W (Nominal)

+15 V DC (short circuit protected)
+12 kV DC; 12.6 V rms

5°C to 55°C Ambient

—40°C to 65°C

- Up to 10,000 feet



SECTION 2
INSTALLATION

2.1 GENERAL

This section contains information to aid in installing
the ADM-3A and preparing it for use. Included are
instructions and information for inspecting the
ADM-3A, installing it in a suitable environment,
setting internal switches, connecting cables, and
turning-on power.

2.2 VISUAL INSPECTION

It is recommeded that you save the original shipping
carton and all packing materials to prevent damage
should you wish to transport or ship the terminal.

Carefully inspect your ADM-3A for signs of
damage during shipping. The terminal has
undergone stringent quality inspections and
operational tests prior to shipping; it left the factory
in perfect operating condition. -

If the unit is damaged, notify the carrier

immediately. Save the damaged shipping container .

as evidence for inspection by the carrier.

Only the consignee may register a claim with the
carrier for damage during shipment. However, Lear
Siegler Data Products will cooperate fully with the
customer should such action be necessary.

2.3 INSTALLATION

The ADM-3A is designed to operate ina wide range
of environmental conditions:

5-55°C (41-122°F), 5-95% relative humidity
without condensation.

INTERNAL SWITCHES

Figure 2-1. ADM-3A

FRONT PANEL SWITCHES

The unit is designed to sit on a table or desk top, or
any other suitable hard, flat surface.

CAUTION

In cold climates, care should be exercised
to allow the temperature of the terminal
to equalize with room temperature before
removing the unit from the shipping
carton; this will prevent moisture from
condensing on a cold terminal exposed to
warm air. Avoid operating the unit on a
soft surface, such as carpeting, which
would obstruct the flow of cooling air up
through the bottom of the chassis. This
could result in overheating and damage
to the unit.

2.4 SETTING INTERNAL SWITCHES

Twelve slide switches located inside the ADM-3A
case on the printed circuit logic board are used to
select various terminal operating characteristics.
These switches are set at the factory during pre-

- shipping checkout according to operating

parameters specified by the customer when ordering
the terminal. Only the parameters listed on the
Ordering Form packed inside the shipping carton
have been selected at the factory. Any required
switch setting changes should be made before
attempting to operate the terminal. Locations of the
internal switches are shown in Figure 2-1.

Internal Switches and Controls



WARNING

Always disconnect the ac power cord
from the power source before opening the
ADM-3A case to access any internal
component. ‘

Switch functions are described below:

SPACE — ADV

In SPACE position, selects destructive cursor.
Pressing the space bar or receiving a space code
ALWAYS overwrites the display memory location
with a space code and advances the cursor.

In ADV position, selects non-destructive cursor
between a Return and subsequent Line Feed only;
the cursor may be advanced but a space code does
not overwrite display memory locations. The space
code is destructive between a Line Feed and the next
Return.

e

UC DISP — U/L DISP

In UC DISP position, allows display of upper case
characters only. Lower case codes are transmitted as
such but are converted to upper case for display. If
lower case is not installed or if it is not to be utilized,
the switch must stay in the UC DISP position.

In U/L DISP position, allows display of upper and
lower case characters if the terminal is equipped
with the Upper/Lower Case option.

DISABLE — KB LOCK

In DISABLE position,
keyboard.

In KB LOCK position, allows keyboard to be
electrically disabled (locked) by remote control
codes.

prevents locking of

DISABLE — CLEAR SCREEN

In DISABLE position, prevents  clearing of
displayed information except by executing
repetitive line feeds.

In CLEAR SCREEN position, allows computer to
clear ADM-3A screen by transmitting a control
code (CTRL Z).

50Hz — 60 Hz

Selects SOHz or 60Hz display refresh rate; must be
set to correspond with input power frequency.

12 LINE — 24 LINE

If terminal is equipped with 24-line disfilay option,
this switch may be used to select 12 or 24 line
display.
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On terminals with standard 12 line display this
switch must be set to the 12 LINE position.

CURSOR CONTROL

In the ON position, this switch selects a moveable
reverse block cursor which accesses any area on the
screen.

In the OFF position, this switch selects the standard
double-underline cursor. In this mode, data is
entered from the bottom of the screen.

Upward scrolling and top-of-the-page overflow
occur when a full line of data has been entered from
the bottom line in either mode.

LOCAL — OFF
103 — OFF
202 — OFF

These three switches are used to select ADM-3A
operation for one of the following methods of
interfacing to the computer: (1) without modems
(direct, local connection), (2) with 103-type
modems, or (3) with 202-type modems. The
appropriate switch is set (left position) according to

- the connection method used; the other two switches

must be set to the OFF positions.

Setting the LOCAL switch causes line CA (Request
to Send) to rise and fall with each character
transmitted.

Setting the 103 switch holds CA high, if required.

Setting the 202 switch enables 202-type operation
using the secondary channel or turnaround code to
change the direction of data over the primary data
channel (half-duplex operation).

With all three switches off, CA is held low all the
time.

CODE — SEC CHAN

This switch is active only with the 202 switch
(described above) in the on position. It is used to
select the method of line turnaround for half-duplex
operation with 202-type modems.

In SEC CHAN position, enables line turn-around
using the secondary channel. 202 modem operation
is summarized in the back of this handbook.

The CODE position allows line turnaround control
by a turnaround code transmitted over the primary
data channel. The turnaround code may be either
EXT or EOT, as selected by the switches described
below.

EXT—OFF
EOT—OFF



One of these two switches is set to the on (left)
position to select the line turnaround code for
primary channel operation with 202-type modems.
(See CODE - SEC CHAN switch description.) With
202 and CODE selected, one of these switches must
be on and the other off; with 202 and SEC CHAN
selected, or 202 off, both the ETX and EOT switches
must be set to the OFF positions.

2.5 SETTING FRONT PANEL SWITCHES

Twenty slide switches for selecting the primary
terminal operating characteristics are accessible
from the ADM-3A front panel without openmg the
case or removing power to the unit. To gain access
to these switches, remove the screw securing the
identification plate on the left side of the keyboard
and remove the 1D plate. The switches are shown in
Figure 2-2.

CONTRAST -~
CONTROL

Figure 2-2. ADM-3A Front Panel Switches

It.is recommended that you check the positions of
these switches before operating the terminal for the
first time. Switch functions are described below:

BIT 8-0—1

This switch has effect only with the DATA-7-8
switch in the 8 position.

In BIT 8-0 position, bit 8 is forced to a zero value on
all transmitted characters.

In the 1 position, bit 8 is forced to a one value.’

PARITY — INH

In PARITY position, the bit following the 7 - or 8 -
bit data word is a parity bit (parity enabled).

In INH position, no parity bit will be generated
(parity inhibited). The bit following the data word
will be the (first) stop bit.

STOP-1—2
In STOP-1 position, one stop bit is generated.

In the 2 position, two stop bits are generated.

DATA-7 —8

In DATA-7
selected.

position, 7-bit data word length is

In the 8 position, 8-bit data word length is selected.
(The 8-bit word consists of the standard 7-bit data
word plus an 8th bit forced to one or zero according
to the setting of the BIT 8-0 — 1 switch.)

PARITY-ODD — EVEN

This switch has effect only with the PARITY —
INH switch in the PARITY position.

In PARITY-ODD position, selects odd parity.
In EVEN position, selects even parity.

LC EN — UC

In LC EN position, the SHIFT key is fully
operational allowing generation of both upper and
lower case alphabetic character codes.

In UC position, only upper case alphabetic
characters will be generated regardless whether or
not the SHIFT key is held down. The SHIFT key
remains operational for all non-alphabetic keys.

AUTO NL — OFF

In AUTO NL position, typing in the 80th character
position will automatically-cause the cursor to move
to the first position of the next line. If the cursor was
previously on the bottom line, the display will scroll
upward one line. The operator continues typing on
the next new line.



" In OFF position, the automatic New Line function
is disabled. Continued typing at the 80th character
position transmits each new character and changes
the 80th character on the display.

RS232 — CL

In RS-232 position, selects RS-232C communi-
cations at the MODEM (computer) interface
connector on the rear panel.

selects
the

In CL position,
communications at
connector.

20mA current loop
MODEM interface

HDX — FDX

In HDX position, selects half duplex operation.
Characters typed are transmitted and automatically
echoed back from the ADM-3A 1/0O Channel for
display. ‘

In FDX position, selects full duplex operation.
Characters typed are displayed only if echoed back
by the computer or modem.

Communication Rate Switches

19200
9600 B| These switches are used to select
4800 A|the send/receive rate for data
2400 U| communications with the com-
1800 D | puter and auxiliary device.
1200
600 R| Setting one switch to the left-
300 A|hand (BAUD RATE) position
150 T | selects the associated rate.
110 E
75

NOTE

Only one BAUD RATE switch may be
selected (left position) at a time.

2.6 SETTING DISPLAY CONTROLS

Contrast

The Contrast control is located to the right of the
keyboard on the ADM-3A front panel. It is used by
the operator to adjust brightness of the characters
for optimum readability. The Contrast knob is
turned clockwise to increase character brightness,
counterclockwise to decrease brightness.

Background intensity

A Background Intensity potentiometer is located
inside the ADM-3A case on the circuit board in the

top of the case. (See Figure 2-1.) Background
intensity is adjusted at the factory before the
‘terminal is shipped and should not require
readjustment prior to using the terminal.

Figure 2-3. Background Intensity Control
(located in top of case)

WARNING |

Because the Background Intensity
control must be adjusted with the ADM-
3A case open with power on, it should be
adjusted only by qualified service
personnel.

ON/OFF Switch

The power ON/ OF F switchis located on the ADM-
3A rear panel. ‘

2.7 CONNECTING CABLES AND TURNING

ON POWER

a. With the ON/OFF switch in the OFF
position, plug the ADM-3A power cord into
the proper AC power outlet.

b. Connect the interface cable from the computer
or modem to the MODEM interface
connector on the ADM-3A rear panel.

c¢. Connect the interface cable from the auxiliary
device (if present in your system) to the
EXTENSION interface connector on the -
ADM-3A rear panel.

d. Check the settings of all front panel switches to
verify that the terminal is set up for proper
operation in your system. Make switch setting
changes if necessary.



e. Set the ON/OFF power switch to the ON
position. .

f. Allow approximately 20 seconds for the unit to
warm up.

o If the cursor control mode has been
selected, a reverse block cursor should
appear in the upper left corner of the screen.

e If the cursoe control mode is OFF an
underline cursor should appear near, the
bottom left of the screen.

e If the cursor does not appear, adjust the

contrast control on the front -panel for

proper intensity.

NOTE

If the Full-Duplex mode is selected,
typing at the keyboard will not display
characters unless echo-back is provided
by the computer or modem. If half-
duplex is selected, data will be displayed
only if clear-to-send is present or cable is
disconnqcted.






SECTION 3
OPERATION

3.1 GENERAL

This section contains information and instructions
for using the ADM-3A keyboard facilities, and for
programming control functions at the computer.
The keyboard allows the operator to generate and
transmit to the computer (and/or auxiliary device)
all 128 USASCII character codes. -

3.2 DISPLAYING CHARACTERS

In the standard ADM-3A, 64 characters are
displayed on the screen (upper case alphabet,
numbers and most symbols and punctuation).
When a non-displayable lower case character is
typed, the proper lower case code is transmitted but
the character is displayed as upper case.

If your terminal contains the Upper/Lower Case
Display feature, 95 characters will be displayed
(upper and lower case alphabet, numbers and all
punctuation and symbols). '

NOTE:

Typing at the keyboard always generates
codes which are transmitted; however, in
order for characters to be displayed and
control codes to affect the ADM-3A
display the codes must be echoed back to
the ADM-3A display memory and
control logic, either by the computer
(FDX) or the ADM-3A I/O Channel
(HDX).

All display actions described in the key
descriptions that follow assume the
generated codes are echoed.

3.3 SPECIAL FUNCTION KEYS

In addition to the displayable character keys, the
ADM-3A keyboard contains a number of other
keys for various terminal and system control
functions. Use of these keys is described below;

RETURN Key

A code is generated by this key which moves the
cursor to the first character position of the line. .
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If the front panel SPACE-ADYV switch is in the
ADV position, the space code is non-destructive
after typing the RETURN key; that is, the operator
or computer can space over data on the line without
overwriting each character with a space. The space
bar remains non-destructive following a RETURN

function until a LINE FEED code is generated.

LINE FEED Key

A code is generated by this key which causes the
cursor to move downward one line. If the cursor was
on the bottom line, the entire display will scroll
upward one line. LINE FEED does not return the
cursor to the first character position of the new line.

SHIFT Keys

Either of the two SHIFT keys is held down while
typing another key to generate upper case
alphabetic characters or to generate the character
shown in the upper portion of a typed key.

NOTE

Setting the “LLC EN — UC” switch under
the front panel ID plate to the UC
position causes upper case alphabetic
characters to be generated with or -
without the SHIFT Key depressed. The
SHIFT key remains operational for all
non-alphabetic keys.

RUB (Rubout) Key

When typed while holding down the SHIFT key
transmits a non-displayable Rubout code (ASCII
DEL) to the computer. The cursor is not advanced
and the character code stored in the ADM-3A
display memory is not overwritten.

The Rubout function is normally used to tell the
computer that a previous character should be
deleted.

The lower case RUB key transmits/displays an
underline.

REPT (Repeat) Key

When held down while pressing a character key,
repeats the character at a rate of 12.5 per second. (If
the terminal is operating at a baud rate that will not
permit 12.5 cps transmission, the repeat rate is
reduced to the transmission rate.)



Space Bar

The Space Bar is considered a displayable character
key.

Causes the ASCII code for a spaceto be transmitted
and stored in the ADM-3A display memory and a
blank space to appear on the screen. (For the only
exceptions see RETURN Key). '

CTRL (Control) Key

When held down while typing another key, modifies
the code pattern of the typed key. The code is forced
to one of the two control code columns in the ASCII
Code chart.

The ADM-3A is capable of generating all 32
possible ASCII codes, although only 14 of them
have a function within the machine. These are listed
in Table 3-1.

Backspace (CTRL/H). Each time the H key is
typed while holding down the CTRL key, the cursor
moves non-destructively one character position to
the left. The CTRL/H backspace code is
transmitted to the computer. CTRL/H may be used
in conjunction with the Repeat key.

Bell (CTRL/G) Sounds the audible beep in the
ADM-3A and transmits the CTRL/G bell code.

UPLINE (CTRL/K)

When in the Cursor Control Mode, causes the
reverse-block cursor to move upward one line.

Return (CTRL/M). Duplicates the function of the
RETURN key.

- Line Feed (CTRL/J). Duplicates the function of
the LINE FEED key.

Lock Keyboard (CTRL/O). Electrically locks
(disables) the ADM-3A keyboard, preventing any
further keyboard activities. The keyboard can be
unlocked by a control code from the computer,
clearing the screen with the CLR key or by turning
power off, then on again.

FORWARD SPACE (CTRL/M)

When in the Cursor Control Mode, causes the
reverse block cursor to advance.

HOME CURSOR (RS)

When in the Cursor Control Mode, causes the
reverse block cursor to return to the upper left
corner of the screen.

ESCAPE KEY (ESC)

When in Cursor Control Mode, initiates a load-
cursor sequence. ESC must be followed by an =
character, a row code (SPACE through 7) and a

column-code (SPACE through 0) to complete the
sequence. In any mde, causes the ASCII ESCape
code to be transmitted to the computer.

CLEAR Key

Typing the CLEAR key while holding down the
SHIFT key clears the entire screen to spaces. (This
function may be disabled by the internal CLEAR
SCREEN — DISABLE Switch.)

HERE IS Key

If your terminal is equipped with the Automatic
Answer Back feature, typing this key transmits an
identification message (stored in the ADM-3A ina
special memory) to identify your terminal and alert
the computer that a message is to follow.

In terminals without Automatic Answer Back
capability, this key has no function.

BREAK Key

This key activates the standard teletypewriter Break
function, normally used to interrupt an incoming
message.

NOTE

The Break function is sustained as long as
the BREAK key is held down. Holding
the key down for an extended period may
cause the computer to disconnect from
your terminal.

3.4 PROGRAMMING & WORD STRUCTURE

The computer to which the ADM-3A is interfaced
has full control over the terminal. All control
functions which are possible from the ADM-3A
keyboard, plus a few additional functions, can also
be executed from the computer.

The computer controls the ADM-3A by transmit-
ting the appropriate ASCII codes. Displayable
character codes will be displayed, and valid control
codes will be recognized and acted upon.

3.4.1 Remote Control Functions

The remote computer can perform the following
control functions:

Backspace BS (CTRL/H). Moves the cursor
non-destructively one character position to the
left.

Bell BEL (CTRL/G). Sounds the audible beep in
the ADM-3A.

Return CR (CTRL/M) Moves the cursor non-
destructively to the first character position of the
present line.



Line Feed LF (CTRL/J). Causes the entire
display to move upward one line, leaving.the
cursor positioned in the same character position
on the next new line. ' :

Upline (VT) — Moves cursor up vertically when
in Cursor Control Mode.

Forward Space (FF) — Moves cursor forward
when in Cursor Control Mode.

Lock Keyboard SI (CTRL/O). Electrically
locks the ADM-3A keyboard, disabling all
keyboard functions.

Unlock Keyboard SO (CTRL/N). Unlocks the
ADM-3A keyboard, restoring all keyboard
functions.

Clear Screen SUB (CTRL/Z). Clears all
character positions in the ADM-3A display
memory and clears the screen to blank spaces.
(This function may be disabled by the internal
(DISABLE — CLEAR SCREEN switch.)

Home Cursor (HOME) — Causes the cursor to
return to the upper left corner of the screen, when
in the Cursor Control Mode.

Load Cursor (ESC = YX) — This four-character
sequence causes the cursor to be positioned to the
row and column defined by the ASCII values of Y
and X respectively.

The Reference Tables 3-1 and 3-2 of this manual
show the actual binary codes generated by the
ADM-3A and used for computer control of the
terminal.

Table 3-1. ADM-3A Control Codes

ASCII
Code Mnemonic Function ADM-3A

CTRL/@ NUL

CTRL/A SOH

CTRL/B STX

CTRL/C ETX Available as secondary channel line turnaround code for 202
modem operation

CTRL/D EOT Available as secondary channel line turnaround code for 202
modem operation

CTRL/E ENQ Initiates 1D message in terminals with automatic “Answer Back”
option*

CTRL/F ‘ ACK

CTRL/G BEL Sounds audible beep in ADM-3A

CTRL/H BS Backspace

CTRL/I HT

CTRL/J LF Line Feed

CTRL/K VT Upline

CTRL/L FF Forward Space

CTRL/M CR Return

CTRL/N SO Unlock Keyboard*

CTRL/O Si Lock Keyboard*

CTRL/P DLE

CTRL/Q DCH1

CTRL/R DC2

CTRL/S DC3

CTRL/T DC4

CTRL/V NAK

CTRL/V SYN

CTRL/W ETB

CTRL/X CAN

CTRL/Y EM

CTRL/Z SUB - Clear Screen

CTRL/[ ESC Initiate Load Cursor

CTRL/x FS

CTRL/] GS

- CTRL/A RS Home Cursor

*Executable only from computer.
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Table 3-2 USASCII Character Codes

GRAPHIC CHARACTER
CONTROL SET
BITS BITS 0 1 2 3 4 5 6 7
4321 765 000 001 010 011 100 101 110 | 111
0000 NUL DLE SP @ P ‘ P
0001 SOH © DCt1 ! 1 A Q a q
0010 STX DC2 ’ 2 B R b r
0011 ETX DC3 # 3 c S c s
0100 EOT DC4 $ 4 D T d t
0101 ENQ NAK % 5 E u e u
0110 ACK SYN & 6 F % f v
0111 BEEP ETB 7 G w g w
1000 BS CAN ( 8 H X h x
1001 HT EM ) 9 | Y [ y
1010 LF suB * J z j z
1011 vT ESC + ; K [ k | {
1100 FF FS , < L \ I :
1101 CR GS - = M ] m | }
1110 SO RS > N A n | ~
1111 Sl us / ? o + ) DEL
~ L. ~ — o v g
Control Displayable in Displayable
Codes standard ADM-3A with ADM-3A
(enorated by JoporiLower
feature.

key while typing
the corresponding
key shown in col-
umns 4 and 5.)

3.4.2 Data Character Format

The ADM-3A uses USASCII (United States of
America Standard Code for Information Inter-
change). USASCII is a 7-bit code. But because
many of the computers and other devices to which
the ADM-3A may be interfaced use 8-bit words
(plus parity or without parity), the ADM-3A offers
a wide choice of word formats selectable by the user.

The data character may be 7 bits in length, with or
without an optional parity bit generated on

transmission:
1 1 1 |
1 3 4q 5 6 7
OR
| | 1 1
1 3 4 5 6 7 lPARITY




The data character may be 8 bits in length, plus or
without the optional parity bit. In the case of 8-bit
characters, bit 8 is always forced to 1 or 0 as selected
by the user.

BIT 8 FORCED TO
10RO

PARITY

3.4.3 Data Transmission Format

The ADM-3A uses asynchronous transmission.

This means each character is transmitted as a -

complete, self-contained message consisting of the

data character with or without parity, preceded by a .

start bit and followed by one or two stop bits.

3-5

- L
§ loatazorsers | § 3
T
& |rrusorwioearity] 9 4 |oaTa
T T
L4 r
OR
s s|s s
I |pATA (7 0R 8 BITS) Tl Y T loata
A |pLusorwiorariTy] Q | © a
T T

When the start bit is received, a clock signal is
initiated to clock in the remainder of the word. The
one or two stop bits are used to signify the end of the
word and terminate the receive clock.

Generally, transmission rates of 110 baud and lower
use two stop bits, and rates of 150 and higher use one
stop bit.

The ADM-3A control codes and the USASCII code
set are shown in tables 3-1 and 3-2, respectively.






SECTION 4
THEORY OF OPERATION

4.1 GENERAL

This section describes the manner in which the
ADM-3A performs its different functions. Logic is
first described with reference to an overall block
diagram, and then each element shown in the block
diagram is described with reference to specific
illustrations and to logic diagrams contained in
Section 6 of this manual (Drawings).

4.2 GENERAL FUNCTIONAL DESCRIPTION

The general organization of logic in ADM-3A is
shown in figure 4-1. This figure divides ADM-3A
logic into functional blocks and shows the
relationships between blocks. It also indicates the
sheet of the logic diagram on which logic in any
block is detailed. -

4.2.1 Display Generation

Signals that cause a display to be generated and
maintained on the screen are furnished by a string of
counters (display counter logic).

The first counter (the dot counter) is clocked by
pulses from an oscillator. This clock is the primary
“timing signal in the ADM-3A. The purpose of the
dot counter is to time the presentation of the
sequential address to the character generator and
the presetting of the video serializer. Each increment
of the counter defines the position of a single dot in
any line (dot row) of any character in the display.
Any character is made up of a 5 x 7 array of dots

(figure 4-2). A character position is seven dots wide -

and nine dots high to provide 2-dot spacing between
characters both horizontally and vertically.

A single horizontal sweep of the CRT beam
produces all dots in a given dot row for all
characters in the character row. The character dot
counter is incremented for every seventh dot column
to define the position of each character in the row.
At the end of each dot row, the line counter is
incremented and the next dot row is scanned out.
The character row counter is incremented by every
ninth dot line to define the position of the next
" character row.

The four display counter outputs control memory
addressing, character generation, and many other
functions of ADM-3A logic.

4.2.2 Display Refresh Operation

Except when received data is being loaded, the
contents of the refresh memory (an entire “page” of
data) are continuously presented on the screen.
Memory address logic requires only sequential
character and row counts (CCn and RCn) to read
out the memory contents to the storage latches.

Each character read from the refresh memory is
stored for presentation to the ROM character
memory (and to data transmitter logic for read-back
test operation).

The ROM character generation decodes the stored

USASCII-coded character and produces a five-bit
output specifying dots to be displayed for each dot
row. That is, the character is presented to the ROMs
for each dot row as the character row is generated.
The count CCn selects the dot pattern for each dot
row.

4.2.3 Monitor Video and Drive Circuits

The 5-bit dot row data read from the ROM
character generator is presented to the monitor
video circuits as a serial data stream, continuous
except during CRT retrace periods. Character
position and row counts are used to generate CRT
sweep drive signals, with horizontal drive triggered
by the start of each dot row, and vertical drive
triggered when the character row count reaches 12
(standard) or 24 (optional).

4.2.4 Receiving and Storing Data

Data transmission rates are selected in the ADM-
3A to match those devices on the other end of the
line. Baud rates are derived from the LSB of the dot
count, DC1. The receive clock and the transmit
clock may be the same or different rates (split baud

rate option). '

Received data is clocked into the refresh memory,
which is addressed by memory address logic. The

- memory address, during loading, is formed by

summing the Cursor Row Position Count (CRn)
which represents the true position of the cursor on
the screen, and the Offset Count (OCn), which
represents the number of lines (since Reset) that the
display has scrolled. The virtual address which is
thus derived corresponds to the refresh address for

" that data row. The Refresh Address is determined
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by another circuit which sums the current Display
Row Count (RCn) and the Offset Count (OCn).

Received commands are decoded and used to
control ADM-3A logic. Commands include Line
Feed, Backspace, Carriage Return, and other
functions.

4.2.5 Cursor Generation

The cursor marks the position on the display in
which the next character will appear. When the
Cursor Control switch is in the OFF position, data
will be entered in the bottom row: Line Feed will
cause the display to roll upward. The cursor is
formed by displaying five dots in the eighth and
ninth dot rows of the character position in which it
rests. Cursor information is ORed into video output
logic along with character bits read from the ROMs.

When the Cursor Control is in the ON position, the
reverse block cursor is a 7 x 9 dot figure containing
the reverse image of the character upon which the
cursor currently resides.

The cursor position code WCn is used to address the
refresh memory in read-back test operation.

4.2.6 Keyboard Logic

The keyboard and associated logic are used to
compose data for display and simultaneous
transmission. As a character is typed by the
operator, it appears (as KCn) at data transmitter
logic, and (in half-duplex transmission) is loaded
into the refresh memory for display. In full-duplex,
communications characters originating at the key-
board appear on the display only if they are echoed
back from the computer or modem.

4.2.7 Data Transmitter Logic

Data transmitter logic receives characters generated
at the keyboard (or generated at optional
answerback logic and put on KCn lines) and
converts the seven-bit character into serial-bit form
along with start, parity, and stop bits, and sends the
formatted data word to the modem or computer.

In read-back test operation, the contents of the
memory buffer (CBUFn) may be accepted for
transmission in the same manner as data on the KCn
lines.

1
23

DOT COUNT
? 1—— (DC) —+7 0 0 O 0 O
—00000 ‘°°°.°°.....T
o @ococo@coco@ £
o @ocoo@ocoo@® 3
° 00000--0000 :°
o @ococo@c @ 5
) @ococo@c 0@ 7
2 o .°°°Q°°.Q.Q.£
g o 0000
=
OA
z2
E— o e0ee o of
% o o o [ J o0 00 -
I
I o o ® o 0 O
o000 © o o ®:
° o o o o °:
[ J @ o o L o
® [ 0000 [ .é
0o o0 o0 O
o CHARACTER POSITION COUNT ——|—0 79
ico)
~

Figure 4-2. CRT Display Monitor



4.2.8 Interface Control Logic

This logic controls Clear-to-Send and Request-to-
Send exchanges between modem or computer and
the ADM-3A. Either a code-turnaround.  or a
reverse-channel system may be used to transfer
control from one end of the communication line to
the other.

Switches adapt the logic to interface with the
common type 103 or 202 modems, or to operate
under internal control.

4.2.9 CRT Display Monitor

The CRT display monitor employed in the ADM-
3A is a solid-state unit for use in industrial and
commercial installations where reliability and high-
quality video reproduction are desired.

The monitor features printed circuit board
construction for reliability and uniformity. All
circuits of the TV monitor are transistorized.

4.3 LOGIC DESCRIPTION:

The following paragraphs describe the operation of
logic represented by each block in the overall block
diagram, figure 4-1, as well as logic and circuits
performing functions not indicated in Figure 4-1.
Refer to block and timing diagrams that accompany

the text, as well as to the logic diagram included in
Section 6 in this manual.

4.3.1 General Clear Circuit

Circuits shown on sheet 7 of the logic diagram cause
all control logic in the ADM-3A to be initialized
when applied power causes the +5V dc supply to
rise. !

As the supply voltage reaches trigger level of a
retriggerable one-shot, the one-shot creates the reset
signal CLEAR, which is distributed to ADM-3A
logic through six inverters. In circuit board testing,
the signal TESTER INITIALIZE simulates the
action of the one-shot.

4.3.2 Display Counters

The display counters provide a count of dot
positions and dot rows, character position in a
character line, and character rows. These counts
define the position of each dot in a character matrix,
and the position of each character in the total
display. Figure 4-3 is a block diagram of this logic,
and timing is shown in figure 4-4.

The basic clock is a 10.8864-MHz signal generated
by a simple oscillator circuit. The clock frequency is
twice the video frequency. The clock (CLK) drives
the dot counter. |

DCc3

£

DoT

OSCILLATOR

DCO - DC3

COUNTER

10.8864 MHZ 7

©)

¢c=79

CHARACTER
POSITION
COUNTER

—e
cco-cc7

T

icc8o

LCCLK

LC3

=

DOT ROW

LCO-LC3

COUNTER

@)
@

!

CHARACTER
ROW
COUNTER

RCO-RCS

SHEET 2

=

60HZ - OPEN
50HZ - CLOSE

[ |
ROW

COUNTER
RESET LOGIC

RC RESET

Figure 4-3. Display Counters, Bldck Diagram
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Figure 4-4. Display Counter Timing
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The dot counter counts the seven dot columns
comprising each character. The character is preset
to 10 at the count of zero, counts through the
overflow at 15, and is again preset at zero. Its final
count, DC3,  clocks successive addresses to the
character ROMs, and triggers the character
position counter.

The eight-stage character position counter controls
the position of each character on the 80-character
raster line, and controls horizontal retrace time. The
counter provides a total count of 96 (80 counts for
character position, and 16 count for the retrace).
The character position counter counts from zero to
79, presets to 240, counts through the overflow at
255, and then wraps to zero. Outputs CCO through
CC6 are binary counts, but CC7 has a value of 80.

That is, CC7 is low while 80 character positions are .

counted, and high during retrace time.

A flip-flop produces the signal ECC80 for the first
count of retrace time. ICC80 indicates the time at
which a command at the I/ O interface may be acted
upon. The output of the LCCLK flip-flop clocks the
character line counter.

The character line counter counts the lines that form
¢ach row of characters. The counter counts module

nine. Counts 0 and 8 form spaces between
characters, and dot rows are formed by counts 1
through 7. The last count, LC3, clocks the character
row counter at a frequency of 1.8 KHz.

The character row counter counts the 24 character
rows appearing vertically on the display, and counts
through vertical retrace time (six counts fora 60-Hz
power line, and 12 counts fora 50-Hzline). A switch
(60 EN) sets up logic to produce RCRESET at the
proper time, resetting the counter to zero to begin
the next character row count.

4.3.3 Row Counter & Offset Counter Logic

The Row Counter (Figure 4-5 and Logic sheet 3)
defines the actual row in which the cursor resides,
and consequently, the row in which new data
entered into memory will appear on the screen. This
counter will be cleared to zero on 24-line, and on
12-line mode by a power-up clear, key-clear
operation, or a clear screen command, irrespective
of the position of the Cursor Control switch.

The Offset Counter relates absolute memory
addresses, during data entry and refresh, to the
virtual (apparent visual) row addresses which are
generated by scrolling operations. The OC, like the

DISABLE CLR SCRN 24 EN ———
o o__l CLEAR 2,3
HOME
l v
KEY CLR . >
>
CLR SCRN - START STARTCLR CLEAR |
LOGIC » [ ogic CLROC
cc8o 5
> START g :
A . y
Lco ] f :
DN LINE A
ENX 1
vy |
LF > 5
> > .
BOFLOQ | SEEEP ccso OFFSET 0Co - 0c4 N\
SELECT > COUNTER >
GATED BEL | roacic _
> >
A r'Y |
XCLK CR 23 TO MEMORY
ocLOD OFFSET QDDRESS
Coaic > CURSOR
BORROW PRESENTATION
LOGIC
ROWCLR ‘
DN LINE 3 - ROW CRO-CR4 -~
> COUNTER > )
ESC1,2 > ] >
DATA 1-DATAS ) tgé?éROW t :
> R24/31 | CR23 ROW
LIMIT
LoGIC
vT > UPLINE DN
> Loaic
24 EN ? f CRO

Figure 4-5. Row Counter & Offset Counter Logic, Block Diagram

4-6



RC, is initially cleared by any one of the clear-screen
operations noted above, however, a sequence is then
initiated by the START logic, which causes space-
codes to be written into each character cell of the
current row during first 80 character-periods of one
line-scan period. At the end of the line-scan, CC80
will generate a line-feed signal, DNLINEA, which
will increment the OC. The process is then repeated,
with the OC pointing to the next row of memory
addresses, which are also filled with space-codes.

After 24 such operations (12, if the 12/24 select
switch is closed), the OCLOD signal is generated,
which terminates the START operation, and freezes
‘the OC at a count of zero (1, if in 12-line mode). At
this point, both the Row and Offset counters will
contain “minimum count” (zero in 24-line, and 1 in
12-line mode), and the true and virtual row-
addresses will be the same. (MS-A).

After completion of a clear operation, the Offset
Counter will be disabled until the Row Counter has

been advanced or set to 23 (bottom row). If the

Cursor Control switch is open (ENX true), line-feed
signals (DNLINEB) will be sent to the Row Counter
each CC80 time, until a count of 23 has been
reached. At this point, the Row Counter will be
disabled until either the Cursor Control switch is
closed or another Clear is performed, and the Offset
Counter will be enabled.

If the Cursor Control switch is closed, the Row
Counter will remain at minimum count after a clear
operation, and will respond to any downline, upline,
Home and absolute (load cursor) row directives. In
the same manner as when Cursor Control is off,
downline directives which occur when the Row
Counter is at 23 will be routed to the Offset Counter,

causing it to increment; and scroll the entire display

by adding a difference of one unit between the true
and virtual row addresses.

Whereas the Offset Counter can only be
incremented (DNLINEA), the Row Counter can be
incremented, decremented, cleared or loaded with
an absolute value (DNLINEB, VI, ROWCLR,
LDROW). In the event a value in excess of 23 is
loaded, the counter will be cleared to minimum
count. If the Row Counter is decremented when it
currently holds the minimum count, BORROW will
occur, and the counter will be forced back to
minimum count (ROWCLR). ROWCLR is also
generated if a HOME (RS), directive is received.

Both counters, when in 12-line mode, have the least
significant bit forced true, and all increment or
decrement directives will affect only the higher
order bits. In this mode, therefore, only odd virtual
addresses will be accessible. Note, that scrolling the
display will still produce only odd addresses, since
‘the Offset Counter will count in units of two, which

when “added” to the odd Row Count will still result
in an odd virtual address.

Figure 4-6 Shows the timing for the Clear Screen
Operation. The timing for Key Clear or power-on
clear operations is identical to that shown, except
that in the latter two situations, START is forced
high without benefit of DOIT.

4.3.4 Column Counter Logic

The Column Counter (figure 4-8 and logic sheet 4)
and its associated logic define the character-position
of the cursor, irrespective of the current cursor
mode. The counter is bidirectional, to

- accommodate both backspace and forespace

operations, and is capable of being loaded, via an
associated multiplexor, with either of two fixed
values, or a variable position-code which is obtained
as the last character of the four-part Load Cursor
sequence.

Back-spacing (count-down) is affected only by a
local or remote backspace command (BKSP), while
forward-spacing may be accomplished by either a
character-entry, a forespace command or a ‘Read’
operation. All received characters will cause a
forespace after the character is written into memory,
except control characters and the three non-control
characters which follow ESC during a Load Cursor
sequence. For both character-entry and forespace
commands (FF), the counter is advanced during
CC80 time. During Read operations (test only), a
forespace is generated each time XLOAD occurs,
indicating, the initiation of character transmission.

The Column Counter is cleared in any one of four
situations:

a. A Carriage Return (CR) command is
received, either from the keyboard or a
remote source.

b. A Home (RS) command is received.

c. An underflow occurs, due to attempts to
back-space from column 0.

d. A start-sequence is initiated by one of the
power-up/clear operations.

When the Column Counter is incremented past the
80th column-count (code=79), an overflow signal is
generated, causing an absolute count value to be
loaded into the counter at the next LCCLK

- transition (CC81-time). If the auto-new-line switch

is open, a 791 code will be loaded, forcing the cursor
back to the last column position. If auto-newline is
closed, a zero-code will be loaded (carriage return)
and a line-feed enable signal (BOFLO) will be
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Figure 4-6. Clear Screen Timing
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Figure 4-7. Memory Address Logic, Block Diagram

generated, to enable either the Row or Offset
counter to be incremented.

When the code in the Column Counter reaches 711,
the signal LINE END is generated. This signal, like
a received BEL-code, will cause the Beeper to sound
a tone, announcing the approach of the end-of-line.
If the Cursor Control switch is on (ENX-true)and a
Load Cursor sequence is performed, the Column
Counter multiplexor will select the DATA lines
from the Received Data Buffer, and the Column-
code on these lines will be loaded into the counter at
CC80 time. The two most significant bits of the code
(DATA6 and DATAY7) are modified in order that
ASCII codes space (040s) through L/C “O” (137s)
are interpreted as column.codes 000s through 117s.
In the event a translated code greater than 1175 (7910)
is loaded, the OVERFLOW logic will force the
counter either back to.117s (Auto-Newline off) or
000s (Auto-Newline on).

4.3.5 Cursor Presentation Logic

The cursor logic (see figure 4-8 and logic sheets 7 &
8) performs the function of detecting the current
character-cell in which the cursor resides, and

mixing the coincidence signal with the character
video to obtain a representation determined by the
Cursor-mode switch. The logic consists of a set of
three comparators, a pair of unit-delay flip-flops
and video mixing circuits. One comparator relates
the current cursor row, as defined by the cursor Row
Counter, to the Display Row Count. When .
coincidence occurs, an equality signal (ROWCOA)
is generated.

If the Cursor Control switch is off, row-equality is
forced true, since the cursor will always reside on the
bottom line. If the switch is on, ROWCOA is gated
to the two column comparators. The two column
comparators relate the 7-bit WC counter code to the
Display Column Count. When coincidence occurs,
and ROWCOG is true indicating row-coincidence,
an equality signal will be sent to the delay flip-flops.
If the Cursor Control switch is off, the delay flip-
flops will be enabled only during the period when
the counters are scanning the two likes immediately
below the 24th row of data, whereas in the on
position the flip-flops will always be enabled. In the
enabled condition, the flip-flops will delay the
detected coincidence signal two character periods,
to synchronize the cursor with the displayed
characters on the screen.
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With Cursor Control off, no additional mixing is
required, since the double-underscore represent-
ation occurs during the period when no characters
are being displayed. With Cursor Control on, the
cursor coincidence signal (CURSOR) is gated with
character-video data in an exclusive-OR element,
causing the cursor to appear as a reverse image of
the character in which position it resides.

4.3.6 Memory Address Logic

The logic group shown in figure 4-7 and Logic Sheet
5 performs all the functions related to reconciling
the current entry-row (Cursor Row Counter) and
virtual row (Offset Counter) positions to a physical
row-address in memory, and additionally,
converting the visual 80-character by 24-row visual
format to a 64 by 30 byte memory array. The first
task is accomplished by two five-bit and two two-bit
full adders, while the second is performed by a set of
multiplexors.

The first five-bit adder produces a sum equal to:
Display Row Count + Offset Count + 1

This function provides the required relationship
between current display rows and the virtual row-
address during refresh scanning, in order that the
data might be displayed on the proper row of the
screen, consistent with the scroll-history since the
last clear-screen operation. If no scrolling has
occurred, the offset count will be zero, and data for
the top row of the display will be obtained at
memory-row 1 (0 + 0 + 1= 1). Likewise, data for
display-row 22 will come from memory-row 23, and
data for the bottom row will come from memory-
row zero. One of the two-bit adders, plus associated
gates, performs the function of reconciling sums
greater than 23 to a 24-row universe, by adding an
appropriate adjustment factor to all such sums (23 +
0+ 1=2420).

If the display has been scrolled one time, data for the -

top row will be obtained from memory-row 2 (0+ 1 +
I = 2) and data for the bottom row from memory-
row 1, thus, it can be demonstrated that all the data
in memory will appear to have moved upward on
the display by one row, after the scrolling operation,
even though its actual physical location in memory
is unchanged. The only physical alteration, in this
example, occurs in memory-row 1, which is erased
(see section 4.3.8) during the scroll operation,
leaving the new bottom row address locations clear
for new data-entry.

4-11

Each subsequent scroll operation will, therefore,
cause a successively higher memory-row address to
assume the top display-row position, with the row
previously associated with that position erased and
“rolled” to the bottom position of the display.

The second five-bit adder produces a sum equal to:
Cursor Row Count + Offset Count + 1

This function reconciles the current cursor row-
position, which is the row on which new data-entries
must appear on the display, to the scroll-history,
which determines the last memory-row that was
erased and rolled to the bottom of the display. If no
scrolling has occurred and the cursor is on the top
row, the resultant sum will be memory-row 1, which
is the desired row for data-entry, since that is the
row from which data will be obtained for the top
row of refresh. If the cursor were moved to the
bottom row, the sum would be zero (23 +0+ 1 =
24 —> 0), due to the action of a second adder and
gate set which reconciles all CR + OC + 1 sums
greater than 23 to values between 0 and 23. This also
is consistent with the refresh adder-set, since any
data entered under these circumstances will be
routed to memory-row zero.

As scrolling occurs, the second adder group
maintains the proper relationship between the
cursor position and the virtual display-rows, such
that data-entry will always occur in the memory-
row which is displayed during the same row-scan
time as the cursor. Consider as another example, a
display which has been scrolled six rows, after which
the cursor is positioned to row 20. The memory-row
actually displayed on row 20 will be:

20+6+1=27—>3

If an entry is made at the current cursor position, the
same summation will occur using the Cursor Row
and Offset Counter values, and the entry will be
made in row 3.

The multiplexor section of the Memory Address
Logic manipulates the CR + OC and RC + OC sums
derived above, plus the information from the
Display Column Counter (CCO - CC7) and Cursor
Column Counter (WCO0 - WC6) in order to resolve
the 80 x 24 display matrix to a 64 x 30 memory
matrix. The first-stage multiplexors distinguish
between Refresh accesses to memory and write
accesses, since the former are governed by the RC +
OC sum and the CC Counter information, while the
latter are governed by the CR + OC sum and the WC
counter.

The time-period when CC7 is false is the active
display-time for each scan-line, and therefore,



defines Refresh-access time. During horizontal
retrace, when CC7 is true, the memory is available
for data-entry. During test read-back, the first-stage
multiplexor is locked into the “Write” mode in
order to expedite the transfer of information, since
display functions are not necessary during this
‘operation.

The most significant position of the CC/WC
multiplexor is used as a selection signal for the
SUMR/SUMW multiplexor, and in the write-
phase will -always cause selection of SUMW (CR +
OC) for the LINE1 - LINE4 and Chip-Enable
functions. In Refresh mode the SUMR (RC + OC)
outputs will normally be selected, however, during
Clear Screen or Line Erase (when scrolling)
operations the term ERASEF will force selection of
the SUMW terms, in order that all erasures can take
place during CC7 time and thereby minimize the
total time required for such operations (See Section
4.3.8).

The selected low-order column terms (MAOQ - MA3)
require no additional modification, since the
smallest increment of memory allocated to a given

line is 16 characters. The three high-order column
terms (POS4 - POS6) and the four high-order row
terms (LINE1 - LINE4), however must be modified
to account for the maximum column-width of the
memory matrix of 64 characters. Accordingly, the
final multiplexor stage uses the column-term POS6
to distinguish between column-positions greater (or
equal to) and less than 64. For positions less than 64,
the high-order address functions MA4 - MA9 are
derived from POS4, POSS5 & LINE1] - LINE4
respectively. This translation provides a direct
relationship between a 24 x 64 section of memory,
and that portion of the display defined by 18WS 0-
23 and columns 0-63. For column positions 64-79,
POS6 switches the multiplexor to derive MA4 -
MAT7 from LINEI - LINE4, respectively, and forces
MAS8 and MA9 true. This translation relates a 6 x 64
section of memory to the last 16 column positions of
the 24 display rows, by allocating one-quarter of
each memory-row, progressively, to the remainder
of each display row. The chip-enable functions
define even and odd display rows-.and memory-
groups, and therefore, require no translation. The
organization of display data in memory, is shown
on figure 4-9.
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Figure 4-9. Orgémization of Display Data in Refresh Memory
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4.3.7 Refresh Memory and Character
ROM Logic

Figure 4-10 shows logic comprising the refresh
memory, buffer latches, and character memory
ROMs.

The refresh memory is made up of 2K, 7-bit
semiconductor RAM devices in one of four
configurations as follows:

~a. Six RAMs for upper-case only, 12-line

display.

b. Seven RAMs for upper/lower-case, 12-line
display.

c. Twelve RAMs for upper-case only, 24-line

display.

d. Fourteen RAMs for upper/lower-case, 24-line
display.

A switch (UCEN) sets up the logic to operate with,
or without, the lower-case RAMs. UCEN alters
data to adapt the logic for either 6-bit codes (upper-
case only) or 7-bit codes (upper/lower case). Term
ERASEF causes the logic to force bit 6 high,
creating a SPACE code in place of the received
NULL code.

Data from the input buffer (DATAI1-DATA7Y) is
loaded into, or read from, the refresh memory by
address lines MAO-MA9. The memory is clocked,
for each character time, by WRITE PULSE.

CHIPENA is low as data is loaded ‘into, or read

from, RAMs storing the 12 odd lines of display
data. CHIPENB enables the RAMs storing the 12
even lines in a 24-line display.

At the end of each character period, DC3 clocks an
addressed character into buffer latches which store
the character to be encoded by the ROMs. The
buffer latches are cleared by VIDEO BLANK.
Because CBUF6 is normally inverted, however, a
SPACE code, rather than NULL, is presented to the
ROMs.

Two ROMs decode CBUFn characters and produce
a 5-bit output code that provides the dot pattern for
each line in the character matrix. Each of the seven
lines in the character matrix is identified by the line
count LCO0-LC2. The parallel-bit information
output by the ROMs is serialized for presentation to
the video monitor.

One ROM contains upper-case characters, and the
other contains lower-case characters. Select logic

senses states of CBUF6 and CBUF7 to enable either

ROM device.

CBUFn is available at data transmitter logic for
transmission in read-back test operation.

4-13

4.3.8 Erase Logic

A display line is erased by the Logic shown on
Schematic pages 3 and 4.

The ERASEF signal is turned on by SETERA.
SETERA describes the condition in which both
PGMOD & LFI are true, causing the offset counter
to begin counting and the lines to scroll each time a
line-feed is caused by the column counter
overflowing (BOFLO). :

ERASEF is turned off by CC80A after a single
character row has been cleared, during scrolling.

However, when START is raised by a CLR SCRN
Code, ERASEF remains high until START is
turned off by an overflow of the offset counter.
Consequently the entire screen is erased.

4.3.9 WRITE PULSE Logic

The WRITE PULSE signal clocks the refresh
(RAM) memory. Logic that generates WRITE
PULSE is shown in sheet 4 of the logic diagram.

WRITE PULSE consists of gated pulses clocked by
dot count DC2, and is normally gated on by
FORESPACE (the input of the cursor counter) or
ERASE LINE.

The non-destructive space code feature allows
writing a SPACE code (040s) into the RAM
memory any time between a Line Feed (LF) code
and a Carriage Return (CR) code, with writing of
SPACE inhibited between the CR code and the next
LF code. This permits the computer or operator to
write a display on the screen, issue a CR code, and
space over the previously written data, with the
cursor, without writing over the data.

The NO write signal inhibits FORESPACE so that
WRITE PULSE is not generated during .that

~ period. A switch permits inhibiting the non-

destructive space code feature.

4.3.10 Keyboard Logic

Keyboard logic is shown on sheet 9 of the logic
diagram (except for lock/unlock logic shown on
sheet 10). Timing of keyboard logic functions is
shown in figure 4-11.

The keyboard is encoded by generating the
complete sequence of 7-bit USASCII codes at high
speed, and trapping the code that matches a
depressed key. The codes are generated continually
and repetitively unless a key is pressed. The code
sequence is clocked at a counter by KBCLK, which

" is the gated.character rate signal CCO.

The four least-significant bits of the count (KCI-

- KC4) encode the 16 rows of the USASCII code
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chart. The three remaining bits (KC5-KC7) encode
the eight columns of the chart.

When no key is depressed, KEY DATA is high and
KBCLK cycles the counter, and bounce logic holds
BOUNCE high. When a key is depressed and then
the corresponding code appears on lines KC1-KC7,
KEY DATA falls, preventing generation of further
KBCLK pulses so that the code is held on KCn lines.
KEY DATA also causes GO to rise, causing bounce
logic to count 900H: RCO pulses until a fifth pulse
has completed a 5.56-msec delay period.

At the end of the key-bounce delay period,
BOUNCE becomes true, inhibiting further counts
of RCO. If the key is released, KEY DATA
immediately rises and counter cycling resumes. If
the key is held down, along with the REPT (Repeat)
key, however, the high BOUNCE signal permits
RCRESET pulses (at the ac power line frequency)
to clock the bounce delay period, generating the GO
signal at a rate of 12.5 characters per second at 60-
Hz, or 10 characters per second at a 50-Hz line rate.
Consequently, the character is repeated at that rate
until either key is released.

The term THRE limits the repeat rate if the period
of the selected baud rate creates a character time
longer than the repeat cycle.

When the CTRL (control) key is pressed, bits KC6A
and KC7A are forced to zero, forcing any generated
code into column 0 or 1 of the USASCII code chart.
Bit KC5A selects either column 0 (when false) or
column | (when true). For example, when the “2”
key is pressed (0110010) along with CTRL, the

effective code becomes control code DC2(0010010). .

With either SHIFT key depressed, bit 6 (KC6A) is
inverted to select upper-case alpha characters
(USASCII column 4 or 5, instead of column 6 or 7).
Also, INVERT 5 selects codes in USASCII column
2 instead of column 3, to encode the “upper-case”
symbols on numeral and symbol keys. Terms COL?2
and COL3 identify-those codes in the shift logic.
- Row 0 codes in columns 2 and 3 (SP and 0) are
excluded from this action because they have no
“upper case” functions.

The UPPER CASE key is used in units that do not
include the lower-case alpha characters. When the
key is depressed, use of the SHIFT key has no effect
on alpha keys. Lower-case alpha codes are encoded
in USASCII columns 6 and 7. Therefore, the gated
term KC6 KC7 causes INVERT6 to maintain
upper-case codes without use of the SHIFT key.
Other codes in columns 4 through 7 are identified by
KC7 SHIFT EN which permits normal sh1ft1ng up
and down.

The BREAK key is depressed to signal the computer
that the operator wishes to terminate data transfer.
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The Break function is maintained for as long as the
key is held down. The signal BREAK appears at
interface control logic where it forces the primary
data transmit line to the “space” state if the unit is
transmitting, or forces the secondary transmit line
to the “mark” state if data is being received and the
interface is in the secondary-channel mode of
operation.

When the CLEAR key is pressed, and the SHIFT
key is also depressed (SHIFT EN), KEY CLR clears
keyboard lock logic, the refresh memory, and
interface control logic.

The HERE IS key activates an optional Answer
Back function which causes a unique, fixed message
to be sent to the computer. The message, up to 32
characters long, is contained in a PROM device.
Either the level from the HERE IS key, or an ENQ
command received from the computer, causes the
IDENT signal to activate logic on the Answer Back
board.

Keyboard lock logic (sheet 5) permits the computer
to enable or disable the keyboard logic. The
KBLOCK signal is set-enabled locally by KEY
CLR, or by the decoded UNLOCK command, and
reset-enabled by the decoded LOCK command.
Keyboard lock logic by CC80. KBLOCK prevents
DOIT from generating GO, inhibiting any
keyboard action. A switch permits holding
KBLOCK true regardless of received LOCK
commands.

4.3.11 Beeper Logic

Beeper logic (sheets 3 & 4 of the logic diagram)
produces an audible signal as a near-end warning.
The signal that drives the speaker is the character
row rate LC2, which has a rate of 3.6 KHz.

The rate LC2 is enabled to the speaker during the
on” period of a one-shot circuit. The one-shot is
triggered on by WRITE CHAR as the 7Ist
character is written in any line (WC0 WC1 WC2
WC3 WC6). The one-shot is triggered when a BEL
code is received at the I/ O interface.

Because a read-back operation is initiated by BEL

“code, the term READ is used to disable the one-shot

so that the BEL code cannot cause the audible
signal.

The OVERFLOW signal is used to turn-off the one-
shot when a baud rate higher than 2400 baud is used.
Because the period of the one-shot is greater than
the period between successive 71st characters in this
case, the beeper would otherwise remain energized
continuously while data is being received.



4.3.12 Data Receiver and Command Decoder
Logic

This logic (figure 4-12, schematic 6 & 10) receives
data from the computer through either a standard
RS232 interface, or a current loop interface. Serial
data is received through the RS 232 interface by an
RS232 receiver which sends the data to an OR
“circuit which also receives data from the current
loop receiver. '

The current loop receiver is a bipolar circuit and
responds to current in either direction. The receiver
comprises a rectifier/ limiter which drives an optical
coupler, and a single-transistor amplifier driven by
the optical coupler. If the RS232/CL switch is open,
the amplifier output appears at the OR logic that
furnishes the UART input.

A third input to the OR logic is data being
transmitted from the ADM-3A (XDATA) and
appears if the HDX (half duplex) switch is closed.

DATA 1-DATA7 TO
L 2 — REFRESH

| UNIVERSAL
(Rs232) |/

RECEIVER

(RECEIVER
SECTION)

,—'_—__——_— . (UART)

X DATA _<7>
;8RETXTENS|0N MEMORY
EL
RECEIVED i > W
DATA | \ . CR

TRANSMITTER

LATCHES

. INn BKSP

DECODER
LOGIC SPACE

I > ICURRE
NT
RECEIVED | ooP

DOIT

ck 4 4

DATA RECEIVER

DATA RDY

| RS 232/CL

DECODED
LOCK COMMANDS

UNLOCK

CLEAR o] InPUT

ERASE F TIMING
LOGIC

ESC

INPUT

CLR BUFFER

SHEET 6

EQUAL
—

Figure 4-12. Data Receiver Logic and Command Decoders

The received serial data, from whatever source, is
clocked into the UART by RECV CLK (at the
selected baud rate). In the UART, each received
character is stored and presented in parallel-bit
form to latches, with the most-significant bit
appearing on the IN7 line. (IN8 is not used in the
ADM-3A.) -

The character stored in the UART is clocked into
latches by INPUT as DATA RDY is output by the
UART (unless ERASEF inhibits INPUT). INPUT
rises- when CC6 occurs at the end of every horizontal
scan. Then LCCLK turns on DOIT, which remains.
on for the next full horizontal scan period during
which the last received command is executed.

The data character stored in the latches is decoded
to obtain the different control command signals.
The three least-significant bits are used as chip-
enable codes and are made effective by DOIT.
Consequently, control commands are not effective
until execution time.

4.3.13 Data Transmitter Logic

Data transmitter logic is shown in figure 4-13
(schematic sheets 8, 10 & 12). Data that may be
applied to the transmitter section of the UART are:

a. Keyboard characters KCn, and the XLOAD
signal from keyboard logic, when READ is
false (normal operation).

b. Characters of the answer-back message,
applied through KCn lines, when the answer-
back option is included in the ADM-3A, and
READ is false.

c. The contents of the refresh memory buffer
(CBUFn) when READ is true (in read-back
test operation).

The UART XMIT CLK that clocks the UART is
the gated XMIT CLK selected at baud rate select
logic and is 16 times the baud rate. The UART is
loaded from XDATAnR lines by LOA ART, whichis
normally high.
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The UART XMIT CLK is enabled when CLR TO
SEND appears at the interface, and further
controlled by TRE. TRE and THRE are output by
the UART. THRE falls when XDATA loads the
holding register in the UART. If the serializer
(which is loaded from the holding register) is empty,
TRE is high. With the holding register full and the
serializer empty, the UART automatically transfers
the character into the serializer. At this time THRE
rises, ready to accept the next character, and TRE
falls to indicate that the serializer is busy. Both
- THRE and TRE are high when the UART holds no
data.

Transmit clock logic is reset by the next Request to
Send (RTS) signal from the interface.

Five switches permit formatting the transmitted
character. First transmitted is always the Start bit,
followed by the seven data bits (LBS first). The
parity bit, odd or even, then follows (if enabled);
followed by one or two Stop bits.

The serial bit stream is ORed to transmitter circuits
through a gate which also receives data which may
appear (from another device) at an extension port.

If the BREAK key is depreséed, the XMIT DATA
line is forced to the high (SPACE) level.

Data is sent through either the RS232 or current
loop interface, depending on the position of the
RS232/CL switch. The unselected interface
maintains a marking level. The RS232 interface
comprises a simple driver. The current loop
interface uses an optical coupler to couple the TTL
data to an amplifier, and then through a diode

output network to the current loop.

The optical coupler completely isolates the current
loop transmitter from the ADM-3A. One leg of the
current loop may be tied through a register to +12V
dc to create a current source. As an alternative, a
ground strap may be used instead of the resistor, to
act as a sink for an external positive source, or a
current source for an external negative voltage.

4.3.14 Video Blanking and Serializer Logic

Logic that controls blanking during horizontal and
vertical retrace time, and converts the parallel-bit
ROM outputs to a serial bit stream, is shown in
figure 4-14.

cc7

POS15
RC5

RC = 24/31

VIDEO
BLANKING
LOGIC

VIDEO BLANK

— TO C BUF

RCO
—_—

24 EN

DC3

— ENX

READ

CURSOR

" LATCHES

-

CHARACTER BITS FROM
ROMS

?

SHIFT REGISTER

DC3 )
—' .

CLK

]

=

D — (VIDEO SERIALIZER)
CLEAR 2

ENX
CURSOR

Y

vmeo":D_ -

»

MONITOR VIDEO

TO
<+— VIDEO
MONITOR

FLIP EN

SHEETS7 &8

Figure 4-14. Video Blanking and Serializer Logic, Block Diagram
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Terms CC7, POS15, and RCS control blanking for
row counts of 32 and higher, and are effective only
when the ADM-3A is operating at a vertical rate of
50-Hz (the count reaches only 29 in 60-Hz
operation). For counts below 32, term RC=24/31
controls blanking.

Terms RCO and 24EN cause all even-numbered
character rows to be blanked if the ADM-3A is
operating with a 12-line display.

In every case, VIDEO BLANK is clocked to the
memory buffer latches by BDC3 as the current
character is completed. VIDEO BLANK clears the
buffer latches but, because bit 6 is normally -
inverted, the USASCII SPACE code s presented to
the ROMs, instead of NULL. '

During a read-back test operation, READ blanks
the video but permits sending CBUFn data to
transmitter logic.

The video serializer is an 8-bit shift register. Term
DC3 loads it with the ROM output character bits
every 643 nsec, and the bits are shifted (by CLK) ata
rate of 10.8864 MHz. The shift register output is
ORed with cursor information to produce the
MONITOR VIDEO signal. The video level
adjustment potentiometer is located at these
circuits.

4.3.15 Monitor Drive Logic

This logic (shown on sheet 7 of the logic diagram)
generates signals that trigger horizontal and vertical
drive cycles in the monitor. To obtain the horizontal
drive signal HDRIVE, character position counts are
decoded to set HDRIVE false at the start of a row.
HDRIVE is set true one count after the rise of CC7
to start the video retrace period.

The vertical drive cycle is begun by VDRIVE. This
signal is generated by decoding character row
counts RCn, and setting the VDRIVE flip-flop one
count after the last character of the last line has been
written. The flip-flop is clocked by the HDRIVE
signal for the line just completed.

The level 60EN controls timing for 50-Hz or 60-Hz
power lines. Refer to figure 4-4 for timing diagrams.

4.3.16 Baud Rate Select Logic

Figure 4-15 illustrates the logic used to generate and
select baud rates for data transmission and
reception.

bot BINARY COUNTER BINARY COUNTER BINARY COUNTER
DC1 L - =
COUNTER (37704 MHz e -1 g oS ] -1
- (+ 9 FOR 1800 BAUD) (+ 6 FOR 1800 BAUD) (~ 11 FOR 110 BAUD)
CLK1 CLK 2- CLK 6-
CLKS CcLK9
CLK 5 -
CKL 9 *
S iSELECT FOR A
@———> 0 {SPLIT TRANSMIT
1800 0 :cLOCK
BAUD —+—» 0t
o:
- 50
—— %
O
4) (4
v v
110 BAUD
BAUD RATE SELECT SWITCHES
DOUBLE-CLOCK F-F | RECVCLK _
REMOVE JUMPER (ETCH)
FOR SPLIT ]
TRANSMIT CLOCK FF | it oLk
‘ —_J
SHEET 10

Figure 4-15. Baud Rate Select Logic, Block Diagram
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The basic clock used in this logic is the 3.1104-MHz
pulse stream DCI, which originates at the display
dot counter. The 3 binary counters divide pulse rates
by 5, 16 and 16 respectively except when an 1800 or
110 baud rate is selected. These rates (from 75-
19,200 baud) are obtained from the counters and are
selected by means of a BAUD- RATE Switch.

When BAUD RATE switch 1800 is on, the 3 binary
counters divide pulse rates by 6, 9 and 16
respectively and CLKS5 is selected as the double
clock.

When BAUD RATE switch 110 is on, the counters
divide the pulse rate by 5, 16 and 11 respectively and
CLKO9 is selected as the double clock.

The double clock rate is divided by flip-flips to
provide the RECV CLK and XMIT CLOCK
signals. Normally, both flip-flops are clocked at the
same rate. However, when a split clock is required,
the XMIT CLOCK may be derived from another
rate selected by means of a rotary switch located
-inside the ADM-3A case.

When the common clock is used, the rotary switch
must be in position 12. When the split clock is used,
the printed circuit joining clock inputs of both flip-
flops must be cut. '

NOTE: XMIT CLOCK can be split off only if
the RECV CLOCK is NOT set to 110
or 1800 baud.

4.3.17 Interface Control Logic

Interface control logic appears on sheet 12 of the
logic diagrams. This controls request-to-send and
clear-to-send communications for the ADM-3A.

CLR TO SEND (high) permits data transmission
logic to produce UART XMIT CLK, sending data
from the ADM-3. If CLR TO SEND falls while a
byte is being transmitted, TRE maintains the
transmit clock until the byte has been completed,
and then falls to shut off the clock and return the line
to the marking state. '

REQ TO SEND (RTS) may be controlled in any of
four ways, as follows:

a. RTS may originate at an extension port.

b. If switches 202, 103, and LOCAL are all open
~ RTS remains low all the time.

c. If only switch 103 is closed, RTS remains high
all the time.

d. If only the LOCAL switch is closed, signals

THRE and TRE control RTS. RTS rises to '

transmit each character, and falls when the

character has been shifted out of the ADM-

3A.
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e. If only the 202 switch is closed, RTS may be
controlled through the ADM-3A interface in
either code-turnaround, or reverse-channel
operation.

4.3.17.1 Code-Turnaround Control. Either an
ETX code or an EOT code may be selected to
initiate turnaround, depending on the position of
the ETX-EOT switch. When the selected code
appears in the input data, LATCHED CODE is set.
When CARRIER DETECT falls (figure 4-16),
indicating that the remote end of the line has
dropped, RTS is set.

RTS is reset when ETX or EOT is again decoded,
and the logic switches to the receive mode.
Following a turnaround command, no further
command will be recognized for approximately 250
msec. This interval gives the modem time to
propagate its signals. The interval is timed-out by
two flip-flops and a counter, and the signal SBEN
controls resetting of RTS.

- 4.3.17.2 Reverse-Channel Control. In reverse-

channel operation RTS is controlled by SEC RECV
DATA (SB) and CARRIER DETECT (CF) from
the modem. When SB goes low, RTS is
unconditionally reset (figure 4-17), switching the .
interface to receive data. In normal reverse-channel
receive operation, CF is high at this time, causing
SEC XMIT DATA to rise. :

When the remote end of the line raises SB, and then
drops its RTS (and CF), the ADM-3A turns on its
RTS. The ADM-3A will then ignore further
commands for a 250-msec period while the modem
propagates its signals. -

4.3.18 Power Supplies

AC power is applied to the transformer through the
ON/OFF switch on the rear of the ADM-3A. The
different stepped-down ac voltages connect to the
main circuit board through connectors J3 and J4.

Rectifiers, filter capacitors, and voltage regulators
are all located on the main circuit board. Three type

- 7805 devices provide the +5V dc logic supply, and

two type 7815 devices furnish 12V dc to operate
memory devices aad interface drivers.

A +15V dc supply required by the monitor is made
up of a type 7815 device and a simple transistor
shunt regulator. Located at the bottom of the
terminal pan is a primary fuse. Itisan 8/ 10 amp Slo-
Blo 115V fuse or a 4 amp Slo-Blo 230V fuse.
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Figure 4-16. Interface Timing for Code Turnaround

4.3.19 CRT Display Monitor Logic
VIDEO AMPLIFIER

~The video amplifier consists of Q101 and its
associated circuitry.

The incoming video signal is applied to the monitor
through the contrast control through R109 to the
base of transistor Q101.

Transistor Q101 and its components comprise the
video output driver with a gain of about 17. Q101,
operating as a class B amplifier, remains cut off until
a DC-coupled, positive-going signal arrives at its
base and turns on the transistor. R111 adds series
feedback which makes the terminal-to-terminal
voltage gain relatively independent of transistor
variations as well as stabilizes the device against
voltage and current changes caused by ambient
temperature variations.

The negative going signal at the collector of Q101 is
DC-coupled to the cathode of the CRT. The class B
biasing of the video driver allows a larger video
output signal to modulate the CRT’s cathode and
results in a maximum available contrast ratio.

The overall brightness at the screen of the CRT is
determined by the negative potential at the grid and
is varied by the brightness control.

VERTICAL DEFLECTION

Transistor Q102 is a programmable unijunction
transistor, and together with its external circuitry,
forms a relaxation oscillator operating at the
vertical rate. Resistor R115, variable resistor R116
and Capacitors C105 and C106 form an RC
network providing proper timing.

When power is applied, C105 and C106 charge
exponentially through R115 and R116 until the
voltage at the junction of R116 and C105 equals the
anode “A” firing voltage. At this time, one of the
unijunction’s diodes that is connected between the
anode and anode gate “G” becomes forward biased
allowing the capacitors to discharge through
another diode junction between the anode gate and
the cathode “K” and on through R120.

R117 and R118 control the voltage at which the
diode (anode-to-anode gate) becomes forward
biased. This feature “programs” the firing of Q102
and prevents the unijunction from controlling this

~ parameter. Therefore, the changing of firing points
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from one device to another, together with the
temperature dependency of this parameter, is no
longer a problem as it can be with conventional
transistors.
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The vertical oscillator is synchronized externally to
the vertical interval from the vertical drive pulse at
R113. At the time of the vertical interval, an
external negative pulse is applied through R113,
C104, and CR101 to the gate of Q102, causing the
firing level of the unijunction to decrease.

The sawtooth voltage at the anode of Q102, is
directly coupled to the base of Q103. Q103 is a driver
amplifier and has two transistors wired as a
Darlington pair; their input and output leads exit as
a three-terminal device. This device exhibits a high
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input impedance to Q102, and thereby maintains
excellent impedance isolation between Q102 and
Q104.

The output waveform from the unijunction
oscillator is not suitable, as yet, to produce a
satisfactory vertical sweep. Such a waveform would
produce severe stretching at the top of the picture
and compression at the bottom. C105 and C106

‘modify the output waveform to produce

satisfactory linearity. The sawtooth waveform
output at Q103 is coupled through R122, the



vertical linearity control R121, and on to C106
where the waveform is shaped into a parabola. This
parabolic waveform is then added to the oscillator’s
waveform and changes its slope. Slope change rate
is determined by the position of the variable resistor
RI121. '

Q103 supplies base current through R123 and R124
to the vertical output transistor, Q104. Height
control R124 varies the amplitude of the sawtooth
voltage present at the base of Q104 and, therefore,
varies the size of the vertical raster on the CRT.

The vertical output stage, Q104, uses a power type
transistor which operates as a class A amplifier. No
output transformer is required since the output
impedance of the transistor permits a proper
impedance match with the yoke connected directly
to the collector. C107 is a DC-blocking capacitor
“which allows only AC voltages to produce yoke
current. L1 is a relative high impedance compared
to the yoke inductance. During retrace time, a large
positive pulse is developed by L1 which reverses the
current through the yoke and moves the beam from
the bottom of the screen to the top. Resistor R126
prevents oscillations by providing damping across
the vertical deflection coils. '

HORIZONTAL DEFLECTION

To obtain a signal appropriate for driving Q106, the
horizontal output transistor, a driver
consisting of Q105 and T101, is used. The circuitry
associated with Q105 and Q106 has been designed to
optimize the efficiency and reliability of the
horizontal deflection circuits.

A positive going pulse is coupled through R127 to
the base of Q105. The amplitude and duty cycle of
this waveform must be as indicated in the electrical
specifications (Section 1.2) for proper circuit
operation.

The driver stage is either cut off or driven into

saturation by the base signal. The output signal

appears as a rectangular waveform and is
transformer-coupled to the base of the horizontal
output stage. The polarity of the voltage at the
secondary of the driver transformer is chosen such
that Q106 is cut off when Q105 conducts and vice
versa.

During conduction of the driver transistor, energy is
stored in the coupling tranformer. The voltage at the
secondary is then positive and keeps Q106 cut off.
As soon as the primary current of T101 is
interrupted due to the base signal driving Q105 into
cut off, the secondary voltage changes polarity.
Q106 starts conducting, and its base current flows.
This gradually decreases at a rate determined by the
transformer inductance and circuit resistance.

stage
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The horizontal output stage has five main functions:
to supply the yoke with the correct horizontal
scanning currents; develop a “C” VDC supply
voltage for use with the CRT; develop a “B” VDC
supply voltage for the video output stage; and
develop a “D” VDC for the CRT bias.

Q106 acts as a switch which is turned on or off by
the rectangular waveform on the base. When Q106
is turned on, the supply voltage plus the charge on
C113 causes yoke current to increase in a linear
manner and moves the beam from near the center of
the. screen to the right side. At this time, the
transistor is turned off by a positive voltage on its
base which causes the output circuit to oscillate. A
high reactive voltage in the form of a half cycle
negative voltage pulse is developed by the yoke’s

“inductance and the primary of T2. The peak

magnetic energy which was stored in the yoke
during scan time is then transferred to C109 and the
yoke’s distributed capacity. During this cycle, the
beam is returned to the center of the screen.

The distributed capacity now discharges into the
yoke and induces a current in a direction opposite to
the current of the previous part of the cycle. The
magnetic field thus created around the yoke moves
the scanning beam to the left of the screen.

After slightly more than half a cycle, the voltage
across C109 biases the damper diode CR103 into
conduction and prevents the flyback pulse from
oscillating. The magnetic energy that was stored in
the yoke from the discharge of the distributed
capacity is released to provide sweep for the first
half of scan and to charge C113 through the
rectifying action 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 Q106 becomes
negative.

C113, in series with the yoke, also serves to block
DC currents through the yoke and to provide “S”
shaping of the current waveform. “S” shaping
compensates 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. :

L101 is an adjustable width control placed in series
with the horizontal deflection coils. The variable
inductive reactance allows a greater or lesser
amount of the deflection current to flow through the
horizontal yoke and, therefore, varies the width of
the horizontal scan.

The negative flyback pulse developed during
horizontal retrace time is rectified by CR104 and
filtered by CR110. This produces approximately
“D” VDC which is coupled through the brightness
control to the cathode of the CRT (V1).



This same pulse is transformer-coupled to the
secondary of transformer T2 where it is rectified by
CR2, CR106, and CR105 to produce rectified
voltages of approximately 12kV (9 and 12 inches) or
9 kV (5 inches), “C” VDC, and “B” VDC
respectively. 12 kV or 9 kV is the anode voltage for
the CRT, and “C” VDC serves as the source voltage
for grids No. 2 and 4 (focus grid) of the CRT. The
“B” VDC potential is the supply voltage for the
video output amplifier Q101.

LOW VOLTAGE REGULATED SUPPLY

All models use a series-pass, low voltage regulator
designed to maintain a constant DC output for

changes in input voltage, load impedance and

temperature. Also included is a current limiting
circuit designed to protect transistors connected to
the “A” VDC output of the regulated supply from
accidental output short circuits and load
malfunctions.

The low voltage regulator consists of Q201, Q202,
Ql1, VR201, and their components. Q203 and its
circuitry control the current limiting feature.

The 120 VAC primary voltage (220/240 V,
optional) is stepped down at the secondary of T1
where it is rectified by a full wave bridge rectifier

CR1. Capacitor CI is used as a filter capacitor to

smooth the rectified output of CR1. Transistor Q1is
used as a series regulator to drop the Trectified
voltage to “A” VDC and to provide a low output
impedance and good regulation. Resistor network
R207, R208 and R209 is used to divide down the
“A” VDC voltage to approximately +6 VDC and
apply this potential to the base of Q202. A reference
voltage from zener diode VR201 is applied to the
emitter of Q202. If the voltages applied to the base
and emitter of Q202 are not in proper relationship,
an error current is generated through Q202. This
error current develops a voltage across R202 which
is applied to the base of emitter follower Q201 and
then applied to the base of QI to bring the output
voltage back to its proper level. R201 and C201
provide additional filtering of the rectified DC
voltage.

Operation of this regulator may be better
understood by assuming a certain operation
condition has caused the output voltage to increase
above normal. This positive increase of voltage is
transferred to the base of Q202 where it is compared

to the zener of VR201. The increase of forward bias
of Q202 causes the collector voltage to drop as a
result of the increased collector current through
R202. This voltage is directly coupled to the base of
Q1 through Q201 where it causes Q1 to conduct less
and brings the regulated voltage back to its proper
state.

The short circuit protection or current limiting
action can be explained as follows. Assume the “A”
VDC bus becomes shorted to ground. This reduced
output voltage is sensed by the base of Q202 turning
that transistor off because of the reverse bias across

~ its.emitter and base junction. Simultaneously, the
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increased current through R204 increases the
forward voltage drop across the base and emitter
junction of Q203 and turns it on. Prior to the short
circuit condition, Q203 was cut off. The increased
collector current through R202 decreases the
collector voltage of Q203 which is detected by the
base of Q201 and direct-coupled to the base of Q1
causing that conductor to conduct less. This closed
loop operation maintains the current available to
any transistor connected to the “A” VDC bus at a
safe level during a short circuit condition. Circuit
breakers and fuses are not fast enough to protect
transistors.

4.3.20 ADM-3A Answer Back

The ADM-3A answer back option provides the
transmission of a predetermined message of up to 32
characters in length. This message can be sent by
depressing the “here is” key on the keyboard or by
the computer command “ENQ.” The message is
stored in a read only memory (ROM) and is
supplied at time of purchase. This message can be
exchanged by LSI customer service.

4.3.21 ADM-3A Extension Port Current Loop

The extension port of the ADM-3A provides an
auxiliary port for interfacing other peripheral
devices in a loop through or daisy chain
environment.

The addition of current loop to this port adds to the |
flexibility and allows more devices to hook up in this
manner.

The transmitted data output for current loop is on
pin 25 of connector J-2 and does not supply current
(external source). Received data is inputed on pin 2
and is internally grounded (Terminal ground).




4.3.22 ADM-3A Numeric Pad NOTE

The numeric pad option (Figure 4-18) provides 14 The numeric keys on the Key pad parallel
keys for operator convenience. These keys consist of the numeric on the standard Keyboard,
10 numeric (0-9), 3 punctuation (-.,) and an “Enter” therefore, if the shift key is depressed
key. The codes associated with these are transmitted ' . when using the keypad, the shifted
as such with the exception of “Enter” which characters will be generated as on the
transmits the ASCII character “RETURN.” ‘standard keyboard.

Figure 4-18. ADM-3A Numeric Key Pad

~
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SECTION 5
MAINTENANCE

5.1 GENERAL

This section contains instructions and information
for performing routine and corrective maintenance
of the ADM-3A. It is assumed that the maintenance
technician is thoroughly familiar with information
in Sections 1 through 4 of this manual.

5.2 INSTALLATION

It is assumed that the ADM-3A has been installed
and set-up for operation in accordance with
procedures outlined in Section 2. Any operating
problem following installation should be
approached initially by checking settings of internal
switches and front panel switches located under the
identification plate, and checking interface cables.
Figure 5-1 shows assignments of terminals in
interface connectors J1 and J2.

5.3 ROUTINE MAINTENANCE

The operator is expected to keep the exterior of the
ADM-3A clean. The case should be cleaned using a
household cleaner and a soft, damp, lint-free cloth
or paper towel. NEVER use a petroleum-base
solvent such as lighter fluid which could damage the
plastic or painted surface.

Be careful not to wipe dust into the keyboard, and
don’t let excessive spray cleaner run between the
keys.

Other than cleaning, the ADM-3A needs no routine
maintenance.

5.4 OPENING ADM-3A COVER

To remove the cover of the terminal (along with the
monitor CRT) for access to adjustments or for other
maintenance, proceed as follows:

a. Remove the two slot-head screws located
under the front corners of the terminal base.

b. Lift the cover from the front, lifting it upward
and rearward until it is lowered to rest on the
table.

c. To remove the cover from the base, disconnect
the cable connecting the monitor to the printed

circuit board, slide the cover toward the left on,

its hinge pins, and then remove the cover from
the base.

Note that all components on the ADM-3A
circuit board are accessible for inspection and
voltage measurement when the cover is fully
open.
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5.5 ADJUSTMENTS

All adjustments in the ADM-3A are associated with
the CRT monitor.

5.5.1 Contrast Adjustment

Contrast may be adjusted for best viewing by the
operator. The control is located at the upper right-
hand corner of the keyboard. ‘

5.5.2 Brightness Adjustment

The brightness (background intensity) control is
located on the video board assembly within the
ADM-3A cover.

WARNING

Brightness must be adjusted with power
applied to the ADM-3A. To avoid
hazardous electrical shock, adjust usinga
non-conductive screwdriver and
considerable care. ‘

Adjust brightness just to the level at which the white
raster is extinguished. The optimum contrast can
then be obtained when a video signal is applied.

5.5.3 Vertical Adjustment

There is a slight interaction among the vertical
frequency, height, and linearity controls. A change
in the height of the picture may affect linearity.

a. Apply video and synchronization signals to
the monitor.

b.  Set the vertical frequency control (R116) near
the mechanical center of its rotation.

c. Adjust the vertical height control (R124) for
desired height.

d. Adjust the vertical linearity control (R121) for
best vertical linearity.

e. Remove the vertical drive signal from the unit.
Or, alternatively, use a short jumper lead, and
short the vertical drive input terminal of the
printed circuit card edge connector to ground.-

f. Readjust the vertical frequency control (R116)
until the picture rolls up slowly.

g. Restore vertical drive to the monitor.

h. Recheck height and linearity.
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5.5.4 Horizontal Adjustments

Raster width is affected by a combination of the low
voltage supply, width coil L101, and the horizontal
linearity sleeve located on the neck of the CRT
. beneath the yoke.

a. Apply video and synchronization signals to
the monitor. Insert the horizontal linearity
sleeve about 2/3 of its length under the yoke.
(If you received a monitor from the factory in
which the placement of the linearity sleeve has
been determined, make a mark on the sleeve
and reinsert the sleeve to this mark when
removal of the yoke and linearity sleeve are
required.)

If the linearity sleeve is inserted farther than.

necessary, excessive power will be consumed
and the horizontal output 01rcu1try could be
overstressed.

b. Adjust the horizontal width coil (L101) for the
desired width.

c. Insert the linearity sleeve farther under the
yoke to obtain the best linearity. Although this
adjustment will affect the raster width, it
should not be used solely for that purpose. The
placement of the linearity sleeve should be
optimized for the best linearity. -

d. Readjust L1101 for proper width.

e. Observe final horizontal linearity and width,
and touch up either adjustment if needed.

No horizontal hold control is used in this monitor.

5.5.5 Focus Adjustment

The focus control (R107) adjusts best overall
display focus. However, because of the construction
of the gun assembly in the CRT, this control does
‘not have a large effect on focus.

5.5.6 Centering

If the raster is not properly centered, it may be
repositioned by rotating the ring magnets behind
the deflection yoke. ! )

Do not use ring magnets to offset the raster from its
nominal center position; this will degrade the
resolution of the display.

If the picture is tilted, rotate the entire yoke. -

5.6 CORRECTIVE MAINTENANCE

Corrective maintenance consists of locating the
cause of a malfunction and repairing it. The cause
may be isolated only to the module level, with the
failed module sent to a repair facility or returned to
Lear Siegler for repair or replacement; or the user
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may choose to isolate the cause to the component
level and replace the failed component.

Repair at the component level should not be
attempted except by trained personnel using
suitable tools and test equipment.

5.6.1 Failure Analysis

Troubleshooting of the ADM-3A is straightforward
and conventional. Suggested steps in
troubleshooting are:

a. Get the facts. Learn the state of the machine
when the malfunction occurred. Look for
operator error, blown fuses, or modem or
computer failure.

b. Operate the ADM-3A to determine which
functions have failed. For example: Does it
receive but not transmit? Has a single function
(like Clear Screen or Backspace) failed?
Intelligent use of this 1nformat10n will speed
fault isolation.

c. Isolate the cause of the failure to a specific
module (for example, to the CRT, a keyboard
row, the flyback assembly, or the main circuit
board).

d. If the failed module is to be repaired at the
machine site, further isolate the cause to a
failed component (or components). Refer to
information in Section 4 and to the logic and
assembly drawings in Section 6 of this manual.

e. Replace the failed module or component
and test by running the ADM-3A in the same
mode of operation in which the failure
occurred.

f. Record the symptoms, cause, trouble-
shooting procedure, and mode of repair
for future reference.

Following are useful ideas to speed troubleshooting
and repair:

a. After warmup, the cursor should appear at its

+ “home” position. If it does not, enter data from
the keyboard (with the HDX/FDX switch in
the HDX position) and see if it appears on the
screen. If it does not, proceed to check power
supply voltages, intensity and contrast control
settings, clock and display counter operation,
monitor sweep drive signals and monitor video
and drive circuits, in that order. '

¥

b. To verify operation of transmitter logic,
simply see that data generated at the keyboard
appears on the screén (HDX/FDX switch in
the HDX position only!). This checks all
transmitter logic except the inverter B7-10 and



driver A9-3. To check FDX, create a short in
pins 2 and 3 of the modem connector. This will
also check the inverter B7-10 and the driver
A9-3.

c. It is possible to use internal turnaround
switches (LOCAL, 103 and 202) to force
Request to Send to either state, or put it under
ADM-3A control. Intelligent use of these
switches, and reference to paragraph 4.3.16,
may simplify interface troubleshooting.

5.6.2 Troubleshooting the Monitor

Following is a guide to troubleshooting the CRT
monitor. It is assumed that sweep drive and video
signals from the main circuit board are normal (see
figure 5-2).

a. Screen is dark. Check settings of brightness
and contrast controls. Check +15V dc supply
at junction of R114 and R130. Check security
of all monitor connectors.

b. No video. Check setting of contrast control,
check QI101 (refer to monitor schematic
diagram in Section 6 of this manual).

c. Overheating and excessive power
consumption. Check horizontal linearity
sleeve (para. 5.5.5) Check Q105 and Q106.

Refer to the monitor voltage waveforms (figure 5-3),
and component layout (figure 5-4), and to cabling
and schematic diagrams in Section 6 of this manual.

5.6.3 Removing and Replacing Monitor CRT
and Subassemblies

WARNING

Be sure to discharge anode voltage to
ground before attempting to remove any
monitor subassembly or CRT.

The monitor comprises the CRT with its steel
mounting frame, the flyback assembly, and the
circuit board.

To remove the CRT, proceed as follows:

a. Unhook (at both ends) the spring that lies
across the CRT.

b. Remove connector from the base of the CRT.

c. Remove the anode connector from the lower
surface of the CRT.

d. Using a socket wrench or screwdriver, loosen
the clamps at both sides of the CRT frame
until the clamps can be turned to clear the
CRT frame.

e. Grasping the CRT securely, lift it upward and
out of the ADM-3A cover and set it aside.
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To install a new CRT, follow the preceding steps in
reverse order.

To remove the flyback assembly, proceed as
follows:

a. Disconnect anode connector from CRT.

b. Disconnect Molex connector that connects
flyback assembly to the monitor circuit board.

c. Using a screwdriver, loosen the hex-head
screw that clamps the flyback assembly to the
molded cover. - -

d. Lift flyback assembly upward until the screw
clears the slot in the mounting plate, then
remove assembly from the cover.

To remove the monitor circuit board, proceed as
follows:

a. Remove the flyback assembly (refer to
preceding steps).

b. Disconnect all Molex connectors from the
monitor circuit board.

c. Slide circuit board from the slots in the molded
cover and remove.

To replace monitor circuit board and flyback
assembly, perform the preceding steps in reverse
order.

5.6.4 Troubleshooting the Main Circuit Board

Troubleshooting of the main circuit board is based
essentially on the principles outlined in paragraph
5.6 — that is, the technician must be familiar with
the theory of operation (Section 4) and must be
equipped with suitable test equipment.

With the ADM-3A cover opened, all components
on the main circuit board are accessible to probes
and other test devices. Components are generally
identified on the board; but reference may be made
to the component layout drawing, and the logic
diagrams in Section 6 of this manual.

Table 5-1 lists connectors on the board and defines
all terminal assignments.

5.6.5 Removing and Replacing the
Main Circuit Board :

To remove the main circuit board, proceed as
follows:

a. Remove external cables from connectors J1
and J2 at the rear of the ADM-3A.

b. Remove all cable connectors from the upper
surface of the circuit board.

c. Lift circuit board straight upward to clear the
guide pins, then remove from the base.
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Table 5-1. Main Circuit Board Connector Terminals -

Connector/Symbol Pin Signal
RS232 Interface (J1) 1 Frame Ground
2 BA (Transmit Data)
3 BB (Receive Data)
4 CA (Request to Send)
5 CB (Clear to Send)
6 CC (Data Set Ready)
7 Signal Ground
8 CF (Carrier Detect)
9,10 (not used)
11 SA (Secondary Transmit Data)
12 SB (Secondary Receive Data)
13-16 (not used)
17,24 Current Loop Transmitter
20 CD (Data Terminal Ready)
18-22 (not used)
23,25 Current Loop Receiver
RS232 Extension (J2) 1 Frame Ground
2 BA (Transmit Data)
3 BB (Receive Data)
4 CA (Request to Send)
5 CB (Clear to Send)
6 CC (Data Set Ready)
7 Signal Ground
8 CF (Carrier Detect)
9,10 (not used) )
11 SA (Secondary Transmit Data)
12 SB (Secondary Receive Data)
13-19 (not used)
20 CD (Data Terminal Ready)
21-25 (not used)
Low-Voltage AC Power (J3) 1,2 Input to +V dc rectifier
3,5 Input to +12V dc rectifier
4 Ground
Monitor Low-Voltage 1,2 Input to +V dc rectifier
AC Power (J4) 3
Beep Speaker (J5) 2,3 Drive to beeper speaker
Keyboard Interface to  (J6) 2,3,16 Col 3,2,0
10-Key Pad 5,9,10 Row 0, 1, 2
11,12,13 Row 3, 4,5
14,8,7 Row 6, 7, 8
5,1,15,4 Row 9,C,D, E
Monitor Interface W7) 1
2
3
4 Video to monitotr
5,6,7 Ground
8 Horizontal drive to monitor
10 Ground

+15V dc to monitor




Note that there are no fasteners to hold the circuit
board, which is kept in place by the two steel guide
pins and the closed cover. '

Replace the circuit board by performing removal
procedures in reverse order.

5.6.6 Removing and Replacing Key Switch
Contacts - ‘

The tools required to remove the key switch
contacts from the keyboard are:

insertion tool and guide

soldering iron (low temperature)

wicking device

‘short-nosed needle nose pliers
with serrated jaws

The procedure is as follows:

a. Remove the solder from the contact (dewick)
with a low-heat soldering iron so as not to
damage circuit pads. The contacts will
protrude about 1/32inches beyond the back of
the logic board. Make sure that the contacts
are completely free of any solder by brushing
them with your finger, the contacts should
move freely.

b. Turn the board over so that the keyboard is
up. ‘

c. Remove the key top whose contacts need to be
replaced.

d. With the pliers, firmly grasp the plungerin the

corner (see figure 5-5). Pull straight up with a
firm pull.
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CAUTION

The plunger is fragile; pulling to the side can
break plunger or housing.

. Remove the spring.

. With the pliers, grasp the contact and pull

vertically; remove both contacts.

. Place the insertion tool guide in the switch

housing making sure that the keyway is toward
the front of the keyboard. (See figure 5-6).

. Insert the solid contact (P/N 373-30052-2) in

the insertion tool with the bend to the outside
and the solder end up (see figure 5-7). Insert
the split contact (P/N 373-30053-2) with the
split end in first (see figure 5-8).

i. Place the insertion tool into the guide matching

keyway slot and key: Press the tool firmly
straight down until the contacts are seated
firmly (the tool clicks). (See figure 5-9)

j. Remove the tool and the guide.
. Replace the spring.

. Replace the plunger making sure that the bar s

parallel with the contact opening. Work the -
plunger down slowly, separating the contacts
with the crossbar of the plunger (see figure 5-
10).

. Press the plunger firmly down until it is seated

(it-clicks).

. Replace the key top.

. Turn the board over and verify that the

contacts extend about 1/32 inch past the
board.

. Resolder the contacts in place.
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SECTION 6
DRAWINGS

This section contains drawings of the functional
areas of the ADM-3A as well as a technical
description of the logic in each area. The basic logic
was presented in Section 4 (Theory of Operation).

6.1 SCHEMATIC SHEET #2—
SYSTEM COUNTERS

The oscillator located in zone D4 provides the basic
clocking for the entire display unit. It oscillates at a

frequency of 10.8864 MHz (period = 91.8577 nsec.)

which is twice the frequency of the video going to the
monitor. This clock also goes to the DOT counter
which counts the seven dot positions horizontally in
a character position. This DOT counter (74LS161
-— zone D?2) has seven different states. It begins its
cycle by presetting to a count of 10, counts through
the overflow at 15, and presets again at a count of 0.
The purpose of this counter is to time the
presentation of the sequential addresses to the
character generator and the presetting of the video
serializer. Its final output, DC3, has a duty cycle of
85.7% and a frequency of 1.5552 MHz. It also is the
clock to the next counter in line.

The CHARACTER counter (zone C3) has eight
stages and is used to time the positioning of the
eighty characters and the horizontal retrace time
along one video raster line. The total division
provided by this counter is 96, 80 for the video
portion of the raster line and 16 for the horizontal
retrace. The actual count goes from 0to 79, presets
to 240, and counts out to the overflow point at 255
and restarts another cycle for the next raster line.
Stages labeled CCO through CC6 are <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>