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CHAPTER 1
INTRODUCTION AND SPECIFICATIONS

This is the technical manual for the VT100 series video terminals. It contains information a service
technician or engineer needs to operate, test, and repair the VT100 series to a component level.

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

_Appendix A

Appendix B
Appendix C

Appendix D

Contains VT100 specifications and documentation ordering information.

Contains basic operator information, including use of the keyboard. use of SET-
UP modes for setting terminal characteristics, and simple trouble checking.

Contains installation procedures and interface information.

Contains a technical description of the basic VT100 video terminal. This
chapter assumes that the reader has the Field Engineering Print Set, MP00633.

Contains servicing information for the VT100 series video terminals.

Contains SET-UP information for the various VT 100 series options, installation
information, a technical description, and service information for the Advanced
Video option, Current Loop option, VT105 Graphics Processor, VT1XX-AC
Printer option. and VT125 Graphics Processor.

Contains a technical description and interfacing information for the standard
terminal port (STP).

Contains interfacing information for the graphics connector.

Contains programming information for the VT100 series. including interface
timing considerations and descriptions of control functions the VT100 responds
to. both in ANSI mode and in DEC VT52-compatible mode. Also contains copy
of VT125 Programming Reference Card, EK-VT125-RC-001.

Contains a recommended spares list (RSL).

Contains a glossary of terms and abbreviations used in this manual.

- Contains a description of the ANSI code extension techniques.

1-1



VT100 SPECIFICATIONS

DIMENSIONS
Monitor
Height

Width

Depth

Keyboard

Height

Width

Depth

Minimum table depth

Weight

Monitor
Keyboard
Shipping weight

ENVIRONMENTAL
Operating
Temperature
Relative humidity
Maximum wet bulb
Minimum dew point
Altitude

Nonoperating
Temperature
Relative humidity
Altitude

Power

Line voltage
Line frequency
Current

Input power

Current limiting
Power cord

36.83 cm (14.5 inch)
45.72 cm (18 inch)
36.20 cm (14.25 inch)

8.89 cm (3.5 inch)
45.72 cm (18 inch)
20.32 cm (8 inch)
51.4 ¢cm (20.25 inch)

13.6 kg (30 Ib)
2.0 kg (4.5 Ib)
18.6 kg (41 1b)

10° t0 40° C (50° to 104° F)
10% to 90%

28° C (82° F)

2°C (36° F)

2.4 km (8,000 ft)

—40°1t066° C(—40°t0151° F)
0t095%
9.1 km (30,000 ft)

90-128 V rms single phase, 2 wire
180-256 V rms single phase, 2 wire (switch-selectable)

47-63 Hz

3.0 Arms maximumat 115V rms
1.5 Arms maximumat 230 Vrms

250 VA apparent 150 W max.
3 A normal blow fuse
Detachable, 3 prong, 1.9 m (6 ft)



Display
CRT

Format

Character
Charactersize

80 column mode
132 column mode
Active display size
Character set

Cursor type

Keyboard
General

Key layout

Numeric keypad

Visual indicators
Audible signals
Keyclick

Bell

Multiple bell
Communication

Type
Speeds

Code
Character format

Charactersize

Parity

Synchronization

30cm (12 inch) diagonal measure, P4 phosphor

24 lines X 80 charactersor 14 lines X 132 characters (selectable)

7 X 9 dot matrix with descenders

3.35mm X 2.0mm (0.132inch X 0.078 inch)

3.35mm X 1.3mm (0.132inch X 0.051 inch)

203 mm X 127 mm (8 inch X Sinch)

96-character displayable ASCII subset (upper- and lowercase, numeric,
and punctuation)

Keyboard-selectable, blinking block character or blinking underline

83-key detachable unit with 1.9 m (6 ft) coiled cord attached

65-key arrangement and sculpturing similar tostandard typewriter, with
18-key numeric keypad.

18-key with period, comma, minus, enter, and four general purpose
function keys.

7 LEDs; 3 dedicated toON LINE, LOCAL,and KBD LOCKED: 4 are
user-programmable.

Sound simulates typewriter.

1) sounds upon receipt of BEL code; 2) sounds 8 characters from right
margin (keyboard-selectable).

Sounds upon detection of error in SET-UP save or recall operation.
EIA

Full duplex: 50,75, 110 (two stop bits), 134.5, 150, 200, 300. 600. 1200.
1800, 2000, 2400, 3600, 4800, 9600, 19,200

ASCII
Asynchronous

7 or 8 bits; keyboard-selectable. (Note: if 8-bit character is selected, 8th
bit is always space.)

Even, odd, or none (keyboard-selectable)

Keyboard-selectable via automatic generation of XON and XOFF control
codes.
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ORDERING DOCUMENTATION

You can purchase the following VT100 series video terminal documents from DIGITAL’s Accessories

and Supplies Group.
Title

VTI100 User Guide

VT100 Series Pocket Service Guide
VTI100 llustrated Parts Breakdown (IPB)
VTI100 Print Set (contains VT1XX-AC)

VTI105 Technical Manual
VTI105 Hlustrated Parts Breakdown (IPB)
VT105 Print Set

VTI12S5 User Guide

VTI125 Print Set

VT1XX-CB, -CL Print Set

VTI125 lllustrated Parts Breakdown (IPB)

VTI132 User Guide
VTI132 Print Set (contains VT1XX-AC)
VT132 lllustrated Parts Breakdown (IPB)

VTI1XX-AC User Guide
VTI1XX-AC Print Set

Part Number

EK-VT100-UG
EK-VT100-J1
EK-VT100-IP
MP-00633

EK-VT105-TM
EK-VT10S-1P
MP-00642

EK-VT125-UG
MP-01053
MP-01052
EK-VTI125-1P

EK-VT132-UG
MP-00748
EK-VT125-1P

EK-VTIAC-UG
MP-00901

You can order accessories and supplies (including documentation) by mail or phone.

Continental USA

Call 800-258-1710 or mail order to:
Digital Equipment Corporation
P.O. Box CS2008
Nashua, NH 03061

New Hampshire

Call 602-884-6660 or mail order to:
Digital Equipment Corporation
P.O. Box CS2008
Nashua, NH 03061

Alaska or Hawaii

Call 408-734-4915 or mail order to:
Digital Equipment Corporation
632 Caribbean Drive
Sunnyvale, CA 94086

))



Canada

Call 800-267-6146 or mail order to:
Digital Equipment Corporation
P.O. Box 13000
Kanata, Ontario Canada K2K 2A6
Att: A&SG Business Manager
Telex: 610-562-8732

Related Documentation

Intel 8080 Microcomputer Systems User’s Manual
From: Intel Corporation
3065 Bowers Avenue
Santa Clara, California 95051

EIA Specifications RS-232-C and RS-170
From: Electronic Industry Association
EIA Engineering Department
2001 Eye Street, N.W.
Washington, DC 20006

ANSI Standards X3.41-1974, X3.64-1977, 3.4-1977
From: Sales Department '
American National Standards Institute
1430 Broadway
New York, NY 10018
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CHAPTER 2
OPERATOR INFORMATION

PART 1 KEYBOARD CONTROLS AND INDICATORS

The VT100 terminal normally performs a two-part function. It is an input device to a computer =
information entered through the keyboard is sent to the computer. It is simultaneously an output
device for the computer - that is, data coming in from the computer is displayed on the video screen.
The following controls and indicators on the VT100 keyboard are illustrated in Figure 2-1.

SET UP

SET-UP Key

Used in conjunction with other keys to perform specific functions such as setting tabs, scrolling, and
altering terminal characteristics.

ON LINE Indicator
Lights to show that the VT100 is on-line and ready to transmit or receive messages.

LOCAL Indicator
Lights to show that the terminal is off-line and cannot communicate with the host device. In local
mode the keyboard remains active and all characters typed are placed on the screen.

KBD LOCKED Indicator
Lights to show the keyboard has been turned off. The VT100 is still able to receive data from the host.
This condition can be cleared by entering and exiting SET-UP mode.

L1-L4 Indicators
These indicators are turned on and off by the host. Consult your local operating procedures for the
meaning of each indicator. L1-L4 also show self-test errors.

’ * - -

Keys

Each of these keys causes the VT100 to transmit a code that has a special meaning to your system.
Consult your local operating procedures for the meaning of these keys. In SET-UP mode the 1and |
keys increase or decrease display brightness. The « and — keys move the cursor left and right.

BACK
SPACE

BACKSPACE Key

Transmits a backspace code.




[ar4

ON LINE L08L KBDLOCKED L1 6 5 La
o) .
SETUP SET/ CLEARAOLL LNE/  SETaP vogm TRANSMIT RECEIVE  B0/132 4 ‘ -~ - PRI PF2 PF3 PFa
CLEAR TAB TABS - LOCAL _ A/B 1/0 SPEED  SPEED COLUMNS RESET
! @ #c $ 7 A & * ( ) + e BACK
ESC — BREAK _
123 |alsielf[7z|sllofof=-1|=]"| 1718 °
TAB Q w E R Y | (0] {[:: ]} DELETE 4 5 6 ’
cThL fgzi A S D F BELL H J K L . " RETURN I 1 2 3
G . ’ ’ N
ENTER
: < 2
scRoLL SHIFT Z X C \") B M y / SHIFT tgeo
Figure 2-1 VT100 Keyboard
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' ] BREAK

BREAK Key

Transmits a break signal.

PF1

PF2

PF3 PF4

PF1-F4 Keys

Each of these keys causes the VT100 to transmit a code that has a special meaning to your system.
Consult your local operating procedures for the meanings of these keys.

Numeric Keypad

The numeric keypad enables numbers to be entered in calculator fashion. Each key in the numeric
keypad generates the same character as the corresponding numeric key on the main keyboard. The
ENTER key corresponds to the RETURN key. These keys may also be interpreted by the host com-
puter as special function keys. Consult your local operating procedures for the meanings of these keys.

DELETE

RETURN

DELETE Key

Causes the VT100 to transmit a delete character code to the host system. The deleted character may or
may not be erased from the screen.

RETURN Key

Transmits either a carriage return (CR) code or a carriage return and line feed (LF) code. This is a
SET-UP selectable feature.

LINE
FEED

LINEFEED Key

This key transmits a line feed code.

SHIFT

SHIFT Key

When pressed, this key enables the uppercase function of all keys. If a key does not have an uppercase
function the SHIFT key is disregarded.

)
O

RESET Key

In SET-UP mode this key starts the reset sequence. This has the same result as turning the terminal
power off and then on.
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9 | 80/132 COLUMNS Key

In SET-UP A mode this key switches the dispiay line size from 80 to 132 characters per line or from
132 to 80 characters per line.

*
8 | RECEIVE SPEED Key

In SET-UP B mode this key steps the terminal through the receive baud rate settings in ascending
order.

&
7

TRANSMIT SPEED Key

In SET-UP B mode this key steps the terminal through the transmit baud rate settings in ascending
order.

A
® | TOGGLE 1/0 Key |
In SET-UP B mode this key turns the selected operational feature on or off.

BELL
G | BELLKey

When pressed in combination with the CTRL key this key causes a bell code to be sent to the host.

%
S | SET-UP A/B Key

In SET-UP mode this key switches the terminal from SET-UP A to SET-UP B or from SET-UP B to
SET-UP A.

$
4

LINE/LOCAL Key

In SET-UP mode this key switches the VT 100 to communicate with your system (ON LINE) or stops
the VT100 from communicating with your system (LOCAL).

e
3 | CLEAR ALL TABS Key

In SET-UP A this key clears all horizontal tabs set in the VT100.

@
2 | SET/CLEAR TAB Key

In SET-UP A this key sets or clears individual horizontal tabs.




N

CAPS
LOCK

CAPS LOCK Key

This key enables the transmission of uppercase alphabetic characters only. All numeric and special
symbol keys remain in lowercase.

NO
SCROLL

NO SCROLL Key

When first pressed, this key stops the transmission of data from the computer to the VT100. When
pressed a second time, transmission resumes from where it was stopped. Check your local operating
procedures to ensure that your system recognizes this key.

CTRL

_CTRL Key

When pressed in combination with another kéy, CTRL causes the VT100 to transmit a code that has a
special meaning to your system.

TAB

TAB Key

This key transmits a tab code.

ESC

ESC Key

This key transmits a code that normally has a special meaning to your system. In many applications, it
tells your system to treat the next keys pressed as a command.

MONITOR CONTROL
The VT100 monitor contains only one control, the power switch, shown in Figure 2-2.

AUDIBLE INDICATORS (TONES)
There are three audible indicators associated with the VT100: a short tone (click), a long tone (beep),
and a series of long tones.

Short Tone (click)
The short tone sounds whenever a key is pressed, with the following exceptions:

e  SHIFT or CTRL keys do not generate any keyclick because these keys do not transmit any
codes but only modify the codes transmitted by other keys.

e  When the KBD LOCKED indicator is turned on; in which case, the characters typed are
lost.

e The keyclick feature has been turned off in SET-UP mode.



Long Tone (beep)
The long tone sounds to indicate one of the following conditions: / )

e A bell code was received from the computer.

® The cursor is eight characters away from the right margin and the margin bell feature is
enabled.

Series of Long Tones

The terminal sounds the long tone several times in rapid succession to indicate that the nonvolatile
memory (NVR) had difficulty reading or writing SET-UP features. (When this occurs, check the SET-
UP features and then perform the recall or save operation again.)

CAPTIVE ACCESS
SCR/EWS (4) CPVER

i I J )
4 iy ~| EA
Q

ARAR -
7o) WO | comcsrons
— CONNECTOR
LINE PRINTER
CONNECTOR EXTERNAL VIDEO
I —~ INPUT CONNECTOR
PRINTER
OPTION EXTERNAL VIDEO N
INDIiATOR —OUTPUT CONNECTOR ))
MAIN FUSE
/ POWER SWITCH
=I5 . —'—;-/ Q—
' MODEL + SERIAL
NUMBER LABEL
O o MWofo][ *u¥ @‘ ))
N R B o - !
c— / A\
KEYBOARD POWER POWER CORD
CONNECTOR SELECTOR CONNECTOR
OPTIONAL 20mA SWITCH
COMMUNICATION
CONNECTOR MA-1987
Figure 2-2 VT100 Terminal (Rear View)
PART 2 SET-UP MODE
Unlike most terminals, the VT 100 does not use switches or jumpers to individually turn the built-in
terminal features on or off. Instead, the YT100 uses a nonvolatile memory (NVR) that always remem- ‘
bers what features have been selected, as if a switch had been set. ))
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Selection and storage of built-in terminal features is performed in a special mode of operation called
SET-UP mode. When you enter SET-UP mode, the status of features stored in temporary memory
shows on the screen. You can then change the features and store any new feature selections either
temporarily, by leaving SET-UP mode; or on a fixed basis, by performing a Save operation. In either
case, terminal operation reflects the new feature selection. If a recall operation is performed, or the
terminal is reset, or terminal power is turned off, all temporary feature settings are replaced by features
that have been stored on a fixed basis.

SET-UP Features

SET-UP mode provides two brief summaries of the current feature status. The first presentation -
SET-UP A - displays the location of tab stops set and a visual ruler that numbers each character
position on the line. The second presentation - SET-UP B - summarizes the status of the other termi-
nal features.

SET-UP A - To enter SET-UP A, press the SET-UP key. The display has a presentation similar to
Figure 2-3. The bottom line of the display consists of a “‘ruler” that numbers each character position
available on a line. Each tab stop is shown by a “T’" above the ruler. If the tab stop(s) set are those
desired, you may exit SET-UP mode by pressing the SET-UP key again or you may now change the
tabs to meet your requirements.

4 )
SET-UP A

| - T T - T T T
£ 2345590 EFEER 1 23456782 0TFRL I TEER 1 23456 78¢ 123456 7890fPRTEITEED
\_ I,

MA-2732

Figure 2-3 SET-UP A Mode Presentation
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SET-UP B - SET-UP B mode may only be entered from SET-UP A mode. To enter SET-UP B from
SET-UP A press the 5 key on the main keyboard. The display looks like Figure 2-4. Figure 2-5
summarizes the SET-UP B presentation. This summary allows you to quickly determine what features
are enabled. For additional information on a feature refer to in Part 3, SET-UP Feature Definitions.

To exit SET-UP B press the SET-UP key.

("’ET “UP B )

I0 EXIT PRESS "SET-UP™

MA2733

Figure 2-4 SET-UP B Mode Presentation

Determining What a SET-UP Feature Does
SET-UP features are basically a series of options in the VT 100 that allow the terminal to be tailored to
its operating environment. Table 2-1 lists each feature and shows one of the following general cate-

gories.

Installation
Computer compatability
Operator comfort

The installation category includes the initial installation of the terminal and any special options that
may be attached to the terminal. If any options are added or removed, or the physical location of the
terminal is changed, verify the settings of these SET-UP features.

2-8
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Figure 2-5 SET-UP B Mode Summary
Table 2-1 Categories of SET-UP Features
Computer Operator
Feature Installation Compatibility Comfort
Ansi/VT52 mode X
Answerback message X
Auto Repeat X
Auto XON/XOFF X
Bits per Character X
Characters per Line X
Cursor X
Interlace X
Keyclick X
Line/Local X
Margin Bell X
New Line X
Parity X
Parity Sense X
Power X
Receive Speed X
Screen Background X
Screen Brightness X
Scroll X X
Tabs X
Transmit Speed X
Wraparound X
#E X

3 | (shifted)
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Computer compatibility contains the features that must be set correctly so that the VT 100 can commu-
nicate with the host computer. An error in these settings may cause incorrect data to be sent to or
received from the computer; or an error may prevent the VT100 from communicating with the com-
puter. The settings for these features must be obtained from the host computer programmer, operator,
or system manager since there are many combinations of settings designed to work with particular
computers and special software. These feature settings normally change only when you need to com-
municate with a different computer or a unique software package.

The operator comfort category contains SET-UP features designed exclusively for the operator. These
features allow the operator to tailor the VT 100 to fit individual preference. These features do not affect
any operations that occur between the terminal and the computer.

Part 3, SET-UP Feature Definitions, describes the specific function of each feature.

How to Change a SET-UP Feature
Changing any or all SET-UP features is a simple operation and is generally performed by following the
same basic steps.

1.  Enter SET-UP mode by pressing the SET-UP key.

2. Select the appropriate SET-UP mode by pressing the 5 key on the main keyboard each time
you want to switch from SET-UP A to SET-UP B or from SET-UP B to SET-UP A.

3. Position the cursor above the feature switch or tab stop to be changed. To position the
cursor, the SPACE bar, «, —», TAB, and RETURN keys may be used. Some features do not
use this step since a specific key is dedicated to changing the feature.

4. Change the feature setting by pressing either the 6 key on the main keyboard or the appro-
priate dedicated key. Each time the key is pressed the feature changes, generally to the
opposite state. '

Table 2-2 briefly summarizes SET-UP features, the SET-UP mode you must be in to change a feature,
and the key used to change the feature setting.

Table 2-2 SET-UP Feature Change Summary

Key to

Changed In Change
Feature SET-UP Mode Feature
Answerback message B *
ANSI/VTS52 mode B g
Auto Repeat B 3
Auto XON/XOFF B 6
Bits per Character B g
Brightness A il

* A special sequence is required for this feature. See the detailed features description.
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Table 2-2 SET-UP Feature Change Summary (Cont)

Key to
Changed In Change

Feature SET-UP Mode Feature

(
Characters per Line A 9
Cursor B 6
Interlace B 6
Keyclick B 6

$
Line/Local A 4
Margin Bell B 6
New Line B 6
Parity B 6
Parity Sense B 6
Power B 6

*
Receive Speed B 8
Screen B 6
Scroll B 6

@ #¢€
Tabs A 2} and L3

&
Transmit Speed B 7
Wraparound B 6
#c B 6

3 | (shifted)

Setting the Answerback Message -
Setting the answerback message differs from setting any other terminal feature. An answerback mes-
sage can be typed into the VT100, using the following steps.

1. Place the terminal in SET-UP B mode.

2. Press the SHIFT and A keys at the same time. The terminal responds by placing A = on the
screen. (The SHIFT key is required. The CAPS LOCK key does not work here.)



Type the message delimiter character which may be any character not used in the actual
answerback message. The message delimiter character is not part of the answerback mes-
sage. If a mistake is made when typing the answerback message, type the message delimiter
character again and go back to step 2. This is the only way to correct errors in the answer-
back message. ;

Type the answerback message. The message may be up to 20 characters, including space and
control characters. Control characters are displayed as a character to indicate their presence
in the message.

Type the message delimiter character. Once the message delimiter character is typed the
answerback message disappears from the screen.

Once the above steps have been completed the answerback message is temporarily stored in the VT 100
and can be saved with the save operation.

Saving SET-UP Features

SET-UP features may be changed and stored on either a temporary or a fixed basis. To temporarily
store a feature, exit SET-UP mode after changing the feature; the terminal now reacts according to the
new setting. If a recall operation is performed, or the terminal is reset, or terminal power is turned off,
all temporary feature settings are replaced by the features that have been stored on a fixed basis.

To store SET-UP feature settings on a fixed basis, perform a save operation. This is a simple operation
that is accomplished by performing the following steps.

2.

Place the terminal in SET-UP mode.

Press the SHIFT and S keys at the same time. The screen clears and the message *“Wait™ is
displayed in the upper-left corner. After a brief wait, the terminal returns to SET-UP A
mode.

NOTE
The save operation must be performed at the termi-
nal keyboard. The computer cannot perform this op-
eration, although it can temporarily modify the
setting of VT100 features.

Once these steps have been performed, SET-UP features which had been temporarily stored are now
stored on a fixed basis.

Recalling SET-UP Features
Temporarily stored SET-UP feature settings may differ from settings that are stored on a fixed basis.
To return to the fixed settings, perform the recall operation as follows.

1.
2.

Place the terminal in SET-UP mode.

Press the SHIFT and R keys at the same time. The screen clears and the message *“Wait”
appears in the upper-léft corner. After a brief wait the terminal returns to SET-UP A mode.

NOTE

When a recall operation is performed the contents of
the screen are destroyed.
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Resetting the Terminal

The VT 100 may be reset from the keyboard. When the terminal is reset, the terminal memory is cleared
and ihe self-test program runs as if the terminal power switch was turned off and then back on. To
reset the terminal:

1. Place the terminal in SET-UP mode.

2. Press the O key on the main keyboard. The VT100 is reset, the power on self-test runs, and
the terminal reacts according to the fixed SET-UP features.

NOTE
When a reset operation is performed the contents of
the screen are destroyed.

PART 3 DEFINITIONS SET-UP FEATURE

This section describes each SET-UP feature in detail (in alphabetical order) and states how each
feature affects the terminal.

NOTE
Unless otherwise stated, entering SET-UP mode and
changing features does not result in the loss of data
displayed on the screen.

ANSI/VTS2 Mode

The VT100 terminal follows two programming standards - American National Standards Institute
(ANSI) and VT52. In ANSI mode, the VT100 generates and responds to coded sequences per ANSI
standards X3.41-1974 and X3.64-1977. In VT52 mode, the VT 100 terminal is compatible with previous
DIGITAL software using the VT52 video terminal. Both ANSI and VT52 modes are oulhned in
Appendix A of this manual.

Answerback Message

Answerback is a question and answer sequence where the host computer asks the terminal to identify
itself. This feature allows the terminal to identify itself by sending a message to the host. The entire
answerback sequence takes place automatically without affecting the screen or requiring operator
action. The answerback message may also be transmitted by pressing the CTRL and BREAK Keys at
the same time.

Auto Repeat

Auto repeat allows a key to be automatically repeated at the rate of about 30 characters per second
when the key is held down for more than one-half second. The auto repeat feature affects all keyboard
keys except the following:

SET-UP

ESC

NO SCROLL
TAB

RETURN

CTRL and any key
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Auto XON/XOFF

The VT100 can automatically generate synchronizing codes XON (DC1) and XOFF (DC3). XOFF
stops data transmission from the computer to the terminal; XON resumes transmission. With the
feature enabled, the VT 100 generates the XOFF code when one of the following occurs:

1. the internal buffer is nearly full

2. the NO SCROLL key is pressed

3.  the terminal is placed in SET-UP mode
4. CTRL-S is pressed.

When the buffer empties, the NO SCROLL key is pressed again, the terminal is taken out of SET-UP
mode, or CTRL-Q is pressed, the VT100 transmits the XON code to resume transmission from com-
puter to terminal.

If the host computer software does not support the XON/XOFF codes, data sent during buffer full
conditions, or when the terminal is in SET-UP mode, may be lost.

NOTE
The VT100 always stops transmission when an
XOFF (DC3) code is received and resumes transmis-
sion when an XON (DC1) code is received regardless
of the Auto XON/XOFF feature setting.

Bits per Character

This feature allows the terminal to transmit and receive either 7- or 8-bit characters. When set for 8-bit
operation, bit 8 is set to a space (or 0) for characters transmitted and is ignored for all characters
received.

Characters per Line

The VT100 can display either 80 or 132 characters per line. In 80 character per line mode, the screen is
80 characters wide by 24 lines high. In 132 character per line mode, the screen is 132 characters wide by
14 lines high (24 lines if the VT 100 is equipped with the Advanced Video Option). In 132 character per
line mode, the displayed lines are physically the same width as 80 character per line mode but the
characters are more compact.

NOTE
When changing from 80 to 132 character per line
mode or vice versa, the current contents of the screen
are lost.

Cursor

The VT100 has two cursor displays to indicate the ‘‘active positions” or where the next character will
be placed on the screen. The cursor may be displayed as either a blinking underline (—) or a blinking
block (m). The cursor selection may perform an additional function; see the SGR escape sequence
definition in Appendix A.

Interlace

This feature is used for high resolution options. The interlace feature should be turned off if such an
option is not installed.
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Keyclick Tone

The keyclick is a tone that sounds every time a key is pressed. The keyclick may be turned on or off to
suit the operator’s needs. However, research and experience has shown that an operator is more accu-
rate when there is audible feedback from the keyboard. Like the bell tone, the keyclick volume is not
adjustable.

LINE/LOCAL

The LINE/LOCAL feature allows the operator to easily place the terminal in either an ON-LINE or a
LOCAL (off-line) condition. When the terminal is on-line (ON-LINE indicator is lit) all characters
typed on the keyboard are sent directly to the computer and messages from the computer are displayed
on the screen. In the LOCAL condition (LOCAL indicator is lit), the terminal is electrically dis-
connected from the computer; messages are not sent to or received from the computer; and characters
typed on the keyboard are echoed on the screen directly.

Margin Bell
The margin bell feature is much the same as the bell in a typewriter. If the cursor is eight characters
from the end of the current line while typing, the VT 100 sounds a tone to alert the operator.

New Line

The new line feature enables the RETURN key on the terminal to function like the return key on an
electric typewriter. When the new line feature is enabled, pressing the RETURN key generates the
carriage return (CR) and line feed (LF) codes. When a line feed code is received, the code is interpreted
as a carriage return and line feed.

When the new line feature is disabled, the RETURN key generates only the CR code: an LF code
causes the terminal to perform a line feed only.

NOTE
If double line feeds occur consistently, turn this fea-
ture off since the computer is already performing this
function.

Parity

When enabled, parity checks for correct data transmission. If a transmission error occurs, the VT100
detects it and indicates its presence by placing a checkerboard character ( & ) on the screen in place of
the character with the error. The parity sense feature determines if the parity is even or odd. When
parity is disabled, no parity bit is transmitted or received.

Parity Sense

The parity sense feature defines which of the two methods of parity checking, odd or even, is being
used by the VT100. If the parity feature is on, the terminal’s parity sense must be matched to the parity
the computer is sending. If the parity sense features do not match, most characters sent to the com-
puter are rejected even though the character was received correctly by the VT100. If a parity in-
compatibility occurs, the checkerboard character appears on the screen in place of the received
character.

NOTE
If the parity feature is turned off, the parity sense
selection is disregarded.
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Power
During initial installation, the terminal display must be set to the power line frequency. In the U.S. this
is 60 hertz. ‘ '

Receive Speed

Receive speed must be set to match computer transmit speed. The VT100 is capable of receiving at any
one of the following preselected speeds: 50, 75, 110, 134.5, 150, 200, 300, 600, 1200, 1800, 2000, 2400
3600, 4800, 9600, and 19,200 baud.

Receive speed is independent of transmit speed; the terminal may receive data at one speed and trans-
mit data at a different speed.

Screen Background

This feature allows the operator to select the background of the screen display. In the normal screen
mode, the display contains light characters on a dark background; in reverse screen mode the display
contains dark characters on a light background.

Screen Brightness

Unlike most video terminals, the VT 100 does not contain switches or knobs to adjust screen bright-

ness. Instead, the VT100 electronically controls screen brightness. This feature eliminates the high
failure rate of mechanical controls and still allows the operator to select the desired level of brightness
for maximum comfort under varied lighting conditions. This setting may be saved like any other
feature in the terminal.

Scroll

Scrolling is the upward or downward movement of existing lines on the screen to make room for new
lines at the bottom or top of the screen. It can be performed in two ways: jump scroll or smooth scroll.
In jump scroll mode, new lines appear on the screen as fast as the computer sends them to the terminal.
At the higher baud rates, the data is very difficult to read due to the rapid upward movement of the
lines. In smooth scroll mode, a limit is placed on the speed at which new lines of data may be sent to
the terminal. Upward movement of lines occurs at a smooth steady rate allowing data to be read as it
appears on the screen.

NOTE
"~ Smooth scroll mode allows a maximum of six lines of
data per second to be added to the screen. The auto
XON/XOFF feature must be enabled and supported
by the host computer to ensure that data is not lost
when smooth scroll mode is enabled.

Tabs
The VT100 can jump or tab to preselected points on a line just like a typewriter. The tab stops may be
individually changed or totally cleared and then reset.

Transmit Speed
Transmit speed must be set to match the computer receive speed. The VT100 can transmit at any one

of the following preselected transmit speeds: 50, 75, 110, 134.5, 150, 200, 300, 600, 1200, 1800, 2000,

2400, 3600, 4800, 9600, and 19,200 baud.

Transmit speed is independent of receive speed; the terminal may transmit data at one speed and
receive data at a different speed.
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Wraparound

When this feature is enabled, the 81st or 133rd character (depending on line size selected) inserted on a
line is automatically placed in the first character position of the next line. If the wraparound feature is
not enabled, the 81st or 133rd character and all following characters are overwritten into the last
character position of the current line.

#3£ (shifted)

The VT100 contains character sets for the U.S. and the United Kingdom. The difference between the
two sets is one character, the # or 1+ symbol. When the standard U.S. character set is selected, the

* uppercase 3 key on the main keyboard displays the # character. The t character is displayed when the

U.K. character set is selected.
PART 4 SELF-TESTING THE VT100

A self-test mode in the VT100 automatically, or on command, tests the condition of the terminal if a
fault is suspected. The self-test program checks the following items.

Internal memory

Advanced video memory (if option is installed)
Nonvolatile memory (NVR)

Keyboard

This test is performed automatically whenever the terminal is turned on.

Self-Test Error Codes '

There are two broad categories of errors: fatal and nonfatal. Fatal errors cause the terminal to immedi-
ately stop all operations. No intelligible information is displayed on the screen, but the screen most
likely contains a random pattern of characters. The only error indication (in addition to random
characters) is a possible error code displayed on programmable keyboard LEDs L1-L4. However, no
terminal function, including the lighting of LEDs, is guaranteed if a fatal error is found. See Table 2-3.

Nonfatal errors do not halt the terminal processor. Instead, the terminal is forced to LOCAL mode
and an error code character is displayed in the upper-left corner of the screen. There are five types of
nonfatal errors:

Advanced Video Option data RAM (AVO)
Nonvolatile data RAM checksum error (NVR)
Keyboard missing or malfunction (KBD)

Data loopback error (Data)

EIA modem control lines loopback error (EIA).

NOTE
Loopback tests are not performed on power-up; they
must be invoked separately with the proper escape
sequence. See Appendix A for further information on
this test.

Table 2-4 shows the possible nonfatal error characters that may appear on the screen and the failure
represented by each character.

If the terminal passes all these tests, a final check of its operation is possible in SET-UP mode. Exam-
ine the display and compare it with the printed examples. Double height, double width, bold, blinking,
reverse, etc., are all represented in SET-UP mode.
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Table 2-3 Fatal Displayed Error Codes

Keyboard LEDs

L1

L2 L3 L4

Error

Replace FRU

OFF
OFF
OFF
OFF
OFF

OFF OFF ON
OFF ON OFF
OFF ON ON
ON OFF OFF
ON OFF ON

ROM 1
ROM 2
ROM 3
ROM 4

Main Data RAM

Terminal controller
Terminal controller
Terminal controller
Terminal controller
Terminal controller

Table 2-4 Nonfatal Displayed Error Codes

Faulty Module
Char AVO NVR KBD Data EIA
1 X
2 X
3 X X
4 X
5 X X
6 X X
7 X X X
8 X
9 X X
: X X
; X X X
< X X
= X : X X
> X X X
? X X X X
@ X
A X X
B X X
C X X X
D X X
E X X X
F X X X
G X X X X
H X X
I X X X
J X X X
K X X X X
L X X X
M X X X X
N X X X X
0] X X X X X
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PART 5 WHAT TO DO IN THE EVENT OF A PROBLEM

If it appears that there is a problem in the terminal, you should initiate the self-test procedure. This test
will help to determine if the problem lies in your terminal or in some other part of the computer
system. If the terminal appears to be faulty, refer to Table 2-5. This table describes the items an
operator can check prior to making a service call.

Table 2-5 Problem Checklist

Symptom Possible Cause and Corrective Action
VT100 will not turn on AC power cord not plugged into wall
when power switch outlet; plug in cord.

is set to ON.

AC power cord not plugged into terminal;
plug in cord.

Power not coming from wall outlet; check
outlet with known working electrical
device (a lamp). If no power, call your
electrician.

AC line fuse blown. Turn terminal OFF and
have the fuse replaced. (See Figure 1-2
for location.)

No keyboard response Keyboard cable not plugged into monitor;
plug in keyboard cable.

KBD LOCKED indicator on; computer has
turned keyboard off. If condition

persists, check with the host computer
software people for a possible operating
error.

Perform the self-test operation.
Garbled characters Transmit and/or receive speeds, parity
sense, or parity enable may be wrong;

check settings.

Perform the self-test operation.
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CHAPTER 3
INSTALLATION AND INTERFACE INFORMATION

SITE CONSIDERATIONS

The design of the VT 100 (Figure 3-1) normally poses few constraints on selecting a place in which to
install the terminal. In most cases, any environment suitable to the operator is a satisfactory environ-
ment in which to operate the terminal. Extremes of temperature and humidity should be avoided. A
summary of VT100 guaranteed operating conditions may be found in Chapter 1.

UNPACKING AND INSTALLATION
The VT100 shipping carton contains the following items:

VT100 monitor

VT100 detached keyboard
VTI100 power cord

VT100 SET-UP label
VT100 User Guide.

To install the VT100 perform the following steps:

1.
2.

Remove the VT100 from the shipping carton and place it in the desired work area.

Place the keyboard in front of the terminal and plug the keyboard coiled cord into the
keyboard receptacle at the rear of the terminal (Figure 3-2).

Verify that the power selector switch shows the correct wall outlet voltage (115 V 1s standard
in the U.S.) and the power switch is off.

Connect the power cord to the power cord receptacle at the rear of the terminal and plug the
other end of the power cord into a nearby wall outlet.

Connect the communications cable to the appropriate communications receptacle.

Turn the power switch on. The terminal automatically performs the power-up self test and
either the ON LINE or LOCAL indicator on the keyboard will light. After approximately
one minute the cursor will be visible in the upper-left corner of the screen.

Set the desired SET-UP features outlined in the operator section of this manual.

Once the installation procedure is complete, record the SET-UP features selected on the
VT100 SET-UP label and attach the label to the underside of the keyboard.
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Figure 3-1 VT100 Terminal Dimensions
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Figure 3-2 VT100 Rear View

USER MAINTENANCE

The keyboard keys are the only moving parts of the terminal and require no preventive maintenance
by the owner. The VT100 surfaces may be cleaned with soap and water or any mild detergent. Cleaners

with solvents should not be used.

The VT 100 packaging is not meant to be weatherproof; there are several openings in the case through
which liquids, coins, paper clips, and other objects can fall. Such objects would disturb the electronic
operation of the terminal if they came into contact with the circuitry. For this reason, avoid putting
drinks and metal objects on the top of the terminal, or using excessive water to clean the terminal.
Rubbing the keys with a dry or barely moist cloth should clean them. Do not remove the keycaps to
clean them more thoroughly; damage may result to the switch contacts if they are replaced incorrectly.

Keep the ventilation slots clear. Blocking these slots by placing objects on top of or under the VT100

-may cause the terminal to overheat.
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INTERFACE INFORMATION

EIA Interface

The basic VT 100 operates on full duplex, asynchronous communication lines. The terminal interfaces
to the line with a 25-pin connector mounted on the back of the terminal which meets the requirements
of EIA specification RS-232-C. Table 3-1 summarizes the EIA connector signals. The following para-
graphs explain each signal as used in the basic VT100.

Protective Ground - Pin 1
This conductor is electrically bonded to the VT 100 chassis. Use of this conductor for reference poten-
tial purposes is not allowed.

Transmitted Data (from VT100) - Pin 2
The VT100 transmits serially encoded characters and break signals on this circuit, which is held in the
mark state when neither characters nor break signals are being transmitted.

Received Data (to VT100) - Pin 3
The VT100 receives serially encoded characters generated by the user’s equipment on this circuit.

Request to Send (from VT100) - Pin 4
Asserted at all times when terminal is powered up.

Carrier Detect (to VT100) - Pin 8
Ignored at all times.

Speed Select (from VT100) - Pins 11, 19, and 23
This signal is alternately called secondary request to send. The basic VT100 maintains this line in the
asserted state at all times.

Speed Indicator (to VT100) - Pin 12
This signal is alternately called secondary carrier detect and is ignored at all times.

Transmission Clock (to VT100) - Pin 15
Ignored at all times.

Clear to Send (to VT100) - Pin §
Ignored at all times.

Data Set Ready (to VT100) - Pin 6
Ignored at all times.

Signal Ground - Pin 7
This conductor establishes the common ground reference potential for all voltages on the interface. It
is permanently connected to the VT 100 chassis.

Receive Clock (to VT100) - Pin 17
Ignored at all times.

Data Terminal Ready (From VT100) - Pin 20
Data terminal ready is asserted at all times.

Ring Indicator (to VT100) - Pin 22
Ignored at all times.



Table 3-1 EIA Connector Signals

Pin

No. Description

1 Protective ground

2 Transmitted data

3 Received data

4 Request to send

5 Clear to send

6 Data set ready

7 Signal ground (common return)
8 Carrier detect

9 (Not used)

10 (Not used)

11 Same as pin 19

12 (Secondary carrier detect) speed indicator
13 (Not used)

14 (Not used)

15 Transmit clock

16 (Not used)

17 Receive clock

18 (Not used)

19 (Secondary request to send) speed select
20 Data terminal ready

21 (Not used)

22 Ring indicator

23 Same as pin 19

24 (Not used)

25 (Not used)

Electrical Characteristics

VT100 Output Voltages - On all signals designated ““from VT100,” the mark or unasserted state is -6.0
V to -12.0 V; the space or asserted state is +6.0 V to +12.0 V.

VT100 Input Voltages - On signals designated *‘to VT 100, -25.0 V to +0.75 V or an open circuit is
interpreted as a mark or unasserted state, and +25.0 V to +2.25 V is interpreted as a space or asserted
state. Voltages greater in magnitude than 25 V are not allowed. These levels are compatible with ETIA

STD RS-232-C and CCITT Recommendation V.28.

Optional 20 mA Current Loop Interface
In most current loop applications, the VT100 is connected in a passive configuration - that is, current
is supplied to the VT100. In this mode, the transmitter and receiver are both passive, both optically
isolated, and the transmitter goes to the mark state when power is turned off.

Conversion from active to passive (or vice versa) requires moving a slide switch.
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In active mode either the transmitter or the receiver or both may be connected so that the VT100
sources the 20 mA of current. In active mode isolation is not present and the transmitter goes to the
space state when power to the VT100 is turned off.

Figure 3-3 shows the 20 mA current loop interface connector mounted to the access cover and lists the
individual pin assignments.

The electrical characteristics of the 20 mA current loop interface are shown below.

Transmitter

Min Max
Open circuit voltage 50V 50V
Voltage drop marking - 20V
Spacing current - 2.0mA
Marking current 20 mA 50 mA
Receiver

Min Max
Voltage drop marking - 2.5V
Spacing current - 3.0mA
Marking current 15mA 50 mA

In addition to the above specifications for passive operation, active mode places the transmitter or
receiver in series with a source of 17 V + 5 percent and 660 ohms.

External Video Connections

In addition to the EIA interface, the VT100 can easily interface to external video devices. The video
devices may act either as a slave to the VT100 when connected to the composite video output or
provide synchronized video to the VT 100 video section when connected to the video input. The exter-
nal video connectors are the two female BNC connectors located on the back of the terminal just
below the EIA connector. The upper connector, J8, is the video input while the lower connector, J9, is
the video output.

Composite Video Output (J9)
The composite video output provides RS170 output generated by combining the video signal with a
composite sync signal. The output contains all video data appearing on the VT 100 screen except that
video which comes from J8. The output has the following nominal characteristics (Figure 3-4):

1. Output impedance = 75 ohms, dc-coupled

2. Synclevel =0V

3. Black level = approximately 0.3 V when loaded with 75 ohms

4.  White level = approximately 1.0 V with a 75 ohm load
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The composite sync waveform conforms to EIA RS170 standards. The vertical interval is
composed of six equalizing pulses, six vertical sync pulses, and six more equalizing pulses.
The timing is as follows:

Equalizing pulse width
Vertical pulse width
Horizontal pulse width
Horizontal blank width

2.33us £ 50 ns

27.28 us £+ 200 ns

4.71 us £ 50 ns

11.84 us £+ 50 ns/80 column

mode
= 12.34us £ 50ns/132 column
mode
Front porch = 1.54 us £ 50 ns.
O O
TERMINAL
| ——nccess
- COVER
PIN ASSIGNMENTS
1 - TEST NEGATIVE
2 - TRANSMIT -
3 - RECEIVE -
5 - TRANSMIT +
7 - RECEIVE +
8 - PROTECTIVE GROUND
O O 20mA CURRENT
LOOP CONNECTOR

123 5 78 MA-1992

Figure 3-3 20 mA Current Loop Interface
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Figure 3-4 Composite Video Output

Video Input (J8)

An analog signal applied to the video input is ““ORed” with the internal video signal such that the
beam intensity at any point on the screen corresponds to the intensity of that signal which tends to
make the beam brighter at that point. A video signal on this input affects only the internal screen and
does not appear on the composite video output. This input has the following nominal characteristics:

Input impedance = 75 ohms, dc-coupled
Black level = 0 V

White level = 1.0V

. Maximum continuous input = 2.0 V.

bl

The external video source must be synchronized to the VT100; it may do this by referencing the
composite sync on the composite videc cutput. This means that the VT100 videc input will not syn-
chronize with any composite video source including the composite video output of another VT100.
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CHAPTER 4
TECHNICAL DESCRIPTION

4.1 INTRODUCTION TO VT100 TECHNICAL DESCRIPTION
This section describes the contents of the technical description chapter and provides a technical over-
view of the terminal.

4.1.1 Scope of Chapter

This technical description is intended to provide an understanding of the terminal operating principles
for Field Service, depot repair, and engineering personnel. The description considers the terminal to be
several functional or replaceable subunits. Each subunit is described in its own section. Several sub-
units interact. Those interactions are discussed in the section about the subunit most involved in the
particular process. For example, power-up involves the nonvolatile RAM but is described in the mi-
croprocessor section. Scrolling has its own section because it is a complex process that involves the
microprocessor and video processor equally.

4.1.2 Order of Presentation

Each section describes the hardware first and the associated firmware operations second. This section
contains a block diagram level discussion of the terminal hardware and firmware. More detail is
provided in the functional block descriptions in later sections. Refer to the VT 100 series Field Mainte-
nance Print Set, No. MP00633, for circuit details while studying this manual.

4.1.3 Definition of Terms and Abbreviations

Many terms are written out the first time they appear, with an abbreviation or mnemonic in paren-
theses after it. The abbreviation is generally used after that. There is a glossary of abbreviations and
signal names in the appendices of this manual. Numbers may be given in binary, octal, decimal, or
hexadecimal (hex). The normal form will be decimal for scalar or ordinal values, and hex for data and
addresses. Numbers are subscripted B for binary, Q for octal, H for hex, and no subscript for decimal.

4.1.4 Hardware Introduction

The VT100 is a complete computer input and output terminal that has a keyboard like a typewriter
and displays its data on a video screen. It fits into two compact packages; the keyboard is flexibly
attached to the main cabinet by a coiled cable. Refer to Figure 4-1-1.

The terminal consists of four basic components (not including enclosures) plus two important options.

The components are the terminal controller, the keyboard, the CRT monitor, and the power supply.
The options are the advanced video option and the current loop adapter option.
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Figure 4-1-1 VT100 Components

The terminal controller is a single pc board module that manages all displays and all communication.
Everything else connects to it. The terminal controlller contains these functional components:

A microprocessor to manage terminal operations
A video processor for converting data to recognizable patterns

3072 bytes of random access memory (RAM) for screen data storage and microprocessor
scratch memory

8192 bytes of read only memory (ROM) containing the microprocessor’s programming to
operate the terminal with its particular features

A nonvolatile RAM (NVR) to store the user-settable operating features without requiring
hardware switches

An asynchronous serial receiver-transmitter (UART) for data exchange with the computer

EIA level converters to adapt the on-board input and output (I/O) signals to the commu-
nications interface

A special connector, the standard terminal port (STP) that allows a plugged-in option to
intercept terminal communications inside the terminal enclosure.

The keyboard is the typewriter-style input device for the operator. It has a loudspeaker for user feed-
back keyclicks and bells, and indicators that show internal states of the terminal.
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The CRT monitor is a video screen that display§ exchanges between the operator and the computer. It
can display data in two modes: 80 characters by 24 lines, or 132 characters by 14 lines (or, with the
AVO, 132 by 24). With the control circuitry on the terminal controller board, the CRT can perform
many special character display functions.

The power supply converts the ac power line to the four dc voltages required by the terminal. It has a
switching regulator for highest efficiency and coolest operation.

The advanced video option provides greater display capacity, plus it can carry extra firmware for the
expanded functionality of other products in the VT100 series.

The current loop adapter option converts the EIA output of the terminal controller to a more noise
immune standard when longer distances between the terminal and the computer are required.

4.1.5 Block Diagram Description

Figure 4-1-2 shows the VT 100 terminal as a set of functional blocks. The rest of this section descr:bes
these blocks in greater detail.

4.1.5.1 Microprocessor - A microprocessor manages all terminal input and output operations. It also
provides the intelligence that enables the VT100 to respond to and generate a wide range of ANSI
control functions, and to emulate the characteristics of the VT52. Several of the microprocessor’s
program functions are effectively in series with data paths in the terminal. These functions have their
own blocks in the functional block diagram to clarify the processes involved. These blocks are shaded
to indicate that they are program functions or that the microprocessor controls data transfers between
the blocks. The microprocessor is a computer with its instructions in program ROM (read only mem-
ory) and working memory in the scratch RAM (random access memory). Terminal parameters for
start-up are stored in the nonvolatile RAM (NVR). The advanced video option (AVO) normally
contains extra RAM as described below but can also contain extra program ROM.

4.1.5.2 Program ROM - The VT100 program ROM is an 8K X 8 memory containing instructions
and data tables for the terminal’s microprocessor. Memory comes in four 2K packages (later VT 100s
may have a single 8K package). Checksum data stored in each ROM allows the terminal to confirm
the condition of its programming at self-test.

4.1.5.3 Scratch RAM - The scratch RAM is the portion of RAM on the terminal controller that is
not used for the screen RAM. That is, the RAM is 3K bytes long, but only about 2.3K bytes are used
for screen display. The rest of the RAM contains the microprocessor stack, SET-UP data, various flag
bytes, the communication SILO, the keyboard buffer, and so on.

4.1.5.4 Nonvolatile RAM - The nonvolatile RAM (NVR) does not lose its data when its power is off.
It stores all user-settable features and parameters and the answerback message so that they are avail-
able each time the terminal is turned on. Even the screen intensity can be stored. There are no mechani-
cal switches needed for configuration.

4.1.5.5 Advanced Video Option - The advanced video option (AVO) contains the 1K X 8 of extra
screen RAM needed to expand the display from 14 lines of 132 characters to 24 lines, plus a 4K X 4
RAM to store an extended set of attributes for all characters. The AVO also contains an additional
segment of video processor to manage the four extra bits of data. Sockets for ROMs and jumper- or
switch-programmable decoders allow expansion or overlay of program memory.

The AVO is a replaceable subunit of the VT100.
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4.1.5.6 Keyboard - The keyboard is the user’s input device to the terminal. The keyboard’s output is a
serial data signal that travels along the same wire as data coming from the terminal. The keyboard
contains a bidirectional interface circuit, a set of keyswitches arranged like a typewriter, circuits to
send the key information to the interface, LED indicators, and a small loudspeaker for keyclicks and
bells. The connection to the terminal is a 3-wire coil cord carrying signals, power, and ground.

The keyboard is a replaceable subunit of the VT100.

4.1.5.7 LEDs - The terminal can inform the user of some internal conditions such as on-line or local
and keyboard locked through the LEDs on the keyboard. The LEDs also may indicate the location of
a failure during self test and are user programmable during normal operation.

4.1.5.8 Keyboard Translator — The output for each key is a number that represents the key’s location
(address) in the keyboard switch matrix. The microprocessor’s keyboard translator translates the ad-
dress to the industry-standard ASCII code.

4.1.5.9 Transmit Buffer - The ASCII codes wait in a transmit buffer until they can be transmitted.
Some keys (such as the numeric keypad in application mode) produce control functions that are three
bytes long. The transmit buffer is nine bytes long and thus can store at least three keys of any kind.

4.1.5.10 Communication Transmitter - The communication transmitter is one-half of a program-
mable universal synchronous/asynchronous receiver transmitter (PUSART) and its associated circui-
try and firmware routines. The PUSART is programmed to place data in a standard asynchronous
format by adding control and error detection bits to the original byte. The communication transmitter
thus takes the parallel ASCII keycodes out of the keycode buffer, converts them to serial form, and
delivers them to the EIA interface.

4.1.5.11 Communication Receiver - Data that the host sends to the terminal enters the commu-
nication receiver which is the other half of the PUSART. The PUSART accepts serial data from the
interface and converts it to parallel form. The PUSART also checks for errors and records them in a
status byte. The microprocessor reads the data and then the status byte to confirm the correctness of
the data. If an error is detected, a checkerboard is displayed instead of a character to symbolize the
error. If the microprocessor is busy managing the display, it devotes only enough time to the commu-
nication receiver to get the incoming code and check it for special codes requiring immediate action.

4.1.5.12 SILO - The rest of the incoming codes are stored in a part of RAM memory called a SILO.
This memory maintains the order of the data as it arrives; the first data to arrive leaves first. This
memory gives incoming data a place to wait when the microprocessor cannot transfer data from the
communication receiver to the screen RAM as fast as it arrives. The SILO control routine checks the
filling of the SILO and can issue XON and XOFF commands to the host to try to keep from over-
filling. (XON and XOFF are explained in Section 4.3, Communication.)

In local mode, data from the keyboard bypasses the communication receiver and transmitter and the
SILO.

4.1.5.13  Control Function Parser - When the microprocessor has enough time, it takes data from the
SILO and puts it through a control function parser routine in the microprocessor. Each code is tested
to see if it is in the control range (<20H or 7FH). If it is, the microprocessor acts on it immediately.
Line feed, for example, causes a one line scroll. If the code is 1BH (escape), more codes are read from
the SILO until the characters that define a control function are seen. Then the microprocessor executes
the control function immediately or discards it if it is not a valid function. Noncontrol codes are
ignored by the parser and are written into the screen RAM.
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4.1.5.14 Screen RAM - The screen RAM is a memory that stores data for display on the screen
(CRT monitor). The memory is organized according to the SET-UP line length specifications. Basic
terminal memory can hold 24 lines of 80 characters or 14 lines of 132 characters. With the extra
memory provided by the advanced video option, the screen size may increase to 24 lines of 132 charac-
ters and four additional bits are appended to each character location to allow expanded character
attributes. (A character attribute modifies the display of that character relative to the preset values for
the entire screen.)

Most of the time, the screen RAM is readable and writable by the microprocessor. For about 10
percent of the time, during the first scan of each 10 scan line of characters, the video processor silences
the microprocessor and takes full control of the screen RAM, providing its own addresses to access the
memory. This complete control of memory (by a device other than the microprocessor, which is nor-
mally in control) is called a direct memory access (DMA). The DMA allows fast access of data in
memory because the microprocessor does not have to perform all the steps of addressing, reading, and
writing to a destination. The video processor needs the fast access because the data rate required to
display a line of characters on the CRT is greater than the microprocessor can handle.

4.1.5.15 Video Processor - The microprocessor puts displayable data in the screen RAM. The video
processor direct memory accesses (DM As) data a line at a time from the RAM. It converts the ASCII-
encoded data into streams of pulses which, when converted to light on a CRT screen, appear to form
characters on the screen. Custom ICs provide the complex timing and control signals required for this
conversion. The video processor can be programmed by the user to perform the conversion at different
rates (called refresh rates) to minimize flicker at different power line frequencies. A number of other
aspects of video processor operation can be programmed as well.

4.1.5.16 CRT Monitor - The cathode ray tube (CRT) monitor is a simplified monochrome television
set. It converts electrical pulse streams into dots of light by exciting a phosphor on the face of the tube
with a moving electron beam. A video input from the video processor enters a cathode drive circuit
that regulates the strength of the electron beam. The cathode driver is a linear amplifier that allows the
CRT to display different intensities (gray scale). The monitor uses timing pulses from the video proces-
sor to drive the horizontal and vertical electron beam deflection circuits. These circuits cause the beam
to travel down the screen slcwly while rapidly moving sideways to draw horizontal traces called scans.
This beam movement produces a pattern which is called a raster and the display system is called raster
scanning. Because the beam repeatedly passes by each location on the screen, the video processor, by
synchronizing its output with the motion of the beam, can make rows of dots of light align to form
characters.

The screen does not hold its image after the electron beam has painted dots on it. For the eye to
perceive it as continuously illuminated (i.e., without flickering) the screen must be repainted (re-
freshed) repeatedly some 30 or more times per second. Also, stray magnetic fields and electrical noise
at the power line frequency can cause distortions in the display. If the refresh frequency is different
from the power line frequency, the distortions appear to move up or - down the display. This is very
noticeable. Most distortions disappear by matching the refresh rate to the power line frequency. The
VT100 can refresh at either of the two world power frequencies, 50 or 60 Hz, satisfying both flicker and
distortion requirements. (VT 100 refresh is not locked to the power line but is close enough to conceal
most distortions.)

The CRT monitor, the monitor circuit board, and the flyback transformer are replaceable subunits of
the VT100.
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4.1.5.17 Power Supply - The VT 100 power supply provides enough power to run the terminal and a
few options. It is a switching supply to allow highest efficiency and to minimize the heat load on the
rest of the terminal. It reciifies line voltage directly (without a transformer), and chops the resulting
high dc voltage with a transistor at about 30 kilohertz. This ultrasonic ac is stepped down in a rela-
tively tiny transformer and then regulated at low voltage to give the various outputs.

The power supply is a replaceable subunit of the VT100.

4.1.5.18 Standard Terminal Port - The standard terminal port (STP) is a shorting connector in series
with the communication port, the modem control lines, and some power.and timing lines. By con-
necting to the terminal through this port, options can exchange signals with the terminal controller or
intercept terminal-host communications from inside the terminal cabinet.

4.1.5.19 EIA Interface - The Electronic Industries Association (EIA) interface used on the VT 100 is
the RS-232-C unbalanced bipolar voltage standard. The terminal controller has two types of ICs that
provide conversion between EIA levels and the TTL levels used on the controller board. One IC is a
line driver that outputs EIA levels for TTL inputs, and the other senses the EIA levels on the input line
and converts them to TTL.

4.1.5.20  Current Loop Interface Adapter - The current loop adapter option plugs into the terminal
controller board and mates with the EIA voltage interfaces to convert the terminal to 20 milliampere
current loop interfaces. The current loop interfaces can be individually selected to be active or passive.

The 20 mA adapter is a replaceable subunit of the VT100.

4.1.6 Firmware Introduction
Figure 4-1-3 portrays the VT100 as a system with four levels of operation.

At the deepest level, the background routines continually repeat to manage functions that do not
require precisely timed responses. The keyboard processor commands the keyboard to perform ad-
dress scans, controls the bell and LEDs, and manages the conversion of key information from hard-
ware-dependent codes to ASCII. The transmitter routine manages the transmission of ASCII data to
the host. The received character processor examines incoming data, manages the SILO, initiates spe-
cial functions as specified in the data, and writes displayable data into the screen RAM. When the
terminal is in local mode, a logical shortcut bypasses the communication process and allows the key-
board data to enter the received character processor directly.

The background routines work on the internal buffers, registers, and flags which are logical devices
located in hardware and RAM. These are physical locations in hardware that contain information
placed there the hardware and by the firmware. The key buffers store up to three key addresses for the
keyboard processor to pass through the transmit buffer to the transmitter routine for transmission to
the host. The screen Ram, which stores the displayable data, is the largest segment of RAM. The
scrolling flags contain data for the scrolling process in the video processor. The SILO stores data
coming from the host in case the received character processor cannot transfer data to the screen RAM
as fast as it arrives. The Send XOFF flag, set by the SILO manager, signals the transmitter routine to
send the XOFF code to the host to halt transmission and prevent SILO overflow.
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Interrupt routines are segments of the firmware that take precedence over other business in the micro-
processor because of the short-lived nature of the data that they handle. The Key Down interrupt
routine is initiated by the appearance of data at the keyboard control circuits. It instructs the micro-
processor to get the key address from the keyboard UART and put it in the key buffer. The Vertical
Frequency interrupt routine occurs every 50th or 60th of a second and provides synchronization of
video routines with the actual display timing. The Receiver interrupt routine moves incoming data
from the communication transceiver to the SILO.

At the exterior level of the VT 100 system, the hardware responds to the firmware by exchanging data
between the user and the host computer in forms that are understandable to each.

4.2 MICROPROCESSOR

The VT100 has an 8080 microprocessor at the heart of its intelligence. The 8080 performs all the usual
functions of a stored program computer, fetching instructions and data from ROM and RAM and
responding to service requests from various devices in the system. Because of technical limitations in
the implementation of the microprocessor hardware, some high speed counting and timing circuits and
some power circuits are located in peripheral ICs made with a different semiconductor technology.
These components are bipolar (8224, 8228) while the 8080 is NMOS.

4.2.1 8080 Microprocessor

The 8080 (Figure 4-2-1) contains a set of general and special purpose registers (the register array),
timing and control logic which responds to machine code instructions, and an accumulator and arith-
metic logic unit that perform the computations associated with the microprocessor operation.

The stack pointer is an important register that points to the bottom of the stack. The stack is a last-
in/first-out area in RAM that stores information about the current process when a subroutine or
interrupt branches away from the current instruction sequence. By storing this information at the
beginning of an interruption and restoring it at the end of the interruption, the 8080 can continue the
main program without any disturbance. This is the meaning of the interrupt process as it applies to the
interrupt-driven routines mentioned in the firmware block diagram in Figure 4-1-3.

Most of the pins on the 8080 are tristate data and address lines. Four pins are power supplies and
ground. The others, briefly, are:

HOLD - an input that lets another device get control of the buses when the 8080 finishes the current
machine cycle. Hold Request from the video processor is the input signal.

HLDA - Hold Acknowledge output indicates that the buses will be given up for the Hold state.

INT - Interrupt Request input accepts INTR H signal that causes read of the interrupt vector address
and branch to it. '

READY - input for use with slow memory or 1/0. If low, the 8080 enters the wait state (an indefinite
portion of a machine cycle). It is not used in the VT100.

WAIT - output acknowledging the wait state. Not used by VT100.

INTE - Interrupt Enable output indicates whether interrupts have been enabled or disabled with the
related instructions or by servicing an interrupt request. Not used by VT100.

0/1, 0/2 - Clock phases 1 and 2. Inputs to drive the 8080.
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SYNC - output that indicates the beginning of each machine cycle. Combines with clock in the 8224 to
produce Status Strobe (STSTB).

RESET - clears the program counter so that when it is released, program starts at location zero. Used
to initiate power-up sequence and self-test.

WR - Write output controls memory and I/O writes by indicating the stablc period of the data bus
during a write instruction.

DBIN - Data Bus In output indicates that the data bus can accept data.
For more detail, see Intel’s 8080A manual.

4.2.2 Data Bus and System Controller ‘

The microprocessor data bus passes directly to the 8228 bus driver and system controller. This device
provides TTL output buffering and level translation for the MOS 8080 bus. Because of the large
number of devices on the data bus, the drive capability of some devices would be exceeded at times if
all devices were on the same bus. (The keyboard UART is the weakest low-level current driver.) To
distribute the load, the bus is split into those devices that communicate bidirectionally or are only read
by the microprocessor, and those that are only written into. Read and writable devices are on the
bidirectional data bus (DB). The write-only devices are driven by a one-way bus buffer and ure on the
data output (DO) bus. The terminal controller block diagram (Figure 4-2-2) shows which devices are
on each bus.

The ROMs do not have sufficient high-level current capacity to drive all of the other inputs on the bus.
Inactive devices have their outputs tristated but their inputs still draw enough current to accumulate a
significant load over the entire bus. Pull-up resistors are connected to the bus to provide the additional
current required. Their resistance is selected to supply enough current to meet high level needs on the
bus without exceeding the low level sink capacity of any driving device.

Pull-up resistors are used on the output-only DO bus because the baud rate generator, a MOS device,
has an input threshold higher than TTL driver 558 is guaranteed to deliver. Pull-up resistors ensure
that the data lines rise enough.

An additional function of the 8228 is a combinational logic decode of the 8080 status byte. This byte,
output by the 8080 at the beginning of each machine cycle, contains flag bits indicating the nature and
function of the cycle. The byte is latched into the 8228 by the Status Strobe (STSTB) signal from the
clock generator. In combination with three control output bits from the 8080, the system controller
produces Interrupt Acknowledge (INTA) and Memory and Input/Output Read and Write (MEM
WR,RD; 1/O WR,RD). These 51gnals reduce the external decoding requirements while saving pins on
the 8080 package.

When the video processor asserts Hold Request during a direct memory access (DMA) of the screen
RAM, the 8228 floats its outputs. Since these include the memory control signals, the video processor
must provide its own memory control. The DMA Enable signal, buffered into the MEM RD line by
gate E28 (pin 13), provides memory read enabling during the DMA. The other control signals are
pulled high by the pull-up resistors.
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4.2.3 Clock Generator

The 8224 provides the asymmetrical two-phase clock required by the 8080 logic. Its running frequency
is crystal-controlled. An LC circuit on the tank input improves the crystal’s mode stability. The capaci-
tor in series with the crystal compensates for internal phase shifts in the 8224 at the high operating
frequency. The 24.8832 MHz crystal frequency gets divided by 9 to produce a 361.69 ns clock period.
The buffered TTL phase 2 output clocks the PUSART and the baud rate generator. 361.69 ns is the
system clock period for the microprocessor.

The sync signal from the 8080 combines with an internal clock phase to produce the Status Strobe
(STSTB) during the last ninth of the first state of each machine cycle. STSTB latches the status byte
into the 8228 system controller.

The Ready input is not used in the VT100. It is an asynchronous input that gets synchronized to the
machine cycles in the 8224. The synchronized signal can cause the microprocessor to enter a wait state
during a memory access to wait for slow memory to respond. Memory used in the VT100 matches the
processor speed so Ready is not used.

The Reset input is a Schmidt trigger. Its input is the +5 volt supply delayed by an RC circuit with a
diode bypass for fast discharge. The Reset input is held low until well after all power supplies have
settled. When the capacitor voltage reaches the Schmidt threshold, reset is released and the micro-
processor begins operation at memory location 0 (the start of the firmware ROM). The inverted and
noninverted reset signals clear other portions of the terminal controller.

4.2.4 Bus Timing

The bus timing diagram in Figure 4-2-3 illustrates the basic time relations between the address. data,
and control lines in the microprocessor system. The figure distinguishes between write and read cycles,
with the exception of the three top lines. These show the constants of the system: the two clock phases
from which all timing is derived, and the address bus, that always provides the current address for
either kind of cycle early in the cycle. Numbers on the diagram represent specified min-
imum/maximum nanoseconds between signals for normal operation.

Starting with the write cycle, note that the status strobe signal (STSTB L) shown in the read sectfon
occurs at the same point in the write cycle. Therefore, the status strobe latches the status byte into the
8228 during the first clock cycle. The 8228 delivers the decoded Memory Write L or 1/O Write L
(MEMW or IOW) signals in the third clock cycle when data to be written is stable. The 8080 Data Bus,
DB Bus, and DO Bus graphs show the propagation delays between the three buses. The 8080 bus is the
output pins on the chip. The DB bus is the output of the buffered 8228 bidirectional bus, and the DO
bus is the unidirectional buffered output-only bus.

In the read cycle, the Memory Read L signal (along with I/O Read L and Interrupt Acknowledge L:
MEMR, IOR, INTA) starts early to enable the chip selects and allow the data buses to stabilize. Data
Bus In (DBIN) goes high before data settles but does not latch data into the 8080 until its falling edge,
when data is settled. The two bus graphs show the assertion of stable data and also show the delay
through the bidirectional bus buffer to the 8080 data bus.

4.2.5 Microprocessor Memory

The basic terminal controller contains 8192 bytes (8K) of program ROM and 3072 bytes (3K) of static
RAM. (One byte = eight bits.) The original board utilizes four 2K X 8 ROM ICs; later versions may
use a single 8K X 8 ROM. The RAM is six 1K X 4 ICs arranged in pairs. The microprocessor can
address up to 64K memory locations. Some of these locations are reserved for future expansion. The
memory map of Figure 4-2-4 shows the portions of addressable space that are reserved and also those
areas that are available for new applications.
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KILO ADDRESS DESCRIPTION PHYSICAL -
BYTES (HEX) : LOCATION
O -
0000
| 8K X 8 BASIC ROM BVB
1FFF
8
2000 SCREEN AND
! 3K X 8 SCRATCH RAM BVB
2BFF
11
2C00
2FFF 1K X 8 AVO SCREEN RAM AVO
12
3000
l 4K X 4 ATTRIBUTE RAM AVO
3FFF
16
4000
| 16K X 8 UNASSIGNED
7FFF
32
8000 2K X 8 PROGRAM MEMORY
‘ 2K X 8 EXPANSION (USE AVO
- 2K X 8 2K X 8 ROM/EPROM)
9FFF 2K X 8
40
A000O
‘ PROGRAM MEMORY
8K X 8 EXPANSION (USE AVO
8K X 8 ROM)
BFFF
48 :
C000
| 16K X 8 UNASSIGNED
FFFF
64

Figure 4-2-4 Memory Map
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4.2.5.1 Memory Map - The basic terminal controller board contains 8K of program ROM and 3K
of screen and scratch RAM. These account for the locations from 0000H to 2BFFH in memory. The
advanced video option adds another 1 kilobyte of RAM (2CO0H to 2FFFH) to increase the number of
characters that can be displayed. The AVO also contains additional memory for character attributes.
This memory is only 4 bits wide, but to address each location in correspondence with each of the 4K
characters, it uses another 4K of addresses from 3000H to 3FFFH.

The next 16K locations (4000H to 7FFFH) are unassigned. However, 4000H to 4FFFH can be ad-
dressed by the video processor using the DM A address counters so 4000H to 4FFFH could be used for
additional screen RAM with 5000H to SFFFH as associated attribute storage.

Above TFFFH is an 8K area intended for additions or changes to the program ROM in 2K segments
and above that is an area intended for the same purpose but in one 8K segment. The top 16K are
unassigned.

4.2.5.2 Memory Devices - Each ROM has three ANDed chip select inputs that are mask-program-
med to be either active-high or active-low, eliminating the need for external inverters. The program-
ming provides 1 of 4 decoding of the two address lines A1l and A12. The third chip select line is

common to all four ROMs. In later VT100s jumpers W2 and W3 can be used to select either a high or -

low assertion for this single chip select to allow for 64K ROMs that do not have a programmable chip
select. Table 4-2-1 shows the addressing of the ROMs.

4.2.5.3 ROM Decoding - The program ROM is enabled when the top half of memory decoder E31 is
enabled and the correct address space is requested by the microprocessor. MEM RD or MEM WR
from the 8228, in the absence of MEM DISABLE, enables the decoder. The ROM is in addresses OH
to IFFFH, so A13 (the 8K bit) is not asserted during ROM reads. Bit A12 is low or high for 0-4K or
4-8K sections of ROM. The decoded outputs from both states are ORed to provide one of the select
signals for the ROM. Then bits A11 and A 12 at two of the chip select lines enable the outputs in one of
the 2K segments. The low 11 bits address one of the 2K bytes in the enabled ROM. If the program is in
one 8K ROM, A1l and A12 are used as regular address lines; only one chip select line enables its
outputs.

4.2.54 RAM Decoding - If A13 is asserted, the memory space between 2000H and 3FFFH is being
addressed. The ROM outputs are disabled and the decoded output from the top half of the decoder
enables the bottom half. Now bits A10 and A 11 are decoded to select 1K segments of the screen RAM.
The 1K X 4 RAMs are paralleled in pairs to make each location 8 bits wide. There is 3K on the basic
video board. The fourth 1K is located on the AVO; its addressing is decoded separately.

4.2.5.5 Memory Disable - Memory Disable turns off all memory on the terminal controller board. It
is used by options that plug into the advanced video option connector:

1.  To replace (overlay) existing memory,

2.  To disable the terminal controller memory when using memory above 4000H (since the
terminal controller does not decode A14, AlS).

The advanced video option can contain overlaying program memory. This is a set of address locations
that the AVO can be jumper-programmed to decode and provide data for. Since the main memory
may also be decoding the same location, the AVO must assert MEM DISABLE to disable the main
memory (ROM and RAM) so that only one data byte is asserted on the bus.
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4.2.6 1/0 Decoding '
The 1/0 address space is divided into two regions: one, containing the 8251 PUSART, has address bit
AO01 always low; the other region contains all other I/O devices and has bit A0l always high. The list of
I/O addresses in Table 4-2-2 illustrates this by the presence of hex 2 in the low half of each non-
PUSART address byte.

4.2.6.1 PUSART Read and Write - When bit A01 is low, the PUSART is enabled. The l/O‘RD and
WR signals from the 8228 control the read or write operation. Address bit A0O selects either the
command or data register for the I/O operation.

4.2.6.2 1/0 Read and Write - When bit A01 is high, the PUSART is disabled. Bit A0l high is one of
two signals required to enable the I/O write decoder (E27). /O WR is the other signal. Address bits
AO05, A06, and AQ7 select one of the seven writable /O devices. These are the baud rate generator, the
brightness control D/A latch, the NVR latch, the keyboard UART transmit buffer, the DCO11 and
DCO012 video processor chips, and the graphics processor data port.

Table 4-2-1 ROM Chip Select Addressing

Address Address Chip : Chip ROM
Line 11 Line 12 Select 2 Select 3 Selected
0 0 Active Low Active Low 1
1 0 Active High Active Low 2
0 1 Active Low Active High 3
1 1 Active High Active High 4

Table 4-2-2 List of Hex 1/0O Addresses

READ OR WRITE

00H PUSART data bus

O0lH PUSART command port
WRITE ONLY (Decoded with I/O WR L)
02H Baud rate generator

42H Brightness D/A latch

62H NVR latch

82H Keyboard UART data input
A2H Video processor DCO12

C2H Video processor DCO11

E2H Graphics port

READ ONLY (Decoded withI/ORD L)
22H Modem buffer

42H Flags buffer

82H Keyboard UART data output
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Only three I1/O devices are readable so their addresses were chosen to allow read decoding directly
from the three address lines. When the 8228 asserts I/O RD, I/O WR deasserts and decoder E27 is
disabled. I/O RD enables the gates in E34 to allow reading of the keyboard UART receive buffer, the
flag buffer, or the modem control signal buffer, depending on which address bit is asserted.

4.2.7 Interrupt Vector

When any of the three interrupting devices (communication receiver, vertical frequency, or keyboard)
sets Interrupt Request (INTR H) through gate E23, the current instruction is completed and then the
microprocessor sets its Interrupt Acknowledge (INTA) status bit and performs an instruction fetch.
The address requested in the fetch is the contents of the program counter. Its value is ignored in the
interrupt process, but it is not incremented, as it would be in a normal fetch cycle. The INTA bit is
decoded from the status word in the 8228 system controller; it enables the tristate interrupt vector
buffer (E41) which then presents a restart (RST) instruction to the data bus. Main memory does not
conflict with the vector buffer because the 8228, in decoding the interrupt status word, does not pro-
duce the memory read or write command bits needed for address decoding. (Refer to Table 4-2-3.)

Table 4-2-3 Interrupt Addresses

00H Power-up (Not hardware driven)
08H . Keyboard

10H Receiver

18H Receiver and keyboard

20H Vertical frequency

28H Vertical frequency and keyboard

30H Vertical frequency and receiver

38H Vertical frequency, receiver and keyboard

The RST instruction disables further interrupts, pushes the current program counter contents (the
location of the next instruction in the interrupted program) onto the stack and decrements the stack
pointer. Then the program counter is loaded with the bits in the address field of the RST instruction.
This field is produced by the interrupt signals of the interrupting devices. The signals are passed onto
the data bus as bits in the address field (bits 3, 4, and 5). The rest of the instruction is hard-wired
through diodes that supply high level to the other data bits during INTA and that are reverse-biased to
isolate these data bus lines when the vector buffer is inactive.

The RST address field, when mapped into the same bit locations in the program counter, defines a set
of eight 8-byte long memory spaces at the beginning of the memory. The first address, 0, is the starting
point for the terminal controller program and is not used for interrupts. The program is normally
started by a hardware reset signal that sets the program counter to 0. It can also be started by an escape
sequence that the host can send to force the program to jump to zero, or in SET-UP mode the RESET
key can be pressed. The other seven memory spaces, starting at 8, 16, etc., contain jumps to places in an
interrupt handling routine that can mediate requests for service from any of the seven combinations of
interrupting devices.

At the end of the interrupt service routine, the stack is popped, interrupts are enabled, and the inter-
rupted program continues.

Early VT100s can disable the receiver interrupt by programming D4 in the NVR latch. However, this
is never used by the VT100. Later VT 100s instead, have the ability to add a Communications Transmit
Buffer Empty interrupt by adding W6. The 8080 would then have to distinguish transmit and receive
interrupts by testing the transmit flag on the flag buffer. This provision is not used on the VT100.
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4.2.8 Power-Up and Self-Test

When power is first applied to the terminal controller board, the reset circuit in the 8224 holds the
microprocessor in a halt state. Within a second, after the voltages stabilize in the power supply, the RC
network at the reset input allows the input voltage to rise to the switching threshold of a Schmitt
trigger. Then the reset is released with the 8080 program counter set to 0. The low 64 bytes of program
are reserved for the eight interrupt service routines which can be addressed by the restart instruction
(see previous section). The low 8 bytes start the power-up routine by disabling the interrupts, setting up
the stack pointer, and then going immediately into the self-test routines.

Assuming there are no hard logic failures present on the board, the microprocessor attempts to per-
form a confidence check of the controller. Some failures are considered fatal and will stop the machine;
other failures limit its operation but will not prevent its use. Fatal failures are indicated by the LEDs
on the keyboard, while nonfatal errors are indicated as a single character on the screen.

The microprocessor first sends the number of the first ROM to the LEDs on the keyboard. Then it
calculates a checksum of the contents of the first 2K of program. (Since firmware is treated as four 2K
blocks of code, later VT100s with one 8K X 8 ROM chip operate the same way but any block failure
requires replacement of the one chip.) At the time of ROM preparation, a special byte was included
within each block to make the checksum equal zero if there are no errors. If there is an error, the
microprocessor halts and the LEDs indicate the current ROM at the time of failure. Otherwise, the
LEDs are incremented to show the next ROM number and the process continues.

The next part of the test is writing and reading the RAM. Every bit in the RAM is written with a 0 and
a | and read each time. If the advanced video option is present (as indicated by the Option Present
flag), its RAM is tested immediately after the main RAM. In the main RAM a failure halts the
machine. Failure of a bit in the advanced video option RAM is indicated on the screen and the process
continues. In another terminal, like the VT52, one bad bit in the screen RAM means there is one
location that may not contain the right character. This can be annoying to the user but does not affect
the rest of the screen. If one bit is bad in a VT 100 line address, the entire screen below the affected line
can become garbled and unusable. A bad bit in the scratch area could disable communication with the
host. So this confidence check ensures that any RAM failure is detected immediately.

The next test checks the nonvolatile RAM by reading it. A checksum is calculated and compared with
the value stored the last time the NVR was written during a save. A bad NVR does not stop the VT100
because the SET-UP values can always be reestablished from the keyboard at power-up. The NVR test
is also the normal time when the terminal gets its auto SET-UP readings from the NVR. Time is saved
because reading the NVR is the most time-consuming part of both the self-test and the auto SET-UP.
If the NVR fails, the bell sounds several times to inform the operator, and then default settings stored
in the ROM allow the terminal to work. The operator must then manually reset any parameters that
differ from the default values.

To test the keyboard, the microprocessor commands the keyboard to scan once, lights all the LEDs,
for about a half second, and sounds the bell. It waits for the scan to finish and then looks for the last
key address 7FH at the keyboard UART. If the test fails, the terminal remains on-line, making it a
receive-only (RO) terminal.

This is the end of testing.
Once the NVR data is in the scratch area in RAM, the microprocessor uses that data to program the
hardware. All operating parameters that were last saved (see NVR) are recalled and the terminal is set

to match them. Finally the cursor appears at column 1, line 1, and the microprocessor enters its
background routine, ready for operation.
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Refer to the Communication chapter for a discussion of Data and EIA tests, and to the Service chapter

for a listing of the Self-Test Results tables.

4.3 COMMUNICATION TRANSCEIVER _

The VT100 interfaces to its host system through a serial data port. An 8251 programmable universal
synchronous or asynchronous receiver-transmitter (PUSART), illustrated in Figure 4-3-1, drives the
port. This device translates between parallel and serial formats, adding or removing start and stop bits
as required. The data exchanged are ASCII characters; parity may be enabled or disabled; the sele-
ctably odd or even parity bit will take the most significant bit position.

4.3.1 PUSART Principles

Most data in computer systems is exchanged as groups of bits. The bit is the smallest unit of informa-
tion, but to be useful, most information must be encoded into groups of bits in standardized patterns.
The VT100 operates with the standard patterns described by the American Standard Code for Infor-
mation Interchange (ASCII). ASCII defines the use of 7 bits, specifying 128 different patterns that
correspond to almost all of the letters, numerals, and punctuation marks used in English and several
other languages. An eighth bit is reserved for an expanded standard.

The eight ASCII bits can be exchanged most rapidly over eight separate wires (in parallel), but this is
very expensive to do anywhere outside the computer cabinet. Instead, the bits are rearranged to pass
over a single wire one after the other. This is called serial transmission. The circuitry for converting
parallel to serial and back again is complex but suited to large scale integration (LSI). The savings
allowed by the use of serial lines has encouraged the development of very sophisticated but inexpensive
conversion devices in LSI. At the same time, a variety of data exchange protocols has been developed.
The result is an LSI device that can operate with virtually any protocol depending on the programming
that it receives from its local processor. This is the PUSART. The VT100 uses one such device (Intel’s
8251A) only in asynchronous mode, plus two simpler, wire-programmed asynchronous-only UARTS
for the keyboard interface.

Synchronous and asynchronous describe the manner in which separate groups of bits (called bytes) are
exchanged. In order for a receiver to know which bit is arriving at any given time. it must know the
format of the byte and which bit of the byte is the first one. In synchronous mode, one or more special
bytes are transmitted which the interface recognizes as synchronizing characters. Then all data bytes
are transmitted together in rapid and precisely timed succession. Both the transmitter and receiver
must have the same externally-supplied clock. ~ :

The VT100 only communicates asynchronously. Asynchronous transmission uses bits added to each
data byte to provide synchronization between the transmitter and receiver. Because any two data
exchanges can originate at random times with clock frequencies as much as 1 percent different, the
protocol assumes random arrival of any byte of data, and relies on the synchronization information in
the byte. This synchronization consists of extra bits appended to the beginning and end of the byte.
One bit at each end (one start bit and one stop bit) is the most common configuration. The start bit and
stop bit are defined to have specific states, and in particular, the start bit has a different state from the
idling condition on the line. The interface looks for the transition from the idling state (called mark) to
the start bit state (called space) and then clocks in the byte. The stop bit is the mark state, as is the
idling line, so an immediately following byte has the correct mark to space transition to provide
synchronization. The data bits, which occur between a start and a stop bit, are represented by a mark
for a one and a space for a zero. Figure 4-3-2 shows the asynchronous data format.
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CLK —1 cEAD/WRITE <:> TRANSMIT —» TxRDY
C/D —{ CONTROL —» TXxEMPTY
- CONTROL
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WR —O
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CONTROL x¢
ba—» SYNDET/
INTERNAL BRKDET
DATA BUS 5
PIN NAME | PIN FUNCTION
D; D, DATA BUS (8 BITS)
c/D CONTROL OR DATA IS TO BE WRITTEN OR READ
RD READ DATA COMMAND
WR WRITE DATA OR CONTROL COMMAND
cs CHIP SELECT
CLK CLOCK PULSE (TTL)
RESET RESET
TxC TRANSMITTER CLOCK
TxD TRANSMITTER DATA
RxC RECEIVER CLOCK
RxD RECEIVER DATA
RxRDY RECEIVER READY (HAS CHARACTER FOR CPU)
TxRDY TRANSMITTER READY (READY FOR CHAR. FROM CPU)
DSR DATA SET READY
DTR DATA TERMINAL READY
SYNDET/ | SYNC DETECT/
BRKDET BREAK DETECT
RTS REQUEST TO SEND DATA
cTs CLEAR TO SEND DATA
TxEMPTY | TRANSMITTER EMPTY

Figure 4-3-1 8251A PUSART Block Diagram
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MA-4284

Figure 4-3-2 Asynchronous Data Format
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4.3.2 PUSART Operation ‘

The complete functional definition of the PUSART is programmed by the system’s software. A set of
control words must be sent out by the microprocessor to initialize the PUSART to support the desired
communications format. Once programmed, the PUSART is ready to perform its communication
functions. The Transmitter Ready (TxRDY) output is raised high to signal the microprocessor that the
PUSART is ready to receive a data character from the microprocessor. TXRDY is reset automatically
when the microprocessor writes a character into the PUSART.

Upon receiving an entire character from the serial input, the Receiver Ready (RxRDY) output is
raised high to signal the microprocessor that the PUSART has a complete character ready to be read.
RxRDY is reset automatically when the data'is read. The PUSART cannot begin transmission until
the Transmitter Enable (Tx Enable) bit is set in the command instruction and it has received a Ciear 1o
Send (CTS) input. The Transmit Data (TxD) output will be held in the marking state when the line is
idle. '

For a more detailed description of the PUSART’s operation, refer to Intel's 8251 A specification.

4.3.3 PUSART Addressing

I/0 read. write and enable addressing and commands are discussed in the microprocessoi [, U decod-
ing section. ‘

4.3.4 PUSART Programming

The microprocessor can program the PUSART to opeate with several standards and parameters.
Many of these parameters are predetermined by the VT 100 specifications. Character length, number of
stop bits. parity enabling and format, baud rate multiplication factor, and asynchronous operation are
all programmed in at power-up through the mode instruction (Figure 4-3-3) from the stored SET-UP
information. Address bit AOO selects either the command register in the PUSART for writing the byte
containing this information, or the transmit buffer for normal operation. A different programmable
device, discussed later, provides the selected baud rate from SET-UP data.

After the PUSART mode of operation is selected by writing a mode instruction, PUSART operation is
controlled by writing a command instruction (Figure 4-3-4). Once the mode instruction has been
written into the PUSART. all further ““control writes” (C/D=1) load a command instruction. A reset
operation (internal or external) returns the PUSART to the mode instruction format.

The status of the PUSART can be read by the microprocessor by performing a read with C/D=1.
Some of the bits in the status word (Figure 4-3-5) have the same meaning as output pins on the
PUSART chip. The status word may be a maximum of 28 clock periods behind the event causing the
update. This clock, from the microprocessor’s phase 2 TTL signal, is the clock for the internal oper-
ation of the PUSART, which is a dynamic device requiring internal refresh at regular intervals.

4.3.5 Data Transmission

When the microprocessor wants to send a character out, it checks the XMIT flag at the flag buffer. If
this flag is high the transmit buffer is empty and can accept data. If the flag is low, the microprocessor
continues through its background program and returns to check again later.

When the flag is high, the microprocessor loads a data byte into the transmit buffer. The PUSART is
double-buffered; this means that there is a second data buffer inside that is automatically loaded from
the first buffer. The second buffer’s contents get start and stop bits and parity (if enabled) appended
and are shifted out by the continuously running clock. Immediately after the second buffer is loaded,
the transmit flag goes high and the first (transmit) buffer can be loaded again.
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Figure 4-3-3 Mode Instruction

4-24

MA-4283

))



e

D,

Do

EH

IR RTS | ER |SBRK

RxE | DTR
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DATA TERMINAL READY
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OUTPUT TO ZERO.
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SEND BREAK
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1 = RESET ERROR FLAGS
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OUTPUT TO ZERO

INTERNAL RESET . "HIGH"
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INSTRUCTION FORMAT
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SYNC CHARACTERS
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IN ASYNC MODE)

NOTE: ERROR RESET MUST BE PERFORMED WHENEVER RxENABLE AND
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COMMAND INSTRUCTION FORMAT

MA-4276

Figure 4-3-4 Command Instruction
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DSR FE PE RxRDY 7)
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PARITY ERROR

THE PE FLAG IS SET WHEN A PARITY
ERROR IS DETECTED. IT IS RESET BY
THE ER BIT OF THE COMMAND
INSTRUCTION. PE DOES NOT INHIBIT
OPERATION OF THE 8251A. N

OVERRUN ERROR

THE OE FLAG IS SET WHEN THE CPU
DOES NOT READ A CHARACTER BEFORE
THE NEXT ONE BECOMES AVAILABLE .

IT IS RESET BY THE ER BIT OF THE
COMMAND INSTRUCTION. OE DOES
NOT INHIBIT OPERATION OF THE 8251A;
HOWEVER THE PREVIOUSLY OVERRUN ))
CHARACTER IS LOST ’

FRAMING ERROR (ASYNC ONLY)
THE FE FLAG IS SET WHEN A VALID
STOP BIT IS NOT DETECTED AT THE
END OF EVERY CHARACTER. IT IS RESET
BY THE ER BIT OF THE COMMAND
INSTRUCTION. FE DOES NOT INHIBIT
THE OPERATION OF THE 8251A. )

> DATA SET READY INDICATES
THAT THE DSR IS AT A ZERO LEVEL.

STATUS BYTE FORMAT

NOTE 1: TxRDY STATUS BIT HAS DIFFERENT MEANINGS FROM THE
TxRDY OUTPUT PIN. THE FORMER IS NOT CONDITIONED
BY CTS AND TxEN; THE LATTER IS CONDITIONED BY BOTH
CTS AND TxEN.
i.e. TxRDY STATUS BIT = DB BUFFER EMPTY
TxRDY PIN OUT = DB BUFFER EMPTY @ (CTS-O) ® (TxEN-1)

MA4275

Figure 4-3-5 Status Byte Format
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4.3.6 Data Reception :

Any data that appears on the receive data line is shifted into the internal receive shifting buffer. When
a full character of bits has arrived, the start, stop, and parity bits are stripped. Parity is checked, and if
bad, the parity error flag in the status word is set. Data is transferred to the receive data buffer, and the
receive flag is set. This flag requests an interrupt from the microprocesor. The microprocessor then has
the amount of time it takes the next character to shift in to read the first character. After reading the
character, the microprocessor reads the status byte to check the integrity of the data. If the micro-
processor does not read the receive data buffer in time, the second character writes over the first one
which is lost. Then, an overrun error is reported in the status word. The checkerboard character
appears for all errors.

4.3.7 Baud Rate Generator

PUSART clocks are derived from the microprocessor clock. The microprocessor clock crystal was
selected to provide a frequency within the limits of the 8080 which could be readily divided to provide
standard baud rates. The division occurs in programmable baud rate generator E60. This device con-
tains two independent counters to allow different receive and transmit (split) baud rates. Each counter
has 4 input lines to select 1 of 16 rates. Thus, a 1-byte load into the device can set up both send and
receive rates. The baud rate generator’s input register is written into as a device in the 1/O address
space.

E60 is factory mask-programmed with the division ratios required to get standard baud rates from the
crystal frequency. The 4-bit input is an address for a ROM location containing the SET-UP informa-
tion for each rate. Table 4-3-1 lists the baud rate generator divisors.

E60 was originally designed to operate with a crystal as a self-contained crystal controlled oscillator

and divider. The oscillator is located elsewhere, so the oscillator inputs EXTI and EXT2 receive the
microprocessor clock driven out of phase by two inverters in E38. '

Table 4-3-1 Baud Rate Generator Divisors

(Input frequency = 2.76480 MHz)

Freq
X16 (Hz)
Baud Rate Divisor Output Error
50 3456 800
75 2304 1200
110 1571 1760 * -0.006%
134.5 1285 2152” -0.019%
150 1152 2400
200 864 3200
300 576 4000
600 288 9600
1200 144 19200
1800 96 28800
2000 86 32000 * +0.465%
2400 72 38400
3600 48 57600
4800 36 76800
9600 18 153600
19200 9 307200

*Qutput frequency shown is nominal value. Include percentage error to get actual frequency.
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4.3.8 Serial Interface

The serial transmit and receive interfaces are ICs that convert between TTL signals and EIA RS-232-C
unbalanced bipolar signals. The electrical specifications and connector pinouts are described in Chap-
ter 3, Installation.

4.3.9 Modem Control

Certain pins on the PUSART are labeled with standard modem control designations. These pins are
readable [Data Set Ready (DSR)] or writable [Data Terminal Ready (DTR)] and [Request to Send
(RTS)] as buffered bits in the PUSART’s status and control bytes. Other signals from the modem pass
through EIA level translators with Schmitt trigger inputs to a tristate buffer which, when enabled by
the MODEM RD command, presents them to the data bus. Another signal [Speed Select (SPDS)] is
written from the data bus into the NVR latch which is a convenient extra latch position. None of these
signals are used to support modem control in the basic VT100. They are always programmed at power-
up to allow normal full duplex operation with some modems when a standard EIA cable is installed
between the modem and the VT100. See Chapter 3 for more interface information.

4.3.10 Data Types
Three kinds of data can be exchanged between the VT100 and the host: control characters, control
functions, and displayable characters. -

Control characters are any ASCII characters in the range 0 — 1FH. They include carriage return and
line feed.

Control functions start with a control character (escape) and contain additional characters which ex-
tend the range of special actions that the terminal can perform. Cursor home is such an action. Some
control functions can contain numeric parameters to modify the special actions. Direct cursor address-
ing is a typical example. Appendix A of this manual describes the programming and use of the control
characters and functions in detail.

Displayable characters are those ASCII codes that are stored in the screen RAM, causing a character
to be displayed on the screen.

4.3.11 SILO

The microprocessor checks each character as it comes in from the PUSART. Only four characters
cause any special action at this time. Control codes XON and XOFF (see below) are immediately pro-
cessed while NULL and DELETE are discarded. Everything else gets put in a 64 character (128 char-
acters in later model terminals) first-in/first-out space in the scratch area of RAM called the SILO.
The SILO processor routine maintains this area by updating two locations called SILIN and SILOUT.
These point to the current entry and exit points in a loop of memory locations. The farther apart they
are, the more characters are in the SILO. The addresses of the two points are subtracted from each
other to determine the filling of the SILO. The subtraction is performed in modulo 64 (or 128) arith-
metic to accommodate the rotation of the locations.

The SILO is necessary because when the microprocessor reads a character, it acts on that character
completely before taking another one. For example, a line feed character causes the processing needed
to accomplish a scroll. The processing time often exceeds the time between characters at the port. To
save the characters that might arrive and get lost during a special action, the microprocessor responds
to the received data interrupt by quickly moving the data to the SILO. Only the examination described
above gets performed. After the current action is finished, the microprocessor gets the longest waiting
character out of the SILO and range checks it. If it is less than 20H, it is a control character and the
microprocessor processes it. If it is 20H or above, the microprocessor puts it in the next character posi-
tion in the screen RAM.
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4.3.12 XON/XOFF

XON and XOFF are two control codes that the terminal and host may send to each other to control the
pace of data transmission. The host usually has a buffer space similar in function to the VT100’s SILO.
If either device has a large processing load at the same time that a lot of data is being received, the
buffer or SILO can fill up. The receiving device monitors its buffer and sends Transmit Off (XOFF)
when the buffer contains a predetermined number of characters. On the VT100 this value is 32 charac-
ters. (A second XOFF is sent at 112 characters in late model VT100s.) The sending device should stop
transmitting until it receives Transmit On (XON). When the receiving device empties its buffer to an-
other predetermined number of characters (16 characters on the VT100), it sends XON.

The NO SCROLL key on the keyboard enables and disables SILO fetching. If data continues to arrive,
the SILO management routine sends XOFF or XON as required. The microprocessor keeps track of
the current state and sends the opposite command the next time the key is pressed. CTRL-S and
CTRL-Q send XOFF and XON directly. Coordination of various causes of XON and XOFF is dis-
cussed in Appendix A.

Because of the serial interface, several character times may elapse before the transmitter acts on XOFF
and its last character passes through the receiver. This partly determines how full the buffer can be
before XOFF must be sent. The other determinant is the worst case condition in split speed operation.
If the terminal transmits at a low speed and receives at a high speed, the interface delay can allow
several characters to arrive before XOFF stops their transmission. A detailed discussion of this problem
is in Appendix A.

4.3.13 Control Function Parser

A parser is a routine that examines a sequence of characters. It then starts processes and extracts pa-
rameters based on the contents of the sequence. The term comes from the grammarian’s practice of
parsing (separating) a sentence into its component parts: subject, verb, object. The meanings of many
sequences are being standardized throughout the data processing industry through American Standards
Institute (ANSI) and International Organization of Standardization (ISO) committees. The VT100
employs a subset of several of these standards, plus it has several private sequences to allow it to per-
form certain DEC-specific functions like behaving as a VT52.

A character in the range below 20H is always the starting flag for the parsing process. Some functions
have only the first character for their sequence; line feed (OAH) is an example. After the function is
performed, the next character is taken from the SILO. If it is not in the control range, it is put on the
screen. Escape (1BH) is the flag for a longer sequence. After escape, characters are taken from the
SILO and range-checked as intermediate (20H to 2FH) or final (30H to 7EH) until a final character
appears. The sequence is interpreted and the appropriate function performed. Then the next character
is taken from the SILO and displayed if not in the control range. If a sequence is not supported by the
VTI100, it is parsed and then ignored.

Detailed descriptions of the functions are in the V7100 User Guide and in Appendix A of this manual.

4.3.14 Local
In local mode, keyboard output bypasses the communication transmitter and receiver and SILO and is
acted on directly. The Data Terminal Ready signal (DTR) at the EIA interface is unasserted in local.

4.3.15 Standard Terminal Port

The standard terminal port (STP) is a printed circuit board edge connector on the basic video board
that contains twenty pairs of contacts. When no board is plugged into the connector, the pairs of con-
tacts meet. All EIA data and modem control signals plus the two baud clocks pass through this con-
nector. Future options may utilize the signals present at this connector. For a complete discussion of the
details of the STP, see the STP Option Interface Guide, Chapter 7.
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4.3.16 Communication Self-Test

The VT100 can test its communication circuits, but because the operator must temporarily plug in a
specially wired loopback connector, the test is not performed automatically. Refer to the Service
chapter for instructions. There are two tests. One is a data test for either 20 mA current loop or EIA
interfaces. This test transmits a pattern of data out the transmit line and examines the data as it returns
through the receive line. Each bit of the data bus is tested with the eight test characters: 01H, 02H,
04H, O8H, 10H, 20H, 40H, 80H. This group of eight passes through the circuit repeatedly while the
microprocessor changes the baud rate after each pass.

The second test, for EIA only, tests the modem control lines to ensure that they can be controlled.
Some terminal controller modules have an etch revision at E39 that does not permit EIA testing. These
modules can be recognized by the presence of extra wires attached at E39.

Table 4-3-2 lists the test connector wiring.

Table 4-3-2 Loopback Tesf Connectors

From  To
EIA: Pin 2 Pins 3and 15
Pin4 Pins 5and 8
Pin 20 Pins 6 and 22
Pin 19 Pins 12 and 17
20 mA: Pin 1 Pin 3
Pin 2 Pin7
Pin 5 Pin 8

4.4 KEYBOARD

The VT100 keyboard is a typewriter-like array of momentary, normally-open switches. The array is
mounted in a small case with a speaker for audio feedback and electronics for interfacing the array to
the terminal. The VT100 keyboard connects to the terminal controller board through a three con-
ductor cable that plugs into the back of the terminal cabinet. The cable carries power, ground, and a
complex bidirectional data and clock signal. The terminal sends the clock signal and a status word that
controls the LED indictors, the bell, and the keyboard scan process. The keyboard sends the row and
column address of each key that is pressed. The terminal’s microprocessor then translates that address
into an ASCII character and transmits it serially to the host through a UART or performs internal
actions such as SET-UP and no-scroll. Refer to Section 4.3 for a discussion of UART principles.

This section describes the operation of the keyboard and its interface hardware and software in the
terminal.

4.4.1 Keyboard Block Diagram (Figure 4-4-1)

The bidirectional interface separates incoming from outgoing data on the single signal line. Incoming
data from the terminal contains a clock that passes directly to the UART and the address counter
circuit. Then the data and clock are integrated. The duty cycle encoded data becomes serial data. The
UART deserializes the terminal data and produces an 8-bit parallel output. These bits control the bell
and LEDs, and start address scanning, depending on which bits were set by the terminal in the key-
board status byte.
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Figure 4-4-1 Keyboard Block Diagram

The address counters start on command and send row and column addresses to the keyboard switch
array. When an address matches a key that is down, the Key Down signal strobes that address into the
UART. The UART serializes the address and the bidirectional interface sends it to the terminal.

4.4.2 Keyboard UARTSs

Information is exchanged between the terminal and the keyboard in serial form. One start bit, eight
data bits, and one stop bit are transmitted using a clock derived from the horizontal timing circuits in
the terminal. Besides timing the serialization of data in the terminal, the clock is also transmitted to the
keyboard to time its circuits. The terminal data is a status byte that controls the keyboard by com-
manding key scans and other functions.

The keyboard transmits its data in the same format and with the same clock. Its data are the addresses
of whatever keys are down during a scan. The last key address sent has the highest address possible and
is always sent to indicate to the microprocessor that the scan is complete.

4.4.3 Keyboard Status Byte

The terminal controls the keyboard through a status byte that it sends through the interface along with
the keyboard clock. The first six bits of the 8-bit byte (Figure 4-4-2) control the On-Line/Local,
Keyboard Locked, and four user programmable LEDs on the keyboard. Every time the status byte is
sent, it refreshes the LEDs even if no new action is being taken. The seventh bit is sent only once in a
vertical interval and initiates the scanning process in the keyboard. The eighth bit, if sent only once,
causes the keyboard speaker to click. (Keyclick is defeatable at SET-UP.) If the bit is sent approx-
imately two hundred times in a row, for about a quarter second, it sounds a bell.
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Figure 4-4-2 Keyboard Status Byte

The operating clock for the keyboard interface comes from an address line in the video processor
(LBA4). This signal has an average period of 7.945 microseconds. Each data byte is transmitted with
one start bit and one stop bit, and each bit lasts 16 clock periods. The total time for each data byte is
160 times 7.945 or 1.27 milliseconds. Each time the Transmit Buffer Empty flag on the terminal’s
UART gets set (when the current byte is being transmitted), the microprocessor loads another byte
into the transmit buffer. In this way, the stream of status bytes to the keyboard is continuous.

4.4.4 Key Address Counter

Keyboard addresses are outputs from a counter that correspond to locations in a keyswitch matrix.
The counter can address all locations in the matrix. If a keyswitch is closed, the counter output ad-
dressing that location is transmitted. The address counter is a pair of 4-bit binary counters arranged so
that only the top seven bits go to the switch matrix. These outputs also connect directly to the UART
transmit data inputs. The output of the first bit in the counter is a squarewave with a period equal to
the amount of time that each key is sampled during a scan. Key Down L appears at the input to flip-
flop E6 when the counter reaches the address of a key that is pressed. Half a sample period later, the
first counter bit clocks the Key Down signal through flip-flop E6. The half period delay allows any
glitches in the address counter to settle before Key Down asserts Data Strobe. Data Strobe loads the
UART transmit buffer with the address count present at the data input at that moment. That address
count represents the key that was down when Key Down was asserted.

The UART, which is double-buffered, deasserts Transmit Buffer Empty while the transmit (outer)
buffer is full. This stops the counter by blocking the clock at gate E4. As soon as the data moves into
the inner shifting register, the transmit buffer empties, TBMT is asserted, and the count continues. In
this way, any number of key addresses can be sent to the terminal. The time the scan takes to finish
varies with the number of keys down. On the first address load, when transfer from the transmit buffer
into the shifting register is immediate, the UART reasserts TBMT almost immediately. For loads later
in the scan, the UART deasserts TBMT for a longer period because an address that loads into the
transmit buffer must wait with the counter stopped until the previous transmission is done. Because
the transmission time is 160 counts and the complete address scan takes only 128 counts, there is a
minimum wait of 32 counts or about 20 percent of a character transmission time between the scan of
address 7FH and the transmission of address 7FH if the first key in the scan was down. (Refer to
Figure 4-4-3.)

Because it is hard-wired, the highest address (7FH) always asserts Key Down and gets transmitted,
indicating end of scan to the terminal. The highest bit also clocks flip-flop E3 which clears the counters
and stops the count. This is the only way that the scan is terminated. The scan begins again when the
terminal sends the Start Scan bit in the status byte to the keyboard. When the data arrives, the UART
asserts its Data Available flag. On the next clock transition, flip-flop E6 passes a short, clock-synchro-
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nized Data Available pulse to gate ES5, resetting the flag in the process. ES combines the Data Avail-
able pulse with the Start Scan bit if present to clear E3, allowing the count to begin.

After the terminal starts the scan, it waits for the 7FH address and then for a vertical interrupt (a
synchronizing signal explained in VIDEQ) before it will start the scan again. If there are a lot of keys
down, the scan may take more than one vertical interval to finish. The keyboard ignores further
requests to scan until the current scan is complete.

BEST CASE
SCAN: ADDR 1.......... 127 COUNTS .......ADDR 7FH
TRANS: ADDR T...oueurnee. 160 COUNTS ............ ADDR 7FH
DELAY BETWEEN SCAN & TRANS
OF ADDR 7FH
WORST CASE
SCAN: ADDR 1. ADDR 2...NO COUNTS....START COUNTS.....126 COUNTS.....ADDR 7FH
TRANS: ADDR 1...............160 COUNTS.......ADDR 2................... 160 COUNTS............. ADDR 7FH
la |
r ! |‘_’|
DELAY BETWEEN SCAN & DELAY 1 COUNT MORE
TRANS OF ADDR 2 ’ THAN BEST CASE

MA-4278

Figure 4-4-3 Key Address Transmission Delays

Here is a formula that estimates the delay between the time that the terminal asserts the start scan bit at
its UART and the time that the terminal UART asserts data available upon receiving the final address
7FH. The clock driving the address counter and UART has a period of 7.945 microseconds, there is
the number of addresses to the first closed key to be counted, and the serial transmission of an address
takes 160 clock periods (16 clocks per bit, 8 data bits, 1 start and 1 stop bit).

160  start scan command word to keyboard

+ m counts to first key
+nX 160 fornkeysdown
+ 160 transmission of 7FH

Total X 7.945 = microseconds
For example, suppose that one key, #24, is down.

160  start scan command word to keyboard
24 counts

160  transmission of key #24 address

160  transmission of 7FH

504 X 7.945 = 4004 microseconds (4.0 us)

+++
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4.4.5 Key Scanning and Address Formation

The keyboard is an array of contact pairs arranged in 16 rows and 8 columns (Figure 4-4-4). One side
of each pair is connected to all the others in its column and each column connects to +5 volts through
a resistor. Each of the eight columns also connects to an input on the eight-to-one multiplexer E14.
The other side of each contact pair connects to all the others in its row and to an output on one of the
one-to-eight demultiplexers E11 and E13. The seven outputs of the keyboard scan counter control the
multiplexer and demultiplexers. The rows are selected by the lower four bits and the columns by the
upper three.

A low input to the selected column line on the multiplexer causes a Key Down L signal. If a key is
pressed when the row and column address is not on its position, the unselected demultiplexer line is
high and there is no change in level across the contacts. If the demultiplexer line is selected, it is low,
and the closed contact pulls the column low through the resistor. Each column is scanned top to
bottom as the low four address lines count; then the next column is selected and scanned. The complete
keyboard scan takes about 1 millisecond when no keys are down.

The last row and column position (address 7FH) is wired to always indicate key down. This value
indicates to the terminal that the scan is ended.

4.4.6 Bidirectional Interface Operation

The terminal sends data and clock to the keyboard; the keyboard sends data only. Transmission is
asynchronous, full duplex, serial, 8-bit data with one start bit and one stop bit over a single signal line.
Four states can exist on the line, representing the two signal states from each end of the line.

Both signals may coexist on the same wire, originate at opposite ends, and simultaneously commu-
nicate provided that sensing resistors are put at each end. The interface works by observing the voltage
variations on its input (across the sensing resistor) while biasing the input in an opposite direction with
its own output signals so that only input variations can cause enough change to exceed the threshold of
detection.

4.4.6.1 Interface Line - Refer to the keyboard interface schematic, Figure 4-4-5a. If one side of the
line is at +12 volts and the other is at ground, then by Ohm’s Law, the center of the two equal resistors
will be at V/2 = 6 volts. If both sides are at 0 or 12, the center will be identically at 0 or 12. Thus the
signal line can either have no current flow but with the junction of the two resistors at either 0 or 12
volts, or the junction can be at 6 volts with current flow to the left or to the right, thereby representing
the four required states.

4.4.6.2 Receiving Side - The receiving side of the keyboard interface separates the incoming signal
from its own output by delivering a sample of its output to the inverting input of a comparator. Refer
back to Figure 4-4-5. This provides an additional input for the comparator which compensates for the
variation that occurs on the noninverting input at the same time that the output changes. R12 and R13
(both approximately 20K) and R11 (10K) are a divider providing bias to the comparator. If E8 (an
open collector driver) is off (high), then the end of R11 connected to E8 is essentially at +12 volts
through R15 (470). The R11, R12, R13 divider outputs 9 volts as shown in Figure 4-4-5b. If E8 is on
(low), the end of R11 is at ground, and the divider outputs 3 volts (Figure 4-4-5c).

Meanwhile, the signal from the other end of the signal line is admitted to the noninverting input of the
comparator through a resistor (R7) whose value is small compared to the comparator’s high input
impedance. The positive feedback resistor R8 provides a small amount of hysteresis to improve the
circuit’s noise immunity.
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For the case where the junction is at 12 volts, there is no ambiguity about what signal the sender is
sending. The comparator must produce a high output because the sender is outputting a high level.
(The receiver is also sending a high level but no distinction between the two needs to be made.) The
bias network presents a 9 volt signal to the inverting input, so the comparator sees a +3 volt difference
and goes high.

For the case where the junction between the sender and the receiver is at 0 volts, there is again no
ambiguity. The comparator must produce a low output because both sender and receiver are out-
putting low levels. The bias network presents a 3 volt signal to the inverting input, so the comparator
sees a -3 volt difference and goes low.

For the case where the junction is at 6 volts, either end could be the high or low sender. The decision is
made at each end by each circuit examining its own output to decide whether it or the other end is
sending a particular level. If the sending end is at 0, the noninverting input sees 6 volts. The receiving
end is outputting 12 volts, and the network outputs 9 volts to the inverting input. The comparator sees
a difference of -3 volts and outputs low in recognition of the low level at the sending end. If the sending
end is at +12, the noninverting input sees 6 volts. The receiving end is outputting 0 volts, and the
network outputs 3 volts to the inverting input. The comparator sees a difference of +3 volts and
outputs high in recognition of the high level at the sending end.

Table 4-4-1 summarizes the effects of the various signals.

Table 4-4-1 Keyboard Receiver Signals

Non-
Invert.
Send. Rec. Input Invert.
End End (Junction) Input Difference Output
0 0 0 3 -3 0
0 12 6 9 -3 0
12 0 6 3 +3 5
12 12 12 9 +3 5

4.4.6.2.1 Keyboard Cable Compensation - C7 compensates the circuit for the capacitance of the cable.
If C7 were not present, the output of the comparator would glitch when the output driver on the same
end of the line changed state. This would be caused by the output signal propagating immediately to
the inverting input of the comparator but being delayed (by the RC time constant of the line) to the
noninverting input. C7 is chosen so that the time constant of the line is the same at both inputs.
Because the resistance seen at the middle of th. line is approximately 1000 ohms (two 2K resistors in
parallel) and the resistance seen at the inverting input is approximately 5000 ohms (one 10K and two
20K resistors in parallel), C7 is about one-fifth of the cable capacitance. The value is not critical
because the ratio of the two time constants can be as large as two and still provide acceptable noise
immunity.

4.4.6.3 Terminal Data Encoding - The keyboard requires a clock for its operation and is provided
with one by the terminal controller side of the interface. To transmit a clock independently of data on
the same wire, the terminal side of the interface generates a clock signal within which data is encoded
as a pulse width modulation. The terminal circuit produces a 75 percent high pulse width output for
the mark state. Data transmission causes the clock output to switch between 75 and 25 percent pulse
width (duty cycle).
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Figure 4-4-6 is a timing diagram that illustrates the formation of the pulse width modulation. Three
nand gates, I, II, and III, combine three signals, Data, LBA 3, and inverted (not) LBA 4. The three
gate outputs are wire-ANDed so that all three must have high outputs to produce a high to the out
inverter, which drives the terminal’s end of the bidirectional interface. The timing is not precisely
correct in this drawing because the LBA signals, addresses to the line buffer in the video processor, are
not pure squarewaves and have variations in their periods (see the DCO11 section). These variations
give the keyboard signal the appearance of clustering in groups of four, but they do not affect the
operation of the circuit.

The negative transition of each output pulse occurs at the clock interval regardless of the presence of
data. This transition is therefore the reference point for the keyboard clock at the receiving end.

4.4.6.4 Combined Interface Signal - Figure 4-4-7 illustrates the four possible conditions on the inter-
face line when the effect of the clock is included. Figure 4-4-8 shows all four states and the transitions
between each of them. Two series sensing resistors in the interface circuit divide the signal in half at the
wire. Therefore, although the drivers swing 12 volts at each end, the figures show only 6 volt varia-
tions.

4.4.6.5 Decoding of Data from Terminal - The keyboard recovers the modulated clock signal sent by
the terminal but must also separate the data from the clock. The signal is sent directly to the UART
and address counter circuits as a clock. The negative edge of the clock occurs at a fixed interval while
the positive edge varies according to the duty cycle modulation. The keyboard circuits use the negative
edge and ignore the variable pulse width.

Data is extracted from the combined clock-data by a simple resistor-capacitor filter on one input to a
comparator. The other comparator input is referred to one-half the power supply. Because the duty
cycle of incoming data is either 1/4 or 3/4, the capacitor charges to that proportion of the supply
voltage over the 16 clock periods of each bit. The comparator switches when the capacitor voltage rises
or falls past the reference value. The short duty cycle of zeros averages to a low voltage that holds the
comparator output low. The long duty cycle of ones averages to a high voltage and switches the
comparator to a high state. The comparator output goes to the serial data input of the UART where it
is deserialized. When all ten bits of a transmitted character are loaded into the UART, it asserts Data
Available. This signal enables the bell and scan start if the appropriate bits were set in the byte. The
LED bits remain latched at the parallel output of the UART until the next command byte arrives.

4.4.6.6 Keyboard Output - The keyboard UART serial output goes directly to an open collector
driver that swings its end of the bidirectional signal line between 0 and +12 volts. This is shown as E8
and R15 in Figure 4-4-5a. The circuit is identical at both ends of the interface.

4.4.7 Bell :

The keyclick/bell circuit provides audio feedback and attention signals for the user. A bit in the
keyboard status word controls the bell. Refer to Figure 4-4-9 for the circuit. Capacitor C8 charges to
+5 volts through resistor R16. The speaker connects between the capacitor and the collectors of the
transistors in E1. When a single status word contains the bell bit, flip-flop E3 toggles and turns on EI.
C8 discharges through the speaker and El, generating a click. When the voltage on C8 falls low
enough, it clears E3. El turns off and C8 charges up for the next click. The value of C8 is selected to
determine the volume of the click. D8 protects the transistors from inductive spikes from the speaker.

If the bell bit is set for many words in succession, the UART latch holds the data output constant. A
. one clock period pulse from the Data Available flip-flop E6 gates the bell bit through ES5 to form a
clock to E3. As C8 discharges through the speaker and El, E3 clears itself, turning E1 off. Then C8
charges up again until the next Data Available pulse clocks E3 on again to repeat the discharge cycle.
C8 discharges fast enough so each Data Available pulse (which arrives every 1.28 ms) triggers a cycle,
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allowing the circuit to produce an 800 hertz tone. Bell is generated by setting the bell bit for 0.25
seconds (about 200 status words). Each cycle of the tone is at a reduced amplitude compared with the

S '
A 4

single keyclick because R16 is selected to limit C8’s charging rate. The overall effect of the tone burst

on the ear is that of a beep.
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Figure 4-4-9 Bell Circuit

4.4.8 Keyboard Interrupt Routine

When the microprocessor responds to an interrupt from the keyboard UART and reads a key address
from the UART data output, it immediately range tests the address. The function key addresses are all
above the regular key addresses, with SET-UP the lowest at 7BH and the always down Last Key at
7FH. An incoming function key address causes a bit to be set in a flag byte called Keys (Figure 4-4-10).

When a key address below the function range arrives, the microprocessor checks the low three bits in
Keys for the key count. If the count is less than three, the key address is stored in a three place New
Key Address Buffer and the counter is incremented. If the count is already three, the counter is in-
~cremented but the key address is discarded.

| |
KEY| COUlilTER

| 1 [
CAPS CONTROL OVER
LOCK FLOW
LAST SHIFT BIT
KEY SETUP

MA-4291

Figure 4-4-10 Keys Flag Byte

4.4.9 Logical Keyboard Processor
The logical keyboard processor is that portion of the operating firmware that manages the inter-
pretation and transmission of keyboard data. It consists of several processes.
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4.4.9.1 Key Recognition - For a key to be recognized as a new key, it must not have been down in the
scan before entry is accepted. The microprocessor checks each key’s history at each scan. If a key was
down during the last scan, it is old and is not entered. Only new keys, those not previously seen, are
entered. This system allows a key to be held down without being continuously entered at each scan.
(This process and auto repeat are discussed later.)

If a key is detected as down for the first time in a while, the microprocessor assumes that it has been
pressed. During the scan when the key is first down, the contacts may bounce for several milliseconds.
The time window when the contact is scanned is very short. If the contact happens to be bouncing open
during that interval, it is not detected in that scan but the time between scans is long so it is finished
bouncing by the next scan and is detected normally. If the contact happens to be closed for the first
scan while still bouncing, it is detected. It is also detected on the next scan after it has stopping
bouncing but now it is an old key and is not reentered.

When the microprocessor is free to perform its background routines, it processes the results of the last
keyboard scan. First it checks the high bit of the Key’s byte to see if the scan is finished. If it is not, the
microprocessor continues with other work (exits). If it is , the microprocessor checks the key counter
overflow bit representing four or more keys sent in the scan. If the bit is set, the microprocessor clears
the New Key Address Buffer and exits.

If the overflow bit is not set, the first key is taken from the new key address buffer and tested. If it is
either the SET-UP or NO SCROLL key, the microprocessor acts on it immediately and branches to
the appropriate routine. It then returns to the keyboard process. (Refer to the microprocessor section
for a discussion of SET-UP and to the Communication section for no scroll.)

Another three place buffer contains the keys from the last scan. The microprocessor compares the
three new keys with those in the old key buffer. If an old key is not in the new key address buffer, that
key is cleared from the old key buffer. New keys then go into the old key buffer. Each key address is
only seven bits long, so the high bit in each key entry is used to indicate how long that entry has been in
the buffer. If a key is new, the bit is set to 0. This means that the microprocessor has only seen the key
once. If the key appears in the new key address buffer on the next scan, the microprocessor sets the
high bit to 1, converts the key address to an ASCII code, and sends it to the keycode buffer. Only one
key is converted and sent in each cycle of the logical keyboard processor routine. Since the set bit
indicates that the key has been sent, in the next cycle that key will be ignored and the next key will be
processed.

4.4.9.2 Key Rollover - Key rollover means that more than one key can be down at the same time and
be accepted. Normally the VT100 accepts 3-key rollover. If the keys were pressed during different
keyboard scans, they will be accepted in the order in which they were pressed. If they were all pressed
during the same keyboard scan, they will be accepted in the order of their addresses.

Certain conditions will limit the rollover to only two keys. The 2.5 key rollover specification reflects
the presence of these conditions. Because there are no isolating diodes in the switch matrix, certain
patterns of contact closure can produce false key down indications. Specifically, three switches closed
in three corners of a rectangular pattern, as in Figure 4-4-11, will cause a fourth apparent key address
to be sent to the terminal. (Refer back to Figure 4-4-3 to see how the pattern fits into the row-column
configuration.) For this reason, although any number of key addresses may be sent by the keyboard
during a scan, no more than three may be sent if any are to be accepted. If four or more appear, the
terminal ignores all of them and waits for a scan with only three. The special function keys (SHIFT,
CAPS LOCK, CONTROL, SET-UP) are in a part of the matrix where there is no pattern sensitivity
and no ambiguity. They all are accepted in the same scan with the regular keys and are not counted in
the 3-key maximum.
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Figure 4-4-11 Sneak Path

The sneak path problem is also the reason that the keyboard processor looks for the appearance of a
key in two successive scans. In Figure 4-4-11, the keys are scanned in the order J, H, K, G. Normally,
the keyboard processor counts the number of keys in a scan and ignores all of them if the count is over
three, as it is in this case. But it is possible for a user to briefly press keys J, H, and G and then release
G before the scan is completed. Then the keyboard processor might see J, H, the false key K, and.
because G was lifted just before it was scanned, register only three keys. One key would be false, but
with d count of only three, all would be accepted. To prevent this, the keyboard processor looks for the
same keys two scans in a row. Because the G key is released, the K key does not appear in the second
scan, and only J and H appear and are accepted by the keyboard processor.

4.4.9.3 Generation of Codes - Because the keys are essentially randomly ordered with respect to the
ASCII standard, the program ROM includes several look-up tables that assist in the generation of
ASCII codes. Most keys convert directly from an address to an ASCII code. The codes for alphabetic
keys with SHIFT or CAPS LOCK down are formed from the tables with bit 5 forced to 0 to produce
uppercase alphabetic codes. Holding down the CONTROL key when another key is pressed causes
another table look-up. If the key is in the table of valid control codes, that keycode is changed by
forcing bits 5 and 6 to 0. For example, the ASCII code for the letter ““g”” is 67H. Holding down the
CONTROL key and typing G transmits the ASCII code 07H. -

B7 B6 BS B4 B3 B2 B1 B0
Normal code X 1 1 0 0 1 ] 1
Control code X 0 0 0 0 1 1 1
Shift code X 1 0 0 0 1 1 1
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Nonalphabetic keys have a second look-up table that provides the shifted code given the unshifted
code. CAPS LOCK performs the shift function only on alphabetic codes, leaving the nonalphabetics
to be performed with an extra shifting action. If a key that does not make a standard control code is
pressed with CONTROL, it is not sent.

4.4.9.4 Keyboard Transmit Buffer - Some keys generate three byte ASCII codes. The auxiliary key-
pad, for example, when in alternate mode, transmits escape sequences that a system can be program-
med to interpret in a special way. Cursor control keys also send escape sequences which the operator
can use to control the cursor position. To store the codes that might be generated by three simulta-
neous keys, a 9-byte buffer is provided for the communication port. If the buffer fills up, the keyboard
is locked and the appropriate LED lights. When a key is about to be converted to ASCII and stored in
the buffer, the microprocessor checks the buffer to see if there is room. Since any key might produce
three bytes of code, the microprocessor must be sure that there are at least three places available in the
buffer. If six 1-byte keys have been sent, the next 1-byte key leaves only two places. Therefore, the
keyboard locks with only seven places filled in the buffer.

4.4.9.5 Auto Repeat - If only one key is in the old key buffer (in the logical processor), and if it

appears continuously, it may be a candidate for auto-repeating. A key with control cannot repeat, and -

a nonrepeat table contains a few keys that do not repeat. These are SET-UP, NO SCROLL, ESCAPE,
RETURN, BREAK, and ENTER.

A count-down timer gets loaded with a value each time the buffer changes. When there is no change
for a while, the timer decrements to zero. This takes about one-half a second. Then the key is sent to
the keyboard buffer a second time and the timer is loaded with a smaller value. This time the count
lasts about one thirtieth of a second. The key is sent and the timer reset the same way until the key is
lifted or another key is pressed while the first is still down. If the second key is lifted, the count
continues at the fast rate. The timer is decremented every time a status byte is sent to the keyboard
(every 1.27 ms).

4.5 NONVOLATILE RAM

The nonvolatile RAM (NVR) used in the VT100 can retain its data for about 10 years and 1 bllhon
reads. This type of device is also called electrically alterable read-only memory (EAROM). It contains
the programmable configuration information that would otherwise have to be reentered every time pow-
er was turned on or else stored in mechanical switches.

While the microprocessor sets up initial conditions using the specifications in the NVR, a user can
change those settings at any time from the keyboard. However, the new settings are only stored in the
scratchpad memory until a special Save sequence is initiated from the keyboard to store the settings in
the NVR.

This section contains an overview of NVR principles, the circuitry used with this particular device, and
the microprocessor’s procedure for using the NVR. Information about the SET-UP data contents may
be found in Section 4.7.11.

4.5.1 Principles

An NVR memory cell consists of an MNOS (metal nitride oxide semiconductor) field effect transistor
whose gate is insulated with a material (silicon nitride) that can accept charge movement through itself
and yet hold a charge as a superior insulator. Under high voltage conditions, electrons can migrate be-
tween the insulating layer and the substrate, leaving a net charge buried in the insulator. This is the
process of erasing and writing.

An FET transistor normally has a physically determined voltage required between its gate and channel

for it to conduct. A charge in the insulator between the gate and channel adds algebraically with the
voltage on the gate and shifts the value of threshold voltage accordingly.
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A reference voltage is applied to the gate of a memory transistor in the read process. If the threshold is
below the reference, the transistor will conduct. If the threshold is above the reference, there is no
conduction. Decay of the stored charge causes the difference between high and low thresholds to
become smaller. At normal operating temperatures this decay takes 10 years to affect recovery of data.

Erasure consists of writing all the memory cells in a word to the same low threshold. Writing pushes
the selected cells to a high threshold. The time required to write or erase is determined by the thickness
of the gate insulation, the voltage used, and the temperature of the device. The thickness of insulation
is a trade-off between writing time and data longevity.

The writing process damages the insulating properties of the nitride layer. With the ER1400’s layer
characteristics, its data retention time is at least 10 years provided that it is written less than 1000 times.
The data retention time is at least 1 year if it is written between 1000 and 10,000 times.

4.5.2 NVR Device

The ER1400 (E24) is a 1400-bit memory arranged as 100 14-bit words. Data and addresses enter or
leave the device in serial form through a single bidirectional line. Information is shifted with an exter-
nal clock; identification of the meaning of the bit stream is made by setting three control lines that
specify the operation in progress (Figure 4-5-1).

14 BITS DATA REGISTER -
DATA
1/0 1/0
| BUFFER [ *
MEMORY
ARRAY
10BITS ASED%%SS—ﬂ <HEAD Mofog c
100 X 14 - [«
<MRTEl | DECODE |e—c,
<ZRASE LOGIC cs
] ADDRESS ‘
DECODE
¥ CLOCK | CLOCK
GEN
UNITS ADDRESS o
10 BITS
MA-4308

Figure 4-5-1 ER1400 NVR Block Diagram
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4.5.3 NVR Control
Seven states of the three control lines give commands to the NVR device:

Data Bus

State C3 C2 C1

0 H H H Standby. The device output floats.

3 L L H Accept Address. Two 1 of 10 addresses are shifted in at the clock rate.
The first group is the 10’s decade and the second is the 1’s decade of the
1 of 100 word address.

2 H L H Erase. The word stored at the addressed location is erased to all zeros.

7 L L L Accept Data. The data register accepts serial data shifted from the I/O
pin. The address register remains unchanged.

6 H L L Write. The word contained in the data register is written into the
location designated by the address register.

4 H H L Read. The addressed word is read from memory into the data register.

5 L H L Shift Data Out. The output driver is enabled and the contents of the data
register’are shifted out.

1 L H H Not Used.

4.5.4 NVR Support Circuits

Several factors in the ER1400’s design require special treatment by its support circuitry. It requires 35
volts for the write and erase processes. Its signal levels are specified to be Vss (the positive power
supply) for the high level and 12 volts lower than that for low. The logic of these signals is negative: 1 is
asserted as a low level, and 0 is asserted high. When driving data, the NVR’s output actually switches
between + 12 and -23 volts with a high impedance in series with the negative source. This requires that
an external clamping diode (D4) be present to pull the low level up to ground through the high
impedance. 12 volts and ground are thus the 1/O logic levels. The terminal controller is made with
TTL, so open collector buffers with pull-up resistors to +12 volts are the interface.

The Standby command of the ER1400 is not used in the VT100. Instead, Accept Data serves as the
command to the NVR during idle periods. The code for Accept Data is all inputs low. This arrange-
ment protects the contents of the NVR from spontaneous writes that might occur due to the power-
down behavior of E29, the 7417 open-collector buffers. E29, in powering down, tends to drop its
outputs from the high to the low state in an unpredictable order. This could present a write command
to the NVR before the power supply voltages drop low enough, if the NVR had been maintained in the
Standby mode by keeping its inputs high. By keeping all outputs low with the Accept Data command,
no new command can occur accidently during power-down.
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The pull-up resistor used to drive the data input is too low an impedance for the ER 1400 output to
drive. Line C2 is high during state 5 when the output driver is enabled, and low when data is being
input to the NVR, so transistor Q1’s base is connected there. When the line goes high, QI turns off,
raising the impedance at that point to the leakage values of Q1 and E29, and the input impedance of

comparator E48. D4 clamps the output to -0.6 volts to protect the comparator input from leakage to
-23 volts in the ER1400.

Later VT100s may have power down circuitry in series with the Vgg pin on the ER 1400 to ensure that

the -23 volt supply is cut off when the +5 volt supply is low. This would prevent writing during power-
down.

The comparator is a high impedance load for the ER 1400 output driver and is biased to switch at +8
volts. This threshold ensures that a wide range of output levels will still pull the low state down enough
to switch the comparator. The comparator output, pulled to +5 volts by a resistor, provides the NVR
DATA bit to the flag buffer. The microprocessor reads the flag buffer after it sees the NVR clock flag
change, and samples the NVR DATA bit to get the serial data.

The NVR clock is the lowest frequency line buffer address signal and occurs at the horizontal line rate,
15734 kHz. This is the bit shifting rate during address and data transfers. A read operation requires
only a single clock cycle to transfer data into the data register but an erase or write of a word each
takes 20 milliseconds.

4.5.5 Microprocessor Management

During an NVR operation, the microprocessor uses 21 bytes of scratchpad memory to set up a group of
NVR address or data bits. Each group consists of 20 bits of address or 8 bits of data with another 6 bits
of fill for the 14 bit NVR word. These groups must enter the NVR serially with precise timing. The
microprocessor cannot calculate the groups fast enough to keep up with the shifting process while also
managing the shifting process, so it saves time by precalculating and storing each group of bits. Then it
reads the stored groups, and delivers them to the NVR at the NVR clock rate through the NVR latch.

The microprocessor serializes its data by rotation in a register. It combines the data with command bits
to control the NVR device. Output from the microprocessor reaches the NVR through the NVR latch.
The latch is updated at each clock during an NVR operation. One unrelated signal from the commu-
nication port is routed through an extra bit in the NVR latch device.

The microprocessor reads the NVR during the power-up process. The bits are deserialized by rotation
as they are read in. Although 14 bits from each NVR word are written or read, only 8 bits are used by
the microprocessor. The data goes into location in the scratch portion of RAM for use during a later
portion of the power-up.

4.5.6 NVR Timing

Use of the ER1400 in the VT 100 takes place durmg normal operation of the video circuits. The 8080
must be free to operate on every scan line in order to load data and address and shift data out (the
ER 1400 is clocked at the horizontal rate and this signal is provided as a clock to the flag word for the
8080). Because of the above two conditions, it is necessary to ensure that all DMAs performed by the
video processor are short.

The processor works fast enough to permit the display of the short message “WAIT" at the left edge of

the screen. This causes the DMA to be longer but informs the operator during long save and recall
sequences. The timing for all of these conditions is shown in Figure 4-5-2.
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Figure 4-5-2 NVR Signals

All data and command changes to the ER1400 occur immediately following the falling edge of the
clock flag (the rising edge of the signal on pin 5 of the ER1400); the data is strobed into the NVR on
the opposite edge. The two one-of-ten codes for address have a single zero and nine ones (at DO of the
8080 bus).

‘When the *‘shift data out” mode is entered as per the timing diagrams in Figure 4-5-3, the first data bit

may appear when the mode is entered but will become stable 25 us later; subsequent data bits will be
shifted out on the falling edge of the clock flag (rising edge of the signal on pin 5 of the chip) and will
become valid 25 us later. This means that, following a change to “shift data out” mode or a falling
edge of clock flag during this mode, a delay of 25 us must occur before reading of the NVR data flag is
attempted. The first bit shifted in when writing is the first bit shifted out when reading.

When using the ER 1400, it is necessary to operate with interrupts off.

4.6 VIDEO PROCESSOR

The video processor is the heart of the VT 100 display. It is composed of the devices shown on the right
side of the terminal controller block diagram (Figure 4-6-1). This section discusses the general mecha-
nism that converts data into a visible display, followed by a discussion of the two central devices (the
timing and control chips) followed by a general discussion of all the other blocks on the video proces-
sor side of the block diagram. The interactions between the data paths on the left of the diagram and
the processor on the right are covered in Section 4.7, Microprocessor - Video Processor Interface.

4.6.1 Introduction

The video processor converts data into an electrical signal that a CRT monitor can turn into visible
letters, numbers, and symbols. The video processor works with the characteristics of the CRT monitor
to do this. A brief description of these characteristics precedes an introduction to the video processor’s
operation.
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4.6.1.1 The Raster - The raster is that area on the CRT screen that is scanned (passed over) by an
electron beam moving in a regular pattern. Deflection coils cause the beam to quickly scan a series of
horizontal lines while moving relatively slowly down the screen. This scanning repeats quickly and
constantly, and persistence of vision makes the entire screen look continuously scanned. The beam
may be on or off, lighting the fluorescent phosphor on the face of the CRT or leaving it dark, but the
beam’s continuous motion traces and defines the raster.

4.6.1.2 Character Formation - As the beam moves in its horizontal scans, it can be turned on and off
very fast. This means that a spot of light (called a dot) can be produced anywhere along each horizon-
tal scan line. Each scan contains the same number of potential dots. If only one dot is lit in a scan but
dots in the same position on several successive scans are also lit, the screen appears to have a vertical
line on it. This ability to line up dots on different scans is the key operating feature of the video
processor.

Limiting our discussion to 80 column lines for this description, each character that can be displayed on
the VT100 is made up of a matrix of dots, ten wide and ten high (Figure 4-6-2). There are 800 dots in a
scan and the raster is made of 240 scans. So there are 80 groups of ten dots in each scan horizontally,
and 24 groups of 10 scans vertically. Each 10 dot X 10 scan group is a character cell, where a character
can be displayed, and there are 80 X 24 character cells on the screen. As the electron beam scans the
raster, the video processor turns the beam on and off, assembling the characters scan by scan.
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Figure 4-6-2 Dots, Scans, and Characters
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4.6.1.3 Video Processor Data - When we say the characters are assembled scan by scan, we mean
that only one scan of information about a character is displayed and then the same scan for the next
character is displayed. This continues to the end of a line of characters. Then the next scan of the first
character is displayed, followed by the same scan of the next character, and so on. Therefore, each
character must enter the video processor ten times, once for each scan, and remain only until the next
character in the line is displayed.

Each character in a line is stored in one of a group of adjoining locations in the screen RAM. (See
Figure 4-6-3 for the video processor functional diagram.) The process of moving a line of character
data from the screen RAM to the video processor takes the same amount of time as a scan. During
data movement, the microprocessor cannot use the RAM. So, to give the microprocessor as much
working time with the RAM as possible, the video processor accepts the line of character data for
display during the first scan and stores it in its line buffer at the same time for use during the other nine
scans. Movement of data from the screen RAM to the line buffer by the video processor is called direct
memory access (DMA). During the DMA, the video processor provides addresses to the screen RAM
with the address counters. The data is stored in the line buffer which gets its addresses from the line
buffer address (LBA) outputs from the DCOI1 timing chip. Both kinds of addresses change values
when they receive a clock (called character clock) that occurs after each 10 dots. This clock makes the
character data in the video processor change at the right times to provide proper alignment of the
display.

The character latches hold the data coming from the screen RAM or line buffer and ensure that the
data remains stable for long enough periods to be written into the line buffer or the video shift register.
The buffer between the latches is tristatable and, during non-DMA time, prevents the normal data
flow on the microprocessor data bus from interfering with the video processor's reading of data from
the line buffer.

4.6.1.4 Video Processor Character Generation - Data, coming either from the screen RAM for scan 1
or the line buffer for scans 2 through 10, becomes part of an address to a character generator ROM.
(See Figure 4-6-4, Character Generator Example.) The rest of the address comes from a scan counter
in the DCO12 control chip. The scan counter addresses the ROM according to which of the ten scans is
to be displayed. The 4-bit scan counter skips over the other 6 possible addresses to the ROM, so the
ROM contains data in only 10 out of 16 locations. The output of the ROM is eight bits that represent
the pattern of sequential dots to be displayed for that character on that scan. The eight bits enter the
video shift register, a serializer that converts the eight parallel bits into a one-bit-wide stream. An extra
flip-flop stores the last bit so it can be output to the stream two or three extra times (depending on line
length) to fill the intercharacter space. The stream enters the DCO12 control chip, where the final
adjustments for video display are made, and then the video signal goes to the CRT monitor.

4.6.1.5 Attributes — Three attributes apply to the VT 100 display: character, line, and screen. Charac-
ter attributes provide a special appearance to characters as they appear on the CRT screen. In the basic
VT100 (without an advanced video option) only one bit of memory (called the base-attribute bit) is
available to each character on the screen. The original character data from the screen RAM is eight
bits wide but only seven bits define the character itself. The eighth bit defines the base attribute. The
attribute bit bypasses the character generator ROM and video shift register and enters the DCO12.
There it controls the presence or absence of the attribute as that character is displayed. The base
attribute is displayed as either reverse video or underline, depending on the selection of the cursor at
SET-UP, and is invoked by the base attribute bit. Reverse video appears as all 10 scans of a character
cell reversed (black changes to white and vice versa). Thus, if two vertically adjacent characters are in
reverse video, no black space appears between them. Underline forces the ninth scan on (off with
reverse video screen attribute.) Once a character attribute or combination of attributes is set, all dis-
playable characters sent to the terminal have that attribute regardless of where they are placed on the
screen. This continues until the attribute selection is changed.
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Line attributes are double height, double width, and scroll. The VT 100 displays single-width, double-
width or double-height, double-width characters on a line by line basis. All characters on one line
appear in the same mode. Double-width lines are generated by displaying each dot of a character twice
in the horizontal direction. Double-height, double-width lines are generated by displaying each dot of
a character four times (twice horizontally and twice vertically). The top and bottom halves of a double-
height, double-width line must be entered as two separate lines of characters. The scroll attribute
indicates that a line is part of the scrolling region.

Screen attributes affect the entire screen’s characteristics at once. They include the base attribute
selection (reverse or underline as mentioned under character attributes), reverse video over the entire
screen, 80 or 132 character line length, 50 or 60 Hz refresh rate (chosen according to the local power
supply), interlaced or noninterlaced operation, and jump or smooth scrolling of data over the screen.

4.6.1.6 Advanced Video Option (AVO) - The AVO extends the length of the screen RAM so more
characters can be displayed in 132 column mode. In addition, it allows each character to have four
more attributes, for a total of five. Three of the AVO attribute bits enter the DCO012 to control dis-
playable features of each character. The fourth AVO attribute bit controls the selection of an extra
character set by switching in an optional alternate character generator ROM that can provide non-
ASCII characters or other special displays.
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To provide the extra attribute bits, the AVO widens the entire screen RAM by 4 bits to make each
character location 12 bits wide. It also contains a 4-bit wide extension of the character latches and a 4-
bit wide attribute line buffer, addressed by the same LBA signals as the regular line buffer. This exten-
sion treats the attribute data with the same timing as the character part of the circuit, and matches
each character with its attributes.

With the AVO present, reverse video, underline, bold, and blinking are all available singly or in com-
bination. Reverse and underline appear as described above with the addition that if both reverse and
underline are asserted, the underscore is forced dark instead of light. Bold increases the intensity of the
display. The blink rate is about half that of the cursor or about 0.5 Hz. Cursor selection is independent
of character attributes when the AVO is installed.

4.6.2 Timing Chip Description

The DCOI1 is a custom designed bipolar integrated circuit that provides most of the timing signals
required by the video processor. Internal counters divide the output of a 24.0734 MHz oscillator (lo-
cated elsewhere on the terminal controller module) into the lower frequencies that define dot, charac-
ter, scan, and frame timing. The counters are programmable through various input pins to control the
number of characters per line, the frequency at which the screen is refreshed, and whether the display
is interlaced or noninterlaced. These parameters can be controlled through SET-UP mode or by the
host. In the following discussion, refer to the block diagram in Figure 4-6-5.

4.6.2.1 Input Decoder — The input decoder responds to commands on the DO H and D1 H pins (con-
nected to D4 and D5 of the 8080 bus respectively) whenever the VIDEO WR 1 L pin is low. The out-
puts of the decoder select 80/132 column, 60/50 hertz refresh, and interlaced/noninterlaced modes of
operation. Table 4-6-1 shows that when D1 H is low the number of columns is programmed according to
the state of DO H, and when D1 H is high the refresh rate is programmed. Interlaced mode is always
selected when the column mode is set, and noninterlaced mode is selected when the refresh rate is set.
The interlace mode in use depends on whether “number of columns’ or “refresh rate” was selected last.

Table 4-6-1 Video Mode Selection
(Write Address = C2H)

Inputs
D5 D4
Pin 21 Pin 20 Configuration
0 0 80 column mode Sets interlaced mode
0 1 132 column mode
| 0 60 hertz mode . Sets noninterlaced mode
1 1 50 hertz mode

In addition to strobing data into the input decoder, VID WR 1 L also acts as a reset signal for the
DCO11. Whenever VID WR 1 L is low, the counters in the DCO11 are held in a cleared state. Resetting
the counters serves no purpose in the VT100 because the remainder of the VT100 synchronizes itself to
the DCO11, but a reset is useful for testing both individual chips and complete modules. Because writ-
ing into the DCO11 would cause the counters to reset and dlsturb the display, this is never done unless
the mode is being changed.
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4.6.2.2 80/132 Column Selection - The column mode is changed by modifying the divisors of three of
the counters in the DCO11. The first of these counters divides the input clock (MASTER CLK) by 1.5
to produce the dot rate clock for 80 column mode. The DOT CLK output provides the signal that
controls the shifting of dots out from the video shift register. A multiplexer determines what rate DOT
CLK will have for the entire screen by selecting either the output of the divide-by-1.5 in 80 column
mode, or by selecting the 24 MHz MASTER CLK directly in 132 column mode. The other two
counters affected by 80/132 selection are the dot counter and the horizontal counter.

4.6.2.3 Dot Counter - The dot counter uses four flip-flops to divide the DOT CLK that was selected
by the multiplexer by 10, in 80 column mode, or by 9, in 132 column mode. The output of the dot
counter is the character rate clock, which is used to move character codes in the latches that are outside
the DCO11. Character clock is further divided by the horizontal counter. The timing of CHAR CLK is
shown in Figures 4-6-6 and 4-6-7 for each of the two column modes. CHAR CLK is unaffected by
double-width mode. The output of the next-to-last flip-flop is used for the write enable signal for the
line buffer RAMs (WRITE LB L). WRITE LB L is also shown in Figures 4-6-6 and 4-6-7. This signal
allows the data and address changes, caused by the rising edge of CHAR CLK, to become stable
before writing is enabled and then disables writing before CHAR CLK rises again. WRITE LB L is
gated directly with HOLD REQ H so that it is active only during DMAs. Intermediate signals from
the four flip-flops are used by various other functions in the DCO11 such as the double-width multi-
plexer and the composite sync generator.

80 COL — SINGLE WIDTH

— l—62.3094 ns
orcock | L LT M MMM e Jr i

CHAR CLOCK | l | I
VSR LD I l I I

WRT LBL__J l r
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DOTCLOCK|||||||||l||_'|r"|l‘||—||'—||—-lr—|ﬂl—l

cHarclock || L |
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WRT LBL_I | | | l |
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Figure 4-6-6 Video Latch Timing - 80 Column
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Figure 4-6-7 Video Latch Timing - 132 Column

4.6.2.4 Double-Width Multiplexer - The double-width multiplexer (MUX) produces the three signals
whose timing must be changed when a line of characters is switched between single- and double-width
modes. The frequency of DOT CLK must be divided in half on a double-width line so that the video
shift register will shift half as often, making each dot (and therefore each character) twice as wide as it
would be in single-width mode. In order for the video shift register to work properly with the half-rate
DOT CLK in double-width mode, the load signal for the shift register (VSR LD H) must still come
every 10 dots (80 column mode) or 9 dots (132 column mode). Therefore loads must occur at every
other CHAR CLK. Similarly, incrementing the DMA address counters occurs on every other CHAR
CLK to ensure that characters that are stored sequentially in the screen RAM are presented to the shift
register at the correct time for each VSR LD H pulse. The different modes of DOT CLK and VSR LD
H are shown in Figures 4-6-6 and 4-6-7.

In single-width mode, the double-width MUX directs the output of the 80/132 MUX to the DOT
CLK pin, providing either a 16 MHz or 24 MHz output. To get the half-rate DOT CLK for 80 column
mode, the double-width MUX selects the output of the first flip-flop in the dot counter, that acts as a
divide-by-2 because the dot counter is dividing by 10 (10 is an even number). In 132 column mode the
same selection cannot be made because the dot counter is dividing by 9. But the divide-by-1.5 is not
needed in 132 column mode, so this divider is converted to a divide-by-2 and the double-width MUX
selects its output when a double-width line is displayed in 132 column mode.
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The load input of the video shift register used in the VT100 is a synchronous input. This means that
when the load input is high, the rising edge of DOT CLK causes a parallel load to be performed instead
of a shift. To get one load and many shifts for each character, VSR LD H can only last for that one
cycle of DOT CLK that is adjacent to CHAR CLK. Furthermore, transitions of VSR LD H must satis-
fy SET-UP and hold times with respect to the rising edge of DOT CLK. In single-width modes, VSR
LD H is one dot time wide, generated from the outputs of the dot counter, and its SET-UP and hold
times are guaranteed by internal propagation delays. This relationship is shown in Figures 4-6-6 and 4-
6-7 by a slight shift in the transitions of VSR LD H with respect to DOT CLK. In double-width mode,
VSR LD H is created by selecting every other CHAR CLK (Figure 4-6-5 shows a flip-flop that divides
CHAR CLK by two for this purpose) and then delaying this signal by one single-width dot time.
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Figure 4-6-8 Address Count Timing

4-59



The signal that increments the DMA address counter (ADDR CNT) is shown in Figure 4-6-8. ADDR
CNT has the same timing as CHAR CLK; the difference is that it does not run continuously. Figure 4-
6-8 shows that ADDR CNT can only be generated if HOLD REQUEST H is high and that it is further
controlled by a signal from the horizontal timing section (ADDR CNT ON H) that allows ADDR CNT
to provide exactly three pulses (in single-width mode) before HORIZ BLANK H goes low. The three
pulse delay primes the external character latches so that the dots for the first character on a line are
being loaded into the video shift register at the same moment that HORIZ BLANK H enables the
video at the beginning of a scan. The only change made to ADDR CNT for double-width operation is
that every other pulse is deleted, beginning with the first pulse (Figure 4-6-8).

4.6.2.5 Horizontal Counter — The block diagram in Figure 4-6-5 shows the horizontal divider broken
into three stages. The first divider is programmable according to the number of columns selected and is
driven by CHAR CLK from the dot counter. For 80 column mode the divisor is three; for 132 column
mode the divisor is five. The total division from MASTER CLK to the output of this first divider is 45,
independent of mode (for 80 columns: 1.5 X 10 X 3 = 45, for 132 columns: 1 X 9 X 5 = 45). There-
fore, the operation of all of the remaining dividers in the DCOI11, which are driven from the first hori-
zontal counter, are also independent of the column mode. The second stage of the horizontal divider has
a divisor of 17, which is chosen to give the required number of displayable columns plus about 28 per-
cent more to allow time for the monitor to execute a horizontal retrace. The last stage is a simple di-
vide-by-2 that provides the horizontal frequency. Designing the last stage to be a divide-by-2 guarantees
that the signal at its input will have a frequency twice that of the horizontal frequency as required by
the vertical dividers to create interlaced operation. The total division from CHAR CLK provided by
the horizontal divider is 102 in 80 column mode and 170 in 132 column mode. In either mode the fre-
quency at the output of the horizontal counter is 15.734 kHz.

4.6.2.6 Horizontal Drive and Horizontal Blank — Two timing signals are generated from the horizontal
counter to control those system functions occurring at the scan rate. These signals begin at the end of a
scan and last until the horizontal counter is incremented past a specific state that is decoded to turn the
signals off. The monitor requires a pulse at the end of every scan to tell it when to initiate a retrace and
begin the next scan; the duration of this pulse must be between approximately one-quarter and one-half
of one scan. Figure 4-6-9 shows HORIZ DRIVE L as produced by the DCO11; the slight difference in
timing between 80 and 132 column modes is the result of design convenience and is not significant to
the operation of the VT100. HORIZ BLANK H is designed to allow 83 characters during the forward
scan in 80 column mode and 137 characters in 132 column mode. The extra characters are included for
possible future use such as a field of indicators along the right margin of the screen or as extra symbols
inserted to mark text. The rising edge of HORIZ BLANK H is synchronized to CHAR CLK to elimi-
nate the accumulated delay of the horizontal counter. The falling edge of HORIZ BLANK H occurs
between two CHAR CLKs (Figure 4-6-8) to meet some requirements of the DCO12, but inside the
DC012 HORIZ BLANK H is delayed to the following edge of CHAR CLK so that the beginning of
each displayed scan will coincide with a character boundary. The actual video blanking occurs inside
the DCO12. Therefore there is no signal outside the DC012 that has the exact length of horizontal blank
time.

4.6.2.7 Line Buffer Addressing — The line buffer memory stores one line of characters during a scanon
which a DMA occurs and then recalls these characters on each successive scan until the next DMA.
Because the line buffer is a random access memory, it has address inputs that must be provided with a
sequence of addresses that change at each CHAR CLK such that each character is stored in a unique
location. The horizontal counter can provide such addresses because it is incremented through a series
of unique states that repeat in the same sequence on every scan. Because of the three stages that com-
prise the horizontal counter, there are nine flip-flops whose outputs must be converted into the eight
line buffer address (LBAs) outputs. The conversion is possible because the 9 flip-flops represent a max-
imum of 170 states in 132 column mode (8 bits can represent 256 states). The DCO11 contains gates
that combine the output of the ninth flip-flop in the hcrizontal counter with the outputs of the other
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Figure 4-6-9 Horizontal Timing

eight to generate some addresses that are not otherwise represented by the eight. The resulting LBAs
do not follow a normal binary counting sequence but the sequence of unique addresses repeats exactly
on each scan. Figures 4-6-10 and 4-6-11 show the LBA sequence for one-half of a scan; the other half is
identical except that LBA 7 is low.

Several of the LBAs are used as general purpose clocks in the VT100. LBA 3 and LBA 4 are used to
generate timing for the keyboard. These signals satisfy the keyboard’s requirement of two square-
waves, one twice the frequency of the other, even though every 16th transition is delayed (the second
stage of the horizontal counter divides by 17, not 16). LBA 7 is used by the nonvolatile RAM. The

31.468 kHz signal on LBA 6 could be used for power supply synchronization, although this is not done
in the VT100.
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4.6.2.8 Vertical Operation - To paint a complete picture on the screen, the monitor moves the
electron beam slowly from the top of the screen to the bottom, while it is also moving the beam quickly
from left to right to paint each scan. The vertical sweeps of the beam must be repeated continuously so
that the picture is refreshed often enough to prevent the appearance of flicker. In television terminol-
ogy, a single pass of the beam from the top of the screen to the bottom (and the data displayed during
that time) are referred to as one field. A complete picture, which may contain one or more fields
depending on the type of interlacing in use, is called one frame. When the VT100 is used in noninter-
laced mode, each successive field is identical and therefore only one field is contained in each frame.
During interlaced operation in the VT100, there are two types of fields that alternate with each other
so that each frame consists of two fields. Even fields start at the top of the screen and display 240 scan
lines before reaching the bottom. Odd fields place their first scan line between the first and second
scans of the preceding even field and then place each additional scan between succeeding scans of the
even field. Interlacing the even and odd fields gives a whole frame of 480 scans, instead of 240 scans, to
provide increased vertical resolution. In noninterlaced operation, commands to the monitor to begin a
new field are always coincident with commands to begin a new scan. This causes the beam to always be
in the same vertical position when the first displayed scan is begun. But, in interlaced mode, odd fields
begin with a command for a new frame that occurs halfway through a scan line. This causes the beam
to have moved down the screen from where it would have been during an even field (by the distance
that it moves in one-half of a scan) when the first displayed scan is begun. Even and odd fields are
made to alternate by including an odd number of half-scans in every field. This is in contrast to
noninterlaced operation, where each field contains only complete scans. The VT100 always displays
the same video information on both even and odd fields. Interlaced mode is provided for future use by
options that desire increased vertical resolution.

4.6.2.9 Vertical Counter - The 10-bit vertical counter, shown in Figure 4-6-5, determines the fre-
quency at which the screen is refreshed by counting the number of horizontal scans to be included in
each field. The vertical counter uses the 31.468 kHz output of the horizontal counter so that it can
count the half-scans required for interlaced operation. Figure 4-6-5 lists the four available divisors that
select the interlace mode and keep the refresh frequency as close to the local power line frequency as
possible (to minimize interference with the screen from nearby equipment). The vertical frequencies
produced by these divisors are approximately 1/20 Hz above or below the nominal power line fre-
quency.

4.6.2.10 Vertical Outputs - Three outputs are derived from the flip-flops in the vertical counter to
control the vertical refresh operations in the VT 100. These signals are shown in Figures 4-6-12 and 4-6-
13 for all four modes. VERT DRIVE H is issued at the bottom of the screen to initiate a vertical
retrace followed by a new vertical scan. This operation is analogous to the effect of HORIZ DRIVE L
on horizontal scans. The time between any two VERT DRIVE Hs is a constant, equal to an even
number of half-scans in noninterlaced mode and equal to an odd number of half-scans in interlaced
mode. VERT BLANK L always enables exactly 240 scans during any field and blanks any remaining
scans. Furthermore, VERT BLANK L is always turned off exactly 20 scans after VERT RESET H in
60 Hz mode and 50 scans after VERT RESET H in 50 Hz mode. VERT BLANK L is always adjusted
to display complete scans even during odd fields in interlaced mode. VERT RESET H initiates the
DMA process at the start of every field. When VERT RESET H goes high, the DMA address counters
are reset to point to address 2000H in the screen RAM, all line attributes are cleared, and the scroll
counter in the DCOI12 is preset to the value stored in the scroll latch. (See the DCO012 description for
more explanation.) During noninterlaced operation and on even fields, VERT RESET H occurs at the
same time as VERT DRIVE H; but, on odd fields VERT RESET H is delayed one-half of a scan to
match the start of a horizontal scan. The relationship of VERT RESET H and transitions of VERT
BLANK L to HORIZ BLANK H and HORIZ DRIVE L is depicted in Figure 4-6-9. Notice that
VERT BLANK L always turns on or off when the video is already blanked by HORIZ BLANK H.
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4.6.2.11 Composite Sync — The COMP SYNC L signal supplied by the DCO11 is combined with
video information by the terminal controller board to produce the composite video signal that appears
on J9 at the back of the VT100. An external monitor can use the composite video signal to reproduce
the image displayed on the VT100 screen. This is accomplished by using the video information to con-
trol beam intensity and the composite sync waveform to synchronize the raster to the video information.
The composite sync generator in the DC011 uses outputs from the dot, horizontal, and vertical counters
to generate the complex timing of COMP SYNC L. COMP SYNC L consists of one of the vertical
intervals depicted in Figure 4-6-14 followed by 240 horizontal sync pulses, another vertical interval, etc.
The vertical synchronizing interval consists of a transition from horizontal sync pulses to six equalizing
pulses, six vertical sync pulses, six more equalizing pulses, and then a return to horizontal sync pulses.
Two vertical intervals are shown in Figure 4-6-14. The vertical interval that begins an odd field is sim-
ilar to that which begins an even field except that the equalization and vertical sync pulses are shifted
by one-half scan with respect to the horizontal sync pulses. In noninterlaced mode all fields are even
fields; but, in interlaced mode every other field is an odd field. Figure 4-6-14 also shows the relationship
of COMP SYNC L to both the horizontal blank time (HORIZ BLANK H modified by the DC012)
and VERT BLANK L. COMP SYNC L meets the requirements of EIA RS-170 and the NTSC stand-
ards for sync pulse generators.

4.6.2.12 Hold Request, Address Load, and Double-Width — The logic associated with HOLD REQ H,.
ADDR LD L, and DW H is shown in Figure 4-6-5. The falling edge of HOLD REQ H sets ADDR LD
L to the low state; ADDR LD L is subsequently cleared by the falling edge of CHAR CLK, thus creat-
ing a short low pulse on ADDR LD L at the end of each DMA. ADDR LD L stores, in their respective
registers, all line attributes and the memory address of the next line to be accessed by a DMA. The
rising edge of HOLD REQ H causes the value of DW H that was stored in the holding flip-flop by the
previous ADDR LD L to be transferred to a second flip-flop whose output controls the double-width
MUX. This means that the value of DW H stored at the end of one DMA by ADDR LD L does not
actually become effective until the beginning of the next DMA. The holding flip-flop for DW H is
cleared by VERT RESET H at the start of every field. HOLD REQ H is also used to enable ADDR
CNT and WRITE LB L only during DMAs. Interactions of HOLD REQ H with other signals during a
DMA are further defined in Figure 4-6-19.

4.6.3 Control Chip Description ,
The control chip (DCO12), like the timing chip, is a custom bipolar device. It accepts attribute specifi-
cations and timing signals and delivers addresses for the character generator ROM and attributes for
the video output to the monitor. It also generates the HOLD REQUEST signal that halts the micro-
processor and initiates DMAs to get lines of characters. Refer to the block diagram, Figure 4-6-15.

The DCO12 performs three main functions.

1. Scan count generation. This involves two counters, a multiplexer to switch between the
counters, double-height logic, scroll and line attribute latches, and various logic controlling
switching between the two counters. This is the biggest part of the chip. It includes all scroll-
ing, double-height logic, and feeds into the underline and hold request circuits.

2. Generation of HOLD REQUEST. This uses information from the scan counters and the
scrolling logic to decide when to generate HOLD REQUEST.

3. Video modifications: dot stretching, blanking, addition of attributes to video outputs, and
multiple intensity levels.
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4.6.3.1 Input Decoder Functions - The input decoder accepts a 4-bit command from the micro-
processor when VID WR 2 L is asserted. Table 4-6-2 lists the commands.

The low eight values are used to load the scroll latch with the offset for smooth scroll. The scroll latch
is loaded in two passes, first writing the two least, and then the two most significant bits. Because the
offset is a decimal value controlling 10 display scans, the combination setting the most significant bits
to 11B is not used in the VT100 (11B covers the range 12-16).

The input decoder also toggles the blink flip-flop by complementing the state of the flip-flop whenever
1000B is written. The blink flip-flop invokes blink only where the blink attribute is set.

To save external hardware the vertical frequency interrupt flip-flop is located in the DCO012 because a
spare pin was available. It is set by the falling edge of Vertical Reset. It is cleared by writing 1001B
into the input decoder.

Set and clear of reverse field are not toggled because the absolute state is important and there is no
feedback for the system to detect the current state. Therefore, the two states are explicitly set to their
desired values.

1100B means set base attribute to underline and 1101B means set base attribute to reverse video.
1110B and 1111B are for future specification.

Any time the input decoder is loaded with 11XXB, the blink flip-flop gets cleared. This is the only way
to initialize blink in the chip testing process. The firmware does not currently use the ability to clear the
blink flip-flop but if hardcopy output was being implemented, it could be used to set the blink to a
known state during a freeze.

Table 4-6-2 Control Chip Commands
(Write Address = A2H)

D3 D2 D1 DO Function

0 0 0 O Load low order scroll latch = 00

0o 0 1 Load low order scroll latch = 01

0O 0 1 0 Load low order scroll latch = 10

0O 0 1 1 Load low order scroll latch = 11
0 1 0 0 Load high order scroll latch = 00

0O 1 0 1 Load high order scroll latch = 01

0o 1 1 0 Load high order scroll latch = 10

o 1 1 1 Load high order scroll latch = 11 (not used)

1 0 0 O Toggle blink flip-flop

1 0 0 1 Clear vertical frequency interrupt

1 0 1 O Set reverse field on

1 0 1 1 Set reverse field off

1 1 0 0 Set basic attribute to underline*

1 1 0 1 Set basic attribute to reverse video*

1 1 1 0 Reserved for future specification *

1 1 1 1 Reserved for future specification*

*These functions also clear blink flip-flop.
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4.6.3.2 Attribute Latches — The line attributes are managed by two latches that store the scrolling,
double height (DH), and double width (DW) bits. The first latch stores the incoming data when
Address Load (ADDR LD) goes iow at the end of a DMA. Scrolling means that the next line will be
part of the scrolling region, DH means the next line will be double height, and DW specifies top or
bottom half for double-height lines. There is no double height, single width combination, so in double
height, double width is assumed. The DW pin also tells the DC012 to extend HOLD REQUEST
during double width. The second set of latches for double width and double height are clocked by the
rising edge of HOLD REQUEST (similar to the second latch for double width in the DCO11) to invoke
the attributes at the beginning of the new line. The first latch stores those attributes from the end of
one DMA to the beginning of the next. It is the outputs of the second latch that invoke attributes in the
chip. The scroll bit is invoked by a different signal that will be discussed later. The pin defining
scrolling is the same pin as reverse video; it means scrolling when loaded in by ADDR LD L and it
means reverse video at all other times. The reverse video signal passes from the input pin around the
first latch directly to the attribute logic.

4.6.3.3 Scroll Counter - The scroll counter consists of two 4-bit, divide-by-10 counters called the
Scan counter and the Offset counter. Both are clocked at the horizontal rate to count scans. The Scan
counter is cleared by VERTICAL RESET so that it starts at 0 and counts by 10s down to the end of
the screen.

The Offset counter is loaded with the contents of the scroll latch by VERTICAL RESET. The Scroll
latch is loaded by the microprocessor and defines the offset between the Scan and Offset counters for
an entire frame because the Offset counter is only loaded at vertical reset time. The microprocessor will
load the latch with the offset for the next frame during the current frame.

At the beginning of a frame, the two counters divide by 10 but start at different numbers. If not
currently scrolling, the offset is 0 and there is no functional difference between the counters. If in the
middle of a smooth scroll, the offset will be some other value from 1 to 9. The scan address outputs
from the chip to the character generator ROM are either the output of the Offset counter or of the
Scan counter, depending on whether the current line is in or out of the scrolling region, respectively.
One of the two counters is selected by a 4-bit wide multiplexer (MUX) whose output is the Counter In
Use. The MUX is controlled by the scroll flip-flop which is the second latch for the scroll attribute bit.
Most line attributes (double height, double width) take effect when HOLD REQUEST goes high for
the line in which they are effective. They always take effect with the actual data being displayed.
However, the scroll flip-flop can only change state when crossing one of the fixed 10 scan boundaries
that are defined by the Scan counter reaching 0.

Each scan when the Scan counter reaches 0 is a scan on the screen where a change can occur from a
nonscrolling to a scrolling region, or from a scrolling to a nonscrolling region since this is normally
where one line of data changes to the next if the line were not scrolling. This is the only place changes
can occur because the bottom of a nonscrolling line of characters is the place for moving into a
scrolling region and the top of a nonscrolling line is the place for getting out of a scrolling region. To
get into or out of a scrolling region the Scan counter must be at zero. A 4-bit Boundary Detect decoder
gate is connected to the outputs of the Scan counter and clocks the scroll flip-flop when all its inputs
are zero. If the input to the scroll flip-flop (from the scrolling attribute latch) has been low and goes
high at the end of the previous line’s DMA, then on 0 (boundary detect), the output of the scroll flip-
flop, which is the control line of the MUX, causes the MUX to switch from the Scan to the Offset
counter. At the bottom of the scrolling region, the last DMA in the region gets a line from the screen
RAM with its scroll attribute not set so when the next 0 boundary is reached, as defined by the Scan
counter, the scroll zone is exited. This is because the scroll flip-flop will get a zero input again which
will switch the MUX back to the Scan counter right in the middle of the line that was partway through
scrolling.
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4.6.3.4 Scan Count Math - The scan count output of the scroll MUX goes through combinatorial
logic that looks at the double height bit and the top and bottom half bit and decides whether those scan
counts need to be modified for double height before going out of the chip. If double height is not
asserted, the top and bottom half bit is ignored and the scan is passed through with 1 subtracted in
modulo 16 arithmetic. (Thus, 0 becomes 15, 3 becomes 2, 9 becomes 8.) If double height is asserted and
top half is asserted, then the operation is to divide the scan count by 2, and continue to subtract 1 after
dividing by 2 so the first scan = 15, second scan = 15, third scan = 0. If bottom half is asserted, the
operation is to divide by 2 and add 4. This particular arithmetic arrangement was designed for an
external component that is no longer needed. Otherwise, dividing by 2 (and adding 5 for bottom half)
would be sufficient. Table 4-6-3 shows the scan count sequences for the various modes. The scan count
changes on the rising edge of HORIZ BLANK H.

Table 4-6-3 Scan Count Sequence

Normal and Double Width Double Height Top Double Height Bottom
SC3 SC2 SC1 SCo SC3 SC2 SC1 SC0 SC3 SC2 SC1 SCo
1 1 1 1 1 1 1 1 0 1 0 0
0 0 0 0 1 1 1 1 0 1 0 0
0 0 0 1 0 0 0 0 0 1 0 1
0 0 1 0 0 0 0 0 0 1 0 1
0 0 1 1 0 0 0 1 0 1 1 0
0 1 0 0 0 0 0 1 0 1 1 0
0 1 0 1 0 0 1 0 0 1 1 1
0 1 1 0 0 0 1 0 0 1 1 1
0 1 1 1 0 0 1 1 1 0 0 0
1 0 0 0 0 0 1 1 1 0 0 0

NOTE: Top line of table is first scan of character line (where HOLD REQ H occurs).

4.6.3.5 Generation of HOLD REQUEST - HOLD REQUEST is the signal to the microprocessor
that makes it give up control of the data bus. Then the video processor can DMA a line of data out of
the screen RAM and place the data in the line buffer. Two principle conditions can generate HOLD
REQUEST. The most common is when the output of the Counter in Use = 0, meaning on the first
scan of a new line of characters. (The Counter in Use, which is the output of the scroll MUX, is either
the output of the offset or scan counter, depending on whether the current line is in or out of a scrolling
region.) Whenever a new line of characters starts, a HOLD REQUEST is needed to get the line’s data.
Therefore, a detector at the output of the scroll MUX detects scan 0 of the Counter in Use.

The other condition for generating HOLD REQUEST is at the top of a new scrolling region. This is
necessary because as the CRT beam moves from a nonscrolling region into a scrolling region, it
switches from the last scan of a normally registered line to the first displayed scan of a line that is
scrolling. Assuming the scrolling region is in midscroll, the first scan is not the Oth scan of the scrolling
line, so the Counter in Use is not 0. The new scroll zone flip-flop (whose clock input comes from the
scroll flip-flop that controls the scroll MUX) is triggered by entrance into a scrolling region. When the
new scroll zone flip-flop is set, it forces a HOLD REQUEST even if the Counter in Use is not also 0. If
the Counter in Use is 0 (implying an offset of 0 between scrolling and nonscrelling lines) there are two
simultaneous causes for HOLD REQUEST.
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The new scroll zone flip-flop is cleared by ADDR LD that occurs at the end of the Hold Request
generated by the new scroll zone flip-flop. That is, the new scroll zone flip-flop generates HOLD
REQUEST. HOLD REQUEST is cleared either by Terminate or Horizontal Blank, whichever comes
first (the way the VT100 is programmed, Terminate is always first) and termination of that HOLD
REQUEST feeds back through ADDR LD and clears the new scroll zone flip-flop. More about
HOLD REQUEST follows a discussion of Horizontal Blank and Terminate.

4.6.3.6 Horizontal Blank and Terminate - Horizontal Blank, in addition to blanking the video output,
clears the terminate flip-flop and also generates an internal timing signal (horizontal time reference)
for clocking counters.

A short signal, that occurs on every horizontal scan and lasts only a few character times, is needed in
the chip to clock flip-flops and to disable the decoder gates that detect boundaries and generate HOLD
REQUESTS while the counters settle. Horizontal Blank cannot be used for this purpose because
HOLD REQUEST and Boundary Detect (and other signals) need to be settled well before Horizontal
Blank ends. The required short signal comes from a small counter triggered by Horizontal Blank and
further clocked by character clock. The counter has two outputs: a two-character clock wide signal
that enables and disables the boundary detect flip-flop (that drives the scroll flip-flop) and a three-
character clock wide signal (H CLK) that enables the Hold Request gate. Boundary detect is enabled
earlier than the HOLD REQUEST gate so that the existence of scrolling can set up the new scroll zone
flip-flop before HOLD REQUEST is enabled. A gate combines the output of the new scroll zone flip-
flop and the output of the boundary detector (Counter in Use = 0). The output of that gate is com-
bined with H CLK (three character clocks long following Horizontal Blank) to generate the rising edge
of HOLD REQUEST three character times after the rising edge of Horizontal Blank, and is also
combined with the signal from the terminate flip-flop to end HOLD REQUEST when a terminator is
detected.

If Terminate did not cut off HOLD REQUEST, then HOLD REQUEST would be disabled by the
next falling edge of the H CLK signal, but the VT 100 is programmed to always end HOLD REQUEST
with Terminate. If the VT100 was not working right, HOLD REQUEST might be ended by Horizon-
tal Blank.

Terminate causes a number of functions inside the DCO012. The Terminate input is not direct; it is
sampled on each rising edge of character clock and latched into a flip-flop. When detected, it ends any
HOLD REQUEST in progress. In normal screen mode, it blanks the video output, but in reverse
screen mode it forces the video output to the dim intensity level. The terminate flip-flop output feeds
back to its own input, so that as soon as the flip-flop is clocked with Terminate asserted, the flip-flop
latches itself up.

Once the terminate flip-flop is latched up by feedback from its output, there is only one way to clear it:
through the asynchronous clear input. The flip-flop must not be cleared until Horizontal Blank has
taken over blanking the video output; therefore the clear is delayed slightly (by one character time after
the onset of Horizontal Blank). The clear is maintained until just before the character clock which
corresponds to the first character on the screen because data on the video data bus may be undefined
and might contain extraneous Terminates. These must not be detected during the horizontal blanking
interval because they would latch up the terminate flip-flop for an entire scan. However, the internal
signal that blanks the video outputs of the DCO012 during the horizontal blanking interval cannot be
used to clear the flip-flop directly because it must release the video output at the exact beginning of the
first character on the screen, and the terminate flip-flop must be capable of detecting the terminator in
the first character position. If the internal blanking signal was used to clear the terminate flip-flop, the
release time of the flip-flop would not be satisfied, and it might miss a terminate in the first character
position (as would be found in SET-UP and the top and bottom fill lines). Therefore the Horizontal
Blank output of the DCO11 is made to end approximately one-half character time before video un-
blanking to release the clear on the terminate flip-flop. Inside the DCO012, the falling edge of Horizon-
tal Blank H is delayed to the following character clock to provide the correct video blanking.
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4.6.3.7 Double Width and Hold Request - The first occurrence of Terminate or Horizontal Blank at
the end of a DMA normally gates Hold Request off. But in double-width mode, Hold Request is
extended by two character times. This is required because each character appears twice in the external
character latch pipeline. To get the first and second byte of the address of the next line correctly placed
with respect to Address Load, the end of Hold Request must be delayed by two character times after
Terminate or Horizontal Blank. This delay occurs either when double width is asserted alone or any
time double height is asserted (because double height implies double width) by combining Hold
Request with a two character time delayed version of Hold Request to give a Hold Request that starts
at the normal time but ends two character times later.

4.6.3.8 Attributes - The attribute section of the DC012 basically implements Truth Table 4-6-4 which
decides how to interpret various combinations of attribute inputs. A number of different inputs deter-
mine attributes applied to each character. There are the four attribute pins: Reverse Video H, Under-
line L, Bold L, Blink L. But there are internal signals (mostly from the input decoding section) that
affect attributes also: the blink flip-flop (toggled by the input decoder to provide blink timing), the
reverse/normal field flip-flop (set by input decoder), the base attribute flip-flop (set-by the input
decoder to select whether the reverse video pin is interpreted as reverse or underline) and the scan

counts (from the output of the double height section, that enable the underline on the correct scan)..

These inputs are applied to a combination of gates that feed into a 4-bit latch before controlling the
video outputs. This latch is clocked by character clock to change the attributes during the inter-
character space.

Table 4-6-4 defines the following appearance for characters with attributes.

Normal characters appear uninverted at normal intensity by asserting VID OUT 2 whenever VID IN
H is asserted. Bold characters are the same as normal characters except that VID OUT 1 and 2 are
enabled. Reverse characters (exclusive-OR of reverse video and reverse screen) normally have dim
backgrounds with black characters so that the large white spaces have the same impact on the viewer’s
eye as the smaller brighter white areas of normal characters. Bold and reverse asserted together give a
background of normal intensity. Blink applied to nonreverse characters causes them to alternate be-
tween their usual intensity and the next lower intensity. (Normal characters vary between normal and
dim intensity. Bold characters vary between bright and normal intensity.) Blink applied to a reverse
character causes that character to alternate between normal and reverse video representations of that
character. Underline causes the ninth scan of a character to be forced to white of the same intensity as
the character for nonreversed characters, and to black for reverse characters.

4.6.3.9 Dot Stretcher - The dot stretcher reduces the video bandwidth required in the monitor (espe-
cially in 132 mode) by making the minimum dot width 80 nanoseconds. Wider dots give the CRT time
to reach full intensity before turning off again. This makes vertical lines appear to have the same
intensity as horizontal lines, rather than looking dimmer because of the brightness loss as illustrated in
Figure 4-6-16. The dot stretcher works by delaying the VIDEO IN H signal by one dot time (using a
flip-flop clocked by Dot Clock) and then ORing the undelayed and delayed signals. Figure 4-6-17
shows an example of the dot stretcher’s operation.

4.6.4 Address Counter and Data Structure in RAM

Refer to the print set and to Figure 4-6-20. The address counter (E21, E22, E25, E30) is three pre-
settable 4-bit binary counters cascaded to form 12 bits with an additional flip-flop that provides a 13th
bit of address to the screen RAM. Vertical reset clears the counter to an initial hardwired value of
2000H so that the video processor always begins to process from that location after a vertical reset.
The counter is loaded with a new address at the end of each DMA when the address load signal
appears. The counter counts forward from this address at the character clock rate, using the address
count (ADDR CNT H) signal. ADDR CNT H only occurs during Hold Request: thus, the counter
only counts during the DMA portion of each line. The address is loaded at the end of the DMA scan
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and held until the next DMA begins. The 13th bit is programmed by D4 in the high byte of a DMA
address. The VT 100 firmware programs this bit high to access address 2000H plus the contents of the
12-bit counter. But if D4 were programmed low DMAs would access address 4000H plus the contents
of the 12-bit counter.

Table 4-6-4 Character Attribute Combinations

Attributes Effect*
Background Character
o Under- Bold Blink Video (VID Video (VID Underline
Reverse' line L L L INH =0) INH=1) Video §
L H H H (@) N X
L H H L 0] N/D X
L H L H (0] B X
L H L L O B/N X
L L H H (0] N N
L L H L (0] N/D N/D
L L L H (o) B B
L L L L O B/N B/N
H H H H D (0] X
H H H L D/O O/N X
H H L H N (0] X
H H L L N/O O/B X
H L H H D (0] (0]
H L H L D/O O/N O/N
H L L H 0] 0]
H L L L N/O O/B O/B
Rev Field H Rev Vid H Reverse
L L L
L H H
H L H
H H L
Code in Beam
Table Intensity VID2H VID1H
(0] Off L L
D Dim L H
N Normal H L
B Bright H H
X Not Applicable

* For blinking, outputs are shown as OFF/ON where OFF and ON are the blink flip-flop states.
+ Reverse = (reverse field H) XOR (reverse video H)

T Intensity of beam on underline scan
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Figure 4-6-16 Dot Stretching
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Figure 4-6-17 Dot Stretcher Example
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In double-width mode, the address count pulses occur half as often as in normal width. The line buffer
receives the normal number of WRITE LB pulses, however, so each character gets copied into two
adjacent locations in the line buffer.

4.6.5 Address Latch Buffer

Tristatable latches (E26, E33) store the address counter outputs for a character period to increase the
speed of RAM accesses that would otherwise be slowed by the long propagation delay of the counters.
They provide sufficient output power to drive the address bus of the basic terminal controller board
and the AVO if present. The outputs are disabled during the non-DMA period to prevent conflict with
the microprocessor address bus.

4.6.6 Line Buffer

Data arrives at the screen RAM latch (E20) during a DMA cycle and is latched in by the character
clock. During the DMA the tristate buffer (E15) is enabled. Data passes through it to the line buffer
(E11, E17) for storage and to the character generator latch input (E16). The line buffer is a 256 X 8
RAM that can hold one full line of data including the three end bytes. The line buffer is written when
WRITE LB L is asserted in the middle of each character clock period. Its outputs are disabled during
the DMA by the Hold Request signal. During non-DMA operation, the screen RAM latch samples
the 8080 data bus at the character rate but the tristate buffer is off so the 8080 data has no effect.
However, the outputs of the line buffer are enabled and the same data is presented to the character
generator latch as was presented during the previous DMA scan. The address signals for the line buffer
are described in Section 4.6.2.7.

4.6.7 Character Generator

The character generator is a ROM that is addressed by the coded representations of the desired charac-
ters stored in the screen RAM. Each code is used as the high 7 bits of the address to a 2K X 8 ROM
(that provides enough storage for 128 characters). (The eighth character bit is the base attribute input
to the DCO12.) The low four address bits are provided by the scan counter in the DC0O12. The seven
character bits combine with the 4-bit scan count from the DCO12 to give an 11-bit address to the
ROM. The data stored at each (scan + character) address are 8 bits representing the presence or
absence of dots of light at sequential horizontal positions within that scan. Figure 4-6-18 shows the
patterns supplied in the standard VT100 character generator ROM.

If the alternate character generator ROM and the advanced video option are present, the AVO may
assert ALT CHAR SET L to disable ROM E4 and enable ROM E9 when the alternate character set
attribute is set.

If the AVO is installed without the alternate character ROM, any character cell in which the alternate
set is selected will appear white (black if reverse video). See Appendix A (SCS) for selection of alternate
characters.

If it is necessary to use a different main character set than the one provided in the VT100, but an
alternate character set is not required, the following arrangement may be used.

1. Cut jumper W1 to disable the main ROM.
2. Plug a new main ROM into the alternate character ROM socket.

3. The new main ROM must be programmed exactly as the alternate ROM described in Sec-
tion 6.5.1 except that the chip select on pin 18 must be programmed for high assertion.

To use a UV erasable PROM in the socket for E9 (which must have Intel 2716 pinouts), cut jumper W4

and insert jumper W5 to put +5 volts on pin 21. Only later VT100s have these jumpers. The access
time of the ROM must be less than 300 ns to guarantee operation in 132 column mode.
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Figure 4-6-18 Character Generator ROM Patterns (Sheet 1 of 2)
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Figure 4-6-18 Character Generator ROM Patterns (Sheet 2 of 2)
4-79



4.6.8 Video Shift Register

When VSR LD H is asserted, seven of the eight output bits from the character generator ROM are
latched into the shift register and one is latched into a flip-flop (Figure 4-6-4). At the same time, the
last bit shifted out by the video shift register (VSR) during the previous character time is latched into
the first bit position in the VSR. The VSR is continuously clocked by the dot clock. The first bit shifted
out in the new character time is the same value as the last bit of the previous character, providing
horizontal continuity of characters from one character cell to the next. The seven new bits are then
shifted out.

Meanwhile, the flip-flop that stored the eighth bit has delivered that bit to the serial input of the shift
register. This bit was shifted into each successive register position as the first eight bits were shifted out.
Now the shifting continues, for one more bit in 132 mode, and for two more bits in 80 mode, causing
the last bits shifted out to be the value that was stored in the flip-flop.

VSR LD H then latches the next character into the VSR and flip-flop, with that last, multiply-shifted
bit in the first position. In this way, one bit from the character ROM defines the two or three dots
between characters, while seven bits define the character itself.

At the end of the scan, horizontal blanking forces the flip-flop output low. Since blanking lasts more
than one character time, the low level will be shifted to the first position before the start of the next
line. This ensures that the first dot on the next scan will be at the screen background level.

4.6.9 Terminator

The 7 bits of each character address in a line go to an 8-input terminator detector gate as they are
passed to the character generator ROM. Only seven bits are examined because the eighth bit is an
attribute and does not contribute to the uniqueness of a character. The last bytes in each line are a
terminator character and two address bytes. Only the terminator character activates the gate. During
the character time when the terminator reaches the detector gate, the first address byte is at the input to
the character generator latch and the second address byte is at the input to the screen RAM latch. On
the next character clock, the terminator causes the DCO12 to blank the display and end the Hold
Request. The latch outputs now contain the two address bytes. The low order byte is at the inputs to
counters E30 and E25, while the low four bits of the high byte are at E21. The fifth bit is at the input to
flip-flop E22. This bit is normally high; it allows future development of screen RAM size. The high
three bits go to the line attribute inputs to the DC012.

The address load (ADDR LD L) pulse, timed to arrive before the next character clock after the
terminator, loads the address counters, flip-flop, and DCOI2 inputs with the two final bytes. The
counters and flip-flop designate the address of the first character of the next line to be displayed.

4.6.10 DMA Cycle Timing Diagram

Figure 4-6-19 shows the complex timing in the video processor during the first scan of each new line of
characters. The entire scan is shown, with the repeating portion compressed into the area represented
by dashed lines. The diagram is for 80 columns, single width display as the VT100 is currently pro-
grammed. Diagrams in the DCO11 timing chip description (Section 4.6.2) show the differences in
signals in other modes.

The first line shows the Character Clock. This continuous signal is the time reference for all DMA
events.

The terminator occurs at the end of the previous scan. TERM L goes low for one character clock and
then goes to an unspecified state which depends on the random characters that appear at the termi-
nator detector gate. Character Clock continves to shift data through the character latches but invalid
data are present in the character latches and stored in the line buffer until just after DMA ENA is
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asserted. The terminator forces the video output to black or white (depending on normal or reverse
screen) effectively blanking the end of the line (Section 4.6.11). It also ends any DMA process in
progress. The terminator’s blanking effect is taken over by Horizontal Blank, and the terminate flip-
flop in the DCOI12 is held cleared until just before the first character in the next scan. This prevents
undefined data from triggering the flip-flop and blanking the whole scan.

Horizontal Blank occurs 3 characters after Terminate in 80 column mode and 5 characters after in 132
column mode. It forces all video to black (regardless of normal or reverse screen) for the horizontal
retrace interval. The Horizontal Blank signal, as an output from the DCO11, ends one-half character
before the video actually needs to unblank. This early transition releases the clear for the terminate
flip-flop in the DCO12. The blank signal is resynchronized to Character Clock in the DCO12.

Hold Request silences the microprocessor so that the video processor can DMA data out of the screen
RAM. It is initiated when the scan counter in use is equal to 0, or at the setting of the new scroll zone
flip-flop. The terminate flip-flop must be cleared for Hold Request to occur. The start of Hold Request
is delayed by three character times from Horizontal Blank to allow the counter in use to settle before
the O0-boundary is detected. Hold Request is ended by the detection of terminate at the end of a DMA
scan.

DMA Enable is generated from Hold Request and the microprocessor's hold acknowledge (HLDA)
by discrete logic on the board (E22). It is enabled by the first rising edge of LBA4 if HLDA from the
8080 is available. This ensures that the 8080 has given up the bus before DMA ENA H enables the
DMA address counters onto the bus and drives MEM R low. DMA ENA H is cleared by the end of
HOLD REQUEST H. While the use of LBA4 ensures that enough time has elapsed from the start of
HOLD REQUEST H to guarantee that the 8080 is in its hold state, the use of HLDA H on the D input
of the DMA Enable flip-flop is required to prevent HOLD REQ from preventing a power-up cycle in
the 8080.

The character latch data bus is shown to be tristated from the start of Hold Request until the start of
DMA Enable. Then it starts moving data through the video circuits.

Address Count begins three character times before the end of Horizontal Blank (Section 4.6.2.4).

Address Load is triggered by the falling edge of HOLD REQUEST H. It stores the line attributes for
the next line and loads the address counters with the pointer address bytes at the end of the DMA line
of characters. This address is the location of the first character of the next line to be DMA’d.

Write Line Buffer L is described in Section 4.6.2.3.

Figure 4-6-20 is an expansion of the DMA timing showing the contents of the various storage devices
at different times at the beginning of the active display of a scan.

4.6.11 Video Blanking

The display is blanked by Horizontal Blank during the horizontal retrace interval, and by Vertical
Blank during the vertical retrace interval. These hardware signals ensure that the CRT beam is turned
off while it moves backward through the active screen area. Horizontal Blank controls the video signal
inside the DCO12. Vertical Blank controls the video signal at the video output circuit. Figure 4-6-21
shows a frame of video divided into segments of one horizontal and vertical movement of the electron
beam over the CRT face with respect to time. Figure 4-6-21 plots the screen and its invisible regions by
relating the screen area to the state of blanking at any given time. The top-left corner represents the
first visible dot position. The terminator position is the place where no data is displayed but Horizon-
tal Blank has not yet taken effect. Horizontal Blank then takes effect all through the horizontal retrace
period and unblanks just in time for the first dot of the next scan. After 240 scans, Vertical Blank turns
off the beam while the beam returns to the top of the screen.
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Figure 4-6-20 Character Latch Timing

The horizontal blanking signal is timed to provide 83 columns of unblanking in 80 column mode, and
137 columns of unblanking in 132 column mode. The VT100 is currently programmed so that the three
or five extra columns are blanked by Terminate. In normal screen mode, this termination forces the
beam to black, but in reverse screen, termination forces the beam to the screen background intensity.
This means that in reverse screen mode, the last character that can fit on the screen is three or five
characters in from the right edge of the illuminated screen. Because hardware blanking allows 83 or
137 columns on the screen, future program developments may allow the microprocessor to format the
screen RAM for this ability. The main adjustment is to the position of the terminator and address
bytes relative to the starting location of the line. Terminate, as the first character in the line, creates
short lines during the vertical blanking interval to conserve memory while maintaining synchro-
nization of the line address system.

4.6.12 Video Input and Output
Refer to the print set for the circuits discussed in the next three sections.

4.6.12.1 Direct Drive Video - The two video outputs from the DC012, Video Out 1 and Video Out 2,
are combined with Vertical Blank in two open collector nand gates (E7). The outputs of the open
collector gates are wire-ANDed with Graphic 1 and 2 IN (E29) from any option board that may be
present. The combined outputs of E7 and E29 pass through and either float the base of Q4 to +12 V
through R38, R29 and R36 ar R37, or pull Q4’s base down to some value determined by one, the
other, or both resistors R36 and R37 in parallel. These four conditions represent the four levels of
intensity visihle on the screen: black. dim. normal. and bright.
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Figure 4-6-21 Video Blanking

4.6.12.2 Composite Video Out - The combined outputs of E7 and E29 control the voltage at Q2’s base
through R31, R32, and R33 in the same manner as described above. At the same time, composite sync
controls Q2’s base through R33 and R30. The result is a 75 ohm output from the terminal controller
consisting of four intensity levels (including black) and composite sync. This signal can directly drive a
standard video monitor or sync can be extracted to synchronize an external device for input to the
terminal. The output is dc coupled. Although the use of dc coupling is not in strict agreement with EIA
specification RS-170, this presents no problem with most monitors because they are usually ac
coupled. See Figure 3-4 for an illustration of the composite video output.

4.6.12.3 Video In - The video input stage terminates a standard video signal in 75 ohms. R43 and D7
bias QS5 into linear operation, while C16 passes video around the bias network. R44 suppresses os-
cillation in the stage and D6 protects the transistor from a reversed polarity input. D5 biases the base
of Q3 and R41 is the load resistor for the amplifier. R42 stabilizes the amplifier by emitter feedback.
The video input affects only the picture on the internal monitor as described below; it does not appear
at the Composite Video output.

4.6.13 Intensity Control

The video input and output circuits can produce a range of voltages (as compared with circuits that
can produce only two values, white or black levels for example). To do this they are biased into linear

4-84

)

))



. -

e’

operating conditions. High current biasing provides the necessary high speed operation. Because of the
high power dissipation that results, the video circuits use discrete transistors.

Direct Drive Video is the output from the terminal controller to the video monitor’s cathode driver
transistor. It is a combination of Video Out 1 and 2 signals from the video processor, and by means of
a parallel transistor Q3, the signal from the video input (labelled Graphics Video In on schematic sheet
BV4). The monitor already receives horizontal and vertical deflection signals directly from the termi-
nal controller, so the terminal’s video input only requires picture information. If the blanking level on
the video input is greater than zero volts, the screen background intensity cannot be black. Note that
composite sync on the input is also ignored by the terminal controller, because the terminal’s timing is
produced entirely by a crystal and cannot be synchronized to external signals. As explained in Chapter
3, external sources may be synchronized with the composite sync signal that appears at the output jack.

Q3 and Q4, in parallel, are one amplifier with common emitter and collector resistors. The emitter
feedback resistor is R40, connected to +12 volts. The collector load is the input impedance of the
monitor to ground in parallel with R54 and any one of 32 parallel combinations of R49, 50, 51, 52, and
53. This arrangement allows either transistor to set the minimum current through the collector and
emitter resistors with the voltage that appears on its base. The other transistor then cannot reduce the
current by being turned off. It can increase the current, however, if it receives a larger base voltage.
Thus the output is always proportional to the greater of the two inputs. Two identical input signals do
not add up because of the common emitter resistor. If the voltage on Q3’s base is more positive than
the voltage on Q4’s base, a voltage at the base of Q4 causes a 0.6 volt different voltage at R40 (both
emitters), and current to maintain that value will flow through Q4 and R40 (as well as the collector
load). If the same voltage as at Q4’s base is applied to Q3’s base, the voltage at the emitters will not
change due to the identical voltage drops across the two base-emitter junctions. There is no current
change and so the output remains constant. D8 and R48 provide an extra 0.6 volts of bias for the
cathode drive transistor in the monitor. C17 bypasses the diode for video signals.

The 32 combinations of resistors in the collector load of the output stage are produced by connecting
any of the selected resistors to ground through an open-collector buffer. The buffer inputs come from
the D/A (digital to analog) latch. This latch is written into as'an I/O device by the microprocessor. In
SET-UP mode, the microprocessor uses the up and down cursor keys as inputs to a 5-bit software up-
down counter. At each vertical reset, the microprocessor writes the current contents of the counter into
the latch. Thus there are 32 possible intensity levels available, controlled from the keyboard, and
frequently updated to minimize the effects of soft errors. Note that the variable intensity only applies
to the internal monitor.

4.7 MICROPROCESSOR - VIDEO PROCESSOR INTERFACE
The microprocessor communicates with the video processor in the following ways.

1.  During setup, the microprocessor reads thé setup specifications and writes them into the
DCO11 and DCOI2 to establish screen attributes.

2.  The contents of the screen RAM directly control the display of the lines and characters. This
region of memory contains the displayable characters, their attributes, the line attributes,
and the addresses that link one line to the next. The microprocessor modifies and updates
this information in the intervals between DMAs. During each DMA, the video processor
copies one line of characters from the screen RAM for display on the screen.

3. During smooth scrolling, the microprocessor updates the scroll latch in the DCO12.
This section describes the processes of control through the screen RAM and scrolling. The meaning

and mechanism of the line and character attribute bits and the DMA process are discussed in the video
processor section. The setup process is discussed in the 8080 section.
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4.7.1 Screen Memory Organization

J
Three bytes of control data are located at the end of each line of characters (Figures 4-7-1 and 4-7-2). )

The first byte, called the terminator, is 7FH and is a unique character that the video processor recog-
nizes as tl'{e enc} of the llr}e. (Thf: high bit is not tested by the terminator gate but is set to zero to avoid
complications in the attribute circuits.) Five bits of the next byte and all of the last byte are an address

83
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1 135
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pointing to the first character of the next line to be displayed. The three remaining bits in the first byte
define the line attributes of the line pointed to by the address. The high bits of the address are hard-
wired at the address latch so that when vertical reset clears the address counter, it will point to the
ROM-RAM boundary at 2000H.

During power-up or reset the microprocessor writes terminators and addresses into the screen RAM
according to the specified line length and refresh rate. The 50/60 Hz refresh choice causes the micro-
processor to arrange fill lines to place the beginning of the display in the right time slot relative to the
vertical reset and vertical blanking signals. The line length determines the locations of the control
bytes. For 80 column lines, the memory space is arranged in 83 byte intervals; for 132 columns, the
interval is 135.

The memory organization for 80 column, 60 Hz mode is shown in Figure 4-7-3. Location 2000H is the
start of the RAM space. When Vertical Reset resets the DMA address counter in the video processor
to zero, the counter latch points to this location. The first 18 bytes are fill lines. Byte 2 is the only one
written differently when 50 Hz refresh is selected. The change causes a longer fill time during the longer
vertical blanking interval.

About 700 bytes of RAM are reserved for the microprocessor stack, scratchpad, and setup areas. The
rest of the 3K RAM is devoted to screen information. At program start, the microprocessor reads the
contents of the NVR into the setup area (Section 4.7.11). Then the microprocessor reads the setup
parameters, erases the screen area and writes in terminator and address/attribute bytes at the selected
line length intervals. The address at the end of each line points to the first location of the next line. At
start-up, this is the next physical location. The end of the last line points to a fill line which points to
itself. The fill line repeats until vertical reset.

4.7.2 Fill Line Operation

The video processor clock is constant so it always takes the same amount of time to refresh the screen.
At any refresh rate there are some fill lines needed at the beginning of the frame so the data can be
displayed starting a few lines down from the top edge of the picture tube. At the slower refresh rate, the
video processor must idle for awhile between frames. Figure 4-7-4 illustrates the vertical position of the
electron beam in the CRT as a function of time for the two refresh rates. The beam sweeps down the
display area at the same rate for both refresh rates but because 50 Hz has a longer interval between
sweeps, the beam travels farther off the ends of the display. While the beam is off screen, fill lines
maintain synchronization in the video processor address system. More fill lines are needed at the top
and bottom of a 50 Hz screen than a 60 Hz screen. Figures 4-7-5 and 4-7-6 show the top-of-screen fill
line operation for both refresh rates. Starting at location 2000H, the terminator-address triplets point
successively to one another and then to the first displayable line of data in the screen RAM. The
change of one byte in the group changes the fill line delay from two lines for the 60 Hz refresh rate to
five lines for the 50 Hz refresh rate. Figure 4-7-7 shows how the single bottom fill line repeats itself as
many times as needed until vertical reset stops it and clears the address counter to 2000H.
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Figure 4-7-3 Screen RAM Organization - 80 Column, 60 Hz
(Sheet 1 of 2)

4.7.3 Line Organization

In 132 column mode 25 lines are set up in the RAM for a 24 line screen, and 15 lines are set up for a 14
line screen. With the advanced video option, 25 lines are set up for either 80 or 132 column lines.
Except during a smooth scroll, only 24 lines are seen. But the microprocessor keeps the 25th line erased
in reserve, and when a scroll takes place, the 25th line becomes visible as the new top or bottom line
(depending on scroll direction). All new characters after the command that caused the scroll go into
this line. In preparation for a full screen scroll up, the microprocessor writes the address of the repeat-
ing fill line into the 25th line pointer as well as the 24th line pointer. This saves processing time during
the address rearranging which is a part of each scroll.

The line organization changes when the first scroll occurs. Pointer addresses are revised any time a line
is added to or removed from the screen. The extra line is used whenever the screen needs to be scrolled
up or down. Then the extra line is displayed and the old top or bottom line is scrolled off screen,
erased, and made available as the new 25th line.

To understand the pattern of address changes, consider the display to consist of two parallel entities: a
physical screen and a logical screen.
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4.7.3.1 Physical Screen - The physical screen is the memory organization already described. The key
feature of the physical screen is the pointer address, contained in each line, that causes the hardware to
chain the lines into a sequence for display. After a series of split screen scrolls, the physical screen will
contain some arbitrary sequence of line addresses.

For example, if the original order of lines was 1,2,3,...23,24, the new order might be 16,13,24,...1,8.
With only this organization, a command to insert a line at the fifth position on the screen would
require the microprocessor to follow the various pointers around the RAM until it reached the fourth
such pointer in order to learn where the physical address of the current fifth line was in the RAM.
Instead, a list of locations is maintained in the logical screen.

4.7.3.2 Logical Screen - The logical screen is a 25-entry table that points the microprocessor to the
proper locations for shuffling (rearranging) line addresses and placing the cursor in the screen RAM.
The table is set up in a contiguous area of memory starting at the location named LATOFS (Line
Address Offset Table). Figure 4-7-8 shows LATOFS after at least one split screen scroll and in the
process of another split screen scroll. Each entry in LATOFS is the number of a line in the physical
screen. The position of an entry in LATOFS refers to the position of a line on the screen. The micro-
processor updates LATOFS just before each scroll so that the microprocessor can rewrite line ad-
dresses during the vertical interval. The microprocessor reads the table to learn which line in RAM is
available for writing as the new 25th line or which line is being used at a given position on the screen.
For example, to insert a character in the fifth line, if the fifth entry in LATOFS is **20,” the micro-
processor calculates the starting address of the 20th physical line in RAM. The character address can
be calculated from that starting address and the cursor position within the line.

4.7.4 Address Shuffling

Consider the case of a full screen upward jump scroll. The line in LATOFS #25 is the extra line, not
seen except during smooth scrolls. When a line is jump-scrolled off the screen, it becomes the extra
line, and the RAM area that was line 25 becomes the new last line. The scrolled-off line is erased and
its first location is noted as the starting point for new data entry into the RAM. The physical screen
addresses that chain in which the displayed lines must be revised. And since the last fill line must point
to the new first line, which formerly was the second line, the revisions must be done before that last fill
line is DMA’d into the video processor.

When a line feed is received, four numbers are stored in memory. These are Shuffle Address 1 and 2 -

(SHUFAD) and Shuffle Data 1 and 2 (SHUFDT). SHUFAD contains the location of the address that
must be changed, and SHUFDT contains the new address that will be inserted there. The two sets are
for the pointer above the line that will be scrolled off, and for the pointer on the end of the line that will
be the new next-to-last line (Figure 4-7-9).

The process of changing the addresses is called shuffling because most of the computation is done in
advance. The change is made quickly in a simple point-swap-point-swap sequence. One other item
prepared in advance is the pointer on the 25th (to become the new last) line. The pointer on the present
last line is copied onto the new line. The shuffling process takes less than 550 microseconds (the time
between DMAs). The screen’s apparent jump up or down is entirely the result of the revision of pointer
addresses. If, for example, the shuffle occurs during the 15th line, no effect will be visible until the end
of the frame, when the extra line is pointed to but is outside the viewable area. After vertical reset,
however, the shuffled address at the top of the screen will point to the old second line. The first line is
gone, and now there is room on the screen for the extra line and it appears.
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#2 4

#3 5

#4 6
t #5 y 20
SCROLLING #6 21§
REGION 47 Y 22
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#10 8

#11 9

#12 10

#13 1

#14 12

215 13

#16 14

#17 15

#18 16

#19 17

#20 18

#21 19

#22 1

#23 2

#24 24

(EXTRA) #25 25

20

4

MA-4305

Figure 4-7-8 Line Address Offset Table
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L WRITTEN BEFORE SHUFFLE

MA-4294

Figure 4-7-9 Full Screen Address Shuffle

4.7.5 Shuffle Timing

The shuffles for smooth and split screen scrolls must be synchronous with vertical reset to avoid
disrupting the appearance of the display. Therefore, only one line feed can be executed during a frame.
However, in the case of full screen jump-scrolling, the address shuffle may occur at any time. This
increases the rate at which line feeds can be executed and improves the terminal’s throughput.

While full screen jump scrolling may occur at any time relative to vertical reset, the two other kinds of
scroll are sensitive to the time when shuffling occurs. If a split screen scroll region (say 10 lines in the
middle of the screen) is revised while the display is scanning that region, only the change at the bottom
of the region would take effect during that frame. The extra line would appear at the bottom of the
region and the following lines on the screen would be pushed down one line from their locations in the
previous and succeeding frames. The appearance would be that of a flash of mixed-up data below the
scrolling region. Therefore, all changes are made during the vertical interval, ensuring that the proper
number of lines is consistently displayed because the video procesor cannot ever attempt to execute
only part of a shuffle sequence.

Logically the screen still flashes in full screen scrolling, but because the extra last line is displayed
beyond the end of the screen, Vertical Blank blanks the display. The shuffle is a two part process, with
the two address bytes transferred in separate operations. If the shuffle is not complete before the DM A
that accesses the shuffled address starts, the address that gets read may not be valid, and garbage may
be displayed thereafter. The random start of the shuffle process relative to the video processor’'s DMA
timing causes this error.
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4.7.6 Scrolling Region

A scrolling region may be established on the screen, on a horizontal line basis, within which data may
be inserted or lines scrolled without affecting the positions of data outside the region. Only one region
may be defined at a time, but it may be repeatedly redefined. Full screen scrolling is a special case in
which the region margins and the screen margins are the same. A control sequence defines the region
by specifying the line numbers of the top and bottom of the region. When the control sequence arrives,
the microprocessor stops taking characters from the silo and waits for the current scroll to end. It then
checks the parameters for legality (top less than bottom, bottom less than 14 or 24). If they are bad, the
sequence is ignored and the next character is taken from the silo. If they are good, they are stored in
locations labelled Top and Bottom. Then starting at the pointer address on the last fill line, the micro-
processor sets the fill line’s scroll attribute bit to scroll or no scroll (depending on the specification for
top margin) and jumps to the end of the addressed line, setting its scroll attribute bit. The micro-
processor continues down through the screen RAM until it reaches the point to line #Top, the line that
will be at the top of the scrolling region. It sets the attribute bit there to scroll. Jumping down through
the region, the microprocessor continues setting line attributes to scroll until it reaches line #Bottom,
the bottom line in the scrolling region. From there to the end of the screen it sets the bit to no scroll.

4.7.7 Split Screen Jump Scrolling

When a line feed is received, during the remainder of the current frame the microprocessor rotates
LATOFEFS and prepares for the shuffle. The line number at LATOFS #25 (25 in Figure 4-7-8) moves up
to the bottom position in the scrolling region (LATOFS #8). The line at LATOFS #5 (20) moves to
LATOFS #25,.and all the other lines in the scrolling region of LATOFS are moved up one position. The
shuffle buffers are set up. (See Figure 4-7-10.) SHUFAD 1 contains the location of the pointer address
at the.end of the last line before the scrolling region and SHUFDT 1 contains the pointer address for
the new first scrolling region line. SHUFAD 2 contains the location of the pointer address at the end of
the new last scrolling region line and SHUFDT 2 contains the pointer address for the first line after the
scrolling region.

While the LATOFS and shuffle preparations are underway, data may be coming into the terminal.
Data received after the line feed stay in the silo until the LATOFS rotation is completed. Just before
rotation, LATOFS 25 points to the number of the next RAM line that data should go to. The micro-
processor records that location and then performs the rotation and shuffle preparation. Then it resumes
writing the data into the line previously noted. When vertical interrupt occurs, the shuffle is performed
and the new line is displayed. If no new line feed is received, data will continue to be written into the
same line.

4.7.8 Smooth Scroll
Become familiar with the operation of the scan counter as described in the video processor section
(4.6.3.3) before studying this description.

In smooth scroll operation, the VT100 changes the positions of the lines on the screen slowly, so the eye
can follow and read the data as it goes by. Instead of moving one character height or 10 scan lines in a
single frame, the data moves up or down one scan line in each frame. The smooth scroll rate is thus 6
lines per second at 60 Hz frame rate. Operation is the same for full or split screen smooth scroll. For
any given line feed, the effect on the screen is delayed by two frames. Line feeds may queue up so that
scrolling is continuous.

Smooth scroll is enabled by a bit in the setup memory that causes the microprocessor to perform all
scrolls as smooth scrolls. Whenever a line’s scroll attribute bit is set, it receives its scan count from the
offset counter. At vertical reset, the scan counter, used for nonscrolling lines, always resets to zero, but
the offset counter is loaded with the contents of the scroll latch. The microprocessor loads the scroll
latch with an offset value. If a jump scroll ic involved, the offset is always zero. If a smooth scroll is
involved, the microprocessor loads an offset value according to the number of frames that have passed
since the line hegan maving
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MA-4662

Figure 4-7-10 Split Screen Address Shuffle

When a line feed is received the microprocessor waits for the current scroll to end. It sets an internal
scroll-pending flag. Then, at the next vertical interrupt, during the frame before scrolling begins, the
shuffling process makes its preparations but only to add the 25th line to the display. During smooth
scrolling, all the lines will be visible together. The microprocessor, which keeps count of the number of
frames in the scroll, loads the scroll latch in the DC012 with an offset value of one. Then, when the
second vertical interrupt occurs, the microprocessor performs the address shuffle, the offset counter
receives the 1 from the scroll latch, and the microprocessor loads the scroll latch with 2. As the frame
begins, the character generator ROM, driven by the offset counter, displays its second scan row on the
top line of the scrolling region. The rest of the scrolling region is moved up by the same amount, so the
last scan in the scrolling region is the top scan of the 25th line.

Succeeding frames contain the data moved up scan by scan as the microprocessor loads the scroll latch

with larger offset values each time. During the ninth such frame, cn!ly cne scan from the top line and
nine scans of the bottom line are visible. The microprocessor loads O into the scroll latch. If the
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microprocessor made no other change, then on the next frame, the data which had been moving slowly
up would jump back down to its original position. Therefore, another address shuffle is performed at
vertical reset. The top line of the scroll region is discarded and the 0 offset applies to the former second
line. The old top line is erased and becomes the new 25th line that will appear in the next scroll.

4.7.9 Split Screen Smooth Scrolling

In a split screen smooth scroll, the scan count to the character generator ROM must switch between
the normal scan counter and the offset counter. (Please remember that full screen scroll is a special case
scrolling region, and that jump scrolling is a special case offset count of 0.) The scrolling attribute bits,
which were set when the control sequence that defined the region arrived, operate the counter multi-
plexer (MUX).

Refer to Figure 4-7-11 and suppose that the smooth scrolling region extends from line 5 to line 8. The
scroll is shown at its midpoint. The scrolling attribute bits at the ends of lines “Fill”’ through three
define lines one through four to be outside the scrolling region. Each line’s DMA has occurred when
the scan counter, which always starts together with the top scan on the screen, is equal to zero. A
DMA always occurs:

1. when the counter in use (MUX output) is zero, or
2. when the MUX first selects the offset counter.

The offset counter is loaded with its offset at vertical reset. The switch between scan counter and offset
counter may only occur when the scan counter (NOT the MUX output) is zero.

SCAN OFFSET COUNTER SCROLLING ATTRIBUTE
COUNTER  COUNTER  IN USE — READ AT END OF DMA

0 1 0
° ° A B C ne1
0 5 0 E
D E F LINE 2
0 5 0 E AT NEXT SCAN COUNTER '
G H | LINE 3 0 BOUNDARY, WILL SWITCH
0 5 0 {1 J+— 7O OFFSET COUNTER
o 6 6 J KL LINE 4 e COUNTER STARTS AT 5.
V1IN U LINES b SWITCH TO OFFSET
0 | '] COUNTER CAUSES DMA.
0 5 5 P QR LNE6 —  NEXT DMA ATO.
0
0 5 5 S T U UNE7 ]
: i
° ° 3 VWX UNEB 1. swiTcH ouT oF oFFsET
\/ 7 1 LINE 25 5] COUNTER AT NEXT
0 5 0 2 3 4 e ] SCAN counTER
5] ©BOUNDARY. COUNTER
0 5 0 5 6 7 UNE10 I N USE =0, THEREFORE
o . o ] ow

MA-4282

Figure 4-7-11 Split Screen Smooth Scroll at Midpoint
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The scrolling attribute bit on line 4 enters the DC012 during the DMA. However, it does not cause the
MUX to switch until scan 0 of the next line. Because of the switch to the offset counter, line 5 begins
with a DMA but it starts displaying with scan 5 because of the offset counter. Its attribute bit enters
the DCO12 at the end of the DMA. Five scans later the counter in use is 0, so another DMA occurs.
Because the scan counter did not reach 0 before the DMA, the scrolling attribute bit from line 5 is
ignored. Line 6 DMAs and its attribute bit enters the DCO12. Line 6 is present for all 10 scans and so
as the scan counter passes through zero, the DC012 accepts control from the line 6 attribute bit.

This special case (pointer to the second line in the scrolling region while the smooth scroll is in prog-
ress) is the only occasion when an attribute bit is ignored. The double height and width bits in the same
byte are accepted at the moment the DMA for the corresponding line begins.

As line 5 begins to roll off the screen, the extra line in memory, line 25, becomes visible. It becomes the
new line 8 when line 5 is gone. Line 25 carries a non-scroll attribute bit because the next line (which the
address on line 25 points to) is not in the scrolling region. Line 25 was DMA’d in when the counter in
use was 0 so it starts with its top scan. But the attribute bit is accepted when the scan counter reaches 0
five scans later. Now the counter in use is 0 again because of the shift back to the scan counter so
another DMA occurs, bringing in line 9, which also carries a non-scroll attribute bit. The rest of the
screen thus appears in non-scroll fashion.

4.7.10 Cursor

The microprocessor keeps a running account of the cursor position. It starts at the reset position, line 1
- column 1 (top left corner) and responds to any change in position that might result from receiving a
new character, a cursor position command, a line feed, etc. The microprocessor calculates the appro-
priate screen RAM address from the combination of previous line and column plus change in position,
or from the specified line and column in a direct cursor address (DCA) control sequence. The micro-
processor then records the current setting of the base attribute bit of the character at that address and
then periodically inverts the attribute bit, showing the operator that the cursor is located at the spot on
the screen where the attribute appears and disappears.

When a line scrolls on the screen, its location in RAM remains the same. To keep the cursor at the
same screen location as before, representing the cursor moving down through the lines, the micro-
processor calculates a new address for the cursor at.the same column number but in the RAM location
corresponding to the next line. Then, after resetting the attribute at the old location to its original
value, it records and then toggles the attribute bit at the new location.

The attribute bit that the microprocessor toggles and the appearance on the screen depend on the setup
selection of the cursor attribute and on the absence or presence of the AVO. If the AVO is not in-
stalled, the microprocessor toggles the eighth bit in each character word. A setup selection of reverse
video causes the microprocessor to set the DCOI2 to interpret its base attribute input (REV VID H) as
reverse video. If setup specifies that underline is to be used for the cursor, the DCOI12 is set to interpret
the base attribute as underline instead of reverse. Notice that without the AVO the cursor selection
determines the appearance for all characters on the screen that have the attribute asserted. Further-
more, the microprocessor will accept the commands for either reverse or underline to assert the attri-
bute.

With the AVO present, the microprocessor tells the DC012 to interpret the base attribute as reverse
video. The cursor selection in setup determines whether the microprocessor toggles the base attribute
bit (eighth character bit) to get reverse video or one of the bits in the AVO RAM to get underline. With
the AVO present, cursor selection is independent of attributes and all attributes are available at the
same time.
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4.7.11 SET-UP
The SET-UP area is a portion of the scratch RAM. It contains 8-bit bytes that are passed between the
RAM and the NVR. Here is a list of the SET-UP area contents. This list is subject to change.

22 bytes  Answerback message (20 characters and 2 delimiters)
17 bytes  Tabs encoded in bits

1 byte 80/132 column mode

1 byte Intensity

1 byte Mode byte for PUSART

1 byte On-Line/Local

1 byte Switchpack 1 (scroll, autorepeat, screen, cursor)

1 byte Switchpack 2 (bell, keyclick, ANSI/VTS52, XON/XOFF)
1 byte Switchpack 3 (US/UK #, wrap, new line, interlace)

1 byte Switchpack 4 (parity sense, parity, bits/char, power)

1 byte Switchpack 5 (STP - visible only when option installed)
1 byte Transmit baud rate

1 byte Receive baud rate

1 byte Parity

| byte Checksum for NVR

When the SET-UP key is pressed, the SILO locks and any scroll in progress is allowed to finish. Now
the 25th line (Extra) is available for one of the lines at the bottom of the screen. Another 135 bytes are
available as line Extra2 for use as the other of the two bottom lines, or for the NVR buffer area and the
“Wait”” message displayed during NVR operations. Another 125 bytes are the SET-UP screen RAM.
They store the words “SET-UP A’ twice (for double height) and the words *““To exit press SET-UP”
with the three lines’ terminator and address bytes, plus 19 more terminators and addresses for the 19
blank lines in the middle of the SET-UP screen.

For SET-UP A, the microprocessor performs a routine to fill the line at the bottom of the screen with a
ruler. The other free line displays the cursor and letters “T”" to indicate tab positions. Then the micro-
processor counts from the beginning of the tab bytes in the SET-UP area to find the bit corresponding
to the column number where the cursor is. If the bit is set, the microprocessor writes the letter “T" in
the current cursor position. Keys (Set/Clear Tab, Clear All Tabs) on the keyboard can toggle the
setting of the bit in the SET-UP area, and the microprocessor writes or erases the “T” to agree.

For SET-UP B, the microprocessor displays the data contained in the switchpack and baud rate area
by writing corresponding information into the bottom line. Switchpack 5 is only displayed if the
Option Present flag is asserted at the STP. The other free line is not written into but is used to display
the cursor position and to display the answerback message when the message is being entered. The
switchpack data is changed by a key on the keyboard (Toggle 1/0).

The non-switchpack data is changed by separate keys. These include parameters that display them-
selves - line/local (displayed in the LEDs) and 80/132 column, seen on the screen. Transmit and
receive are displayed numerically as is parity in later models. Switching between SET-UP fields and
starting Reset can also be done with separate keys on the keyboard.

4.8 MONITOR
Two monitors have been used in VT 100 prodection. Early VT100s used DEC part number 30-14590.

_Later terminals used DEC part number 30-16080. Most of the circuitry in these monitors is standard

television technique, and this description simply highlights the signal path. An overview of the general
principles of the horizontal section is included because this circuit is not intuitively understandable
from an examination of the schematic. It is also the likely candidate for failure because of high stresses
in the components.
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4.8.1 Monitor Description: 30-16080 (Elston)

4.8.1.1 Video Driver - The cathode driver stage gets its operating supply of 38 volts from a winding of
the flyback transformer. R108 is the collector load resistor. C101 bypasses the emitter resistor to
improve high frequency response. The stage is intended to be biased by the driving circuit (direct video
out in the terminal controller). R105 couples the video signal to the cathode limiting current flow if the
CRT arcs.

4.8.1.2 Brightness — The brightness control circuit gets its =150 volt operating supply from the hori-
zontal output circuit. A charge pump (C104, C105, CR103, CR104) produces a large negative voltage
by inverting the large positive swings in the stage. The brightness voltage returns to the +38 volt video
output power supply, rather than ground, to allow the brightness control output to vary from -42 to
+17 volts. The brightness control potentiometer R109 varies the bias on the first grid of the CRT.
C107 bypasses currents resulting from internal CRT arcs from the high voltage anode and also by-
passes video signals from the grid to ground.

4.8.1.3 Vertical Oscillator - The vertical oscillator receives its synchronizing drive through inverter-
buffer Q298. R331 and C314 are a low pass filter on the input for noise immunity. The input is ac-
coupled so that if the drive stops in either a high or low state, the circuit can self-oscillate to keep the
beam moving on the CRT.

Basically, the oscillator is an RC timer with R333 and R334 through CR304 charging a capacitor made
of C318 and C319 in series. As the voltage across the capacitor rises, emitter follower Q309 drives the
output amplifier Q310 so that its collector current rises at the same rate. CR304 is two diode drops to
compensate for the drops in Darlington Q309 so the voltage at the base of Q310 is the same as the
voltage at the top of C318. When Q308 receives a vertical drive pulse, it discharges the capacitor.

R341 and R342 are positive feedback to the junction of C318 and C319. As Q310’s emitter voltage rises
with increasing current, the two resistors couple that voltage back to the timing capacitor. This makes
the voltage across the capacitor rise faster than it would with only the charging current from R333 and

R334. But because the rise in capacitor voltage causes Q310 to turn on more, the feedback voltage -

increases as well. The exponential rise in Q310’s output current that results closely matches the varia-
tions in L301’s current. This is explained more under Linearization (Paragraph 4.8.1.6).

4.8.1.4 Self-Oscillation - If the vertical circuit does not receive a drive signal, it oscillates by itself to
keep the electron beam moving to prevent a phosphor burn. The self-oscillation period is longer than
the period between vertical drive pulses so the drive pulses, when present, always control the vertical
scanning rate.

Without a drive signal, Q308 is off. The regular RC circuit produces a rising voltage at the base of
Q310. While Q310’s output moves the electron beam, its base voltage is coupled to Q308 through R335
and CR302. When the voltage rises above the diode drops of CR302 and Q308 base-emitter junction,
Q308 turns on, discharging the timer and cutting off Q310. The retrace voltage that forms at L301 is
coupled by R344, C316, and R339 back to Q308 to keep it on long enough to complete a retrace even
though the voltage from Q310’s base (that started the cycle) has started to decrease. After the voltage
at L301 falls (due to current flow to the yoke), the drive to Q308 is gone, Q308 turns off, and the self-
oscillation cycle begins again.

4.8.1.5 Vertical Output - Consider L301, which is a large inductor, to be a constant current source.
Assume that the yoke starts with a current that deflects the beam to the top of the screen, and Q310 is
off. The current flows out of L301 through C321 and into the yoke. Q310 now turns on with a gradu-
ally rising voltage on its base. Q310 thus draws an increasing amount of current from the junction of
L301 and the yoke. Because L.301’s current is relatively constant, this means that less current is avail-

4-100

)



able for the yoke, so as Q310’s current increases, the yoke’s current decreases. Eventually Q310 passes
all of L301’s current and the yoke current is 0 with the beam in the center of the screen. As the current
in the collector of Q310 increases further, the current in the yoke reverses and adds to the current
coming from L301. This opposite current deflects the beam toward the bottom of the screen. Now the
vertical drive pulse turns Q310 off, and L301 produces a large positive voltage to try to maintain its
constant current. This voltage rapidly reverses the current in the yoke and makes the beam return to
the top of the screen very fast. Q310 turns back on and the cycle repeats.

C320, R338, and R340 limit the voltage across L301 during vertical retrace.

4.8.1.6 Linearization - Because L301 is not an infinitely large inductor, it is not a perfect current
source. Current through it decreases gradually until the beam reaches the center of the screen and then
increases again toward the end of the cycle. This non-ramp component of the current would cause
character height to vary from top to bottom if allowed to pass to the yoke. The exponential drive to
Q310 as a result of feedback causes Q310 to accept the varying current from L301 at the same time that
a ramp current through the yoke is maintained.

4.8.1.7 Horizontal Driver - The horizontal driver receives a TTL level drive pulse from the terminal
controller. R468 limits the base current to Q413. C435 provides noise immunity for the drive input.

When the input is high, Q413 is on. With pin 6 of transformer T403 pulled low by Q413, and with
about half the supply voltage at pin 4, there is approximately 6 volts across the primary winding 4-6.
The secondary winding 3-2 sees one quarter of this voltage across itself due to the 4:1 turns ratio. but
no current flows because Q414’s base-emitter junction is reverse biased. Meanwhile, current increases
through winding 4-6 while Q413 is on, storing energy in T403’s core. When the drive signal falls,
turning Q413 off, winding 3-2 reverses polarity. Current now flows from T403 winding 3-2 through
Q414’s base-emitter junction, Q414 saturates, and the horizontal output functions as discussed below.

When the drive signal goes high again at the beginning of horizontal retrace, Q414 needs to turn off
very quickly to minimize dissipation. The purpose of opposite polarities in T403 is to force Q414 off by
turning Q413 on. When Q413 turns on, winding 3-2 reverses polarity again and this voltage forces
Q414’s base-emitter junction into a reverse biased state, rapidly discharging Q414’s stored base charge
and cutting off Q414’s collector current.

R470 limits the peak current through Q413. R470, and R471 (if present), limit the on time of Q414.
C443 (if present) speeds up the turn-off of Q414. C436 limits the peak voltage that develops across
Q413 caused by leakage inductance in the primary of T403 that prevents complete coupling of the
primary energy into the secondary. C437 filters Q413’s power supply.

4.8.1.8 Horizontal Deflection Operation — The horizontal output circuit consists basically of Q414,

CR406, C438, C441, and the horizontal deflection yoke. Assume that the beam is at the center of the
screen during a scan. Refer to the waveform diagram (Figure 4-8-5) for reference points TO through T4.
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Figure 4-8-1 Horizontal Deflection Current - TO (-\
YOKE
Q414 +15
C441
T0
MA-4670
TO: Right Half of Scan (Figure 4-8-1)
Initial Condition: Current through the yoke is zero. C441 is charged to + 15 volts. Q414 is on.
Action: Current now flows out of the yoke through Q414, pushed by the voltage across

C441. The voltage across C441 is nearly constant so the current through the
yoke’s inductance increases linearly. As the current increases, the beam moves
to the right of the screen. The magnetic field building in the yoke stores energy.

Figure 4-8-2 Horizontal Deflection Current - T1 '/-\
1~ C438 % YOKE
m MA-4671
Ti1: Start of Retrace (Figure 4-8-2)
Initial Condition: Current out of the yoke is maximum. Q414 is switched off. C438, which had

been grounded by Q414, has 0 volts across it.

Action: Current continues to flow out of the yoke by inductive inertia as the stored mag-

netic field collapses. C438, which is a small valued capacitor, quickly charges
to a high voltage. This voltage opposes current flow and causes a rapid reduc-
tion in current. The beam quickly returns to the center of the screen.

Figure 4-8-3 Horizontal Deflection Current - T2 /\'

+175]
~T~ C438 YOKE

T2 MA-4672
T2: Middle of Retract (Figure 4-8-3)
Initial Condition: Current through yoke is zero. C438 is charged to + 175 volts.
Action: | The high voltage across C438 causes a rapid rise in current into the yoke. The

beam moves to the left of the screen.
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Figure 4-8-4 Horizontal Deflection Current - T3
/\ YOKE
A

+15

CR406 :r caat
T3
MA4292
T3: Start of Scan (Left Half) (Figure 4-8-4)
Initial Condition: Current into the yoke is maximum. C438 is dischafged.
Action: Inductive inertia makes the top of the yoke slightly negative, forward biasing

CRA406 to provide a return path for current out of the bottom of C441. The yoke
current gradually decreases as the magnetic field collapses and discharges into
C441 against the voltage across C441. The beam moves to the center of the
screen.

T4: Return to TO

4.8.1.9 Horizontal Output Circuit - (Refer to Figure 4-8-5.) L403 adds a variable inductive reactance
that controls current in the circuit to vary the scan width. L402 is a magnetically biased inductor whose
reactance varies nonlinearly with changes in yoke current. This, with R481 and C442, provides correc-
tion for nonlinearity caused by the decaying exponential rate of current increase in the yoke caused by
the yoke’s resistance. It does this by allowing more voltage across the yoke at the end of the scan. This
is needed because as current increases, the voltage drop increases across the resistance of the yoke,
tending to reduce the rate of current increase.

CURRENT
<«—— THROUGH
YOKE

<«——— 0 AMPS

\y - 0 VOLTS

JI__ - | VOLTAGE

o
A4

ACROSS
YOKE

T1|T3 TO T1| T3
T2 T2

MA-4930

Figure 4-8-5 Horizontal Detlection Wave