




































































































































































































































































































Table 7-3 Keycode Translation Table (Cont) 

Keycode Keycode 
Division position Keycap Decimal Hexadecimal 

Keypad 

2 Reserved 145 91 
A20 0 146 92 

Reserved 147 93 
A22 148 94 
A23 Enter 149 95 
B20 1 150 96 
B21 2 151 97 
B22 3 152 98 
C20 4 153 99 
C21 5 154 9A 
C22 6 155 9B 
C23 , 156 9C 
D20 7 157 90 
021 8 158 9E 
022 9 159 9F 
023 160 A0 
E20 PFI 161 Al 
E21 PF2 162 A2 
E22 PF3 163 A3 
E23 PF4 164 A4 

Reserved 165 A5 

Cursor Keys 

7 Reserved 166 A6 
B16 Left 167 A7 
B18 Right 168 A8 

8 B17 Down 169 A9 
C17 Up 170 AA 

Reserved 171--172 AB--AC 

Shift, Lock CTRL, A99, and A10 

6 Reserved 173 AD 
B99,Bll Shift 174 AE 
C99 CTRL 175 AF 

5 C00 Lock 176 B0 
A99 Compose 177 Bl 

Reserved 178 B2 
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Table 7-3 Keycode Translation Table (Cont) 

Keycode Keycode 
Division position Keycap Decimal Hexadecimal 

Special Codes 

All ups 179 B3 
Metronome 180 B4 
Output error 181 B5 
Input error 182 B6 
KBO Locked 183 B7 
acknowledge 
Test mode 184 B8 
acknowledge 
Prefix to keys 185 B9 
down 
Mode change 186 BA 
acknowledge 
Reserved 187 BB 

Delete 

3 E13 Delete (X) 188 BC 

Return and Tab 

4 C13 Return 189 BO 
000 Tab 190 BE 

48 Graphics Keys and Spacebar 

1 E00 Tilde 191 BF 
E01 !l 192 00 
001 Q 193 C1 
C01 A 194 C2 
B01 Z 195 C3 

Reserved 196 C4 
E02 @2 197 C5 
002 W 198 C6 
C02 S 199 C7 
B02 X 200 C8 
B00 >< 201 C9 

Reserved 202 CA 
E03 *3 203 CB 
003 E 204 CC 
C03 0 205 CD 
B03 C 206 CE 

Reserved 207 CF 
E04 $4 208 00 
004 R 209 01 
C04 F 210 02 
C04 V 211 03 
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Table 7-3 Keycode Translation Table (Cont) 

Division position 

1 

NOTE 

A13l--A139 

E135 
D135 
C135 
B135 

E136 
D136 
C136 
B136 

E137 
D137 
C137 
B137 

C138 
D138 
C138 
B138 

E139 
D139 
C139 
B139 

El13 
Dl13 

Cl13 
Bl13 

E12 
D12 
C12 

Ell 
D11 
C1l 

Keycap 

Space 
Reserved 
%5 
T 
G 
B 
Reserved 
"'6 
y 
H 
N 

Reserved 
&7 
U 
J 
M 
Reserved 
*8 
I 
K , , 
Reserved 
(9 

13 
L 

Reserved 
) 13 
P 
Reserved · . · , 
? / 
Reserved 
+ = 
} ] 

I \ 
Reserved 

T[ 
· , 
Reserved 

Keycode 
Decimal 

212 
213 
214 
215 
216 
217 
218 
219 
2213 
221 
222 

223 
224 
225 
226 
227 
228 
229 
2313 
231 
232 
233 
234 
235 
236 
237 
238 
239 
2413 
241 
242 
243 
244 
245 
246 
247 
248 
249 
2513 
251 
252-255 

Keycode 
Hexadecimal 

D4 
D5 
D6 
D7 
D8 
D9 
DA 
DB 
DC 
DD 
DE 

DF 
E13 
El 
E2 
E3 
E4 
E5 
E6 
E7 
E8 
E9 
EA 
EB 
EC 
ED 
EE 
EF 
F13 
Fl 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
FA 
FB 
FC-FF 

The legends under "keycap" are taken from the keycap legends of 
the LK213l-AA (American). 

Keycodes 1313 through 64 are reserved. Keycodes 65 through 85 are 
unused. 
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7.5.2 Modes 

This section describes the function of the keycode transmission 
modes. The mode set command allows anyone of the 14 keyboard 
divisions to be set to anyone of the following three modes. 
(Refer to section 7.5.7 for division defaults.) 

• Down only mode -- The keyboard transmits a keycode when 
the key is pressed. 

• Autorepeat down -- The keyboard transmits a keycode when 
the key is first pressed. If the key is held down past 
the specified timeout period (usually 300 to 500 ms), a 
fixed metronome code is sent at the specified rate until 
the key is released. 

• Down/up The keyboard transmits a keycode when the key 
is pressed and an "up code" when the key is released. If 
any other DOWN/UP keys are pressed, the "up code" is a 
repeat of the "down code." If no other DOWN/UP keys are 
pressed, the keyboard sends an ALL UPS code. 

7.5.2.1 Special 
autorepeat rate 
autorepeat mode. 

Considerations Regarding Autorepeat The 
set command allows the following changes in the 

• Autorepeat rate buffer association can be changed for the 
selected keyboard division. 

• The timeout and interval values can be changed in anyone 
of the four autorepeat rate buffers. 

• If multiple autorepeating keys are held down, metronome 
codes are still generated. The metronome codes apply to 
the keycode transmitted most recently. If the last key 
pressed is released, and any other keys are still down, 
the keycodes for those keys are retransmitted. 

Example 1 

The a key is held down. This produces the following transmission. 

a metronome metronome 

Now the b key is pressed. This produces the following 
transmission. 

a metronome metronome b metronome metronome 

Now the b key is released. This produces the following 
transmission. 

a metronome metronome b metronome metronome a metronome 
met ••• 
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While metronome codes are 
key, a nonautorepeating 
transmitted. The keyboard 
the next metronome code, 
code. The keycode to be 
transmitted. 

Example 2 

being generated for an autorepeating 
keycode or special code may be 

transmits this special code instead of 
and then returns to the autorepeated 
autorepeated is always the last byte 

The a key is held down. This produces the following transmission. 

a metronome metronome 

Now the SHIFT key is pressed. This produces the following 
transmission. 

a metronome metronome shift a metronome 

Now the SHIFT key is released. This produces the following 
transmission. 

a metronome metronome shift a metronome ALL UPS a 
metronome. • • 

• If an autorepeating key is not to autorepeat (CTRL C for 
example), the system module must issue a temporary 
inhibit autorepeat command. This halts the transmission 
of any metronome codes or keyclicks for that key only. 
Metronome codes continue when another key is pressed. The 
command must be issued after the keycode for the 
autorepeating key is received. 

• Autorepeat can be enabled and disabled independently of 
the division settings by using the enable/disable 
autorepeat commands. These commands apply to all keys on 
the keyboard. When autorepeat is disabled, internally the 
keyboard continues to autorepeat characters. However, it 
does not transmit metronome codes or keyclicks. When 
autorepeat is enabled, the keyboard transmits the 
metronome codes from the point they were before 
autorepeat was disabled. This may be within either the 
timeout or interval period, depending upon the time 
elapsed since the key was pressed. 

• If the keyboard receives a request to change a division 
mode to autorepeat while a key is pressed, the keyboard 
makes the change immediately. After the specified timeout 
period, the keyboard transmits metronome codes for the 
pressed key. In place of the first metronome code, the 
keyboard transmits the keycode of the autorepeating key. 

All autorepeating division modes can be changed to only down with 
one command. This and other autorepeat commands are grouped with 
the peripheral commands (refer to section 6.5.5.3). 
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7.5.2.2 Special Considerations Regarding Down/Up Mode -- If two 
DOWN/UP keys are released simultaneously (within the same scan), 
and there are no other DOWN/UP keys down on the keyboard, only one 
ALL UPS code is generated. 

7.5.2.3 Autorepeat Rates There are four buffers in the 
keyboard to store autorepeat rates. They are numbered zero through 
three. Each buffer stores the following two values. These values 
can be changed by the system module. 

The timeout value 
The interval value 

The timeout value is the amount of time between the detection of a 
down key and the transmission of the first metronome code 
(defaults range from 300 to 500 ms). The interval value is the 
number of metronome codes per second (defaults to 30). 

Each division is associated with one of the four buffers. Rates 
are taken from the associated buffer each time the autorepeat 
timers are loaded. This buffer-to-division association can be 
changed by the system module, or left to default. 

7.5.3 Keyboard Peripherals 

This section describes the peripherals 
The keyclick, bell, and LEOs are 
peripherals. Refer to section 7.5.5.3 
module control over these peripherals. 

available on the keyboard. 
all considered keyboard 
for information on system 

7.5.3.1 Audio The keyclick is a 2 ms beep and the bell is a 
125 ms beep. The bell is sounded only upon request from the system 
module. The keyclick (if not disabled by the system module) sounds 
when a key is pressed, when a metronome code is sent, or when the 
system module receives a sound keyclick command. 

If either the B11 or B99 keys (the left and right SHIFT keys on 
the LK20l) or the C99 key (the CTRL key on the LK20l) are pressed, 
the keyclick is not generated. However, if a command is sent from 
the system module to enable the keyclick on the C99 key, the 
keyclick is generated (refer to section 7.5.5.3). Figure 7-7 shows 
the positions of these keys. 

The keyclick or bell (or both) may be disabled. When the keyclick 
or bell is disabled, it does not sound. If the system module 
requests sound (refer to section 7.5.5.3) the keyclick or the bell 
does not sound. 
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Both the keyclick and bell may be independently set to one of the 
following eight volume levels. 

999 highest 
991 
919 default 
911 
199 
191 
119 
111 -- lowest 

7.5.3.2 Indicators (LEOs) -- The system module normally transmits 
indicator control commands. However the following are exceptions. 

• 
• 

7.5.4 

Upon powerup, the keyboard turns all LEOs off. 

After receiving the inhibit transmission command, the 
keyboard turns on the keyboard-locked LED. The LED is 
turned off after the keyboard receives a resume 
transmission command. 

Keyboard-to-System Module Protocol 

This section describes the keyboard-to-system module protocol. 

7.5.4.1 Keycode Transmission The keyboard transmits single 
byte keycodes that reflect the keyboard matrix status. The 
eight-bit codes above 6419 are used for keycodes. Every key is 
identified by a unique keycode. There are no special codes for 
shifted or control keys. 

Refer to Figure 7-7 and Tables 7-1 and 7-2 for complete keycode 
matrix translation table information. 

7.5.4.2 Special Code Transmission -- There are 13 special codes. 
Nine codes have values above 6419 and four codes have values 
below. 

The following nine special codes have values above 6419 (keycode 
value range). 

• 
• 
• 

ALL UPS 

METRONOME CODE 

OUTPUT ERROR 
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B3 (hexadecimal) 
Keycode 180 (decimal), 
B4 (hexadecimal) 
keycode 181 (decimal), 
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• INPUT ERROR Keycode 182 (decimal) , 
B6 (hexadec imal) 

• KBD LOCKED ACK Keycode 183 (decimal) , 
B7 (hexadec imal) 

• TEST MODE ACK Keycode 184 (decimal) , 
B8 (hexadec imal) 

• PREFIX TO KEYS DOWN Keycode 185 (decimal) , 
B9 (hexadecimal) 

• MODE CHANGE ACK Keycode 186 (decimal) , 
BA (hexadec imal) 

• RESERVED Keycode 127 (decimal) , 
7F (hexadecimal) 

ALL UPS -- indicates to the system module that a DOWN/UP MODE key 
was just released and no other DOWN/UP keys are pressed. 

METRONOME CODE -- indicates to the system module that an interval 
has passed, a keyclick has been generated, and the last key 
received by the system module is still pressed. 

OUTPUT ERROR -- indicates an output buffer overflow to the system 
module. The overflow occurred after receiving a keyboard inhibit 
command from the system module, and some keystrokes may be lost. 

INPUT ERROR CODE 
keyboard received 
too few parameters. 

indicates to the system module that the 
a meaningless command, too many parameters, or 

KEYBOARD LOCKED CONFIRMATION indicates to the system module 
that the keyboard received an inhibit transmission command (refer 
to section 7.5.5.3). 

TEST MODE ACKNOWLEDGE -- indicates that the keyboard has entered 
test mode. This is a special mode used during the production test. 
If the system module receives this acknowledgement, it sends 80 
hexidecimal. This terminates the test mode and jumps to power-up. 

PREFIX TO KEYS DOWN -- indicates that the next byte is a keycode 
for a key already down in a division which has been changed to 
down/up (refer to section 7.5.5.4). 

MODE CHANGE 
received and 
7.5.5.4) • 

RESERVED 
use. 

ACKNOWLEDGE 
processed 

indicates 

indicates that the keyboard has 
a mode change command (refer to section 

that keycode 7F is reserved for internal 

7-27 



• KEYBOARD ID (firmware) Keycode 01 (decimal), 
01 (hexadec imal) 

• KEYBOARD ID (hardware) Keycode 00 (decimal) , 
00 (hexadecimal) 

• KEY DOWN ON POWER-UP ERROR CODE Keycode 61 (decimal), 
3D (hexadec imal) 

• POWER-UP SELF-TEST ERROR CODE Keycode 62 (decimal) , 
3E (hexadec imal) 

KEYBOARD ID is a two byte identification code, transmitted 
after the power-up self-test (refer to section 7.5.4.3). It is 
also sent on request from the system module (refer to section 
7.5.5.3). 

KEY DOWN ON POWER-UP ERROR CODE 
pressed on power-up. 

indicates that a key was 

POWER-UP SELF-TEST ERROR CODE -- indicates to the system module 
that the ROM or RAM self-test of the system module failed (refer 
to section 7.5.4.3). 

7.5.4.3 Power-Up Transmission Upon power-up, the keyboard 
performs a self-test in less than 70 ms, then transmits the 
self-test results to the system module in 4 bytes. 

Byte 1 

Byte 2 

Byte 3 

Byte 4 

KBID (firmware) This is the keyboard 
identification (ID) stored in the firmware. 

KBID (hardware) This is the keyboard ID 
read from hardware jumpers. 

ERROR Two error codes indicate either the 
failure of the ROM or RAM self-test within the 
processor ( 3E hexadecimal) , or a keydown on 
powerup ( 3D hexadecimal) • No error is 
indicated by 00. 

KEYCODE This byte contains the first 
keycode detected if there was a key pressed on 
power-up. No error is indicated by 00. 

If the ROM self-test (CHECKSUM) fails and the error is critical, 
the keyboard is unable to transmit. Noncritical errors let the 
keyboard continue operating. 
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If the keyboard finds a key pressed on the first scan, it 
continues to look for an ALL UPS condition. The keyboard sends the 
corrected four-byte power-up sequence when the pressed key is 
released. This avoids a fatal error condition if a key is pressed 
by mistake while powering up. 

The keyboard LEOs are lit during the power-up self-test. If the 
self-test passes, the keyboard turns the LEOs off. If a bell is 
selected on powerup, the system module can transmit a sound bell 
command to the keyboard. However, this should not be done until 
the system module receives the last byte of the four-byte 
sequence. The request for self-test tests the serial line and 
system module connection. The power-up self-test takes 70 ms or 
less. 

The system module can request a jump to powerup at any time. This 
causes the LEOs on the keyboard to blink on and off (for the 
power-up self-test). 

7.5.5 

The 
the 
7-11 
from 

System Module to Keyboard Protocol 

system module controls both the peripherals associated with 
keyboard and the keyboard transmit characteristics. Figure 

shows the protocol for command and parameter transmission 
the system module to the keyboard. 

COMMAND 
07 06 05 04 03 02 01 00 

REPRESENTATION 

PARAMETERS 

DATA 

I I DATA 

MA-0178-82 

Figure 7-11 System Module 
to Keyboard Protocol 
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7.5.5.1 Commands There are two kinds of commands, commands 
that control keyboard transmission characteristics and commands 
that control keyboard peripherals. The low bit of the command is 
the TYPE flag. The TYPE flag is clear if the command is a 
transmission command, and set if the command is a peripheral 
command. 

Transmission Commands 

Mode set 

Autorepeat rate set 

Peripheral Commands 

Flow control 

Indicator 
Audio 
Keyboard 10 
Reinitiate keyboard 
Some autorepeat control 
Jump to test mode 
Reinstate defaults 

The high order bit of every command is the PARAMS flag. If there 
are any parameters to follow, the PARAMS flag is clear. If there 
are no parameters to follow, the PARAMS flag is set. 

7.5.5.2 Parameters The high order bit of every parameter is 
the PARAMS flag. This flag is clear if there are parameters to 
follow, and set on the last parameter. The remaining seven bits of 
the parameter are for data. 

7.5.5.3 Peripheral Commands The following two commands can 
turn the data flow from the keyboard off and on. 

• Inhibit keyboard transmission -- shuts off or locks the 
keyboard and turns on the keyboard locked LED. After 
receiving the inhibit command, the keyboard sends a 
special command to the system central processor. If the 
system central processor receives this code without 
requesting it, this indicates that noise on the line was 
interpreted as the inhibit command. The central processor 
then responds immediately with the resume keyboard 
transmission command. 

• Resume keyboard transmission -- turns on or unlocks the 
keyboard and turns off the keyboard locked LED. If any 
keystrokes are lost, the keyboard responds with an error 
code. 

Each keyboard LED can be turned on and off. 
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The following eight commands control the keyclick and bell sounds. 

• Disable keyclick 

• Enable keyclick and set volume 

• Disable CTRL keyclick 

• Enable CTRL keyclick 

• Sound keyclick 

• Disable bell 

• Enable bell and set volume 

• Sound bell 

The following four commands are related to control over the 
autorepeat mode. 

• Temporary autorepeat inhibit -- stops autorepeat for a 
specific key only. It resumes automatically when anoth~r 
key is pressed. 

• Enable autorepeat across the board -- starts transmission 
of metronome codes without affecting autorepeat timing or 
keyboard division. 

• Disable autorepeat across the board -- stops transmission 
of metronome codes without affecting autorepeat timing or 
keyboard division. 

• Change all autorepeat to down only changes all 
keyboard autorepeating divisions to down only mode. 

The following are three other miscellaneous commands. 

• Request keyboard ID -- causes the keyboard to send the 
two byte ID (firmware and hardware). The keyboard does 
not jump to the power-up sequence. 

• Reinitiate keyboard -- causes the keyboard to jump to the 
power-up sequence. Transmission to the keyboard should be 
held until the host processor receives the last byte of 
the power-up self-test. 

• Reinstate defaults sets the following funct~ons back 
to the default settings after a successful power-up 
self-test. 

Division mode settings 
Autorepeat interval and timeout rates 
Autorepeat buffer selections 
Audio volume 
Control key keyclick 
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To send a peripheral command, set the TYPE flag (low order bit). 
Bits six -- three contain a command representation from the chart 
below. Bits two and one specify on (@l), off (@@), or sound (11). 
Bit seven should be set if there are no parameters to follow. 

Table 7-4 lists the peripheral commands (in hexadecimal). 

Table 7-4 peripheral Commands in Hexadecimal 

Function 

Flow control 

Resume keyboard transmission 
Inhibit keyboard transmission 

Indicators 

Light LEOs 
Turn off LEOs 

Audio 

Disable keyclick 
Enable click, set volume 
Disable CTRL keyclick 
Enable CTRL keyclick 
Sound keyc1ick 
Disable bell 
Enable bell, set volume 
Sound bell 

Autorepeat 

Temporary autorepeat inhibit 
Enable autorepeat across keyboard 
Disable autorepeat across keyboard 
Change all autorepeat to down only 

Other 

Request keyboard 10 
Jump to powerup 
Jump to test mode 
Reinstate defaults 
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Hex 

8B 
89 

13 
11 

99 
lB 
B9 
BB 
9F 
Al 
23 
A7 

Cl 
E3 
EI 
09 

AB 
FD 
CB 
03 

Parameters 

None 
None 

Bit pattern 
Bit pattern 

None 
Volume 
None 
None 
None 
None 
Volume 
None 

None 
None 
None 
None 

None 
None 
None 
None 



Command 

Flow control 
Indicator (LEOs) 
Keyclick 
Bell 
Keyboard IO 
Keyclick for CTRL key 
Temporarily inhibit autorepeat 
Jump to test mode 
Change all autorepeat characters to down only 
Enable/disable autorepeat 

The jump to power-up command is FO hexadecimal. 

The following are some of the peripheral commands. 

Representation 

9991 
9919 
9911 
9199 
9191 
9111 
1999 
1991 
1919 
1199 

• Flow control -- The system module can lock the keyboard 
with the inhibit keyboard transmission command. When the 
keyboard is unlocked, it responds with an error code if 
any keystrokes were missed (refer to section 7.5.6.2). 

• Indicators (LEOs) -- Figure 7-12 shows the LED parameter. 
Figure 7-13 shows the LED layout on the LK291 keyboard. 

• Audio -- Figure 7-14 shows the audio volume parameter. 

MA-0179·82 

Figure 7-12 Indicator (LED) Parameter 

o 0 0 0 

LED 4 LED 3 LED 2 LED 1 
MA-0176-82 

Figure 7-13 Indicator (LED) Layout 

07 06 05 04 03 02 01 00 

I 1 0 I 0 I 0 I 0 I 3-B:IT VO~UME 
MA-0177-S2 

Figure 7-14 Audio Volume Parameter 
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The audio has the following volume levels. 

000 -- highest 
001 
010 
011 
100 
101 
110 
111 -- lowest 

Either keyclick or bell (or both) 
keyc1ick or bell is disabled, it 
system module requests it. 

can be disabled. When the 
does not sound, even if the 

The following are additional peripheral commands. 

• Temporary autorepeat inhibit -- stops autorepeat for this 
key only. Autorepeat automatically continues when another 
key is pressed. 

• Disable/enable autorepeat across keyboard -- stops/starts 
metronome code transmission without affecting autorepeat 
timing or division settings. 

• Change all autorepeat to down only -- changes division 
settings for all autorepeating divisions to down only. 

• Request keyboard ID -- causes keyboard to send a two-byte 
keyboard ID. Keyboard does not jump to powerup. 

• Reinitiate keyboard causes keyboard to jump to its 
powerup routine. The system module should not try to 
transmit anything to the keyboard until the last byte of 
the power-up sequence is received. 

• Jump to test mode 
production test. 

is a special test mode for 

• Reinstate defaults -- sets the following functions back 
to the default settings after a successful power-up 
self-test. 

Division mode settings 
Autorepeat interval and timeout rates 
Autorepeat buffer selections 
Audio volume 
Control key keyc1ick 
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7.5.5.4 Mode Set Commands -- This section describes the mode set 
commands. It does not provide information about division mode 
settings. Refer to section 7.5.2 for an explanation of 
transmission modes and rates. 

• Each division on the keyboard has a unique 4-bit 
representation (refer to section 7.5.1). Table 7-2 
describes these representations. 

• Each mode has a unique two-bit code • 

Modes Representation 

Down only ~~ 
Autorepeat down ~l 
Down/up 11 

To set the key transmission mode on a particular keyboard 
division, the system module must send the PARAMS flag, then the 
keyboard division representation with the mode code, and then the 
TYPE flag (cleared). 

Figure 7-15 shows a set main array to down/up. 

The PARAMS flag is set to one if there are no parameters. The 
PARAMS flag is clear if there are parameters. 

Autorepeat Rate Buffer Association If autorepeat mode is 
selected, the system module can transmit a parameter to change the 
buffer association of the selected division. Refer to section 
7.5.2.3 for autorepeat rates and section 7.5.7 for default 
values. 

Figure 7-16 shows a set main array to autorepeat, changing buffer 
association to buffer 3. 

07 06 05 04 03 02 01 00 

I 1 I 0 0 0 I 1 : 0 

I l ''---y--J I 
PARAM T 

MODI;: TYPE DIVISION 

MA-Q18o-a2 

Figure 7-15 Set Main Array 
to Down/Up 
Example 

PARAM DIVISION MODE TYPE 
07 06 05 04 03 02 01 00 

0 0 0 0 
11 0 1 l 0 . 

1 0 0 0 0 0 1 1 

Figure 7-16 Set Main Array 
to Autorepeat 
Example 

7-35 



Autorepeat Rate Buffer Values -- At keyboard power-up time, the 
four autorepeat rate buffers contain default values (refer to 
section 7.5.2.3 for autorepeat rates and section 7.5.7 for 
defaults). The system module may change these values. 

In the command byte, bit seven (PARAMS flag) should be clear, bits 
six three are 1111 (to indicate that this is a rate set 
command), bits two and one should be the buffer number (0 -- 3), 
and bit zero (TYPE flag) is clear. 

There should be two parameters carrying the rate set data. 

Figure 7-17 shows change rates in buffer 3. 

The first parameter specifies the timeout to the store in the 
selected buffer. The second parameter specifies the interval. 
(Refer to section 7.5.2.1 for definitions of these parameters.) 
For example, to set the autorepeat rate in buffer one, the system 
module firmware transmits 00000011 followed by two bytes of 
numeric parameters. 

The autorepeat timeout is the transmitted number times 5 ms. To 
specify a rate of 5 ms delay, the first parameter received is 
00000001. The maximum allowable time is 630 ms (01111110). The 
system module must not send 635 (01111111). 

NOTE 
This code (635) is reserved for internal 
keyboard use. 00 is an illegal value. 

Autorepeat timeout is implemented as a multiple of 8.33 ms (the 
keyboard's internal scan rate). Timeout rates can vary + 4.15 ms. 

The autorepeat interval is the number of metronome codes per 
second. in order to specify a speed of 16 Hz, the second parameter 
received is 10010000. Note that the high order bit is set because 
it is the last parameter. The highest value which may be sent is 
124 (11111100). 

RATE CHANGE 
PARAM COMMAND BUFFER NO. TYPE 
r-"'---.r,-----""~---..v--/O--_y__A__.. 

07 06 05 04 03 02 01 00 

0 
1 I 1 I 1 111 1 I 1 I 0 

0 PARAMETER 1 (TIMEOUT) 

1 PARAMETER 2 (INTERVAL) 

MA-0182-82 

Figure 7-17 Change Rates in 
Buffer 3 Example 
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The lowest rate which can be implemented by the keyboard is 12 Hz. 
Values as low as 1 can be transmitted, but are translated to 12 
Hz. 

NOTE 
The system 
(11111101) • 
command. 

module must not send 125 
This code is the power-up 

7.5.6 Special Considerations 

This section describes 
considerations. 

the special codes and related 

7.5.6.1 Error Handling -- There are four error codes. The first 
two are sent at power-up if the self-test fails (refer to section 
7.5.4.3). The other two codes are the INPUT ERROR code and the 
OUTPUT ERROR code. 

The OUTPUT ERROR (B5 hexadecimal) is 
receives a resume transmission command 
overflowed while the keyboard was locked. 

sent after the keyboard 
if the output buffer 

The INPUT ERROR (B6 hexidecimal) is sent when the keyboard detects 
noise (unidentified command or parameter) on the line. B6 is also 
sent if the keyboard detects a delay of more than 100 ms when it 
expects a parameter. 

7.5.6.2 Keyboard Locked Condition -- When the keyboard receives 
an inhibit transmission command, it lights the LOCKED LED and 
transmits one more byte. This is a special code that indicates the 
keyboard is locked (KEYBOARD LOCKED ACKNOWLEDGE). If the system 
module receives this code without a request, the code indicates 
that noise on the line was interpreted as an inhibit transmission 
command. The system module should immediately send the resume 
transmission command to unlock the keyboard. 

The output first in the first out (FIFO) buffer in RAM is four 
bytes. When the keyboard is locked it attempts to store characters 
received from the keyboard. The keyboard stops scanning its 
matrix. When the keyboard is unlocked by the system module, it 
transmits all four bytes in the output buffer. If any keystrokes 
have been missed due to buffer overflow, the keyboard transmits an 
error code as the fifth byte (OUTPUT ERROR). Any keys that were 
not transmitted and are being pressed when the keyboard is 
unlocked are processed as new keys. An error code upon unlocking 
the keyboard indicates a possible loss of keystrokes to the system 
module. 

The keyboard stops scanning its matrix when its buffer is full. 
However, it processes all incoming commands. 
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7.5.6.3 Reserved 
for the internal 
routines. 

Code -- The number 7F (hexidecimal) is reserved 
keyboard input and output buffers that handle 

7.5.6.4 Test Mode The keyboard jumps into a test mode by 
transmits a special 
mode. If the system 
send the byte 80 

command during production test. The keyboard 
code to the system module to confirm the test 
module receives this code, it should 
(hexidecimal) to continue. This causes a jump to power up. 

7.5.6.5 Future Expansion -- Some keycodes are reserved for future 
use as special codes or keycodes. Table 7-5 lists these reserved 
codes. 

7.5.7 Default Conditions 

The LK201 has the following default conditions. 

o Certain keyboard divisions have specific default modes. 

o 

Some divisions default to the autorepeat mode. Therefore, 
they have an associated buffer that contains the default 
values for timeout and interval. Timeout is the amount of 
time that the keyboard waits before starting to 
autorepeat a character. The rate of autorepeating a 
character is called the interval. Table 7-5 shows the 
default modes and Table 7-6 shows the default rates in 
the f~ur keyboard division autorepeat rate buffers. 

The volume levels for the keyclick 
eight-step range. The default volume 
keyclick and bell are the third loudest. 

and bell have an 
levels for the 

o For the LK201 keyboard, the CTRL (control) key defaults 
to the no keyclick state. 

7.5.7.1 Audio 
decimals (010 
keyboard (the 
unless enabled 
Bll (SHIFT keys 

Volume Both keyclick and bell volumes are two 
binary) by default. The key in position e99 of the 
CTRL key in the LK201) does not generate a click 
by the system module. The keys in position B99 and 
on the LK201) never generate a keyclick. 
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Table 7-5 Keyboard Division Default Modes 

Keyboard Division 

Main array 
Keypad 
Delete 
Cursor keys 
Return and tab 
Lock and compose 
Shift and control 
Six basic editing keys 

Table 7-6 Default Rates 

Buffer Timeout 
Number (ms) 

" 5"" 
1 3"" 
2 5(3" 
3 3"" 

7.6 SPECIFICATIONS 

Functional 

Electronics 

Cord 

Keypad 

Home row key height 

Keys 

Main keypad 

Mode 

Autorepeat 
Autorepeat 
Autorepeat 
Autorepeat 
Down only 
Down only 
Down/up 
Down/up 

in Autorepeat 

AR Buffer 

" " 1 
1 

Buffers 

Internal 
(Hz) 

3(3 
3" 
4" 
4" 

8-bit microprocessor, 4 KB of ROM, 256 
bytes of RAM, 4 LEOs, transducer 

1.9 m (6 ft) coiled, 4-pin 
telephone-type modular connectors, 
plugs into display monitor (PN BCC"l) 

Sculptured key array 

3(3 mm (1.16 in) above desk top 

1(35 matte textured finish keys 

57 keys 
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Numeric keypad 

Special function keypad 

Editing keypad 

Spacing 

Wobble 

Diagnostics 

Physical 

Height 
Length 
Width 
Weight 

18 keys 

20 keys, firmware and software driven 

10 keys 

1.9 cm (0.75 in) center to center 
(single width keys) 

Less than 0.5 cm (0.020 in) 

Power-up self-test, generates 
identification upon passing test 

5 cm (2.0 in) at highest point 
53.3 cm (21 in) 
17.1 cm (6.75 in) 
2 kg (4.5 1b) 
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8.1 GENERAL 

CHAPTER 8 
MONITOR CIRCUITS 

The monitor circuits and CRT (shaded areas of Figure 8-1), along 
with the yoke assembly, are responsible for actual display to the 
VT220 operator. The monitor circuits, located on the PS and 
monitor board, develop the drive potentials for both the CRT and 
the yoke assembly. The CRT generates an electron beam to provide 
actual visual output; the yoke assembly controls the positioning 
of the electron beam generated by the CRT. 

AC 
INPUT I....-~...., 

I 

COMPOSITE 
VIDEO 

I VIDEO 
LOGIC I LOGIC 

____ ..l ___ _ 

SYSTEM 
COMMUNICATION 
LOGIC 

EIA PRINTER 20mA 
HOST PORT PORT 
PORT 

'CONNECTOR PHYSICALLY MOUNTED ON 
PS AND MONITOR BOARD 

LOGIC 
BOARD 

ITOR 
ASSEMBLY 

MA-0613-84 

Figure 8-1 VT220 Series Terminal 
Functional Block Diagram 
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8.2 MAJOR CIRCUITS AND COMPONENTS 

The monitor circuits 
components/circuits. 

(Figure 8-2) consist of the following 

• Video amp 
• Horizontal deflection circuit 
• Flyback transformer 
• vertical deflection circuit 
• Dynamic focus 
• Brightness control 
• CRT 
• Yoke assembly 
• +12 V filter 

The yoke assembly is described in conjunction with the horizontal 
and vertical deflection circuit descriptions. No description is 
provided concerning the +12 V filter. 

NOTE 
Circuit illustrations provided are based 
on REV A of CS 5415651-9-1. 

FROM VIDEO IN 
VIDEO ----.., 
LOGIC 

TO VIDEO GND VIDEO ____ ....1..----1 

LOGIC 

VIDEO 
AMP 

FROM HOR IN HORIZONTAL 
VIDEO :.:.=c..;,.;,.;,...-.jDEFLECTION 1------.---1 
LOGIC CIRCUITS 

TO PS (BIAS) 

r -+12V-' 
FROM +12V 1~3~~ FILTER I 
PS ~+12V 

~3~~fJ 
":' ":' 

FROM VERTICAL 

FLYBACK 
TRANS. 

BRIGHTNESS 
THUMBWHEEL 

DYNAMIC 
·FOCUS 

VIDEO VER IN DEFLECTION I----------'---r--L.:.~ 
LOGIC CIRCUITS 

Figure 8-2 Monitor Circuits Block Diagram 
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8.2.1 Video Amplifier (Amp) Circuit 

The video 
the video 
the CRT. 

amp is a two-stage circuit converting video input from 
logic on the logic board into an emitter pote'ntial at 

The video amp (Figure 8-3) consists of the following circuits. 

• Video input (R10l-R103) 
• Input stage (Q10l and R105) 
• Output stage (Q102, C102, R109, and R108) 
• Voltage divider (R106, R107, C150, and C15l) 
• Frequency compensation (C10l and R104) 

Video input 
supplied to 
potentiometer 
when Q10l and 
transformer to 
to the CRT. 

(a 2.5 V peak to peak signal, from 0 V to +2.5 V) is 
the base of Q10l through the contrast thumbwheel 

(R10l). C10l provides for frequency compensation 
Q102 are conducting. A +60 V input from the flyback 
R109 provides the voltage supply for emitter output 

With no signal input, Q10l is off, and Q102 has a bias of 7.2 V on 
its base from R106 and R107. When a video signal is applied to the 
base of Q10l, Q10l is turned on, forward biasing Q102. With Q102 
on, the potential developed across R109 is dc coupled to the CRT 
emitter through R108 (R108 protects Q102 from transients that can 
occur as a result of high voltage arcing at the CRT anode) • 

J2 
PIN 

FROM 
VIDEO 11 
LOGIC 

J2 
PINS 

R101 

0101 
2N2369A 

250B '14---""----+1 

Rl02 
150 

R103 
75 

47 

C150 
IUF 
100V 

R106 
1.BK 

FROM 
+12V 
FILTER 

0102 
BF457 R10B 

2201/2 W 

R109 
820 
2W 

FROM 
FLYBACK 
TRANSFORMER 
(0100) 

Figure 8-3 Video Amplifier Circuit Diagram 
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8.2.2 Horizontal Deflection Circuit 

The horizontal deflection circuit develops the potentials supplied 
to the horizontal windings of the yoke assembly. These potentials 
provide for deflection of the CRT electron beam during horizontal 
trace and retrace times. Horizontal retrace time is defined by a 
horizontal sync signal input from the video logic (HOR IN). 

The horizontal deflection circuit (Figure 8-4) consists of the 
following circuits. 

• Horizontal processor 
• Horizontal driver 
• Horizontal output 

8.2.2.1 Horizontal Processor Circuit -- The horizontal processor 
circuit provides the base control for defining trace and retrace 
periods. It develops a square wave output that is low during the 
second half of trace time, and high at all other times. 

The horizontal processor circuit (Figure 8-5) consists of the 
following circuits. 

• Horizontal processor device (E201) 

• Horizontal sync input network (C200, R200, and R202) 

• Horizontal hold network (R203, R204, C202, R205, R208, 
C203, and C204) 

• Horizontal centering (phase) network (R2l5, R211, C208, 
and C207) 

• Voltage divider network (R206, C206, C205, R210, and 
ZDl) 

The horizontal hold network provides for adjustable control (R203) 
of the base frequency of the processor (E201). The horizontal 
centering network provides for adjustable control (R2Il) of the 
feedback from the horizontal output, which is compared by E201 
against the HOR IN from R200, to determine the phase difference 
between the HOR IN and horizontal output circuit conditions. The 
voltage divider network defines the output duty cycle of E201 (20 
us, +lus) , with this duty cycle reflected as a square wave output 
from E201, pin 1, to the horizontal driver circuit (the output 
from E201, pin 1 is also sent to the pulse width modulator in the 
PS as a sync signal). 
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FROM HOR IN 
VIDEO 
LOGIC 

HORIZONTAL 
PROCESSOR 

HORIZONTAL 
DRIVER 

HORIZONTAL 
OUTPUT 

FLYBACK 
TRANSFORMER 
PRIMARY 
(TlI 

HORIZONTAL 
WINDINGS 

L-____________________________________ ~ (YOKE ASSY) 

MA·0724-84 

Figure 8-4 Horizontal Deflection Circuit Block Diagram 

L R203 
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150K 
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.0056 
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6 8 . 
1 
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5 

R208 

~ 
,,, C203 

.0047 

-:: 
C204 .... , 

1/100V 
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• OUTPUT TO PULSEWIDTH MODULATOR FROM 
E201, PIN 1, IS NOT SHOWN IN SCHEMATICS; 
THIS OUTPUT SYNCHRONIZES PULSEWIDTH 
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R210 
1001/2W 

~~205 , .1 
C206 100V 

1 470 16V 

R215 
18K 

C207 

.068 I 
200V 

~g~7~T 
250V .r.-

R211 
100B 

R209 
820 

GND8 
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+12V 
FILTER 

TO 
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DRIVER 
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MA·0725-84 

Figure 8-5 Horizontal Processor Circuit Diagram 
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8.2.2.2 Horizontal Driver Circuit The horizontal driver 
circuit converts the square wave input from the horizontal 
processor to a bias potential to the horizontal output circuit. 

The horizontal driver circuit (Figure 8-6) consists of the 
following components/circuits. 

• Driver (Q201) 
• Base bias resistor (R212) 
• Power source filter (C210) 
• Output network (T201, R213, R214, and C211) 

A high input is applied to the base of Q201 for horizontal retrace 
and first half of trace, a low for second half of trace. A high 
input forward biases Q201, placing 10 volts across the primary of 
T201, with the resulting secondary potential turning the 
horizontal output circuit off. When a low input turns Q201 off, 
current is reversed at the secondary of T201, turning on the 
horizontal output circuit. 

R213 limits the current through Q20l, and R2l4 and C211 limit 
voltage across this transistor. 

FROM R212 
HORIZ 470 

FROM 
+12V 
FILTER 

R213 
10 
1/2W 

TO 
HORIZ 

r--.l...--, ,.------- OUTPUT 

(L200) 

PROCESSOR ----+--+-4 
R214 
68 
1!2W (E201 

PIN 1) 

C210 
4.7 
100V 

C211 
.1 
l00V 

GND ar-~--~-~--~-+GNDG) 
MA-0726-84 

Figure 8-6 Horizontal Driver Circuit Diagram 
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8.2.2.3 Horizontal Output Circuit The horizontal output 
circuit is turned on and off by the horizontal driver circuit to 
generate the potential applied to the horizontal windings of the 
yoke assembly. The horizontal output circuit potential is also 
used to control flyback transformer activity (refer to description 
in section 8.2.4). 

The horizontal output 
components/circuits. 

(Figure 8-7) 

• Input network (R216 and L200) 

• Drive transistor (Q202) 

• Collector voltage network 
R218) 

consists of the following 

(Tl primary, D201, C214, and 

• Charge pump circuit (C106, D101, D102, and C105) 

• Horizontal linearity (L201, L202, R217, and C212) 

• Yoke connector (Jl) 

• Output components (C216, C213, D200, R231, and C224) 

FROM L200 
HORIZ 
DRIVER 
(T201) 

R216 
22 

GND 

Q202 
MJE 
13006 

TO 
BRIGHTNESS 
CONTROL 
(Rll0) 

TO 
DYNAMIC 
FOCUS 
(R221) 

Cl05 
10 
250V 

R217 
100 
l/2W 

C212 
.1 
100V 

L201 
WIDTH 

" L202 
C213 

LIN .022 
250V 

S207 r-- -, 
PUR I ~207 

5 
~~ I S207 I P207 
YEL 6 

PART OF F L YBACK 
TRANSFOMER 
(Tl) 

~~~~~~~~~~~I 
C216 R231 I 
10 270 I 
25V C224 

6SOP 
lKV 

TO 
HORIZ PROC 
(C207) 

TO 
DYNAMIC FOCUS 
(D203) 

FROM 
+12V FILTER 

Figure 8-7 Horizontal Output Circuit Diagram 
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Q2~2 is turned on and off by current flow through the secondary of 
T2~1 in the horizontal driver circuit. During the second half of 
retrace, Q2~2 is turned on to saturation. At other times, Q2~2 is 
backbiased by T2~1, quickly turning Q2~2 off to minimize 
dissipation. 

The Q2~2 collector voltage is 'sourced at +12 V and boosted throu9h 
the collector voltage network to +15.5 V. 

The charge pump circuit inverts the large positive voltage swings 
at the collector of Q2~2 into -17~ V bias used by brightness 
control and dynamic focus circuits. 

The horizontal linearity circuit provides adjustable (L2~1) 
control of current flow through the horizontal windings of the 
yoke assembly during trace and retrace scanning. L2~1 provides 
variable inductive reaction for adjusting current flow and varying 
the trace width. L2~2 provides nonlinear reactance that varies 
with changes in yoke current. R217 and C212 provide correction for 
nonlinearity caused by the decaying exponential rate of current 
increase in the yoke. 

The output components switch yoke current back and forth between 
C213 and C216. 

Figure 8-8 provides an illustration of the waveform developed at 
the horizontal windings of the yoke assembly during trace and 
retrace periods. Points T~ through T3 are identified in this 
figure as references within the waveform. Figures 8-9 through 8-12 
provide illustrations and descriptions of the current flow 
conditions that result in the waveform shown in Figure 8-8. 

CURRENT 
THROUGH 
YOKE 

-0 AMPS 

t=jfml=~~;:;=::~n:~~~~~~;:E 
ACROSS 
YOKE 

T1 T3 
T2 

TO 

MA-4t30 

Figure 8-8 Horizontal Deflection Waveform 
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0202 

YOKE 

+15.5 
C216 

ACTIVITY DESCRIPTION 

INITIAL CONDITION: 

1. 0202 OFF; 
2. CURRENT THROUGH YOKE AT ZERO; 
3. C216 CHARGED TO +15.5V. 

ACTION: 

1. 0202 TURNED ON; 
2. CURRENT STARTS FLOWING THROUGH YOKE SUPPLIED 

BY CONSTANT VOLTAGE AT C216; 
3. CURRENT INCREASES IN LINEAR FASHION THROUGH 

YOKE, DEFLECTING BEAM TO RIGHT OF THE SCREEN; 
4. INDUCTIVE ENERGY IS STORED IN YOKE; 
5. C213 IS GROUNDED BY SATURATED 0202. 

Figure 8-9 

MA-0729-84 

Horizontal Trace: 
Scan from Center to 
Right Side of Screen 
(T0 Time) 

EJYOKC 
ACTIVITY DESCRIPTION 

I NITIAL CONDITION: 

1. 0202 SATURATED; 
2. CURRENT THROUGH YOKE AT MAXIMUM; 
3. C216 CHARGED TO OV. 

ACTION: 

1. 0202 TURNED OFF; 
2. YOKE CURRENT CONTINUES FLOWING DUE TO INDUCTIVE 

INERTIA AS STORED MAGNETIC FIELD COLLAPSES; 
3. C213 OUICKLY CHARGES TO fjlGH VOLTAGE; 
4. HIGH VOLTAGE AT C213 CAUSES FAST REDUCTION IN 

CURRENT FLOW THROUGH YOKE; 
5. CRT BEAM IS OUICKLY MOVED TO CENTER OF THE SCREEN 

ITO). 

Figure 8-10 

MA-0730-84 

Horizontal Retrace: 
Move to Center from 
Right Side (Tl Time) 
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+17[0l 

U YOKE 

ACTIVITY DESCRIPTION 

INITIAL CONDITION: 

1. Q202 OFF; 
2. CURRENT THROUGH YOKE AT ZERO; 
3. C213 CHARGED TO +175V. 

ACTION: 

1. C213 VOLTAGE DISCHARGES THROUGH YOKE; 
2. QUICK RISE IN YOKE CURRENT MOVES BEAM TO LEFT 

SIDE OF SCREEN. 

Figure 8-11 

MA-0731-84 

Horizontal Retrace: 
Move to Left Side 
from Center (T2 Time) 

E]YOKE 

D200 

+15.5 
C216 

ACTIVITY DESCRIPTION 

INITIAL CONDITION: 

1. Q202 OFF; 
2. CURRENT THROUGH YOKE AT MAXIMUM; 
3. C213 DISCHARGING; 
4. VOLTAGE ACROSS C216 EQUALS OV. 

ACTION: 

1. INDUCTIVE INERTIA FORCES TOP OF YOKE SLIGHTLY 
NEGATIVE; 

2. NEGATIVE FROM YOKE FORWARD BIASES D200 
PROVIDING FOR CURRENT PATH THROUGH C216; 

3. YOKE CURRENT GRADUALLY DECREASES AS 
MAGNETIC FIELD COLLAPSES, DISCHARGING INTO C216; 

4. BEAM MOVES IN LINEAR FASHION TO CENTER OF THE 
SCREEN. 

Figure 8-12 

MA_0732_84 

Horizontal Trace: 
Scan to Center from 
Left Side of Screen 
(T3 Time) 
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8.2.3 Flyback Transformer Circuit 

The flyback transformer circuit provides high voltage anode 
(12,500 V), cutoff grid (+750 V) and variable focus grid 
potentials to the CRT, as well as operational voltage (+60 V) for 
the video amp and brightness c6ntrol circuits. 

The flyback transformer circuit 
following components/circuits. 

(Figure 8-13) consists of the 

• Flyback transformer (Tl) 

• +60 V output (0100 and L204) 

• Cutoff grid bias network (L203, 0202, R219, C219, R224, 
and C220) 

• Focus grid bias network (R220-R221) 

The outputs from the flyback transformer are controlled 
the horizontal output portion of the horizontal 
circuit. When Q202 cuts off, a 175 V pulse is passed 
primary of T1. This pulse results in the anode, cutoff 
and video amp and brightness control voltage outputs. 

by Q202 in 
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across the 
and focus, 
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;;: ,.02 ;:: "-.02 
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Figure 8-13 Flyback Transformer Circuit Diagram 
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The anode output is rectified internal to Tl, and filtered by 
graphite coatings at the CRT end of the anode wire, which can 
connect or disconnect only at the CRT end. 

The operational voltage (+6~ V) used 
brightness control circuits is output 
regulated and filtered by Dl~~ and L2~4. 

by the video amp and 
from pin 2 of Tl and 

The cutoff grid potential is taken from pin 4 of Tl and regulated 
by L2~3 and D2~2. The regulated potential (+75~ V) is routed to 
the CRT cutoff grid via a voltage divider network (R219 and R224, 
filtered by C219 and C22~), and to R22~ in the dynamic focus 
circuit. 

The focus grid potential is picked off of the focus potentiometer 
(R221) with a voltage range at R221 from +5~~ V to -17~ V. The 
positive range is developed from the same Tl output used for the 
cutoff grid potential, while the negative range is developed from 
input from the charge pump circuit in the horizontal output 
circuit. The actual focus grid value sent to the CRT is developed 
across R222 in conjunction with the value supplied by the dynamic 
focus circuit (refer to section 8.2.5). 

8.2.4 Vertical Deflection Circuit 

The vertical deflection circuit develops the potentials supplied 
to the vertical windings of the yoke assembly. These potentials 
provide for deflection of the CRT electron beam during vertical 
trace and retrace times. 

vertical deflection is a linear current rise to the vertical yoke 
windings during a complete scan of the screen (each scan line of 
the scan defined by horizontal trace and retrace activity). A 
complete scan of the screen occurs at a rate of 6~ vertical trace 
periods per second. vertical retrace time is defined by a vertical 
sync signal input from the video logic (VER IN). VER IN results in 
a steep drop in the current supplied to the vertical yoke 
windings, returning the placement of the CRT beam to the top of 
the screen. 

The vertical deflection circuit (Figure 8-14) consists of the 
following circuits. 

• • 
8.2.4.1 
circuit 
periods. 
to move 
through 
windings 

Vertical processor 
vertical output 

vertical Processor Circuit The vertical processor 
provides the base control for defining trace and retrace 
It develops a ramping output used by the vertical output 
the CRT beam from the top to the bottom of the screen 

linear increase of current flow through the vertical 
of the yoke assembly. 
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FROM VERTICAL 
VIDEO -----I PROCESSOR 
LOGIC 

VERTICAL 
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Figure 8-14 vertical Deflection Circuit 
Block Diagram 
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Figure 8-15 vertical Processor Circuit Diagram 

The vertical processor circuit 
following components/circuits. 

(Figure 8-15) 

• vertical processor device (E3~1) 

• Vertical sync input (R254 and R3~1) 

• Voltage regulator (D3~1 and R3~1) 

• Oscillator synchronizer (R3~2 and C3~4) 

• Current regulation (R3~3 and R3~4) 

• Ramp sensor (R3~6) 

consists of the 

• Power amp stabilization network (R3~5, R31~, C3~5, C3~6, 
and C31~) 

• vertical linearity control (R3~8, R3~7, C3~7, and C3~8) 
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The vertical sync input initiates retrace each time it goes low 
(60 times per second). However, the E301 is capable of 
free-running trace and retrace, in the event no retrace sync 
signal is sensed from the video logic. R302 and C304 define E301 
internal free-running oscillation at 60 Hz (+1 Hz). 

At the start of a vertical trace, E301 outputs a voltage potential 
on pin 4. This potential is stabalized and output to the vertical 
output circuit. Feedback from that circuit is input to E301 at pin 
10. This feedback is applied across R306 and compared with the 
adjustable (R307) vertical linearity value at pin 1 of E301. The 
feedback at pin 10, and the value at pin 1 are used by E30l to 
monitor gain and to compensate for any drift in output voltage 
value. 

The output potential at pin 4 of E301 is ramped upward throughout 
the trace period. At vertical retrace, the output is returned to 
zero, removing the ramped potential from the vertical output 
circuit. 

Current regulation on the output of E301 is controlled by an 
adjustable regulator (R303), which can increase or decrease the 
height of the area of the screen scanned during a vertical trace. 

8.2.4.2 vertical Output Circuit -- The vertical output circuit 
develops the potentials used to drive current through the vertical 
windings of the yoke assembly. 

The vertical output circuit (Figure 8-16) consists of the 
following circuits. 

• Voltage divider network (R31l-R314 and C309) 
• Yoke current drive components (C311, C312, R317, and Jl) 
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Figure 8-16 Vertical Output Circuit Diagram 
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Output 
voltage 
current 
vertical 

from the vertical processor circuit is applied to the 
divider network. The resulting voltage drop caused by 
flow through R314 and R315 is reflected back to the 
processor circuit at R313. 

During vertical trace, the output capacitors are incrementally 
charged, with a resulting incremental flow of current through the 
vertical windings of the yoke assembly. This moves the CRT beam 
from top to bottom of the screen during the trace. 

At the start of retrace, the input from the vertical processor 
returns to zero. This results in C311 and C312 discharging through 
the vertical windings of the yoke assembly. This reverse in 
current flow quickly moves the CRT beam back to the top of the 
screen. 

8.2.5 Dynamic Focus 

The CRT beam travels further when deflected to a corner of the 
screen than when scanning near the center. The dynamic focus 
circuit optimizes focus in the corners. 

The dynamic focus circuit (Figure 8-17) consists of the following 
components/circuits. 

• Operating voltage network (D203 and C221) 
• Horizontal component coupling (C223 and R230) 
• vertical component coupling (C313 and R316) 
• Focus transistor (Q203) 
• Bias resistors (R225-R229) 
• Output coupler (C222) 
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Figure 8-17 Dynamic Focus Circuit Diagram 
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0203 and C22l rectify and filter an operational voltage input of 
+160 V supplied to the base and collector of Q203 through the bias 
resistors. 

The horizontal component of the focus value is coupled to the base 
of Q203 by C223 and R230, and developed from the charge condition 
of C2l6 (refer to section 8.2.2.3, and Figures 8-9 through 8-12) 
during scanning. The vertical component of the focus value is 
coupled to the base of Q203 by C3l3, and developed by the charge 
condition of C3ll and C3l2 during vertical deflection (refer to 
section 8.2.4). The output resulting from· the biasing of Q203 is 
coupled to the focus grid potential developed by the flyback 
transformer circuit through C222. 

8.2.6 Brightness Control 

The brightness control circuit allows the brightness of the 
display at the CRT to be adjusted by the operator. 

The brightness control circuit (Figure 8-18) consists of the 
following components/circuits. 

• Reference voltage network (0103, Rl13, C104, and C107) 
• Voltage divider (Rl10-Rl12) 
• Bypass capacitor (C103) 
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Figure 8-18 Brightness Control Circuit Diagram 
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The voltage divider network, which includes the brightness 
thumbwheel (RIll), provides for a variable bias (from +9.5 V to 
-8~ V) to the intensity grid of the CRT. The bias is developed 
from -170 V input from the charge pump in the horizontal output 
circuit (refer to section 8.2.2.3) a'nd +60 V input to the 
reference voltage network from the video amp operational voltage 
developed by the flyback transformer. 

C103 provides for bypassing transients that occur as a result of 
internal CRT arcing, as well as for bypassing video signals from 
the intensity grid that would interfere with the frequency 
response of the CRT cathode. 

8.2.7 CRT Device 

The CRT device (Figure 8-19) provides for actual output to the 
operator. Video input to the monitor circuits is converted to 
emitter potential to the CRT emitter. FOcus, intensity, and cutoff 
potentials applied to the three grids of the CRT inhibit (cut off 
input from flyback transformer circuit), refine (focus input from 
the focus circuit of the flyback transform~r coupled to the value 
developed by the dynamic focus circuit), and control the 
brightness (intensity input from brightness control) of the 
display generated by the CRT beam from the emitter potential 
provided by the video amp. 
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9.1 GENERAL 

CHAPTER 9 
POWER SUPPLY 

The power supply (shaded area of Figure 9-1) converts ac input to 
dc voltages required for VT22~ terminal operation. 

AC 
INPUT 

I 

COMPOSITE 
VIDEO 

I VIDEO 
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____ ...1 ___ _ 

SYSTEM 
COMMUNICATION 

PSAND 
MONITDR 
BOARD 
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HOST PORT PORT 
PORT 

BOARD 

TO/FROM~~~ 
EIAHOST ~ 
PORT 

MODEM 
OPTION 

'CONNECTOR PHYSICALLY rAOUNTED ON 
PS AND MONITOR BOARD 

MA-0613-84C 

Figure 9-1 VT22~ Series Terminal 
Functional Block Diagram 

9-1 



9.2 MAJOR CIRCUITS AND COMPONENTS 

The power 
circuits, 
board. 

supply (Figure 9-2) consists of various components and 
including circuits that physically mount on the logic 

• AC input components 
• AC conversion circuits 
• Interboard connectors (J1 and J2) 
• DC input circuits 
• DC power ok 

NOTE 
Circuit illustrations in this chapter 
are based on REV A of CS 5415651-0-1. 

AC 

PS AND MONITOR 
BOARD 

CONVERSION 1----, .... 
CIRCUITS 

AC INPUT 
COMPONENTS 

AC 
INPUT 

fDcl 
~ 

LOGIC 
BOARD 

MA-0666-84 

Figure 9-2 Power Supply Block Diagram 
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9.2.1 AC Input Components 

The ac input components provide for ac input, including voltage 
range (115 Vac or 230 Vac) selection. Figure 9-3 shows the 
following ac input components. 

• EMI filter filters ac input which is connected by 
power cord directly into the EMI filter. 

• Sl is the power on/off switch (Sl is shown in off 
position in Figure 9-3). 

• S2 -- is the voltage selection switch (S2 is shown at 115 
Vac selection in Figure 9-3). 

• Fl -- is a 2, 250 Vac input line fuse. 

• Chassis ground lug -- provides ground connection of ac 
input ground from LMI filter. 

AC 
INPUT 

EMI 
FILTER 

CHASSIS 
GROUND 
LUG 

S1 

(230VAC) 

J501 

AC 
INPUTS 

TO 
PS 

PS AND MONITOR 
BOARD 

Figure 9-3 AC Input Components Block Diagram 
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9.2.2 AC Conversion Circuits 

The ac conversion circuits convert ac input into three dc voltage 
outputs: +5 V, +12 V, and -12 V. The ac conversion circuits, 
(Figure 9-4) which are all located on the PS and monitor board, 
are as follows. 

• J50l is the connector for ac input from voltage 
selectionswitch. 

• +12 V start up -- provides operational voltage potential 
for overcurrent protect circuit, and also provides 
initial power for pulse width modulator during power up 
sequence (until +12 V circuit is operational). 

• Input rectification -- consists of components responsible 
for rectification and filtering of ac input into the 
pulse width modulator controlled switching transistor 
circuit, which provides ac input to primary of T50l. 
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• T50l transforms regulated ac input into secondary 
voltages used by the dc output circuits to generate the 
required dc potentials. 

• DC output circuits -- generate the dc potential outputs 
(+12 V, +5 V, and -12 V). 

• Part of J2 are the pins of interconnection between PIS 
and monitor board and logic board used for routing of dc. 

'. Overcurrent protect monitors for +5 V/+12 V 
overcurrent and +5 V overvoltage conditions. 

• Pulse width modulator -- monitors overcurrent protect and 
dc output circuits conditions to control width of ac 
pulses supplied to T50l by switching transistor network 
within the input rectification circuit. 

• T504 provides means for pulse width modulator to 
control width of rectifed ac pulses supplied to T50l. 

Table 9-1 provides specifications for the ac inputs. Figure 9-4 
shows the pinouts for J50l and J2. Each of the ac conversion 
circuits are described separately (with the exception of 
components J50l, J2, T50l, and T504, which are discussed only as 
they relate to the other circuits). 

Table 9-1 

Voltage 

115 Vac 

Input Voltage Specifications 

Specification 

Nominal voltage 
Minimum voltage 
Maximum votage 
Input line current 
Line frequency 
Power factor 
Inrush current 

Peak inrush 
Input power 

Efficiency 

Undervoltage 

Overvoltage 

Value 

120 Vac 
87 V rms 
134 V rms 
1 A rms (max.) 
47-63 Hz 
(watts) -- (rms V X rms A) > 0.55 
Surge current at first application 
of input voltage may be reached for 
1/2 cycle of input line, with 
repetitive peaks of exponentially 
decaying amplitude for up to 10 more 
cycles. 
25 A (Thermisters cold) 
60 watts (max.) at full rated dc 
output load of 40 watts. 
0.65 (min.) output power to input 
power ratio. 
Provides minimum of 10 millisecond 
hold-up at 90 V rms during power 
outage. 
150 Vac for 1 second (max.) 
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Table 9-1 Input Voltage Specifications (Cont) 

Voltage 

230 Vac 

Specification 

Transients 

Nominal voltage 
Minimum voltage 
Maximum voltage 
Input line current 
Line frequency 
Power factor 
Inrush current 

Peak inrush 
Input power 

Efficiency 

Undervoltage 

Overvoltage 
Transients 

Value 

Low energy transient of 300 V peak 
spike with no more than 0.2 
watt-seconds of energy per spike; 
High energy transient of 1 kv peak 
spike with no more than 2.5 
watt-seconds of energy per spike. 

220 Vac-240 Vac 
174 V rms 
268 V rms 
0.5A rms (max.) 
47-63 Hz 
(watts) -- (rms V X rms A) > 0.55 
Surge current at first application 
of input voltage may be reached for 
1/2 cycle of input line, with 
repetitive peaks of exponentially 
decaying amplitude for up to 10 more 
cycles. 
25 A (Thermisters cold) 
120 watts (max.) at full rated dc 
output load of 77 watts. 
0.65 (min.) output power to input 
power ratio. 
Provides minimum of 5 millisecond 
hold-up at 180 V rms during power 
outage. 
300 Vac for 1 second (max.) 
Low energy transient of 300 V peak 
spike with no more than 0.2 
watt-seconds of energy per spike; 
High energy transient of 1 kv peak 
spike with no more than 2.5 
watt-seconds of energy per spike. 

9.2.2.1 +12 V Start Up Circuit -- The +12 V start up circuit 
(Figure 9-5) consists of the following components/circuits. 

• AC input transformer (T502) 
• Rectifier (E50l) 
• Filter capacitors (C50l and C502) 
• +12 V regulator components (E502, 0501, and 0502) 

The +12 V start up potential provides an operational potential for 
the comparator within the overcurrent protect circuit. The +12 V 
start up potential is also supplied to the pulse width modulator 
where it provides initial power for operation of this circuit 
until the +12 V dc circuit is operational. 
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Figure 9-5 +12 V Start Up Circuit Diagram 
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Figure 9-6 Input Rectification Circuit Diagram 

9.2.2.2 Input Rectification Circuit -- The input rectification 
circuit rectifies and filters the ac input to produce positive, 
negative, and neutral "dc type" signals. These signals are then 
used as a power supply for two switching transistors. The 
switching transistors produce an ac signal applied across the 
primary of T501, with the width of the ac signal controlled by 
input to the switching transistors from the pulse width modulator. 

The input rectification circuit 
following components/circuits. 

• Rectifier (E503) 

• Thermistors (R500 and R50l) 

(Figure 9-6) consists of the 

• Filter networks (R503 and C503, R502 and C504, and R506, 
C507, and C530) 

• Switching transistor networks (Q501 and Q502, and related 
components) 
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Q501 and Q502 are coupled to the pulse width modulator in reverse 
polarity via T504. Current is induced in T504 by the pulse width 
modulator, with the effect on the switching transistors determined 
by the direction of the current flow. When current in T504 is 
induced from pin 6 to pin 5 and pin 7 to pin 8, back biasing of 
Q502 occurs, turning this transistor off, which results in Q50l 
being turned on (with charge of C505 speeding up the transition). 
When current is the reverse, Q50l is back biased and turned off, 
with Q502 turned on (with charge of C506 speeding up the 
transition). The result is an ac signal to the T501 primary 
controlled by the width of pulses output from E505, the pulse 
width modulator. 

9.2.2.3 OC Output Circuits -- The dc output circuits (Figure 9-7) 
consists of the following components/circuits. 

• -12 V output circuit containing a rectifier (0507 and 
0508), filter networks (L501 and C508, and C509, R525, 
and R526), and a voltage regulator (E504). 

• +5 V 
filter 
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• +12 V output circuit containing a rectifier (0519), and 
filter networks (R598 and C529, and T593, C511, C512, and 
C518). 

• Sensing resistor (R~97). 

DC outputs are generated from T591 secondary potentials and output 
to the logic board (via J2), monitor circuits, and the dc ok 
circuit. In addition, +12 V, along with an output from the +5 V 
circuit, is sent to the pulse width modulator, and +5 V, along 
with the sensing resistor potential, is sent to the overcurrent 
protect circuit. These outputs are monitored to control the pulse 
width of the T591 primary potential to compensate for any 
overvoltage, undervoltage, or overcurrent condition. 

Table 9-2 provides specifications for the three dc outputs. 

Table 9-2 

Voltage 

+5 V 

NOTES: 

Output voltage Specifications 

Specification 

Nominal output 
Minimum load 
Maximum load 
Ripple 

Noise 

Total regulation 
Static line reg. 
Static load reg. 
Long term stability 
Thermal Drift 

Dynamic load reg. 
Overload protection 

Value 

+5.9 V 
1 A 
2.2 A 
159 MV p-to-p for < 66 KHz (max) 
(see note 1) 
1% of peak for > 199 KHz (noise is 
super imposed on ripple) (see note 1) 
+5.9% 
+5.9% 
+5.9% 
9.1%/1999 hr (see note 2) 
+9.925% per degree centigrade (see 
note 2) 
+2.2% (see note 3) 
Current limit with foldback (limit 
point of 6.5 A max. and foldback at 
3.3 A max.) 

1. Ripple and noise must be measured with wide band oscilloscope 
such as TektroQix P6946 differential probe, with scope set for 
>199 MHz bandwidth, and specification applies only to 
repetitive voltage variations occuring while operating with 
constant input voltage and fixed load. 

2. Long term stability and thermal drift specifications apply 
after five minute warm up and are measured at the dc 
distribution buses with an averaging meter. 

3. Dynamic load regulation is measured in +25% load steps from a 
starting point of 75% of full load, with measurements made at 
power suppy terminals. 
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Table 9-2 

Voltage 

+12 V 

-12 V 

Output Voltage Specifications (Cont) 

Specifications 

Nominal output 
Minimum load 
Maximum load 
Ripple 

Noise 

Total regulation 
Static line reg. 
Static load reg. 
Long term stability 
Thermal drift 

Dynamic load reg. 
Overload protection 

Nominal output 
Minimum load 
Maximum load 
Ripple 

Noise 

Total regulation 
Static line reg. 
Static load reg. 
Long term stability 
Thermal drift 

Dynamic load reg. 
Overload protect 

Value 

+12 V 
1 A 
2.2 A 
240 MV p-to-p for < 66 kHz (max) 
(see note 1) 
1% of peak for > 100 kHz (noise is 
superimposed on ripple) (see note 1) 
+5.0% 
+0.5% 
+0.2% 
0.1%/1000 hr (see note 2) 
+0.025% per degree centigrade 
(see note 2) 
+2.0% (see note 3) 
Current limit with foldback (limit 
point of 6.5 A max. and foldback at 
3.3 A max.) 

-12 V 
0.0 A 
0.2 A 
240 MV p-to-p for < 66 kHz (max) 
(see note 1) 
1% of peak for > 100 kHz (noise is 
superimposed on ripple) 
(see note 1) 
+5.0% 
+0.5% 
+1. 0% 
0.1%/1000 hr (see note 2) 
+0.025% per degree centigrade 
(see note 2) 
+2.0% (see note 3) 
Internal current limit by 
regulator 
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9.2.2.4 Overcurrent Protect Circuit -- The overcurrent protect 
circuit monitors the +5 V dc output to sense an undervoltage 
condition, and the dc output circuits sensing resistor (R507) 
potential to sense overcurrent condition resulting from a short in 
either the +5 V or +12 V output circuits. 

The overcurrent protect circuit (Figure 9-8) consists of the 
following circuits. 

• Summing network (R514, R523, and R524) 
• Voltage comparator components (E506 and R509) 

The sensing resistor potential, +5.1 V reference voltage input 
from the pulse width modulator, and +5 V input are summed to 
provide biasing to the plus input of the comparator. This bias is 
reflected in the output from the comparator, which is sent to the 
pulse width modulator. If overcurrent or overvoltage conditions 
exist, the output of the comparator will go low, caused by a 
negative value present at the comparator's positive input. This 
will cause the pulse width modulator to output a minimum pulse 
width, effectively shutting off the power supply to prevent 
further damage. 
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Figure 9-8 Overcurrent Protect Circuit Diagram 
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9.2.2.5 Pulse width Modulator Circuit The pulse width 
modulator monitors the +12 V output potential, along with inputs 
from the +5 V output, overcurrent protect, and horizontal 
processor in the monitor circuits, to control the width and 
frequency of pulses passed through the primary of T501 by biasing 
of the switching transistors in the input rectification circuit 
(via T504). 

The pulse width modulator (Figure 9-9) consists of the following 
components/circuits. 

• Pulse width modulator device (E505) 

• Power input components (0511 and C521) 

• Summing network (R5l7-R520) 

• Pulse control output network (R5l0, 0512, and 0513) 

• Oscillator synchronization input network (R54, C54, and 
054) 

• Oscillator frequency control components 
C514-C5l6 ) 

(R511, 

• Biasing components (R515 and R516) 

• Start-up delay capacitor (C517) 
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The pulse width modulator circuit generates two outputs: Biasing 
to the switching transistors in the input rectification circuit 
(via T504) and +5.1 V reference voltage to the overcurrent protect 
circuit. 

The input to the 
processor in the 
width modulator's 
modulator operation 

pulse width modulator from the horizontal 
monitor circuits is a sync input to the pulse 
internal oscillator. This input synchronizes 
to horizontal retrace time. 

The switching transistor bias output is directly affected by the 
biasing supplied to the pulse width modulator device by the 
overcurrent protect circuit (pin 8 input to modulator), summing 
network input (developed from +12 V potential summed with input 
from +5 V output circuit), and the power sensing components. 

The power sensing components provide for operational voltage input 
from either the +12 V start up circuit (during power up 
situations), or from the +12 V dc output circuit (when fully 
operational following a power up). C517 inhibits operation during 
the power up sequence by holding pin 8 of E505 low until this 
capacitor can be charged up. This prevents operation of the pulse 
width modulator during the time that initial surge conditions may 
occur. 

9.2.3 DC OK Circuit 
The dc ok circuit provides visual indication of the presence of dc 
in the monitor module. The dc ok circuit (Figure 9-10) consists of 
the following components. 

• LED indicator (0400) 
• Connector (J7) 
• Drive transistor (Q400) 
• Biasing components (R400, R401, and 0401) 

+5V +12V 

R400 
12K 

R401 
1.5K 

-12V 

Figure 9-10 

9-13 

MA-0674-84 

DC OK Circuit Diagram 



+5 V, +12 V, and -12 V potentials are applied as inputs to the dc 
ok circuit. When all three inputs are present to turn on Q400, 
0400, which is mounted on the front panel of the VT220, and 
connected to Q400's collector via J7, it will light. 

9.2.4 DC Input Components 
The dc input components located on the logic board provide for 
additional filtering of dc potentials to be used by the monitor 
module logic board components, and for the +12 V potential to be 
output to the LK201 keyboard module. They also develop a fourth dc 
potential, -6 V, from the -12 V input. 

The dc input components (Figure 9-11) consist of the following 
components. 

• +5 V filter capacitors (C41 and C47) 

• +12 V filter capacitor (C42) 

• -12 V components (OS, C43, and C45) 

• -6 V regulation components (R42 and 04) 

• Individual IC +5 V decoupling capacitors (Cl, C3, C4, 
Cll, C14-C39, and C48-C54) 

-12 VA is an unfiltered version of the -12 V input to the logic 
board. 

+5V 

+5V 

+5V 

FROM +5V 
PS AND 
MONITOR 

+12V 

BOARD 

GND 

GND 

GND 

PART OF 
,r J1 

~--~~~~--~----------'+5V 

C41 
.22J.tF 

C1.C3.C4.C11 
C14-C39.C48-C54 
.01J.tF 

1---,.---+---+-----+--------- +12V 

C45 C43 
10J.tF 22J.tF 

h------+III---+----...1....----.1..-----_ -12V 
D4 
1 N753A 

~~~~------------------.-6V 

L------------------------__.-12VA 
MA-0675_84 

Figure 9-11 DC Input Circuits Diagram 
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GENERAL 

APPENDIX A 
SPECIFICATIONS 

This appendix lists the specifications of the VT220 terminal. 

VT220 SPECIFICATIONS 

Physical 

Terminal 

Keyboard 

Environmental 

Height: 28.3 cm (11 1/8 in) 
Width: 33.3 em (13 1/8 in) 
Depth: 38.7 em (15 1/4 in) 
Weight: 11.8 kg (26 1bs) 

Adjustable 
Tilt: +5 to -15 degrees 

Height: 5.1 em (2.0 in) 
width: 53.3 em (21. 0 in) 
Depth: 17.1 em (6.75 in) 
Weight: 2.0 kg (4.5 lbs) 

Operating Temperature: 100 to 400 C 
(500 to 1040 F) 
Relative humidity: 10% to 90% 
Maximum wet bulb: 280 C (820 F) 
Minimum dew point: 20 C (360 F) 
Maximum altitude: 2.4 km (8000 ft) 

Storage Temperature: -400 to 660 C 
-40 to 1510 F 

Relative humidity: 0% to 95% 
Maximum altitude: 9.1 km (30,000 ft) 

A-1 



Electrical 

Line voltage 
(switch selectable) 

Line frequency 

Line current 

Input power 

Power cord 

Power cord receptacle 
BTU 

Display 

CRT 

Active display size 

Format 

Character 

Character size 

Character sets 

Video attributes 

Cursor type 

90-128 Vac (100-120 rms nominal) 
single phase, 3-wire 

180-268 Vac (220-240 rms nominal) 
single phase, 3-wire 

47-63 Hz 

0.48 Arms @ 120 Vac rms 
0.24 Arms @ 240 Vac rms 

60 W maximum 

Detachable, 3-conductor, grounded 

EIA specified CEE22-6A 
215 Btu/hr, 63 W 

30.5 cm (12 in) diagonal measure 
monochrome 

Horizontal: 20.3 cm (8 in) 
Vertical: 12.7 cm (5 in) 

24 lines of 80 or 132 characters 

7 X 9 dot matrix with 2 descenders 

80 column mode: 
3.35 X 2 mm (0.132 X 0.078 in) 
132 column mode: 
3.35 X 1.3 mm (0.132 X 0.051 in) 

ASCII, UK National, DEC Special 
Graphic, and DEC Supplemental 
Character Sets (each 94 characters) 

Reverse video, underline, bold, and 
blinking -- selectable individually 
or in any combination 

Blinking block character or blink­
ing underline 
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Keyboard 

General 

Keypad 

Key size 

Key spacing 

Numeric keypad 

Function keys 

Visual indicators 

Audible signals 

Keyclick: 

Bell: 

Multiple bell: 

105 key detachable unit with a 1.8 m 
(6 ft) coiled cord with a 4-pin 
telephone-type modular connector. 
Word processing and data processing 
versions available in 15 languages 

Sculptured key array. Matte texture 
finish keys. Home row key height 
30 mm (1.18 in) above desk top 

12.7 mm (0.5 in) square 

19 mm (0.75 in) center-to-center 
(single width keys) 

18 keys 

36 keys, firmware and software 
driven 

4 LED indicators: hold, lock, wait, 
and compose 

Audible feedback for each keystroke 

Sounds when BEL character received, 
when 8 characters from right margin 
and for compose errors 

Sounds on error in set-up, save, or 
recall operation. 
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APPENDIX B 
VT102/220 01 FFERENCES 

This appendix describes the major differences between a VTl~2 
terminal and the VT22~ terminal operating in a VTl~~ mode. 

Difference Area 

LEOs 

Alternate 
character ROM 

Screen freeze 

Printer port 
connector 

Screen refresh 

Set-up 

RIS function 

Off-line/local 

Communication 

VTl~2 

Programmable 

Socket for OEM 
supplied 
character ROM 

NO SCROLL key 

25-pin 

5~/6~ Hz 

Display in 
set-up "bits." 

Performs power-up 
self test 

Off-line mode 
disconnects 
modem 

Full duplex and 
half duplex 

Transmit speed 
limitation of 6~ 
char/s 
regardless of 
baud rate 

Selectable passive 
or active 2~ rnA 

B-1 

VT22~ 

Non-programmable 

Down-line loadable 
character set 

HOLD SCREEN key 

9-pin 

6~ Hz only 

Display in three 
languages. Different 
display. Has no effect 
on software. 

Does not perform 
power-up self test 

Local mode does not 
disconnect modem 

Full duplex only. 
Does not affect 
software 

Optional transmit speed 
limitation of 15~ 
char/s 

Passive 2~ rnA only 



Difference Area VT102 VT220 

Terminal 10 Responds to 
primary device 
attributes with: 

ESC [ ? 6 c 

NOTE 

Responds to primary 
device attribute with: 

CSI ? 62;1;2;6;7;8;9 c 

If the terminal is in VT100 mode and an 
10 other than VT220 10 is selected, then 
the following primary exchanges apply. 

VT220 to host 
(VT100 10 
selected in 
set-up) 

VT220 to host 
(VT101 10 
selected in 
set-up) 

VT220 to host 
(VT102 10 
selected in 
set-up) 

Secondary device 
attribute not 
supported 

B-2 

ESC [ ? 1 i 2 c 

ESC [ ? 1; 0 c 

ESC [ ? 6 c 

Responds to secondary 
device attribute with: 

CSI > liPvi 0 c 
where Pv is firmware 
version number 



APPENDIX C 
REGISTER BIT VALUES 

This appendix contains figures illustrating bit values for the 
various register devices within the system box logic board 
circuits. The figures are provided for reference only, and are not 
meant as a guide to programming the VT220 Series terminal. 

MR1A ADDRESS 
MR1 B ADDRESS 

07 06 

B7FOH (RD)/B7FOH (WR) 
B7FBH (RD}/B7FBH (WR) 

05 04 03 02 01 00 
I 

Rx RxlDT ERROR 
PARITY MODE 

PARITY BITS PER 
RTS SEL MODE TYPE CHARACTER 

I I 

(BAD7 H)" .. (BADO H) 

BIT VALUES 

BIT 7 0 RxRTS DISABLED 
RxRTS ENABLED 

BIT6 0 INTERRUPT ON RxRDY 
INTERRUPT ON FFULL 

BIT 5 0 CHARACTER ERROR MODE 
BLOCK ERROR MODE 

BIT 3-4 00 WITH PARITY 
01 FORCE PARITY 
10 NO PARITY 
11 SPECIAL MODE 

BIT 2 0 EVEN PARITY 
ODD PARITY 

BIT 0-1 00 5 BITS PER CHARACTER 
01 6 BITS PER CHARACTER 
10 7 BITS PER CHARACTER 
11 8 BITS PER CHARACTER 

MA-0676-84 

Figure C-l 2681 DUART: Mode Register 
(MR1) (Channel A and B) 

C-l 
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MR2A ADDRESS 
MR2B ADDRESS 

07 06 
I 

CHANNEL 
MODE 

B7FOH (RD)/B7FOH (WR) 
B7FBH (RD)/B7FBH (WR) 

05 04 03 
I 

Tx CTS 

02 01 
I 

RTS ENABLE STOP BIT LENGTH 
Tx 

I I 

00 
I 

I 

(BAD7 H) ... 4f---------------------4 •• (BADO H) 

BIT 6-7 

BIT 5 

BIT4 

BIT 0-3 

Figure C-2 

00 
01 
10 
11 

o 

BIT VALUES 

NORMAL MODE 
AUTO ECHO MODE 
LOCAL LOOP MODE 
REMOTE LOOP MODE 

Tx RTS DISABLE 
Tx RTS DISABLE 

o NO CTS REQUIRED FOR Tx 
1 CTS REQUIRED FOR Tx 

0000' 0.563 BIT STOP CHARACTER 
0001' 0.625 BIT STOP CHARACTER 
0010' 0.6B8 BIT STOP CHARACTER 
0011' 0.750 BIT STOP CHARACTER 
0100' 0.813 BIT STOP CHARACTER 
0101' 0.875 BIT STOP CHARACTER 
0110' 0.938 BIT STOP CHARACTER 
011 1 • 1.000 BIT STOP CHARACTER 
1000 1.563 BIT STOP CHARACTER 
1001 1.625 BIT STOP CHARACTER 
1010 1.688 BIT STOP CHARACTER 
1011 1.750 BIT STOP CHARACTER 
1100 1.813 BIT STOP CHARACTER 
1101 1.875 BIT STOP CHARACTER 
1110 1.938 BIT STOP CHARACTER 
1 1 1 1 2.000 BIT STOP CHARACTER 

• ADD.5 BIT FOR 5 BITS 
PER CHARACTER OPERATION 

2681 DUART: Mode Register 2 
(MR2) (Channel A and B) 
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SRA ADDRESS 
SRB ADDRESS 

07 06 

RECEIVE FRAME 
BREAK ERROR 

B7F1 H (RD) 
B7F9H (RD) 

05 04 

PARITY OVER 

ERROR RUN 
ERROR 

03 02 01 00 

Tx Tx Rx 
ROY 

FFULL 
ROY EMT 

(BAD7 H) .. 4t------------------.~ (BADO H) 

BIT 7 0 
1 

BIT 6 0 
1 

BIT 5 0 
1 

BIT4 0 

BIT 3 0 
1 

BIT 2 0 
1 

BIT 1 0 
1 

BITO 0 

Figure C-3 

BIT VALUES 

NO BREAK DETECTED 
RECEIVE BREAK DETECTED 

NO ERROR 
FRAMING ERROR 

NO ERROR 
PARITY ERROR 

NO ERROR 
OVERRUN ERROR 

Tx NOT EMPTY 
Tx HOLDING AND SHIFT REGISTERS EMPTY 

Tx HOLDING REGISTER FULL 
Tx HOLDING REGISTER EMPTY 

Rx FIFO NOT FULL 
Rx FIFO FULL 

NO Rx DATA WAITING 
Rx DATA IN FIFO 

MA-0678-84 

2681 DUART: Status Register 
(SR) (Channel A and B) 
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DCSRA ADDRESS 
DCSRB ADDRESS 

07 06 
I I 

B7Fl H (WR) 
B7F9H (WR) 

05 04 
I 

03 02 01 00 
I I I 

RECEIVER CLOCK SELECT TRANSMITIER CLOCK SELECT 

I 

(BAD7 H) .... _-----------------_~~ (BADO H) 

BIT VALUES 

BIT 0-3 
OR 4-7 BAUD RATE SET 1 BAUD RATE SET 2 
0000 50 75 
0001 110 110 
0010 134.5 134.5 
0011 200 150 
0100 300 300 
0101 600 600 
0110 1200 1200 
0111 1050 2000 
1000 2400 2400 
1001 4800 4800 
1010 7200 1800 
1011 9600 9600 
1101 38.4K 19.2K 
1110 IP4-16X(RxCA) IP4-16X(RxCAI 
1110 IP6-16X(RxC8) IP6-16X(RxCBI 
1110 IP3-16X(TxCAI IP3-16X(TxCA) 
1110 I P5-16X(TxCB) I P5-16X(TxCB) 
1111 I P4-1 X( RxCA) IP4-1 X(RxCAI 
1111 IP6-1 X(RxCB) IP6-1 X(RxCB) 
1111 IP3-1X(TxCAI IP3-1 X(TxCAI 
1111 I P5-1 X(TxCB) IP5-1X(TxCB) 

NOTES: 
1. RxC AND TxC ARE ALWAYS 16X EXCEPT FOR 1111 CONDITION. 
2. SET SELECTION MADE BY ACR BIT 7. 

Figure C-4 

MA_0679_84 

2681 DUART: Data Clock 
Selection Register (DCSR) 
(Channel A and B) 
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CRA ADDRESS 
CRB ADDRESS 

B7F2H(WRI 
B7FAH(WRI 

07 06 05 04 03 02 01 00 

NOT 
MISC COMMANDS 

DISABLE ENABLE DISABLE ENABLE 
USED Tx Tx Rx Rx 

I U 

(BAD7 H) ..... I-------------------•• (BADO H) 

BIT 7 

BIT 4-6 000 
001 
010 
011 
100 
101 
110 
111 

BIT 3 0 

BIT 2 0 
1 

BIT 1 0 
1 

BITO 0 

Figure C-5 

RDRA ADDRESS 
RDRB ADDRESS 
TDRA ADDRESS 
TDRB ADDRESS 

07 06 

BIT VALUES 

ALWAYS 0 

NOT USED 
RESET MODE REGISTER (MR) POINTER 
RESET Rx 
RESET Tx 
RESET ERROR STATUS 
RESET CHANNEL BREAK CHANGE INTERRUPT 
START BREAK 
STOP BREAK 

NO COMMAND 
TERMINATE Tx AND RESET TxRDY AND TxEMT 
STATUS BITS 

DISABLE Tx 
ENABLE Tx 

NO COMMAND 
TERMINATE Rx IMMEDIATELY 

DISABLE Rx 
ENABLE Rx 

MA·0680-84 

2681 DUART: Com~and Register 
(CR) (Channel A and B) 

B7F3H(RDI 
B7FBH(RDI 
B7F3H(WRI 
B7FBH(WRI 

05 04 03 02 01 00 

(BAD7 H) ..... I-------------------•• (BADO H) 

BIT 0-7 

Figure C-6 

BIT VALUES 

DATA RECEIVED FROM HOST (RDRA) 
DATA RECEIVED FROM PRINTER (RDRB) 
DATA TO TRANSMIT TO HOST (TDRA) 
DATA TO TRANSMIT TO PRINTER (TDRB) 

MA-06B1-B4 

2681 DUART: Receive/Transmit 
Data Registers (RDR/TDR) 
(Channel A and B) 
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leR ADDRESS B7F4H(RD) 

07 06 05 04 03 02 01 00 

DELTA DELTA DELTA DELTA IP3 IP2 IP1 IPO 
IP3 IP2 IP1 IPO 

(BAD7H)~~~----------------------------------~~.(BADOH) 

BIT 7 0 

BIT6 0 
1 

BIT5 0 

BIT4 0 
1 

BIT 3 0/1 

BIT 2 0/1 

BIT 1 0/1 

BITO 0/1 

Figure C-7 

BIT VALUES 

NO CHANGE OF STATE DETECTED AT IP3 
CHANGE OF STATE DETECTED AT IP3 

NO CHANGE OF STATE DETECTED AT IP2 
CHANGE OF STATE DETECTED AT IP2 

NO CHANGE OF STATE DETECTED AT IP1 
CHANGE OF STATE DETECTED AT IP1 

NO CHANGE OF STATE DETECTED AT IPO 
CHANGE OF STATE DETECTED AT IPO 

CURRENT STATE OF IP3 (TVB) 

CURRENT STATE OF IP2 (SPD IND) 

CURRENT STATE OF IP1 (DSR) 

CURRENT STATE OF IPO (CTS) 

MA·oa82·84 

2681 DUART: Input Change 
Reg i ster (ICR) 
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ACR ADDRESS B7F4H(WR) 

07 06 05 04 03 02 01 00 

BAUD 
COUNTER/TIMER DELTA DELTA DELTA DELTA 

SET 
MODE AND SOURCE IP3 IP2 IPI IPO 

SEl 
I I 

INT INT INT INIT 

(BAD7 H) .... I---------------------i •• (BADO H) 

BIT 7 a 
1 

BIT 4-6 000 
001 

010 

011 

100 
101 

110 

111 

BIT 3 0 

BIT 2 0 

BIT 1 0 

BITO 0 

Figure C-8 

BIT VALUES 

SELECT BAUD RATE SET 1 
SELECT BAUD RATE SET 2 

COUNTER MODE - EXTERNAL (IP2) SOURCE 
COUNTER MODE - TxCA AT 1 X CLOCK OF 
CHANNEL A Tx 
COUNTER MODE - TxCB AT IX CLOCK OF 
CHANNEL B Tx 
COUNTER MODE - CRYSTAL OR EXTERNAL 
CLOCK (ClK) DIVIDED BY 16 
TIMER MODE - EXTERNAL (IP2) SOURCE 
TIMER MODE - EXTERNAL (IP2) SOURCE 
DIVIDED BY 16 
TIMER MODE - CRYSTAL OR EXTERNAL (ClK) 
SOURCE 
TIMER MODE - CRYSTAL OR EXTERNAL (ClK) 
SOURCE DIVIDED BY 16 

NO INTERRUPT ON CHANGE OF STATE 
SET ISR BIT 7 ON DETECT OF CHANGE OF 
STATE AT IP3 

NO INTERRUPT ON CHANGE OF STATE 
SET ISR BIT 7 ON DETECT OF CHANGE OF 
STATE AT IP2 

NO INTERRUPT ON CHANGE OF STATE 
SET ISR BIT 7 ON DETECT OF CHANGE OF 
STATE AT IPI 

NO INTERRUPT ON CHANGE OF STATE 
SET ISR BIT 7 ON DETECT OF CHANGE OF 
STATE AT IPO 

MA·0683-84 

2681 DUART: Auxiliary Control 
Register (ACR) 

/ 
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ISR ADDRESS B7F5H (RD) 

07 06 05 04 03 02 01 00 

INPUT DELTA 
RxRDY/ 

DELTA 
PORT BREAK TxRDYB CNTR BREAK RxRDY/ 

FFULLB READY TxRDYA 
CHANGE B A FFULLA 

(BAD7 H) .... I---------------------I~~(BADO H) 

BIT 7 0 
1 

BIT 6 0 
1 

BIT 5 0 
1 

BIT 4 0 
1 

BIT 3 0 
1 

BIT 2 0 
1 

BIT 1 0 
1 

BITO 0 

Figure C-9 

BIT VALUES 

NO INTERRUPT 
INPUT PORT CHANGE OF STATE DETECTED 

NO INTERRUPT 
CHANGE IN BREAK STATE DETECTED (CH. B) 

NO INTERRUPT 
RxRDY/FFULL CONDITION (CH B) 

NO INTERRUPT 
TxRDY CONDITION (CH. B) 

NO INTERRUPT 
COUNTER READY CONDITION 

NO INTERRUPT 
CHANGE IN BREAK STATE DETECTED (CH A) 

NO INTERRUPT 
RxRDY/FFULL CONDITION (CH. A) 

NO INTERRUPT 
TxRDY CONDITION (CH. A) 

MA-0684.84 

2681 DUART: Interrupt Status 
Register (ISR) 

IMR ADDRESS B7F5H (WR) 

07 06 05 04 03 02 01 00 

INPUT DELTA 
RxRDY/ 

DELTA RxRDY/ 
PORT BREAK CNTR 

BREAK TxRDYB TxRDYA 
FFULLB READY FFULLA 

CHANGE B A 

(BAD7H) .. 41-------------------~~~(BADOH) 

BIT 7 0 

BIT6 0 

BIT 5 0 
1 

BIT4 0 
1 

BIT 3 0 
1 

BIT 2 0 

BIT 1 0 
1 

BIT 0 0 
1 

Figure C-10 

BIT VALUES 

INTERRUPT DISABLED 
INPUT PORT CHANGE OF STATE INTERRUPT 
ENABLED 

INTERRUPT DISABLED 
CHANGE IN BREAK STATE INTERRUPT ENABLED 
(CH. B) 

INTERRUPT DISABLED 
RxRDY/FFULL INTERRUPT ENABLED (CH. B) 

INTERRUPT DISABLED 
TxRDY INTERRUPT ENABLED (CH. B) 

INTERRUPT DISABLED 
COUNTER READY INTERRUPT ENABLED 

INTERRUPT DISABLED 
CHANGE IN BREAK STATE INHRRUPT ENABLED 
(CH. A) 

INTERRUPT DISABLED 
RxRDY/FFULL INTERRUPT ENABLED (CH. A) 

INTERRUPT DISABLED 
TxRDY INTERRUPT ENABLED (CH. A) 

MA·06SS84 

2681 DUART: Interrupt Mask 
Reg i ster (IMR) 
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CTUR ADDRESS 
CTlR ADDRESS 

07 06 

B7F6H (RD)/B7F6H (WR) 
B7F7H (RD)/B7F7H (WR) 

05 04 03 02 01 00 

: I 
(BAD7 H)"~I-------------------." (BADO H) 

BIT 0-7 

BIT VALUES 

LEAST SIGNIFICANT BYTE OF COUNTER OR TIMER MODE 
(CTLR) 

MOST SIGNIFICANT BYTE OF COUNTER OR TIMER MODE 
(CTUR) 

Figure C-11 2681 DUART: Counter Timer/Upper 
(CTUR) and Lower (CTLR) Registers 

IPR ADDRESS B7FDH (RD) 

07 

I ~,~~ I 
(BAD7 H)~ 

BIT 6 

BIT 5 

BIT 4 

BIT 3 

BIT 2 

BIT 1 

BIT 0 

06 

IP6 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

Figure C-12 

05 

IP5 

04 03 02 

IP4 IP3 

I 
IP2 

I 

BIT VALUES 

(NOT USED) 

CURRENT STATE OF IP5 (DTR DSR) 

CURRENT STATE OF IP4 (TBLK) 

CURRENT STATE OF IP3 (TVB) 

CURRENT STATE OF IP2 (SPD IND) 

CURRENT STATE OF IPl (DSR) 

CURRENT STATE OF IPO (CTS) 

01 00 

IPl 

I 
IPO 

I 
.. (BADO H) 

2681 DUART: Input Port 
Register (IPR) 
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OPCR ADDRESS B7FDH (WR) 

07 

I 
OP7 

I 
(BAD7 H)" 

BIT 7 

BIT 6 

BIT 5 

BIT4 

BIT 3 

BIT 2 

BIT 1 

BITO 

06 

OP6 

o 

o 
1 

o 

o 

o 

o 

o 

o 

05 

OP5 

Figure C-13 

04 03 02 01 00 

OP4 OP2 OP1 OPO 

• (BADO H) 

BIT VALUES 

COMPLIMENT OP7 FOR DIS VIDEO H TRUE. 
COMPLIMENT OP7 FOR DIS VIDEO H FALSE. 

COMPLIMENT OP6 FOR BNKS1 H TRUE. 
COMPLIMENT OP6 FOR BNKS1 H FALSE. 

COMPLIMENT OP5 FOR BNKSO H TRUE. 
COMPLIMENT OP5 FOR BNKSO H FALSE. 

COMPLIMENT OP4 FOR 132 COL H TRUE. 
COMPLIMENT OP4 FOR 132 COL H FALSE. 

COMPLIMENT OP3 FOR BLINK H TRUE. 
COMPLIMENT OP3 FOR BLINK H FALSE 

COMPLIMENT OP2 FOR SPO SEL H TRUE. 
COMPLIMENT OP2 FOR SPO SEL H FALSE. 

COMPLIMENT OP1 FOR DTR H TRUE 
COMPLIMENT OP1 FOR DTR H FALSE. 

COMPLIMENT OPO FOR RTS H TRUE. 
COMPLIMENT OPO FOR RTS H FALSE. 

MA-06B8-B4 

2681 DUART: Output Port 
Configuration Register (OPCR) 

ADDRESS 

07 

17COH (WR) 

06 05 04 03 02 01 00 

(BAD7 H) .... I-----------------......, •• (BADO H) 

BIT 0-7 xx 

Figure C-14 

BIT VALUES 

BINARY DEFINITION OF NUMBER OF CHARACTER 
TIMES PER HORIZONTAL PERIOD (TRACE AND 
RETRACE). 

NOTE: 
VALUE STORED IN CHARACTERS PER DATA 
ROW REGISTER SUBTRACTED FROM ABOVE 
VALUE DEFINES CHARACTER TIMES IN 
RETRACE PERIOD. 

MA-D689-B4 

9~~7 VPAC: Characters Per 
Horizontal Period Register 
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ADDRESS 17C1 H (WR) 

07 06 05 04 03 02 01 00 

(BAD7 H) ...... ------------------... (BADO H) 

BIT 0-7 4FH 
OR 
B3H 

Figure C-lS 

BIT VALUES 

BINARY DEFINITION OF NUMBER OF CHARACTER 
TIMES PER DATA ROW, LESS ONE (4FH, FOR 
BO COLUMN, OR B3H FOR 132 COLUMN). 

NOTE: 
THIS REGISTER VALUE SUBTRACTED FROM 
CHARACTERS PER HORIZONTAL RETRACE 
REGISTER VALUE DEFINES CHARACTER TIMES 
IN HORIZONTAL RETRACE PERIOD. 

MA-D69Q.84 

9007 VPAC: Characters Per 
Data Row Register 

ADDRESS 

07 

17C2H (WR) 

06 05 04 03 02 01 00 

(BAD7 H) ....... _------------------I .. ~ (BADO H) 

BIT 0-7 xx 

Figure C-16 

BIT VALUES 

BINARY DEFINITION OF NUMBER OFCHARACTER 
TIMES FROM LEADING EDGE OF HORIZ SYNC L 
TO LEADING EDGE OF VLT H. 

MA·0691·84 

9007 VPAC: Horizontal Sync 
Delay Register 

C-ll 



ADDRESS 

07 06 

(BAD7 H). 

BIT 0--7 

17C3H (WR) 

05 

xx 

04 03 02 01 00 

. :0' ,"":m' "M:' 
• (BADO H) 

BIT VALUES 

BINARY DEFINITION OF NUMBER OF CHARACTER 
TIMES IN HORIZONTAL SYNC WIDTH 

MA_069:z,.84 

Figure C-l7 9007 VPAC: Horizontal Sync 
width Register 

ADDRESS 

07 

17C4H (WR) 

06 05 04 03 02 01 00 

(BAD7 H)' .... -----------------..... (BADO H) 

BIT 0--7 xx 

Figure C-l8 

BIT VALUES 

BINARY DEFINITION OF NUMBER OF 
HORIZONTAL PERIODS IN THE VERTICAL SYNC 
WIDTH. 

MA-0693-84 

9007 VPAC: vertical Sync 
width Register 

ADDRESS 17C5H (WR) 

07 06 

(BAD7 H). 

BIT 0--7 xx 

Figure C-l9 

05 04 03 02 01 00 

• 7 "0'"0;''' ""~O' : I 
.. (BADO H) 

BIT VALUES 

BINARY DEFINITION OF NUMBER OF 
HORIZONTAL PERIODS. MINUS ONE. FROM 
LEADING EDGE OF VERT SYNC L TO LEADING 
EDGE OF VLT H (FOR THE FIRST SCAN LINE OF 
FIRST DATA ROW). 

MA-0694-84 

9007 VPAC: vertical Sync 
Delay Register 
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ADDRESS 

07 

17C6H (WR) 

06 05 04 03 02 01 00 
I I 1 I I 

PIN 
CURSOR SKEW BLANK SCEW CONFIGURATION 

I 

(BAD7 H) .... I--------I-------------I.~ (BADO H) 

BIT 6-7 

BIT 3-5 

BIT 0-2 

00 

01 
10 
11 

xx 

xx 

Figure C-29 

BIT VALUES 

DEFINES PINS AS SC3H (28). SC2H (29). 
SC1 H (30). SCOH (31). CSYNC L (32). AND 
DMA H (33). 
NOT USED IN VT220. 
NOT USED IN VT220. 
NOT USED IN VT220. 

VALUE OTHER THAN 0 USED DURING 
HORIZONTAL RETRACE TO INDICATE START OF 
DOUBLE WIDTH OR DOUBLE HEIGHT DATA NOW 
(VALUE NOT USED IN VT220 DURING 
HORIZONTAL TRACE PERIOD). 

BINARY DEFINITION OF NUMBER OF CHARACTER 
CLOCKS (0 TO 5) THAT DELAY HORIZONTAL 
BLANKING PORTIONS OF CBLANK H WITH 
RESPECT TO THE DEASSERTEDVLTH INTERVAL. 

MA-0695-84 

9997 VPAC: Configuration/Skew 
Register 

ADDRESS 

07 

17C7H (WR) 

06 05 04 03 02 01 00 

(BAD7 H) .... I-------------------... (BADO H) 

BIT 0-7 17H 

Figure C-21 

BIT VALUES 

BINARY DEFINITION OF NUMBER OF VISIBLE 
DATA ROWS DISPLAYED DURING EACH 
VERTICAL TRACE (17H CODE FOR 24 DATA 
ROWS) 

MA·0696-B4 

9997 VPAC: Data Rows 
Per Frame Register 
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ADDRESS 17C8H (WR) 

07 06 05 04 03 02 01 00 

(BAD7 H) ..... _------------------•• (BADO H) 

BIT 0--4 xx 

BIT VALUES 

BINARY DEFINITION OF NUMBER OF SCAN LINES, 
MINUS ONE, IN EACH DATA ROW (SH for 
10 SCAN LINES). 

NOTE: 
BITS 5 THROUGH 7 ARE USED AS 3 MSBs OF 
SCAN LINES PER VERTICAL PERIOD REGISTER 
AND ARE WRITTEN TO AT SAME TIME AND 
ADDRESS AS BITS 0-4 ABOVE. 

MA-0697-84 

Figure C-22 9007 VPAC: Scan Lines 
Per Data Row Register 

ADDRESS 
ADDRESS 

07 06 

17C8H (WR, 3 MSB'sl 
17C9H (WR, LOW BYTE) 

05 04 03 02 01 00 

: I 
15 14 13 12 11 10 09 08 

BIT BIT BIT 

,:'" "":' : I 10 9 8 

(BAD7 HI" • (BADO H) 

BIT VALUES 

BIT 0-10 BINARY DEFINITION OF NUMBER OF SCAN LINES IN 
ENTIRE VERTICAL PERIOD (TRACE AND RETRACE). 

NOTES' 
1. VERTICAL BLANKING PERIOD IS DEFINED BY 

SUBTRACTING THE TOTAL NUMBER OF SCAN 
LINES PER VERTICAL TRACE (VALUE OF DATA 
ROWS PER FRAME REGISTER X VALUE OF 
SCAN LINES PER DATA ROW) FROM ABOVE 
VALUE 

2 FIVE LSBs OF HIGH BYTE ARE USED AS SCAN 
LINES PER DATA ROW REGISTER 
(REF FIGURE C-22) 

MA-0698-84 

Figure C-23 9007 VPAC: Scan Lines 
Per vertical Period Register 
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ADDRESS 17CBH (WR) 

07 06 05 04 03 02 01 00 

SCROLL 
I I I 

NOT 
OR 

INTERLACE OPERATING CURS 
USED 

BLANK 
MODE MODE HEIGHT 

I I I 

(BADl H) .. 4-------------------•• (BADO H) 

BIT 6 

BIT 4-5 

BIT 1-3 

BIT 0 

o 

00 
01 
10 
11 

000 

o 

Figure C-24 

BIT VALUES 

ENABLE SMOOTH SCROLL FOR SELECTED DATA 
ROWS. 
ASSERT CBLANK H FOR SELECTED DATA ROWS. 

NON·INTERLACED MODE 
NOT USED IN VT220 
NOT USED IN VT220 
NOT USED IN VT220 

REPETITIVE ADDRESSING MODE (NO OTHER 
CODES USED IN VT220). 

DOUBLE HEIGHT CURSOR ON DOUBLE HEIGHT 
ROW. SINGLE HEIGHT ON SINGLE HEIGHT ROW 
SINGLE HEIGHT ON SINGLE HEIGHT ROW. 
SINGLE HEIGHT ON TOP OF HALF OF DOUBLE 
HEIGHT ROW. 

MA-0699-84 

9007 VPAC: Control Register 

ADDRESS 
ADDRESS 

1 7CCH (WR. LOW BYTE) 
17CDH (WR. HIGH BYTE) 

07 06 05 04 03 02 01 00 

15 14 13 12 11 10 09 08 

(BADlH) .. 4~-----------------~ •• (BADOH) 

BIT 14-15 00 
01 
10 
11 

BIT 0-13 xx 

Figure C-2S 

BIT VALUES 

SEQUENTIAL ADDRESSING MODE 
NOT USED IN VT220 
NOT USED IN VT220 
NOT USED IN VT220 

BINARY DEFINITIONS OF FIRST ADDRESS OF 
THE ROW TABLE STORED IN RAM. 

MA-07QO..84 

9007 VPAC: Table Address Register 
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ADDRESS 

07 06 

,,,..:.,," 
SI~E 

17CFH (WR) 

05 04 03 02 01 00 

IBAD7 H) ..... I---------------------I ... IBADO H) 

BIT 6-7 00 
01 
10 

BIT VALUES 

SINGLE HEIGHT/SINGLE WIDTH 
SINGLE HEIGHT/DOUBLE WIDTH 
ODD DATA ROWS ARE DOUBLE HEIGHT/ 
DOUBLE WIDTH ON TOP HALF. EVEN DATA 
ROWS DOUBLE HEIGHT/DOUBLE WIDTH ON 
BOnOM HALF. 

11 EVEN DATA ROWS ARE DOUBLE HEIGHT/ 
DOUBLE WIDTH ON TOP HALF. ODD DATA 
ROWS ARE DOUBLE HEIGHT/DOUBLE WIDTH 
ON BOnOM HALF. 

Figure C-26 9007 VPAC: Row Attribute Register 

ADDRESS 

07 

1701 H (WR) 

06 05 04 03 02 01 00 

IBAD7 H) ..... t_------------------I •• IBADO H) 

BIT 0-7 xx 

Figure C-27 

BIT VALUES 

BINARY DEFINITION OF FIRST DATA ROW 
NUMBER TO BE AFFECTED BY SMOOTH SCROLL 
OR BLANK OPERATION. 

NOTE 
TYPE OF OPERATION IS DEFINED BY BIT 6 
OF CONTROL REGISTER. 

MA·Q702·84 

9007 VPAC: Data Row Start Register 
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ADDRESS 

07 

17D2H (WR) 

06 05 04 03 02 01 00 

(BAD7 H) .. ~ (BADO H) 

BIT 0-7 xx 

Figure C-28 

BIT VALUES 

BINARY DEFINITION OF LAST DATA ROW 
NUMBER TO BE AFFECTED BY SMOOTH SCROLL 
OR BLANK OPERATION. 

NOTE 
TYPE OF OPERATION IS DEFINED BY BIT 6 
OF CONTROL REGISTER. 

MA·0707-B4 

9007 VPAC: Data Row End Register 

ADDRESS 

07 

17D7H (WR) 

06 05 04 03 02 01 00 

(BAD7 H) ..... I-----------------~~~(BADO H) 

BIT 0-7 xx 

Figure C-29 

BIT VALUES 

BINARY DEFINITION OF NUMBER OF SCAN LINES 
PER DATA ROW; USED TO OFFSET SCREEN ON 
EACH VERTICAL SCAN BY ONE DATA ROW 
WHEN BIT 6 OF CONTROL REGISTER IS SET. 

9007 VPAC: Smooth Scroll 
Offset Register 
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ADDRESS 
ADDRESS 
ADDRESS 
ADDRESS 

07 06 

17D8H (WR, VERTICAL) 
17D9H (WR, HORIZONTAL) 
17F8H (RD, VERTICAL) 
17F9H (RD, HORIZONTAL) 

05 04 03 02 01 00 

(BAD7 H)I .......... -----------------.~ (BADO H) 

BIT 0--7 xx 

Figure C-30 

BIT VALUES 

BINARY DEFINITION OF DATA ROW (VERTICAL 
CURSOR REGISTER) OR COLUMN NUMBER 
(HORIZONTAL CURSOR REGISTER) OF THE 
CURSOR. 

MA-0709-84 

9007 VPAC: Vertical/Horizontal 
Cursor Registers 

ADDRESS 

07 

17FAH (RD) 

06 05 04 03 02 01 00 
I I 

INTR VERT (NOT USED) 
FRAME 

FLAG RETRACE TIMER 
I I I I 

(BAD7 H) ..... I--------------------.~ (BADO H) 

BIT 7 

BIT 6 

BIT 1-5 

BIT 0 

o 

o 

o 
1 

Figure C-3l 

BIT VALUES 

NO OTHER STATUS BIT SET. 
OTHER STATUS BIT SET. 

NO VERTICAL RETRACE IN PROGRESS. 
VERTICAL RETRACE IN PROGRESS. 

NOT USED 

FINAL TABLE ADDRESS NOT READ. 
FINAL TABLE ADDRESS READ. 

MA-071Q-B4 

9007 VPAC: Status Register 

C-l8 
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