




























































































































































































































































































































































































































































































































































































































































Adapter's 8051 Initiated Transfer to System 
1. The 80S1 chip waits for the input buffer to empty (18F = 0) by testing PCS. 

2. The 80S1 chip writes interrupt ID to 82SS PC bits 2-0. (PC must be written before PA.) 

3. The 80S1 chip writes a data byte to the 82SS PA input buffer. 

4. The 82SS chip sets the 18F to full (18F = 1 ), which raises IRQ to the system. 

5. System accepts the interrupt request. 

6. System reads interrupt ID from 82SS PC register. (PC must be read before PA.) If ID 
equals 8'100'; then go to the block transfer chart. 

7. System reads a data byte from the 82SS PA register (input buffer). 

8. The 82SS chip resets 18F, which drops IRQ. 

9. System processes information and exits the interrupt level. 

Adapter's 8051 Initiated Block Transfer to System 
This sequence transfers multiple bytes of the following kinds of information: 

• Tablet data when in blocking mode 

• Adapter shared RAM dump 

• RAS logs dump. 

The following steps initiate an adapter 80S1 block transfer to the system: 

1. The 80S1 chip waits for the 18F to equal O. 

2. The 80S1 chip writes the interrupt ID 8'100' to PC bits 2-0. 

3. The 80S1 chip writes a block length (byte count) to the 82SS PA input buffer. 

4. The 82SS chip sets the 18Fequal to 1, which raises IRQ to the system. 

5. The 80S1 chip waits for the 18F to equal 0. 

6. System accepts an interrupt request. 

7. System reads interrupt ID 8'100' from the 82SS PC register. 

8. System reads the count from the 82SS PA register. 

9. The 82SS chip resets the 18F, which drops IRQ. 

1 a.System waits (polls) for IRQ to be set (either by sensing IRQ internally in the system 
processor, or by reading the 82SS PC bit S). 

11. The 80S1 chip writes an interrupt ID appropriate to the data to the 82SS PC bits 2-0 
(8'01 O' or 8'011 '). 

12.The 80S1 chip writes a data byte to the 8255 PA input buffer. 

13.The 82SS chip sets the 18F equal to 1, which sets PCS and raises IRQ to·the system (if 
enabled). 

14.The 80S1 chip waits for the 18F to equal 0. 

1 S.System reads interrupt ID from the 82S5 PC register. 

16.System reads a data byte from the 82SS PA register. 

17.The 82SS chip resets the 18F, which resets PCS, which drops IRO. 
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18. Repeat the previous 8 steps for the number of data bytes indicated by the count. 

19.System processes information and exits the interrupt level. 

IOW and IOR Operations 
The following chart lists the defined 1/0 Operations to the adapter: 

Host 110 
Operation Address Function Comments 

IOR 0054 Read 8255 PA Input buffer returned 

IOR 0059 Read command Last command returned 

IOR 0055 Read 8255 PB Diagnostic sense 

IOR 0056 Read 8255 PC Low 3 bits= interrupt ID 

IOW 0050 Write 8255 PA Command and data latched 
for execution by 8051 chip 

IOW 0057 Configure 8255 Required data = X'C3' 

IOW 0057 Enable IRQ Required data = X'09' 

IOW 0057 Disable IRQ Required data = X'08' 

IOW 0058 Clear 3-Key system Write any data 
interrupt 

IOR 0058 3-Key system Bit 0 = 1 
interrupt Status 

Read 8255 PA Input Buffer 

Operation 

IOR 

Action 

Address High-Data Byte Low-Data Byte 

0054 PA input buffer 

The 8-bit 8255 PA input buffer contents are returned to system software. 
8255 PC bit 3 is reset, which drops IRQ to the system processor and frees 
the 8255 PA input buffer. 

Pre-Condition The 8255 PA input buffer is valid only when the 8255 PC bit 3 equals 1, 
which initiates an interrupt request to the system processor. 

Comments The meaning of the returned byte is determined by the interrupt ID in PC 
bits 2-0, which must have previously been read. 

Read Command Register 

Operation 

IOR 

Action 

Address High-Data Byte Low-Data Byte 

0059 Command register 

The 8-bit Command register contents are returned to system software. This 
register contains bits 13-8 of the last write operation to the 8255 PA output 
buffer. 

Pre-Condition This register is only valid after a write operation to the 8255 PA output 
buffer. 

Comments The returned byte bits 7-6 are 1 s followed by bifs 13-8 of the command 
written in bits 5-o. 
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Read 8255 PB Port 

Operation 

IOR 

Action 

Address High-Data Byte Low-Data Byte 

0055 Port B inputs 

The following eight signals wired into the 8255 Port B are sensed and 
returned to system software: 

Bit Description 

7 

6 

5 

4 

3 

2 

1 

0 

Reserved 

+Speaker volume bit 1 

+Speaker volume bit O 

-ACK (Acknowledge) 

-STB (Strobe) 

- Tablet/Mouse fuse good 

-Keyboard fuse good 

UART RXD 

Pre-Condition (None) 

Comments 

Read 8255 PC Register 

Operation 

IOR 

Action 

This operation is used during polling operations after the IBF has been 
sensed in the PC register and prior to reading the PA input buffer. For 
diagnostic purposes, it can be issued at any time to dynamically sense the 
state of the eight signals listed previously. 

Address High-Data Byte Low-Data Byte 

0056 PC register contents 

The 8-bit 8255 PC register contents are returned to system software. PC bit 
7 indicates whether the PA output buffer is full (0) or empty (1 ). PC bit 5 
indicates whether PA input buffer is full (1) or empty (0). PC bits 6 and 4 are 
used for hand shaking controls between the 8255 chip and the 8051 chip 
and can be ignored. PC bit 3 is the interrupt request line to the system 
processor. PC bits 2-0 define eight possible interrupt identifier codes for the 
PA input buffer as follows: 

PC7-0 Interrupt ID 
(Binary) Number 

XX1X iOOO 0 

XX1X i001 1 

XX1X i010 2 

XX1X i011 3 

XX1X i100 4 

XX1X i101 5 

XX1X i110 6 

XX1X i111 7 
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Where X =don't care bits 
i = 1 if IRQ enabled, or 0 if disabled. 

Refer to "Adapter Initiated Interrupt Request - ID Codes" on page 7-13 for 
an explanation of the interrupt IDs. 

Pre-Condition PC register bits 2-0 are valid only if PC bit 5 equals 1. The 8255 chip resets 
PC bit 5 when the PA input buffer is read. 

Comments This operation determines why interrupt request was initiated by the adapter 
and how the PA input buffer should be interpreted. This operation must be 
issued prior to reading the PA input buffer. This operation can also be used 
prior to writing to the PA output buffer to determine if it is full or empty. 

Write 8255 PA Output Buffer 

Operation 

IOW 

Action 

Address High-Data Byte Low-Data Byte 

0050 8051 command 8051 data 

Two bytes of data are written to the adapter as follows (bit 15 is the most 
significant bit): 

Bits 15-14- Should be set to B'OO' 

Bits 13-8 - Latched in adapter Command register 

Bits 7-0 - Latched in 8255 PA output buffer. 

The 8255 chip resets PC bit 7 (to 0) indicating that the PA output buffer is 
full, which initiates an interrupt request to the 8051 chip. When enabled, the 
8051 interrupt handler first reads the 5 low bits from the Command register 
(bits 12-8), then the 8 bits from the 8255 PA output buffer (bits 7-0). Then 
the 8255 chip sets PC bit 7 (to 1) indicating that the PA output buffer is now 
empty. The 13-bit command and data is posted to an 8051 internal queue 
for subsequent execution. 

Pre-Condition The 8255 PA output buffer must be empty. This can be determined by 
interrogating the state of the 8255 PC bit 7: (0) means full and (1) means 
empty. 

Comments 

Configure 8255 Chip 

Operation 

IOW 

Action 

The 14-bit Command and Data combinations are described in "Adapter 
Commands" on page 7-14. The subsequent 8051 execution handler 
acknowledges the command by initiating an appropriate interrupt ID. 

Address High-Data Byte Low-Data Byte 

0057 X'C3' 

The 8255 chip resets its internal registers (Control, PA, PB, PC). Then the 
data byte is loaded into the 8255 Control register, setting the 8255 chip to 
operate as follows: 

• The PA is a bi-directional port with an output buffer and an input buffer. 

• The PB is an input-only sensing port for diagnostic use. 

• The PC bits 7-4 are handshaking controls for the PA register to the 8051 
chip. 

• The PC bit 5 means the 8255 input buffer is full. 
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• The PC bit 3 is an interrupt request to the system processor. 

• The PC bits 2-0 are input-only sensing pins set by the 8051 chip. 

Pre-Condition The 8051 chip must be held in its reset state whi.le this configure operation 
is being done. 

Comments This operation is normally issued after the adapter has been reset, either by 
a reset adapter operation, a system reset, or a power-on operation. 

Enable Keyboard and UART IRQ 

Operation 

IOW 

Action 

Address High-Data Byte Low-Data Byte 

0057 X'09' 

The 8255 PC bit 3 is allowed to initiate an interrupt request to the system 
processor when the PA input buffer has been loaded by the 8051 chip. 

Pre-Condition The 8255 chip must have been properly configured. 

Comments This operation is normally issued after the 8255 chip has been configured 
and after an interrupt request had previously been disabled. 

Disable Keyboard and UART IRQ 

Operation Address High-Data Byte Low-Data Byte 

IOW 0057 X'08' 

Action The 8255 PC bit 3 is disallowed from initiating an interrupt request to the 
system processor. 

Pre-Condition (None) 

Comments This operation can be issued to suspend system software and adapter 
communications; adapter and device operations are not directly affected. 
Overrun conditions can occur if the suspension lasts longer than the 
buffering capability of the devices attached, for example, the keyboard and 
tablet. 

Adapter Reset Operation 
Resetting the adapter is a two-step process: first the reset state must be activated, then 
released. The minimum time that the reset must be active is 1 O microseconds. There is no 
maximum time. 

Activate Adapter Reset 
Action The selective reset to the adapter is raised and held active. The 8051 chip is 

held in its reset state. (The 8255 chip is only reset by a power-on 
operation.) 

Pre-Condition (None) 

Comments 

Release Adapter Reset 
Action 

The adapter reset condition is held active until a subsequent release 
adapter reset operation is performed. 

The selective reset to the adapter is dropped. The 8051 chip proceeds to 
perform its internal self-testing and initialization. At the completion of the 
8051 self-testing, a completion code is posted to the shared RAM address 
X'1 C' and to the system in the 8255 chip with an interrupt ID of 6. 
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Pre-Condition The adapter selective reset was activated either by an activate adapter 
reset operation, by a system reset, or by a power-on reset. The 8255 chip 
must be configured before the reset operation is released. 

Comments The 8051 chip performs its self-test and initializes RAM to the defined 
defaults. Refer to "Adapter and Keyboard Initialization Procedure" on page 
7-41 for the recommended procedure to initialize the adapter and keyboard. 

Adapter Initiated Interrupt Request- ID Codes 
When the 8051 adapter has information to pass to the system, a 3-bit identification code is 
placed in the 8255 PC register bits 2-0 and a data byte in the PA Input register. Then an 
interrupt request is raised to the system, if enabled. The following table lists the interrupt ID 
codes, and their meanings. 

Interrupt ID 
Number Interrupt Meaning Data Byte Contents 

0 Informational interrupt Information code * 

1 Byte received from keyboard Received byte 

2 Byte received from UART device Received byte 

3 Returning byte requested by system Requested byte 

4 Block transfer ready Byte count 

5 [Unassigned] 

6 8051 self-test performed Completion code 

7 8051 detected an error condition Error code ** 

*Refer to "Adapter Informational Codes Returned to System" on page 7-32. 

**Refer to "Adapter Error Codes Returned to System" on page 7-34. 
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Adapter Commands 
Commands interpreted by the 8051 chip are initiated by the system by way of an 110 write 
operation to the 8255 PA register (output buffer). Command byte bits 4-0 are latched in the 
Command register of the adapter and are decoded by the 8051 chip to determine the 
meaning of the data byte latched in the 8255 PA register. Command byte bits 7-5 are 
diagnostic controls with bit 5 latched in an extension to the Command register. The 
Diagnostic Control bits must normally be B'OOO'. 

Command Byte Decodes 
The following table lists the command byte decodes. 

Command Byte Command Function Data Byte Function 

0000 0000 Select extended command set Extended command (see next 
chart) 

0000 0001 Write to keyboard Byte to be transmitted to 
keyboard 

0000 0010 Write to speaker Tone duration low-byte (num-
ber of 1 /128 second ticks) 

0000 0011 Write UART - control (no Byte to be transmitted to UART 
response) device 

0000 0100 Write UART - query (response Byte to be transmitted to UART 
expected) device 

0000 0101 Set UART baud rate Baud rate counter value 
(default is 9600 bps) 

0000 0110 Initialize UART framing Odd and even parity control and 
blocking factor (default= X'84') 

0000 0111 Set speaker duration Tone duration high-byte 

0000 1000 Set speaker frequency-high Frequency counter high-byte 

0000 1001 Set speaker frequency-low Frequency counter low-byte 

0000 1010 [Unassigned] 

0000 1011 [Unassigned] 

0000 1100 Diagnostic write keyboard port Bit 6 to keyboard data out pin 
pins Bit 7 to keyboard clock out pin 

0000 1101 [Unassigned] 

0000 1110 [Unassigned] 

0000 1111 [Unassigned] 

0001 RRRR Write shared RAM Byte written to 8051 shared 
RAM (low order 4 command 
bits select shared RAM 
address) 
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Extended Command Decodes 
The extended command set is decoded by the 8051 chip from the data byte latched in the 
8255 PA register when the Command register equals X'OO'. The following table lists the data 
bY1e decodes for the extended command set. 

Data 
Byte Extended Command Function 

00-1F Read shared RAM (low-order 5 bits equals shared RAM address) 

2M Reset mode bit number M (M = 0-F hex) 

3M Set mode bit number M (M = 0-F hex) 

40-43 Initialize speaker volume: 40 = off, 41 = low, 42 = medium, 43 = high 

44 Terminate speaker and reset duration 

45-4F [Unassigned] 

50 [Not valid] 

51-53 Set scan count for system attention keystroke sequence 
51 : 1 keystroke 
52: 2 keystrokes 
53: 3 keystrokes (default) 

54-5F [Not valid] 

60 Execute 8051 soft reset - force abnormal end code X'AO' 

62 Force system attention interrupt 

61, [Unassigned diagnostics] 
63-6F 

70 Diagnostic sense keyboard and UART port pins returned bY1e: 
bit 0 = UART RXD pin 
bit 2 = keyboard clock in pin 
bit 5 = keyboard data in pin 

71-7F [Unassigned diagnostics] 

80 Dump adapter shared RAM address OO-OF 

81 Dump adapter shared RAM address 10-1 F 

82 Dump RAS Logs, reset activity and error counters 

83 Dump RAS Logs without counter reset 

84-8F [Unassigned] 

90 Restore initial conditions 

91-DF [Unassigned] 

EO-EF Read 8051 release marker 
(low-order 4 bits = bY1e offset into 16-byte release marker) 

FX NOP- adapter only returns an ACK interrupt to system (X =don't care) 

Select Extended Command Set (X'OO') 
The adapter interprets the data byte as an extended command, which does not require an 
associated parameter. Refer to the specific extended command description. 
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Write to Keyboard (X'01 ') 
The adapter acknowledges receipt of the command with an interrupt ID of O and an 
informational code indicating acceptance or rejection of the command: 

Code Description 

X'OO' Command accepted 

X'41' Command rejected; adapter is busy with a previous transmission to the 
keyboard (S3 = 1) 

X'43' Command rejected; keyboard interface is disabled (M11 = 0) 

X'44' Command rejected; associated data byte is not valid. 

If the command is accepted, the associated data byte is transmitted to the keyboard. 

The associated data byte to be transmitted to the keyboard must not be the keyboard 
resend command as defined by shared RAM address X'03'. 

Write to Speaker (X'02') 
The adapter acknowledges receipt of the command with an interrupt ID of 0 and an 
Informational Code indicating acceptance or rejection of the command: 

Code Description 

X'01' Command accepted; speaker started 

X'04' Command accepted; parameters queued 

X'47' Command rejected; duration that is not valid specified 

X'48' Command rejected: frequency count value that is not valid specified 

X'4A' Command rejected; speaker queue full (S7 = 1 ). 

If the speaker queue is full, the command is rejected with code X'4A'; otherwise, the 
associated data byte is written to static random access memory (SAAM) address X'02' as 
the pending duration (low) and S7 is set on to indicate that speaker parameters have been 
queued. (It is assumed that pending duration (high) and pending frequency have been 
previously set in SAAM addresses X'01', X'15', and X'16', respectively.) 

If the speaker facilities are busy (SO = 1 or S 1 = 1), the command is accepted with a 
parameters queued acknowledgement. When the facilities become available, these queued 
parameters are validated and activated. 

Otherwise, if speaker facilities are currently available, S7 is set off. The pending frequency 
and duration parameters are validated and, if not valid, an appropriate command reject code 
is returned. Valid speaker parameters are activated and the command is accepted with a 
speaker started acknowledgement. 

(Refer to "Speaker Functional Description" on page 7-27.) 

Write to UART Device (X'03' and X'04') 
The adapter acknowledges receipt of the command with an interrupt ID of 0 and an 
informational code indicating acceptance or rejection of the command: 

Code Description 

X'OO' Command accepted 

X'4B' Command rejected - UART interface is disabled (M12 = 0) 

X'4C' Command rejected - adapter is busy with a previous write to UART (S4 = 
1 ). 
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If the command is accepted, the associated data byte is transmitted to the UART (tablet) 
device. 

The adapter has dual internal buffers for blocking reports received from a tablet device. 
Each buffer has a 6-byte length in order to receive a device report up to 6 bytes long. One 
buffer can be in the process of being transferred to the system while the other is being filled 
by a report from the device. If the device attempts to start a third report while the two buffers 
are busy, the third report (and all subsequent ones) are discarded until a buffer is available. 

The MS mode bit specifies whether blocking of received reports is active or inactive. When 
inactive (MS = 0), a byte received from the device is passed on to the system. When 
blocking is active (MS = 1), then report bytes received are buffered and blocked according to 
the blocking factor in SRAM address X'19'. Bytes of a blocked report are only transferred to 
the system when the complete report has been received by the adapter. 

If the adapter detects a parity error on a report byte being received from the tablet, the 
adapter discards that report. 

Write UART - Control (X'03') 
All UART device commands not having a defined response must be issued with the write 
UART - control command to the adapter. 

Write UART - Query (X'04') 
All UART device commands having a defined response must be issued with the write UART 
- query command to the adapter. lf,a device command requiring a response is sent and no 
response is received within 2S milliseconds, an error has occurred. The adapter returns the 
device error code X'EA' to the system. 

Set UART Baud Rate (X'05') 
The adapter acknowledges receipt of the command with an interrupt ID of 0 and an 
informational code of X'OO' indicating acceptance of the command. The associated data byte 
is written to SRAM address X'1 B' and is a counter value used to control the UART transmit 
and receive baud rate. The valid rate is determined by the UART device plugged. The 
default rate is 9600 bits per second. 

The counter value in SRAM address X'1 B' is related to the baud rate according to the 
following formula: 

Osc 
Counter value = 256 - ----

192 * Baud 

Where: Counter value= positive number rounded to an integer less than 2S6 
Osc = 80S1 oscillator frequency (Hz) 
Baud = desired baud rate (bits per second). 

For an assumed OSC value of 9.216 MHz, valid baud rates and corresponding counter 
values can be tabulated as follows: 

Baud Rate 

24,000 
9,600 
4,800 
2,400 
1,200 

600 
300 

Counter (decimal) 

2S4 
2S1 
246 
236 
216 
176 
96. 
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Initialize UART Framing (X'06') 
The adapter acknowledges receipt of the command with an interrupt ID of O and an 
informational code indicating acceptance or rejection of the command: 

Code Description 

X'OO' Command accepted 

X'4E' Command rejected - invalid framing parameter. 

If the command is accepted, the associated data byte is written to SAAM address X'19'. It is 
used to control the parity generation and checking for UART transmission and reception, and 
to specify the number of bytes in the report received from the UART device. The framing 
parameter is defined as follows: 

Bits Description 

7 

6-3 

2-0 

1 =odd parity (default); O =even parity 

Must be O's 

Blocking factor; valid values are 2, 3, 4 (default), 5, or 6. 

Note: The blocking factor must match the report length of the tablet device when blocking 
is active (M5 = 1 ). 

Set Speaker Duration - High Byte (X'07') 
The adapter acknowledges receipt of the command with an interrupt ID of O and an 
informational code indicating acceptance or rejection of the command: 

Code Description 

X'OO' Command accepted 

X'4A' Command rejected - Speaker queue full (S7 = 1 ). 

If the command is accepted, the associated data byte is written to SAAM address X'01' as 
the pending speaker duration - high byte. Note that no validation of the duration value is 
performed until the speaker parameters are activated. 

(Refer to "Speaker Functional Description" on page 7-27.) 

Set Speaker Frequency - High and Low Byte (X'OS' and X'09') 
The adapter acknowledges receipt of the command with an interrupt ID of O and an 
informational code indicating acceptance or rejection of the command: 

Code Description 

X'OO' Command accepted 

X'4A' Command rejected - speaker queue full (S7 = 1 ). 

If the command is accepted, the associated data byte is written to SAAM address X'15' for 
high byte command X'08', or SAAM address X'16' for low byte command X'09', as the 
pending speaker frequency. Note that no validation of the frequency value is performed until 
the speaker parameters are activated. 

(Refer to "Speaker Functional Description" on page 7-27.) 
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Diagnostic Write Keyboard Port Pins (X'OC') 
The adapter acknowledges receipt of the command with an interrupt ID of 0 and an 
informational code indicating acceptance or rejection of the command: 

Code Description 

X'OO' Command accepted 

X'51' Command rejected - illegal mode (M1 O = 0). 

This command is executed only in diagnostic mode. Data byte bit 7 is written to the 
keyboard clock line and data byte bit 6 is written to the keyboard data line. These values are 
kept on the indicated keyboard interface lines until the interface is cleared or a subsequent 
diagnostic write keyboard port pin alters them. 

Write Shared RAM (X'1 R') 
The adapter acknowledges receipt of the command with an interrupt ID of O and an 
informational code of X'OO' indicating acceptance of the command. The associated data byte 
is written to the SRAM address specified by the low 4 bits of the command byte, which 
address the read or write shared RAM addresses X'OO' through X'OF'. 

Extended Command Descriptions 
The following section describes the extended commands for the keyboard tablet speaker 
adapter. 

Read Shared RAM (X'OO' - X'1 F') 
The adapter acknowledges the command by returning an interrupt ID of 3 and an associated 
data byte containing the contents of the SRAM address specified by bits 4-0 of the extended 
command byte. The command allows system software to read any single byte of read, write, 
or read-only shared RAM addresses X'OO' through X'1 F'. 

Reset Mode Bit (X'20' - X'2F') 
The adapter acknowledges receipt of the command with an interrupt ID of O and an 
informational code indicating acceptance or rejection of the command: 

Code Description 

X'OO' Command accepted 

X'51' Command rejected- illegal mode (M10 = 0). 

If the command is accepted, the designated mode bit in shared RAM is cleared (set to X'O'). 
The mode bit affected is determined by the decimal value of the extended command byte 
bits 3-0, for example, mode bits O through 15. 

Resetting of mode bit M11 can only be done while in diagnostic mode (M10 = 1); otherwise, 
the command is rejected. 

Set Mode Bit (X'30' - X'3F') 
The adapter acknowledges receipt of the command with an interrupt ID of O and an 
informational code of X'OO' indicating acceptance of the command. The designated mode bit 
in shared RAM is set to 1. The mode bit affected is determined by the decimal value of the 
extended command byte bits 3-0, for example, mode bits O through 15. 
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Initialize Speaker Volume {X'40' - X'43') 
The adapter acknowledges receipt of the command with an interrupt ID of O and an 
informational code of X'OO' indicating acceptance of the command. The speaker volume 
controls, and the associated mode bits B and 9, are set according to the specific command: 

Code Description 

X'40' Speaker volume = Off; M9, MB = 00 

X'41' Speaker volume = Low; M9, MB = 01 

X'42' Speaker volume = Medium; M9, MB = 1 O 

X'43' Speaker volume= High; M9, MB= 11. 

The volume controls remain set until altered by a subsequent initialize speaker volume 
command, a set or reset of mode bits B or 9, or an adapter reset. 

Volume commands are immediately executed, for example, volume is not a queued 
parameter. 

Terminate Speaker and Reset Duration (X'44') 
The adapter acknowledges receipt of the command with an interrupt ID of O and an 
informational code indicating the current state of the speaker: 

Code Description 

X'02' Speaker was already inactive (S1 = O); no action taken 

X'03' Speaker was active and has been terminated. 

Speaker termination clears Status bits SO and S1, the speaker duration ticks in SAAM 
addresses X'13' and X'14', and clears the adapter speaker frequency input signal (allowing 
other features to control the speaker frequency). 

Status bit S7 is set off, indicating no speaker command queued. Any values in SAAM 
addresses X'01 ', X'02', X'15', and X'16' are not affected. 

Set Scan Count for System Attention Keystroke Sequence (X'5S') 
The adapter acknowledges receipt of the command with an interrupt ID of O and an 
informational code indicating acceptance or rejection of the command: 

Code Description 

X'OO' Command accepted 

X'50' Command rejected - invalid count specified. 

If the command is accepted, the indicated scan count (S) is set in SRAM address X'17' and 
the state of the system attention keystroke sequence is reset. The extended command byte 
bits 3-0 are interpreted as a scan count for the system attention keystroke sequence. Valid 
values for Sare: 1, 2, or 3 (default). 

Execute 8051 Soft Reset (X'60') 
If the adapter is not in the diagnostic mode (that is, if M10 = 0), the command is rejected by 
returning an interrupt ID of O with an informational code of X'51': Illegal Mode. 

If the adapter is in the diagnostic mode (M1 O = 1 ), an abnormal end condition is forced. An 
interrupt ID of 7 with an abnormal end code of X'AO' is returned to the system, plus two 
additional bytes, each with an interrupt ID of 7. The adapter then re-initializes the B051 chip, 
performs the self-tests, and reports the self-test completion code with an interrupt ID of 6. 
At the conclusion of this command, the adapter is in normal operations with SRAM set to the 
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defined defaults and the device interfaces cleared. (Refer to "Abnormal End Codes" on page 
7-34.) 

Force System Attention Interrupt (X'62') 
If the adapter is not in the diagnostic mode (that is, if M1 O = 0), the command is rejected by 
returning an interrupt ID of O with an informational code of X'51 ': Illegal Mode. 

If the adapter is in diagnostic mode (M 1 O = 1 ), an immediate system attention interrupt is 
forced. This command performs the identical function initiated by the system attention 
special keystroke sequence except that no final scan code is queued nor placed in SAAM 
address X'1A'. This command ends by returning an interrupt ID of O with an informational 
code of X'OO'. 

Diagnostic Sense Keyboard and UART Port Pins (X'70') 
If the adapter is not in diagnostic mode (that is, if M10 = 0), the command is rejected by 
returning an interrupt ID of O with an informational code of X'51 ': Illegal Mode. 

If the adapter is in diagnostic mode (M10 = 1), an interrupt ID of 3 is returned with an 
associated data byte defined as follows: 

Bit Description 

0 

1 

2 

3 

4 

5 

6 

7 

State of UART 'Receive Data' (RXD) input signal 

0 

State of 'Keyboard Clock In' input signal 

0 

0 

State of 'Keyboard Data In' input signal 

0 

0. 

Dump Adapter Shared RAM (X'SO' and X'81 ') 
The adapter acknowledges receipt of the command with an interrupt ID of 0 and an 
informational code indicating acceptance or rejection of the command: 

Code Description 

X'OO' Command accepted 

X'60' Command rejected - RAM queue is busy with prior dump command. 

If the command is accepted, a 16-bit block of shared RAM is queued for transmission to the 
system. The command X'80' queues the read or write SAAM addresses X'OO' - X'OF'; the 
command X'81' queues the read-only SAAM addresses X'1 O' - X'1 F'. When the queued 
block is ready for transmission to the system, an interrupt ID of 4 with an associated data 
byte containing the byte-count (16) is returned. Then each SAAM byte is returned, in 
sequence, with an interrupt ID of 3. 

Subsequent dump adapter SRAM or dump RAS logs commands are rejected until the 
currently queued block has been transmitted. 
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Dump RAS Logs With or Without Reset (X'82' and X'83') 
The adapter acknowledges receipt of the command with an interrupt ID of O and an 
informational code indicating acceptance or rejection of the command: 

Code Description 

X'OO' Command accepted 

X'60' Command rejected - RAM queue is busy with prior dump command. 

If the command is accepted, a 12-byte block of RAS Logs information (SAAM addresses 
X'20' - '28') is queued for transmission to the system. When the queued block is ready for 
transmission to the system, an interrupt ID of 4 with an associated data byte containing the 
byte-count (12) is returned. Then each SAAM byte is returned, in sequence, with an 
interrupt ID of 3. After the block has been transmitted, and if the operation was initiated with 
command X'82', then SAAM addresses X'20' - '28' is zeroed out. Otherwise, SAAM is not 
affected. 

Subsequent dump adapter SRAM or dump RAS Logs commands are rejected until the 
currently queued block has been transmitted. 

Restore Initial Conditions (X'90') 
The adapter acknowledges receipt of the command with an interrupt ID of O and an 
informational code of X'OO' indicating completion of the command. Shared RAM addresses 
X'OO' through X'1 B' are initialized to the defined default conditions. The speaker command 
queue is cleared and any active speaker operation Is terminated. All queued keyboard and 
tablet input data is cleared and the respective interface controls reset to initial conditions. 

This command does not affect RAS Logs or the attached keyboard and tablet devices. The 
8051 self-tests are not performed. This command does not clear certain types of information 
that may be, or have been, queued for transmission to the host (for example, error code, 
status report informational code, or requested RAM block). 

Read 8051 Release Marker (X'EO' - X'EF') 
The adapter acknowledges the command by returning an interrupt ID of 3 and an associated 
data byte containing the contents of the selected Release Marker byte in 8051 ROM. The 
particular byte is specified by bits 3-0 of the extended command byte. Each command 
allows system software to read the corresponding single byte of the 16-byte Release Marker 
field defined as follows: 

Bytes 

0- 1 

2- 7 

8-11 

12-13 

14-15 

NOP (X'FO' - X'FF') 

Description 

VV: Version number of 8051 code (2-character ASCII) 

MMDDYY: Date of 8051 Version, Month, Date and Year (6-character ASCII) 

SSSS: Unique serial number of 8051 chip (32-bit binary number) 

KK: Check sum on serial number field (16-bit binary number) 

ZZ: Check sum on entire 8051 ROM (16-bit binary number). 

The adapter acknowledges receipt of the command with an interrupt ID of O and an 
informational code of X'OO' indicating acceptance of the command. The low 4 bits of the 
extended command byte are ignored. This command performs no other function. 

Functional Description and Allocation Map 
(Refer to "8051 RAM Allocation" on page 7-40.) 
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Read-Shared RAM 

SRAM Number of Initialized 
Address Read or Write Shared RAM Data Bytes Value 

00 Keyboard acknowledge byte 1 FA 

01-02 Pending speaker duration ticks 2 0000 

03 Keyboard resend command 1 FE 

04 Keyboard break code 1 FO 

05 Maximum retry count before a keyboard hard 1 08 
error is reported 

06 Keyboard echo command 1 EE 

07 Click duration 1 36 

08 Click suppress scan code number1 1 12 

09 Click suppress scan code number 2 1 59 

OA Click suppress scan code number 3 1 39 

OB-OC Click frequency - high or low 2 0896 

OD Keystroke initiate system attention - scan 1 11 
number 1. Also, click suppress scan code 
number 4. 

OE Keystroke initiate system attention - scan 1 19 
number 2. Also, click suppress scan code 
number 5. 

OF Keystroke initiate system attention - scan 1 FF 
number 3. (The default is "any scan match.") 
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Modes and Status Bits in Shared RAM 

SRAM 
Address MIS Initialized 
/Bit Bit# Adapter Mode and Status Bits Value 

10.0 MO Report receipt of keyboard acknowledgement byte O=NO 
with an informational interrupt 

10.1 M1 Report completion of UART transmit with an 0= No 
informational interrupt 

10.2 M2 [Unassigned] 

10.3 M3 Report completion of speaker tone with an 1 =Yes 
informational interrupt 

10.4 M4 [Unassigned] 0 

10.S MS Blocking of received UART bytes is active. 1 =Yes 

10.6 M6 System attention keystroke SEQ search is active. 1 =Yes 

10.7 M7 Suppress click for defined scan code set. 0= No 

11.0 MS Speaker volume bit O 0= Med 

11.1 M9 Speaker volume bit 1 1 =Med 

11.2 M10 Diagnostic mode is in effect. 0= No 

11.3 M11 Keyboard interface is enabled with clear. 1 =Yes 

11.4 M12 UART interface is enabled with clear. 0 =No 

11.S M13 [Unassigned] 

11.6 M14 Inhibit keystroke auto-click 1 =Yes 

11.7 M1S Ignore UART input (manufacturing test only) 0 =No 

12.0 so Speaker frequency timer busy 0 

12.1 S1 Timeout timer busy 0 

12.2 S2 [Unassigned] 0 

12.3 S3 Keyboard transmit is busy. 0 

12.4 S4 UART transmit is busy. 0 

12.S SS Click busy 0 

12.6 S6 [Unassigned] 0 

12.7 S7 Speaker queue full 0 

Notes: 

1. Mode bits can be altered using the set mode bit and reset mode bit command. 
Status bits are read-only. Mode bits 0-3 enable the corresponding bits in the 
status report informational codes (refer to this section on page 7-34). 

2. Setting mode bit 11 or 12 clears the keyboard or UART interface, respectively, 
even if the mode bit was already set. Mode bit 11 can be cleared only in diagnostic 
mode. The keyboard interface should not normally be disabled. 

3. Mode bit 1 S = 1 causes the adapter to discard all data received by the UART port. 
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Read-Only Shared RAM 

SRAM Number of Initialized 
Address Read or Write Shared RAM Data Bytes Value 

13-14 Active speaker duration ticks remaining. 2 0000 

15-16 Pending speaker frequency - high/low 2 0000 

17 Scan count for system attention keystroke 1 03 
sequence (maximum #of scan codes is 3). 

18 Keyboard sequence state 1 00 
High 4 bits= system attention sequence state 

19 UART framing: 1 84 
MSB =odd/even parity control (1 =odd) 
Low 3 bits = blocking factor (valid: 2 to 6) 

1A System attention scan code- actual third byte 1 00 
received in a 3-byte sequence. 

18 UART baud rate (counter reload value) 1 FB 
defaults to 9600 bps. See note 3. 

1C Actual 8051 self-test completion code (value 1 AE 
indicated is for the "good machine". See note 
2. 

1D-1E 8051 abnormal end information 2 0000 

1F Error code for most recent interrupt ID of 7. 1 00 
See note 1. 

Notes: 

1. Refer to "Adapter Error Codes Returned to System" on page 7-34. 

~ 2. Refer to "Adapter Self-Test After a Power-On, System, or Adapter Reset Operation" on 
page 7-32. 

3. Refer to "Set UART Baud Rate" on page 7-17. 
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RAS Logs in Shared RAM 

SRAM Number of 
Address Read-Only Shared RAM - RAS Logs Bytes 

20-21 Number of keyboard frames received divide by 16 (not a 2 
keystroke count) 

22-23 Number of keyboard receive retries performed (includes 2 
those resulting in hard errors) 

24 Number of keyboard receive hard errors 1 

25 Number of keyboard frames transmitted 1 

26 Number of keyboard transmit retries performed (includes 1 
those resulting in hard errors) 

27 Number of keyboard transmit hard errors 1 

28-29 Number of UART frames (bytes) received divided by 16. 2 

2A Number of UART frames transmitted 1 

28 Number of UART receive errors (number offrames received 1 
with bad parity 

Notes: 

1. Logs are read-only by way of the dump RAS logs commands. All counters are zeroed 
upon completion of the dump RAS logs with reset command or an 8051 reset 
operation. 

2. Each counter is an 8-bit or 16-bit binary value. Due to the large number of keyboard or 
UART frames received, those two counters are incremented only once per 16 frames 
received. 
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Adapter Speaker Control 
The speaker resides in the system keyboard. It is completely controlled and powered by the 
adapter board. The speaker interface on the Standard 1/0 Board contains circuits to control 
the volume of the frequency signal. Both the adapter and Micro Channel audio signal have 
access to the speaker interface. 

The adapter implements the logical speaker functions used by system software, including 
frequency, duration, and volume parameters. The speaker functions are command-driven 
and queued. The adapter also implements a keystroke click tone for the keyboard. 

Sharing of Speaker Input With the Micro Channel Audio Signal 
The Micro Channel audio signal activates the speaker through the interface circuits on the 
Standard 1/0 Board. This is an audio voltage sum node. This signal is ORed with the signal 
from the adapter. The quiescent state of the signal is a high voltage level (logical X'1 '). Either 
the adapter or audio signal can alter it. No form of interlocking is provided to prevent one 
source from driving the speaker signal while the other source is driving it. 

Speaker Frequency Control 
The speaker frequency is set by system software. Commands allow for a 2-byte count value 
to be sent to the adapter. The adapter uses the count value to initialize internal counters, 
which control a speaker frequency signal driving the adapter input to the speaker interface 
OR circuit. System software sends the count value to the adapter using the set speaker 
frequency commands with high-byte and low-byte values sent separately. 

The permissible range of the count value provides a speaker input frequency range from a 
maximum of 12019 Hz to a minimum of 23 Hz. 

The 2-byte count value used by the adapter is related to the generated speaker frequency 
according to the following formulas: 

F 
N = 11 - log (9216000 * OSC ) 

Cx = 2 exp[ N] 

Ct = OSC/(24 * F) - KO _ Kt 

Cx 

Where: 
Cx = 
Ct 
log = 
F 
osc = 
[NJ = 

KO 
Kt 

= 
= 

Limitations: 

Exception: 

Cx = 
Ct 

Count value, high byte 
Count value, low byte 
Base 2 logarithm function 
Desired speaker frequency (Hz) 
8051 oscillator frequency (Hz) 
The exponent on the number 2 where the brackets mean that N is 
to be rounded to an integer and if [NJ > 0, then use [NJ, otherwise, use 
0. 

3.7 (a constant) 
9.25 (another constant). 

Element of the set: (1, 2, 4, 8, 16, 32, 64) 
Integer in the range [19, 255] for Cx = 1, the range [120, 255) if 
otherwise 

A Cx value of O provides a silent tone. See the following note. 
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Example: 
F = 
OSC= 
N = 
Cx = 
Ct = 

2500 Hz = 
9.216 MHz = 
-0.29, so [NJ = 
1 
141 

Desired speaker frequency 
Assumed 8051 oscillator 
0 

For the assumed OSC frequency of 9.216 MHz, the formulas for Cx and Ct can be simplified 
and tabulated as follows: 

Frequency Range (Hz) ex (decimal) Ct Formula 

23-45 64 (6000 I F) - 9.31 

46-90 32 (12000 IF) - 9.37 

91 - 181 16 (24000 I F) - 9.48 

182-362 8 (48000 IF) - 9.71 

363-724 4 (96000 I F)-10.18 

725-1432 2 (192000 I F) - 11.10 

1433-12019 1 (384000 I F) - 12.95 

Note: A timed period of silence can be obtained by setting the frequency count value to 0. 
Specifically, if the frequency - high byte Cx = 0, the low byte Ct is ignored. The 
speaker operation is executed exactly as for any valid frequency, except that the 
frequency signal pin from the 8051 chip to the speaker is held in its quiescent state. 

Speaker Duration Control 
A speaker tone duration is specified by the system as the number of duration ticks where 
each duration tick is 1 /128 of a second. Duration ticks are specified as a 15-bit number with 
a permissible range from Oto 32767, for example, X'OOOO' through X'7FFF'. The actual 
number of duration ticks is one greater than the number specified, providing a tone duration 
from 7.8 milliseconds to 256 seconds. System software must first specify the tone 
duration-high byte, then issue the write to speaker command specifying the duration-low 
byte. 

Speaker Volume Control 
The adapter controls the speaker volume for both the adapter use of the speaker and the 
Micro Channel adapter use. System software must ensure that only one source is driving the 
frequency control. In either case, system software must use the adapter function to specify 
the speaker volume level. 

Four levels of volume are available: off, low, medium, and high. The adapter initializes itself 
to medium after a reset operation. System software can alter this setting at any time. The 
adapter retains the last setting in the 8051 shared RAM mode bits 8 and 9 as follows: 

M9,8 Volume 

8'00' Off 

8'01' Low 

8'10' Medium (default) 

8'11' High 
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Speaker Command Queue Description 
Execution of the write to speaker command is queued if the speaker facilities are busy 
doing a click or a previous speaker command. Speaker commands are rejected if a Write to 
Speaker command is currently queued, for example, if the queue consists of one set of 
parameters (frequency and duration). When speaker parameters are written to the adapter, 
they are initially pending (queued). They become active when speaker facilities are 
available. 

A keystroke click occurs only if speaker facilities are immediately available, for example, the 
click is not queued. 

Speaker volume is assumed to be a global parameter under user control. As such, it is not 
queued. Speaker volume commands are immediately executed. 

Functional Operation 
Commands to set frequency (high and low bytes) and duration (high byte) place these 
parameters in the queue as pending. The commands are rejected if the queue is full. 

The write to speaker command places the duration (low byte) parameter in the queue as 
pending, with an implied request to activate the speaker using the pending parameters. The 
command is rejected if the queue is full. 

Normal response to the write to speaker command is either speaker started or parameters 
queued. 

Implementation 
Speaker command queueing uses the following adapter resources: 

• SAAM address X'01-02' =pending duration high and low. 

(Active duration is maintained in SAAM address X'13-14'.) 

• SAAM address X'15-16' =pending frequency high/low. 

(Active frequency kept in private RAM.) 

• Status bit S7 defined as speaker queue full 

• Status report informational code bit 3; set on if speaker parameters (frequency or 
duration) are invalid: 

- When a keystroke click occurs (frequency only) 

- OR 

- When the pending speaker command is dequeued. 

Note: Parameters are not validated until actually activated. 

Keystroke Click Description 
The keyboard defined in the referenced specification does provide a mechanical acoustical 
feedback for a key button being depressed. The adapter can also provide a keystroke 
auto-click function that generates a click tone whenever a valid scan code is received. The 
resulting clicks only represent a replacement for a mechanically generated keyboard click. 
The adapter-generated click only means that the adapter has received a valid scan code 
and queued it to the system. The click cannot be interpreted to mean that the system 
software has received the keystroke. 
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Functional Operation 
The keystroke auto-click function defaults to inactive. It can be enabled by setting mode bit 
M14 off. The click defaults to a 301 Hz tone for 1.68 msec. The click frequency and duration 
can be respecified by system software. 

A keystroke click is Initiated only when the adapter receives the make of any valid scan code 
and queues It to the system. Valid scan codes are those in the range X'01' through X'9F'. 

If the byte received from the keyboard Is a break code, then the next byte received does not 
Initiate a click. 

If the keystroke queue Is full when a keyboard byte is received, then the adapter replaces 
the last byte in the queue with the overrun code X'OO', discards the current byte received, 
and does not initiate a click. 

Implementation 
The keystroke auto-click function uses the following adapter resources: 

• SAAM address X'07' = click duratlq'n 
I 

• SAAM address X'OB-OC' = click fr,equency 

• Mode Bit M14 defined as Inhibit keystroke auto-click 

• Status report informational code bit 3 is set on if the click frequency In SAAM is not valid 
when the keystroke auto-click function is initiated. 

The click duration Is specified by SAAM address X'07' as a count of 30.52 microsecond 
ticks. The count in SAAM is an 8-bit number. The actual number of duration ticks is one 
greater than the number specified in SAAM, providing a range of click durations from 30.52 
microsecond to 7.8 millisecond In 30.52 microsecond increments. 

The click frequency is specified by SAAM addresses X'OB' - 'OC'. These two bytes are used 
as the frequency counter values Cx and Ct, respectively. They are interpreted by the adapter 
exactly as for any other speaker frequency. They must adhere to the same rules as specified 
in the section "Speaker Frequency Control" on page 7-27. Cx = O is not valid, in other words, 
click cannot be the silent tone. 

If an click frequency that is not valid is written to SAAM and the adapter attempts to click due 
to a keystroke, no click occurs. An unsolicited status report informational code byte with bit 3 
on is posted to the system. 

Click Suppression for Defined Scan Code Set 
The keystroke auto-click function can be suppressed for a definable set of five scan codes 
by setting mode bit M7 = '1'. The default set of scan codes is defined by the five SAAM 
addresses X '08 thru OA', 'OD', and 'OE'. (Note that the last two locations also define the 
system attention interrupt sequence.) A scan code can be deleted from the suppress set by 
setting its corresponding SAAM location to X'FF'. 

Ciiek Interference with other Speaker Operations 
If the adapter's speaker facilities are busy with a previous speaker command when a click is 
to be initiated, then no click occurs. It is ignored. Conversely, if the speaker is busy with a 
click, and the system issues a write to speaker command, then the parameters for that 
command are queued and activated when the click completes. 

The adapter has no knowledge of a Micro Channel device using the speaker. Consequently, 
if the Micro Channel device is using the speaker and the adapter issues a click, the sound 
observed is a combination the Micro Channel device-generated tone and the click tone. 
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Adapter RAS and Security Functions 
The following sections describe the RAS and security functions provided for by the adapter. 

Detection of Special Keystroke Sequences 
As keystrokes pass from the keyboard to the system through the adapter, the adapter 
searches for a special sequences of scan codes. The sequence causes the adapter to 
initiate a system attention interrupt. The scan code received by the adapter is always 
presented to the system with an interrupt ID of 1. 

Initiate System Attention Interrupt 
The adapter is able to force the system attention interrupt signal to the system. This signal is 
initiated by a unique 3-keystroke sequence. The system attention interrupt default keystroke 
sequence can be redefined or disabled by the system software. 

Incoming keystrokes are searched by the adapter for the special sequence whose default is 
as follows: · 

1. Scan Code X'11 '. 

2. Scan Code X'19'. 

3. Match on any scan code other than X'62'. 

Key position requirements: first two keys must be make or break. 

When the sequence is detected, an immediate system attention interrupt is initiated. The 
sequence search can be disabled by the system software setting mode bit M6 off. When 
enabled, the sequence search is always active (except when the keylock switch is on, or if 
system software has disabled the keyboard interface with M 11 = 0, or has disabled keyboard 
scanning). The system can alter the keystroke sequence searched, and the length of the 
sequence can be one, two, or three keystrokes. 

Read or write SRAM defines the three scan codes. If the sequence length is 2 or 3, then the 
first two scan codes can appear in either order. If the sequence length is 3 and scan number 
is 3 in SRAM = X'FF' (default conditions), then the sequence detection is satisfied when any 
third scan code is received (other than a break code). The third scan code received of a 
length-3 sequence is always placed in read-only SRAM address X'1 A' before the system 
attention interrupt is initiated by the adapter. 

Individual activity counters maintain counts of frames received and transmitted through the 
keyboard and tablet UART ports. Retry counters accumulate counts of keyboard retries 
performed. Individual error counters accumulate the number of hard errors for the keyboard 
and tablet UART ports. 

The keyboard and speaker ports can be diagnostically wrapped or sensed at the signal 
points that leave the system board. No external wrap connectors are required. Also, UART 
port signals can be diagnostically sensed. The 8051 chip performs a self-test function after 
a system reset. Self-tests can also be performed on command from the system. 

The adapter initiates retry operations with the keyboard on transmit and receive errors. The 
number of retries performed can be redefined by system software. The adapter returns 
8051-detected error conditions to the system where additional error recovery procedures 
can be performed. 
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Diagnostic Wraps 
Certain adapter port signals can be diagnostically sensed through the following mechanisms: 

• Extended command X'70':= (refer to page 7-21.) 

• Reading 8255 PB Port:= (refer to page 7-10.) 

Adapter command byte bit 5 = 1 causes the UART 'TxD' signal to be wrapped to the UART 
'RxD' signal on the system board at the 8051 pins. To wrap a byte, use the write UART­
control {X'23') adapter command with any desired data byte. That data byte is then read at 
the UART RxD pin and posted to the system with an interrupt ID of 2. 

Adapter Self-Test After a Power-On, System, or Adapter Reset 
Operation 

The following 8051 facilities are tested: 

• 8051 ROM checksum 

• 8051 RAM 

• 8051 internal registers. 

As the tests in this self-test series are executed, a bit-significant completion code is 
generated. The code is initialized to X'51' and, as each test completes, the corresponding bit 
is complemented if the test was successful.Tests are executed and bits are complemented 
from most- to least-significant with bit meanings as follows: 

Bit Description Meaning 

7 

6 

5 

4 

3 

Reset initiation indicator 

Accumulator and PSW test 

ROM checksum test 

RAM test with X'Af\ data 

RAM test with X'55' data 

1 = initialized by a hardware reset * 

o = test passed OK 

1 = test passed OK 

O = test passed OK 

1 = test passed OK 

2 RAM test - addressing 1 = test passed OK 

1 RAM test with X'OO' data 1 = test passed OK 

O Control registers checksum test O = test passed OK 

Thus, if all tests pass successfully, the resultant completion code is X'AE'. The completion 
code is stored in read-only shared RAM address X'1 C' and posted to the system in the 8255 
chip with an interrupt ID of 6. 

* A hardware reset is initiated by a system power-on, system reset, or adapter reset 
operation. If bit 7 = 0, then the self-test was initiated by the 8051 chip having forced an 
abnormal end to the normal operations. (Refer to "Abnormal End Codes" on page 7-34.) 

Diagnose Functions Executed on System Command 
• Execute 8051 soft reset (extended command X'60'); force abnormal end code X'AO', 

perform self-tests, and report the completion code with an interrupt ID of 6 

• Force system attention interrupt (extended command X'62'). 

Adapter Informational Codes Returned to System 
The data byte associated with interrupt ID of O is an informational code. Informational codes 
are classified as: 
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• Acknowledgement 

• Command reject 

• Status report. 

Acknowledgement Informational Codes 
One of the following codes is returned as the data byte associated with interrupt ID of O to 
acknowledge receipt of an adapter command from the system. 

X'OO' Host command acknowledged. 

X'01' Speaker started. 

X'02' Speaker inactive. 

X'03' Speaker terminated. 

X'04' Speaker parameters queued. 

Command Reject Informational Codes 
If the adapter rejects a command from the system, it does so by returning one of the 
following codes as the data byte associated with interrupt ID of o. 

Reject Code Command Handler Issuing 

X'41' = Reject keyboard transmit busy Write keyboard operation 

X'43' = Reject keyboard disabled Write keyboard operation 

X'44' = Reject invalid keyboard data Write keyboard operation 

X'47' = Reject invalid speaker duration Write keyboard operation 

X'48' = Reject invalid speaker freq Write keyboard operation 

X'4A' = Reject speaker queue full Write keyboard operation 

X'4B' = Reject UART disabled Write UART operation 

X'4C' = Reject UART transmit busy Write UART operation 

X'4D' =Reject invalid baud Set UART baud rate operation 

X'4E' = Reject invalid framing Set UART baud rate operation 

X'SO' = Reject invalid count Set sequence A length operation 

X'51' = Reject illegal mode Diagnostic and diagnostic sense operation 

X'60' = Reject ram queue busy Dump RAM block operation 

X'7F' = Reject undefined operation 
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• 

Status Report Informational Codes 
The adapter can send an unsolicited status report informational code to the system with 
interrupt ID of O. A status report code is distinguished from acknowledgement and command 
reject codes by having the most significant bit of the byte set on. The remaining bits of the 
status report byte are bit-significant. The bits are defined as follows: 

Bit Condition 

7 = 1 (Status report identifier) 

6 = Speaker tone completed 

5 = Keyboard returned Ack 

4 = Unassigned 

3 = Invalid speaker parameter 

2 = UART transmit complete 

1 = RAS log near overflow 

0 = RAS log overflowed. 

Conditioned by M3=1 

Conditioned by M0=1 

(Click or queued frequency or 
duration) 

Conditioned by M1 =1 

Adapter Error Codes Returned to System 
The data byte associated with interrupt ID of 7 is an error code. Error codes are classified 
as: 

• Abnormal end codes 

• Device error codes. 

Abnormal End Codes 
An abnormal end code occurs when the adapter has detected an unrecoverable error 
condition and forced an abnormal end to normal operations. The data byte (abnormal end 
code) provides the nature of the specific condition detected. When the abnormal end code 
has been read by the system, 2 additional bytes are provided by the adapter with an 
interrupt ID of 7 that define the 8051 microcode address, which detected the condition. After 
the microcode address has been transferred to the system, or if the 8051 chip times out 
waiting for the system, the 8051 chip re-initializes itself and attempts to restore normal 
operations. The 8051 shared RAM is reset to its default state. After the soft reset self-test 
has been performed by the 8051 chip, the completion code is reported with an interrupt ID of 
6. Note that the high order bit of the completion code is off, indicating a soft reset of the 8051 
chip rather than a hardware-initiated reset. 

System Action Required 

When the system detects an abnormal end code, it should then prepare to receive the 
subsequent two codes (8051 address). That information should be logged as an incident. 
Re-initialize the 8051 shared RAM, if any of the defaults had been previously altered. If an 
abnormal end code immediately re-occurs, the system should issue an adapter reset 
operation. 

Codes 
X'AO' = Diagnose initiated 8051 soft reset 
X'A1' = 
X'A3' = 
X'A4' = 
X'A6' = 
X'A7' 
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Device Error Codes 
A device error code occurs when an unexpected condition has been detected by the 8051 
microcode at a device interface. The problem may not be with the device itself. The adapter 
attempts to continue normal operations. ~ 

System Action Required 

The device error code information should be logged as an incident. The system may have to 
issue some kind of device reset command to try and clear the condition. A particular device 
error code may suggest a recovery procedure. If the condition persists, the system should 
issue an adapter reset operation. 

Codes 

X'EO' = Keyboard Transmit Timeout 

Adapter has started to transmit a frame to the keyboard. Transmission of that frame did not 
complete within the maximum allowed time. The keyboard interface has been cleared and 
re-enabled. The keyboard echo command could be issued to test the circuits to the 
keyboard and back. If the condition is continues, the keyboard may have been unplugged. 

X'E1' = Keyboard Receive Timeout 

The adapter has started to receive a frame from the keyboard. Reception of that frame did 
not complete within the maximum allowed time. The keyboard interface has been cleared 
and re-enabled if mode bit 11 = 1. The keyboard echo command could be issued to test the 
circuits to the keyboard and back. If the condition is continues, the keyboard may have been 
unplugged. 

X'E2' = Kbd Ack Not Received 

An acknowledgement response was expected from the last transmission to the keyboard, 
but something other than an acknowledgement was received. The actual keyboard response 
byte has been queued to the system. 

X'E3' = Unexpected Kbd Ack Received ' 

An unexpected acknowledgement response was received from the keyboard. It was 
unexpected because a prior transmission had not been performed by the adapter. 

X'E4' =Hard Error on Kbd Frame Receive 

The adapter has unsuccessfully performed the maximum number of keyboard frame receive 
retries. The frame received has a solid framing error. The keyboard interface is enabled for 
further communication. 

X'ES' = Hard Error on Kbd Frame Transmit 

The adapter has unsuccessfully performed the maximum number of keyboard frame 
transmit retries. The keyboard has responded with a solid error condition (resend) due to the 
keyboard receiving an invalid frame or invalid command. The keyboard interface is 
enabled for further communication. 

X'E6' = Kbd Clock Pin Not Plus 

See the following explanation of the X'E7' code. 

X'E7' = Kbd Clock Pin Not Minus 

The adapter has attempted to release or hold the clock signal to the keyboard. The 
read-back of the signal on the clock line did not verify. If this condition persists, it may 
indicate a interface circuit failure. It may also be due to noise on the cable, or the keyboard 
may have been unplugged. The adapter attempts to continue the operation. 
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X'E8' = UART Interrupt Without TIRI 

A serial port interrupt occurred without a transmit or receive identifier. The Interrupt is 
ignored and processing continues. 

X'E9' = UART Transmit Timeout 

The 8051 serial port buffer was loaded for transmission to the UART device. Transmission 
did not complete within the maximum allowed time. Processing continues. A UART device 
wrap command could be issued. If the condition is still persists, the UART device may have 
been unplugged or the 8051 serial port failed. 

X'EA' = UART Ack Timeout 

The 8051 serial port did transmit the byte to the UART device. The device did not respond 
within the maximum allowed time. Processing continues. Other device commands could be 
issued. If no response is received, the device may have been unplugged. 
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Keyboard Device Support Notes 
The information in this section supplements that in the respective keyboard section of this 
manual. 

Keyboard Commands 
Resend (X'FE') 

Echo (X'EE') 

The system should not issue this command. The function is handled internally by the 
adapter retry facility. 

The adapter passes the keyboard response to the system. 

Keyboard Outputs 
Resend (X'FE') 

Ack (X'FA') 

The adapter intercepts this output and handles it in the adapter retry facility. The X'FE' is not 
passed on to the system. 

The adapter intercepts this output and reports the occurrence of the acknowledgement only 
if mode bit O = 1. 

Overrun (X'OO') 
The adapter also injects an overrun response if the keystrokes fill the adapter's 5-byte FIFO 
queue. 

Adapter Design Notes 
Figure 88 shows the adapter components and the system interface. 

Figure 89 shows the interface logic for keyboard and speaker signals between the 8051 
chip and the connector to the keyboard. 

Figure 90 shows the interface logic for tablet signals between the 8051 UART and the 
connector to the tablet. 

Also shown in the Interface figures are the points where signals are wrapped to the 8255 
Port B inputs for diagnostic sensing. 
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Channel 110 Device Address Bit Decoding 
Read or Write Standard 1/0 Keyboard Adapter 

1/0 Address: 

Where: 

MSB LSB 
1111 11 I 
5432 1098 7654 3210 

0000 0000 0101 ORPP = X'005-' 

PP = 8255 Port addressing for 1/0 Read and Write 
PP IOR IOW ------
00: Read PA register Write PA register 
01: Read PB register Write PB register 
1 O: Read PC register Write PC register 
11 : Illegal Write Control 

PA is defined to be the adapter data register. 
It sends and receives the low-order data byte. 

R = Adapter command register control 

R IOR IOW 

1 : No action No Action 
O: No action Latch high byte in 

adapter register 

Note: A normal 2-byte write operation to the adapter would have RPP = 000, to 1/0 
address X'0050'. This loads the command and data bytes in their respective 
registers. 

8051 RAM Allocation 

Absolute 
RAM 
Address 

00-07 
08-0F 
10-17 
18-1F 
20-2B 
2C-2E 
2F-3B 
3C-4B 
4C-57 
58-63 
64-68 
69-7F 
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Shared 
RAM 
Address 

10-12 
13-1F 
OO-OF 
20-2B 

Usage 

Register Bank O 
Register Bank 1 
Register Bank 2 
Register Bank 3 
Work Area 
24-Bit Shared Bit Space 
Shared (R.0.) Byte Space 
Shared (R/W) Byte Space 
RAS Logs 
UART Current Receive Blocks 
Keystroke Queue 
Stack 

Number 
of Bytes 

8 
8 
8 
8 

12 
3 

13 
16 
12 
12 
5 

23 

Total: 128 



Adapter and Keyboard Initialization Procedure 
The following are the recommended steps for initializing the adapter and keyboard after a 
system reset operation occurs: 

1 . Activate adapter reset. 

The 8051 reset is activated by the power-on operation, system reset, or system software 
directly activating the bit in the CAR register. Additionally, the power-on operation causes 
a power-on reset (POR) to the 8255 chip. 

2. Configure 8255 chip. 

Write the adapter Config 8255 Chip operation to properly configure the 8255 chip for 
communication with the 8051 chip. 

3. Enable Host Interrupt IRQ 

Write the adapter Enable IRQ operation to allow the interrupt request line to the system 
to be activated when the adapter is initiating a transfer to the system. 

Note: This step can be done at some later time if the interrupts cannot be handled yet. 
Data transfers in subsequent steps are either interrupt-driven or polled. 

4. Variable Delay Td. 

Allows the keyboard to startup and perform its internal tests, quiescent clock, and data 
lines before the 8051 interface to the keyboard is active. The delay Td is determined by 
the relation: 

Where: 

Tkp + Td'2:. Tkg + Tkb + Tkc 

OR 

Td'2:. (Tkg- Tkp) + Tkb + Tkc 

Tkp = 

Tkg = 
= 

Tkb = 
= 

Tkc = 
< 

Time since keyboard power applied 
(usually same as time since system POR) 

Time for keyboard to startup 
2 seconds (maximum) per keyboard specification 

Time for keyboard basic assurance test (BAT) to run 
300 milliseconds to 500 milliseconds per keyboard 
specification 

Time for keyboard to transmit completion 
20 milliseconds. 

If the time since system POR is greater than about 2.5 seconds, no delay is necessary. 

5. Release adapter reset. 

Releasing the 8051 reset in CAR allows the 8051 chip to run its self-test and 
initialization. 

6. Wait for adapter initialization response. 

After the 8051 self-test and initialization is completed, the completion code is posted to 
the 8255 chip. This should occur within 100 milliseconds of the preceding release. 
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7. Validate adapter self-test completion code. 

The expected machine data value is X'AE' with interrupt ID of 6. 

8. Reset the keyboard. 

Issue the adapter command to reset the keyboard. The expected adapter command 
response is X'OO' with an interrupt ID of o. 

9. Wait for keyboard initialization response. 

Wait for a data byte from the keyboard, which should be received within 500 milliseconds. 

Note: If the byte returned is a device error code, for example, X'EO', the keyboard is 
probably not attached (unplugged). 

10. Validat~ keyboard reset. 

The data byte should have been returned with an interrupt ID of 1. Data byte should be 
as follows: 

Keyboard basic assurance test (BAT) completion code= X'AA'. 

The adapter and keyboard are now initialized to their defined defaults. 
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Standard 1/0 Adapter Board to Device Interface 
The following section shows the the device interfaces to the Standard 1/0 adapter board. 

Keyboard Port Interface 
The following figure shows the keyboard port (receptacle) on the Standard 1/0 adapter 
board. 

Figure 91. Keyboard Connector 

Pin Signal 
1 Keyboard Data 
2 Speaker Signal 
3 Ground 
4 +5 V de 
5 Keyboard Clock 
6 Speaker Ground 

Tablet (UART Port) Device Interface 
The following figure shows the tablet connector (receptacle) on the UART port of the 
Standard 1/0 adapter board. 

5 3 

Figure 92. Tablet Connector 

Pin Signal 
1 Ground 
2 Direct Current (DC) Return (Ground) 
3 +5 V de 
4 Reserved 
5 Receive from device 
6 Transmit to device 
7 Reserved 
8 Reserved 
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Description 
The following features are contained on the keyboard used with the RISC System/6000 unit : 

• Multikey buffer with overrun detection 

• Num Lock, Scroll Lock, and Caps Lock LED indicators 

• Multiple scan code sets 

• A speaker to generate tones. 

The keyboard interface is bidirectional and allows scan-coded outputs to be output from the 
keyboard and serial command, and data to be input from the RISC System/6000 unit. 

The keyboard uses membrane technology, which relies upon a microcomputer to perform 
the keyboard scan function. 

System software is allowed to have maximum flexibility in defining certain keyboard 
operations by having the keyboard return a unique scan code for each key. Scan codes are 
shown in the "Scan Codes" section on page 8-7. All keys are individually programmable to 
recognize the following conditions: 

• Make only 

• Make/Break 

• Repeat 

• Repeat Make/Break. 

Note: Repeat and repeat make/break keys cannot be mixed on any keyboard. 

The repeat rate is programmable from 2 to 30 characters per second. The repeat delay is 
programmable from 250 milliseconds to 1 second. A break code is formed by prefixing the 
scan code with X'FO'. 

The microcomputer in the keyboard performs several functions, including a basic assurance 
test (BAT) at startup or when requested by the system. The following functions are also 
contained on the keyboard: 

• Keyboard scanning 

• Buffering up to three key scan codes 

• Maintaining bidirectional serial communications with the system unit 

• Executing the handshake protocol required by each scan code transfer. 

The U.S. keyboard contains 101 keys arranged in four major groups (102 keys for other 
countries). The keys on the central portion of the keyboard are arranged in a standard 
typewriter layout. At the top are 12 user-defined function keys. To the immediate right of the 
central portion are 1 O cursor-control keys and on the far right is a numeric pad. The three 
LED indicators are mounted on the upper right corner of the keyboard. The keyboard key 
positions and layout are shown in "Key Position Layout" on page 8-24 and "Keyboard 
Layouts" on page 8-23. 

The keyboard has two tilt positions for operator comfort (7 and 15 degrees) and a speaker 
for use by the system for generating tones. 
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Power-On Routine 
The activities described in the following sections take place when power is first applied to the 
keyboard. 

Power-On Reset 
The keyboard logic generates a power-on reset function (POR) when power is first applied 
to the keyboard. POR takes a minimum of 150 milliseconds and a maximum of 2 seconds 
from the time power is first applied to the keyboard. 

Basic Assurance Test 
The basic assurance test (BAT) consists of a keyboard processor test, a checksum of the 
read-only memory (ROM), and a random-access memory (RAM) test. During the BAT, 
activity on the clock and data lines is ignored. The LED indicators are turned on at the 
beginning and off at the end of the BAT. The BAT takes a minimum of 300 milliseconds and 
a maximum of 500 milliseconds. This is in addition to the time required by the POR. 

On satisfactory completion of the BAT, a completion code (X'AA') is sent to the system, and 
keyboard scanning begins. If a BAT error occurs, the keyboard sends an error code to the 
system. The keyboard is then disabled pending command input. Completion codes are sent 
between 450 milliseconds and 2.5 seconds after POR, and between 300 and 500 
milliseconds after a reset command is acknowledged. 

Immediately following POR, the keyboard monitors the signals on the keyboard 'clock' and 
'data' lines and sets the line protocol. 

Sequential Key-Code Scanning 

Buffer 

Keys 

The keyboard detects all keys pressed and sends each scan code in correct sequence. 
When not being serviced by the system, the keyboard stores the scan codes in its buffer. 

A 16-byte first-in-first-out (FIFO) in the keyboard stores the scan codes until the system is 
ready to receive them. A buffer-overrun condition occurs when more than 16 bytes are 
placed in the keyboard buffer. An overrun code replaces the 17th byte. If more keys are 
pressed before the system allows keyboard output, the additional data is lost. 

When the keyboard is allowed to send data, the bytes in the buffer are sent as in normal 
operation, and new data entered is detected and sent. Response codes do not occupy a 
buffer position. 

If keystrokes generate a multiple-byte sequence, the entire sequence must fit into the 
available buffer space, or the keystroke is discarded and a buffer-overrun condition occurs. 

The make scan of a key is sent to the keyboard controller when the key is pressed. When 
the key is released, its break scan code is sent. 

When a key is pressed and held down, the keyboard sends the make code for that key, 
delays 500 milliseconds ± 20 percent, and again begins sending a make code for that key at 
a rate of 10.9 characters per second ±20 percent. The typematic rate and delay can be 
modified by the X'F3' command (see °Commands from the System" that follows). 
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If two or more keys are held down, only the last key pressed repeats at the typematic rate. 
Typematic operation stops when the last key pressed is released, even if other keys are still 
held down. If a key is pressed and held down while keyboard transmission is inhibited, only 
the first make code is stored in the buffer. This prevents buffer overflow because of 
typematic action. 

Scan code set 3 allows key types to be changed by the system. See "Set 3 Scan Code 
Table" on page 8-13 for the default settings. 

Commands from the System 
The following command set is used by the keyboard: 

Hex 

Command 

FF 

FE 

FD 

FC 

FB 

FA 

F9 

F8 

F7 

F6 

Description 

Reset: Perform power-on check (BAT) and report. 

Resend: Resend last byte. 

Set make: Set designated keys to the make code. 

Set make/break: Set designated keys to make/break. 

Set repeat: Set designated keys to repeat. 

Set repeat make/break: Set all keys to repeat make/break. 

Set all make: Set all keys to make. 

Set all make/break: Set all keys to make/break. 

Set all repeat: Set all keys to repeat. 

Set default: Reinitializes the basic default conditions. 

FS Default disable: Set all keys to repeat make/break and discontinue 
scanning. 

Enable: Start scanning. F4 

F3 Set repeat rate/delay: Set the repeat delay to 1 + the binary value of bits 5 
and 6 (bit 7 (MSB)=O) x 250ms ± 20%. Set the repeat rate according to the 
following: 

• Period = ((8 +A} x 2)B/2 x 0.00834 seconds± 20%. 

• A = Binary value of bits 2, 1, 0 (LSB) 

• B = Binary value of bits 3, 4. 

F2 Read ID: Respond with X'83AB'. 

F1, 00 to EC Commands not valid: If these commands are sent, the keyboard returns a 
resend (X'FE'} command. 

FO Select alternate scan code: Select scan code set 1, 2, or 3. 

EF Layout ID: Responds with X'BO' and X'BF' for the United States (U.S.) 101 
keyboard layout or X'B 1' and X'BF' for the World Trade (WT} 102 keyboard 
layout. 

EE Echo: Respond with X'EE'. 

Keyboard 8-5 



ED Set LED indicator: The LED indicators are set according to bits 0, 1, 2 of the 
subsequent byte. 

Bit LED 

0 

1 

2 

Scroll Lock 

Num Lock 

Caps Lock 

Commands to the System 
The following codes are output by the keyboard: 

Hex 

Output 

FF(or 00) 

FE 

FC 

FA 

FO 

EE 

AA 

83AB 

Description 

Overrun or key detection error: Output by keyboard following keystroke 
buffer overflow or a nonidentified switch closure. X'FF' is output if scan code 
set 1 is being used, or X'OO' is output if scan code set 2 or 3 is being used. 

Resend: Output by keyboard following receipt of input that is not valid or any 
input with incorrect parity. 

If an error occurs during the BAT, the keyboard sends this code, 
discontinues scanning, and waits for system response or POR to restart. 

Ack: Output by keyboard following receipt of any valid input other than the 
echo or resend commands. 

Break code: Prefixed to the scan code of a make/break key to indicate 
break of the key. 

Echo: Output in response to echo command. 

BAT completion code: Output following completion of the self-tests. Any 
other output indicates a test error. 

Keyboard ID: Output in response to the read id command or following BAT 
completion code. 
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Scan Codes 
Three sets of scan codes are supported and are selectable by way of commands. Scan code 
set 2 is the default. The system changes the keyboard to Set 3 Scan Code. 

Set 1 Scan Code Tables 
For scan code set 1, each key is assigned a base scan code and sometimes extra codes to 
generate artificial shift states in the system. The typematic scan codes are identical to the 
base scan code for each key. 

Table 1 shows the code sent for the keys, regardless of any shift states in the keyboard or 
system. See "Key Position Layout" on page B-23 and "Keyboard Layouts" on page B-24 to 
determine the character associated with each key number. 

Table 1 Set 1, Keyboard Scan Codes Page 1of2 

Key Make Break Key Make Break 
Number Code Code No. Code Code 

1 29 A9 49 2F AF 

2 02 B2 50 30 BO 

3 03 B3 51 31 B1 

4 04 B4 52 32 B2 

5 05 BS 53 33 B3 

6 06 B6 54 34 B4 

7 07 B7 55 35 BS 

8 OB BB 56 73 F3 

9 09 B9 57 36 B6 

10 OA BA SB 1D 9D 

11 OB BB 60 3B BB 

12 oc BC 61 39 B9 

13 OD BD 62 EO 3B EO BB 

14 7D FD 64 EO 1D E09D 

15 OE BE 90 45 cs 
16 OF BF 91 47 C7 

17 10 90 92 4B CB 

18 11 91 93 4F CF 

19 12 92 94 7C FC 

20 13 93 96 4B ca 
21 14 94 97 4C cc 
22 15 95 98 50 DO 

23 16 96 99 52 D2 

24 17 97 100 37 B7 
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Table 1 Set 1, Keyboard Scan Codes Page 2 of 2 

Key Make Break Key Make Break 
Number Code Code No. Code Code 

25 18 98 101 49 C9 

26 19 99 102 40 CD 

27 1A 9A 103 51 01 

28 1B 9B 104 53 03 

29 2B AB 105 4A CA 

30 3A BA 106 4E CE 

31 1E 9E 107 7E FE 

32 1F 9F 108 EO 1C E09C 

33 20 AO 109 78 F8 

34 21 A1 110 01 81 

35 22 A2 112 3B BB 

36 23 A3 113 3C BC 

37 24 A4 114 30 BO 

38 25 AS 115 3E BE 

39 26 A6 116 3F BF 

40 27 A7 117 40 co 
41 28 AB 118 41 C1 

42 2B AB 119 42 C2 

43 1C 9C 120 43 C3 

44 2A AA 121 44 C4 

45 56 06 122 57 07 

46 2C AC 123 58 08 

47 20 AD 125 46 C6 

48 2E AE 

\ 
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The remaining keys send a series of codes that are dependent on the various shift keys 
(Ctrl, Alt, and Shift), and the state of the Num Lock key (on or off). Because the base scan 
code is identical to another key, an extra code (X'EO' or X'E1 ') has been added to the base 
code to make it unique. The remaining keys (with the exception of the keypad/key , Prnt 
Sc/Sys Req, and Pause/Break keys) are shown in Table 2. 

Table 2 Set 1, Remaining Keys Scan Code 

Shift+ Num 
Key Lock Shift Num Lock 
No. Make/Break Make/Break Make/Break 

75 EO 52/ EO AA EO 52/ EO 2A EO 52/ 

EO D2/ EO D2 EO 2A EO D2 EO AA 

76 E053/ EO AA EO 52/ EO 2A EO 52/ 

EOD2 EO D2 EO 2A EO D3 EOAA 

79 E04B/ EO AA EO 4B/ EO 2A EO 4B/ 

EOCB EOCB EO 2A EO CB EOAA 

80 E047/ EO AA EO 47/ EO 2A EO 47/ 

EO C7 EO C7 E02A EOC7 EO AA 

81 E04F/ EOAA EO 47/ EO 2A EO 4F/ 

EOC7 EO CF EO 2A EO CF EOAA 

83 EO 48/ EO AA EO 48/ EO 2A EO 48/ 

EOC8 EO ca EO 2A EO CB EOAA 

84 EO 50/ EO AA EO 50/ EO 2A EO 50/ 

EO DO EO DO EO 2A EO DO EOAA 

85 EO 49/ EO AA EO 50/ EO 2A EO 49/ 

EOC9 EO C9 EO 2A EO C9 EOAA 

86 EO 51/ EO AA EO 51/ EO 2A EO 51/ 

EO D1 EO D1EO2A EO D1 EO AA 

89 E04D/ EO AA EO 40/ EO CD EO 2A/ 

EOCD EO CD EO 2A EOCD EOAA 

Note: If the left Shift key is held down, the AA/2A Shift Make and Break are sent with the 
other scan codes. If the right Shift key is held down, 86/36 is sent. If both Shift keys 
are down, both sets of codes are sent with the other scan code. 

The following describes the scan code for the keypad/key: 

Key Number Make/Break 

95 Scan code: EO 35/EO 85 

Shift: EO AA EO 35/EO 85 EO 2A. 

Note: If the left Shift key is held down, the AA/2A shift make and break are sent with the 
other scan codes. If the right Shift key is held down, 86/36 is sent. If both Shift keys 
are down, both sets of codes are sent with the other scan code. 
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"'he following describes the scan code for the Prnt Sc/Sys Req key: 

Key Number Make/Break 

124 Scan code: EO 35/EO 85 

Shift: EO AA EO 35/EO 85 EO 2A. 

The following describes the scan code for the Pause/Break key: 

Key Number Make/Break 

126 Scan code: EO 2A EO 37/EO 87 EO AA 

Ctrl and Shift: EO 37/EO 87 

Alt: 54/D4. 

Note: This key is not typematic. All associated scan codes occur on the make of the key. 

Set 2 Scan Code Tables 
For scan code set 2, each key is assigned a unique 8-bit make scan code that is sent when 
the key is pressed. Each key also sends a break code when the key is released. The break 
code consists of 2 bytes, the first of which is the break code prefix X'FO'; the second byte is 
the same as the make scan code for that key. The typematic scan code for a key is the same 
as the key make code. 

Table 3 shows the codes sent for the keys, regardless of any shift states in the keyboard or 
system. See "Key Position Layout" on page 8-23 and "Keyboard Layouts" on page 8-24 to 
determine the character associated with each key number. 

Table 3 Set 2, Keyboard Scan Codes Page 1 of 2 

Key Make Break Key Make Break 
No. Code Code No. Code Code 

1 OE FO OE 49 2A FO OE 

2 16 FO 16 50 32 FO 32 

3 1E FO 1E 51 31 FO 31 

4 26 FO 26 52 3A FO 3A 

5 25 FO 25 53 41 FO 41 

6 2E FO 2E 54 49 FO 49 

7 36 FO 36 55 4A F04A 

8 3D FO 3D 56 51 FO 51 

9 3E FO 3E 57 59 FO 59 

10 46 FO 42 58 14 FO 14 

11 45 FO 45 60 11 FO 11 

12 4E FO 4E 61 29 FO 29 

13 55 FO 55 62 EO 11 EO FO 11 

14 6A FO 6A 64 EO 14 EO FO 14 

15 66 FO 66 90 77 FO 77 

16 OD FOOD 91 6C F06C 

17 15 FO 15 92 68 FO 68 
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Table 3 Set 2, Keyboard Scan Codes Page 2 of 2 

Key Make Break Key Make Break 
No. Code Code No. Code Code 

18 10 FO 10 93 69 F069 

19 24 F024 94 68 F068 

20 20 F020 96 75 F075 

21 2C F02C 97 73 F073 

22 35 F035 98 72 F072 

23 3C F03C 99 70 F070 

24 43 F043 100 7C F07C 

25 44 FO 25 101 70 F070 

26 40 F040 102 74 FO 74 

27 54 FO 54 103 7A FO 7A 

28 58 F058 104 71 FO 71 

29 50 F050 105 78 F078 

30 58 F058 106 79 FO 79 

31 1C FO 1C 107 60 F060 

32 1F FO 1F 108 E05A EO FO 5A 

33 23 F033 109 63 F063 

34 28 F028 110 76 F076 

35 34 FO 34 112 05 FO 05 

36 33 FO 33 113 06 FO 06 

37 38 F038 114 04 FO 04 

38 42 F042 115 oc FO OC 

39 48 F04B 116 03 F003 

40 4C F04C 117 OB FOOS 

41 52 F052 118 83 F083 

42 50 F050 119 OA FOOA 

43 SA F05A 120 01 FO 01 

44 12 FO 12 121 09 F009 

45 61 FO 61 122 78 F078 

46 1A FO 1A 123 07 FO 07 

47 22 F022 125 7E F07E 

48 21 FO 21 
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The remaining keys send a series of codes that are dependent on the state of the shift keys 
(Ctl, Alt, and Shift), and the state of Numlock (on or off). Because the base scan code is 
identical to another key, an extra code (X'EO') is added to the base code to make it unique. 
With the exception of the keypad I (95), PrtSc/SysRq (124), and Pause/Break (126) keys, 
the remaining keys are shown in Table 4. 

Table 4 Set 2, Remaining Keys Scan Code 

Key Shift+ Num Lock Shift Num Lock 
No. Make/Break Make/Break Make/Break 

75 EO 70/ EO FO 12 EO 70/ EO 12 EO 70/ 

EO FO 70 EO FO 70 EO 12 EO FO 70 EO FO 12 

76 EO 71/ EO FO 12 EO 71/ EO 12 EO 71/ 

EO FO 71 EO FO 71 EO 12 EO FO 71 EO FO 12 

79 EO 6B/ EO FO 12 EO 6B/ EO 12 EO 6B/ 

EO FO 6B EO FO 6B EO 12 EO FO 6B EO FO 12 

80 EO 6C/ EO FO 12 EO 6C/ EO 12 EO 6C/ 

EO FO 6C EO FO 6C EO 12 EO FO 6C EO FO 12 

81 EO 69/ EO FO 12 EO 69/ EO 12 EO 69/ 

EO FO 69 EO FO 69 EO 12 EO FO 69 EO FO 12 

83 EO 75/ EO FO 12 EO 75/ EO 12 EO 75/ 

EO FO 75 EO FO 75 EO 12 EO FO 75 EO FO 12 

84 EO 72/ EO FO 12 EO 72/ EO 12 EO 72/ 

EO FO 72 EO FO 72 EO 12 EO FO 72 EO FO 12 

85 EO 70/ EO FO 12 EO 70/ EO 12 EO 70/ 

EO FO 70 EO FO 70 EO 12 EO FO 70 EO FO 12 

86 EO 7A/ EO FO 12 EO 7A/ EO 12 EO 7A/ 

EO FO 7A EO FO 7A EO 12 EO FO 7 A EO FO 12 

89 EO 74/ EO FO 12 EO 74/ EO 12 FO 74/ 

EO FO 74 EO FO 12 EO 74 EO FO 7 4 EO FO 12 

Note: If the left Shift key is held down, the FO 12/12 shift make and break are sent with the 
other scan codes. If the right Shift key is held down, FO 59/59 is sent. If both Shift 
keys are down, both sets of codes are sent with the other scan code. This applies to 
key 95 also. 

The following describes the scan code for the keypad I key: 

Key Number Make/Break 

95 Scan code: EO 4A/EO FO 4A 

Shift: EO FO 12 EO 4A/EO FO 4A EO 12. 

The following describes the scan code for the SysReq key: 

Key Number Make/Break 

124 Scan code: EO 12 EO 7C/EO FO 7C EO FO 12 
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Ctrl and Shift: EO 7C/EO FO 7C 

Alt: 84/F084. 

The scan code for the Pause/Break key is as follows: 

Key No. Make/Break 

126 Make code: E114 77 E1 FO 14 FO 77 

Ctrl: EO 7E EO FO 7E. 

Note: This key is not typematic. All associated scan codes occur on the make of the key. 

Set 3 Scan Code Tables 
For scan code set 3, each key is assigned a unique 8-bit make scan code that is sent when 
the key is pressed. Each key also sends a break code when the key is released. The break 
code consists of 2 bytes: the break code prefix X'FO' and the make scan code for the key. 
The typematic scan code for a key is the same as the key make code. With this scan code 
set, each key sends only one scan code, and no key is affected by the state of any other 
key. 

Table 5 shows the code sent for the keys, regardless of any shift states in the keyboard or 
system. See "Key Position Layout" on page 8-23 and "Keyboard Layouts" on page 8-24 to 
determine the character associated with each key number. 

Note: Default key state is typematlc. 

Table 5 Set 3, Keyboard Scan Codes Page 1of3 

Key Make Break Key Make Break 
No. Code Code No. Code Code 

1 OE FOOE 55 4A F04A 

2 16 FO 16 56 51 FO 51 

3 1E FO 1E 57 59 F059 

4 26 F026 58 11 FO 11 

5 25 FO 25 60 19 FO 19 

6 2E F02E 61 29 F029 

7 36 F036 62 39 F039 

8 3D F03D 64 58 F058 

9 3E F03E 75 67 FO 67 

10 46 F046 76 64 F064 

11 45 F045 79 61 FO 61 

12 4E F04E 80 6E F06E 

13 55 F055 81 65 F065 

14 5D F05D 83 63 F063 

15 66 F066 84 60 FO 61 

16 OD FOOD 85 6F FO 6F 

17 15 FO 15 86 6D FO 6D 

18 1D FO 1D 89 6A F06A 
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Table 5 Set 3, Keyboard Scan Codes Page 2 of 3 

Key Make Break Key Make Break 
No. Code Code No. Code Code 

19 24 F024 90 76 FO 76 

20 20 F020 91 6C F06C 

21 2C F02C 92 68 F068 

22 3S F03S 93 69 F069 

23 3C F03C 94 68 F068 

24 43 F043 9S 77 FO 77 

2S 44 F044 96 7S FO 7S 

26 40 F040 97 73 FO 73 

27 S4 F040 98 72 F072 

28 S8 FOS8 99 70 FO 70 

29 4C FOSC 100 7E FO 7E 

30 14 FO 14 101 70 FO 70 

31 1C FO 1C 102 74 F074 

32 18 FO 18 103 7A FO 7A 

33 23 F023 104 71 FO 71 

34 28 F028 10S 84 FO 84 

3S 34 FO 34 106 7C FO 7C 

36 33 FO 33 107 78 FO 78 

37 38 F038 108 79 FO 79 

38 42 FO 42 109 78 FO 78 

39 48 F048 110 08 FOOS 

40 4C F04C 112 07 F007 

41 S2 FOS2 113 OF FOOF 

42 SA FOSA 114 17 FO 17 

43 SA FOSA 11S 1F FO 1F 

44 12 FO 12 116 27 F027 

4S 13 FO 13 117 27 F027 

46 1A FO 1A 118 37 F037 

47 22 F022 119 3F FO 3F 

48 21 FO 21 120 47 F047 

49 2A F02A 121 4F F04F 

so 32 F032 122 S6 FOS6 

S1 31 FO 31 123 SE FOSE 

S2 3A F03A 124 S7 FOS7 
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Table 5 Set 3, Keyboard Scan Codes Page 3 of 3 

Key Make Break Key Make Break 
No. Code Code No. Code Code 

53 41 F041 125 SF FOSF 

54 49 F049 126 62 F062 

Clock And Data Signals 
The keyboard and system communicate over the clock and data lines. The source of each of 
these lines is an open-collector device on the keyboard that allows either the keyboard or 
system to force a line to an inactive (low) level. When no communication is occurring, the 
clock line is an active (high) level. The state of the data line Is held active (high) by the 
keyboard. 

When the system sends data to the keyboard, it forces the data line to an inactive level and 
allows the clock to go to an active level. 

An inactive signal has a value of at least O, but not more than +0.7 volts. A signal at the 
inactive level is a logical O. An active signal has a value of at least +2.4, but not more than 
+5.5 volts. A signal at the active level is a logical 1. Voltages are measured between a signal 
source and the DC network ground. 

When the keyboard sends data to or receives data from the system, it generates the 'clock' 
signal to time the data. The system can prevent the keyboard from sending data by forcing 
the 'clock' line to an inactive level. The 'data' line can be active or inactive during this time. 

During the BAT, the keyboard allows the clock and data lines to go to an active level. 

Data Stream 
Data transmissions to and from the keyboard consist of an 11-bit data stream (mode 2) sent 
serially over the 'data' line. The following describes the keyboard data stream bits: 

Bit Description 

11 Stop bit (always 1) 

10 Parity bit (odd parity) 

9 Data bit 7 (most significant bit) 

8 Data bit 6 

7 Data bit 5 

6 Data bit 4 

5 Data bit 3 

4 Data bit 2 

3 Data bit 1 

2 Data bit O (least significant bit) 

1 Start bit (always O) 

The Parity bit is either 1 or O, and the 8 Data bits, plus the Parity bit, always have an odd 
number of 1. 
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Nqte: . Mod~ 1 is a 9-bit data stream that does not have a Parity bit or Stop bit, and the 
Start bit is always 1. 

Data Output · . · · 
When the keyboard is ready to send data, it first checks for a keyboard-inhibit or system 
request-to-send status on the clock and data lines. When the clock line is inactive, data is 
stored in the keyboard buffer. If the clock line is active and the data line is inactive 
(request-to-send); data is stored in the keyboard buffer, and the keyboard receives system 
data. 

Data Input 

If the clock and data lines are both active, the keyboard sends the O Start bit, 8 Data bits, the 
Parity bit, and the Stop bit. Data is valid before the trailing edge and beyond the leading 
edge of the clock pulse. During transmission, the keyboard checks the clock line for an 
active level every 60 ii.sec. When the system lowers the clock line from an active level after 
the keyboard starts sending data, a condition known as line contention occurs, and the 
keyboard stops sending data. If line contention occurs before the leading edge of the 10th 
clock signal (Parity bit), the keyboard buffer returns the clock and data lines to an active 
level. If line contention does not occur by the 10th clock signal, the keyboard completes the 
transmission. Following line contention, the system may request the keyboard to resend the 
data. Following a transmission, the system can inhibit the keyboard until the system 
processes the input, or until it requests that a response be sent. 

When the system is ready to send data to the keyboard, it first checks to see if the keyboard 
is sending data. If the keyboard is sending data, but has not reached the 10th clock signal, 
the system can override the keyboard output by forcing the keyboard clock line to an inactive 
level. If the keyboard transmission is beyond the 10th clock signal, the system must receive 
the transmission. 

If the keyboard is not sending, or if the system elects to override the keyboard output, the 
system forces the keyboard clock line to an inactive level for more than 60 µsec. while 
preparing to send data. When the system is ready to send the Start bit (the 'data' is inactive), 
it allows the clock line to go to an active state. 

The keyboard checks the state of the clock line at intervals of no more than 1 O milliseconds. 
If a system 'request-to-send' signal is detected, the keyboard clocks in 11 bits. After the 
10th clock, the keyboard checks for an active level on the data line, and if the line is active, it 
forces it inactive, and clocks once more. This action signals the system that the keyboard 
has received data. On receipt of this signal, the system returns to a ready state, in which it 
can accept keyboard .output, or the system goes to the inhibited state until it is ready. 

If the keyboard data line is at an inactive level following the 10th clock signal, a framing error 
has occurred, and the keyboard continues to clock until the data line becomes active. The 
keyboard then makes the data inactive and sends a resend command. 

Each system command or data transmission to the keyboard requires a response from the 
keyboard before the system can send its next output. The keyboard responds within 20 ms 
unless the system prevents keyboard output. If the keyboard response is not valid or has a 
parity error, the system sends the command or data again. If F3 (set typematic rate/delay), 
FO (select alternate scan codes), or ED (set/reset mode indicators) have been sent and 
acknowledged, and the value byte has been sent but the response is not valid or has a parity 
error, the system resends both the command and the value byte. 
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Keyboard Character Codes 

Keyboard Character Codes Page 1of3 

Key Base Case Uppercase Ctrl Alt 

1 ' ... -1 (*) 

2 Shift 1 I -1 (*) 
(Left) 

3 2 @ Null(OOO)(*) (*) 

4 3 # -1 (*) 

5 4 $ -1 (*) 

6 5 % -1 (*) 

7 6 " RS(030) (*) 

8 7 & -1 (*) 

9 8 * -1 (*) 

10 9 ( -1 (*) 

11 0 ) -1 (*) 

12 - US(031) (*) -
13 • + -1 (*) 

15 Backspace Backspace Del(127) (*) 
(008) (008) 

16 -+ 1(009) I+-(*) (*) (*) 

17 q Q DC1(017) (*) 

18 w w ETB(023) (*) 

19 e E ENQ(005) (*) 

20 r R DC2(018) (*) 

21 t T DC4(020) (*) 

22 y y EM(025) (*) 

23 u u NAK(021) (*) 

24 I I HT(009) (*) 

25 0 0 51(015) (*) 

26 p p DLE(016) (*) 

27 [ { Esc(027) (*) 

28 1 } GS(029) (*) 

29 \ I FS(028) (*) 

30 Caps Lock -1 -1 -1 -1 

31 a A SOH(001) (*) 

(*) Refer to "Extended Code Functions". 
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Keyboard Character Codes Page 2 of 3 

Key Base Case Uppercase Ctr I Alt 

32 s s DC3(019) (*) 

33 d D EOT(004) (*) 

34 f F ACK(006) (*) 

35 g G BEL(007) (*) 

36 h H BS(008) (*) 

37 j J LF(010) (*) 

38 k K VT(011) (*) 

39 I L FF(012) (*) 

40 ' -1 (*) 
' 

41 ' " -1 (*) 

43 CR(013) CR(013) LF(010) (*) 

44 Shift -1 -1 -1 -1 
(Left) 

48 z z SUB(026) (*) 

47 )( x CAN(024) (*) 

48 c c ETX(003) (*) 

49 v v SYN(022) (*) 

50 b B STX(002) (*) 

51 n N 80(014) (*) 

52 m M CR(013) (*) 

53 ' < -1 (*) 

54 > -1 (*) 

55 I ? -1 (*) 

57 Shift -1 -1 -1 -1 
(Right) 

58 Ctrl -1 -1 -1 -1 
(Left) 

60 Alt (Left) -1 -1 -1 -1 

61 Space Space Space Space 

62Alt -1 -1 -1 -1 
(Right) 

64 Ctrl/Alt -1 -1 -1 -1 
(Right) 

90 Num Lock -1 -1 -1 -1 

95 I I (*) (*) 

(*)Refer to "Extended Code Functions". 
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Keyboard Character Codes Page 3 of 3 

Key Base Case Uppercase Ctrl Alt 

100 * .. (*} (*} 

105 - - (*} (*} 

106 + + (*} (*} 

108 Enter Enter LF(010} (*) 

110 Esc Esc Esc (*) 

112 through 123 Null(*) Null(*} Null(*) Null(*) 

125 -1 -1 -1 -1 

126 Pause Pause Break Break 

(*)Refer to "Extended Code Functions". 

Keys that have meaning only In Num Lock, Shift, or Ctrt states are described In "Special 
Character Codes that follows". 

Special Character Codes 

Num 
Key Lock Base Case Alt Ctrl 

91 7 Home(*) -1 Clear Screen 

92 4 +-(*) -1 Reverse Word(*} 

93 1 End(*} -1 Erase to EOL(*) 

96 8 1'(*) -1 (*) 

97 5 (*} -1 (*) 

98 2 J,(*} -1 (*) 

99 0 Ins -1 (*} 

101 9 Page Up(*) -1 Top of Text and Home 

102 6 -4(*) -1 Advance Word(*) 

103 3 Page Down (*) -1 Erase to EOS(*) 

104 Delete(*} 

105 - Sys Request -1 -1 

106 + + (*) -1 -1 

(*) Refer to "Extended Code Functions". 

Extended Code Functions 
For certain functions that cannot be represented by a standard ASCII code, an extended 
code is used. A character code of 000 (null) is returned in the AL register. 

This indicates that the system or application program should examine a second code, which 
indicates the actual function. Usually, this second code is the scan code of the primary key 
that was pressed. This code is returned in the AH register. 

The extended codes are shown in the following table: 
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Keyboard Extended Functions Page 1ot 2 

Second Code Function 

1 Alt Esc 

3 Null Character 

14 Alt Backspace 

15 l+-(Back-tab) 

16-25 AltQ, W, E, R, T, Y, U, I, 0, P 

26-28 Alt[]..J 

3o-38 Alt A, S, D, F, G, H, J, K, L 

39-41 Alt;" 

43 Alt\ 

44-50 AltZ, X, C, V, B, N, M 

51-53 Alt,. I 

55 Alt Keypad• 

59-68 F1 to F10 Function Keys (Base Case) 

71 Home 

72 i(Cursor Up) 

73 Page Up 

74 Alt Keypad-

75 +-(Cursor Left) 

76 Center Cursor 

n -+(Cursor Right) 

78 Alt Keypad-

79 End 

80 !(Cursor Down) 

81 Page Down 

82 Ins (Insert) 

83 Del (Delete) 

84-93 ShHt F1 to F10 

94-103 Ctrl F1 to F10 

104-113 Alt F1 to F10 

114 Ctrl PrtSc (Start/Stop Echo to Printer) 

115 Ctrl +-(Reverse Word) 

116 Ctrl -+(Advance Word) 

117 Ctrl End (Erase to End of Une-EOL) 

118 Ctrl PgDn (Erase to End of Screen-EOS) 
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KeybOard Extended Functions Page 2of 2 

Second Code Function 

119 Ctrl Home (Clear Screen and Home) 

120-131 Alt 1, 2, 3, 4, 5, 6, 7, 8, 9, 0, -, "'keys 2 through 13 

132 Ctrl PgUp (Top 25 Lines of Text and Cursor Home) 

133, 134 F11,F12 

135, 136 Shift F11, F12 

137, 138 Ctr1 F11, Fl 2 

139, 140 Alt F11, F12 

141 Ctrl Up/8 

142 Ctrl Keypad -

143 Ctrl Keypad 5 

144 Ctrl Keypad + 
145 Ctrl Downl2 

146 Ctrl lns/O 

147 Ctrl Del/. 

148 Ctrl Tab 

149 Ctrl Keypad I 

150 Ctrl Keypad * 

151 Alt Home 

152 Alt Up 

153 Alt Page Up 

155 Alt Left 

157 Alt Right 

159 Alt End 

160 Alt Down 

161 Alt Page Down 

162 Alt Insert 

163 Alt Delete 

164 Alt Keypad I 

165 Alt Tab 

166 Alt Enter 
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Shift Status 
Shift: This key temporarily shifts keys 1 through 13, 16 through 29, 31 through 41, 

and 46 through 55 to uppercase (base case Hin Caps Lock state). Also, the 
Shift key temporarily reverses the Num Lock or non-Num Lock state of keys 
91 through 93, 96, 98, 99, and 101 through 104. 

Ctrl: This key temporarily shifts keys 3, 7, 12, 15 through 29, 31 through 39, 43, 
46 through 52, 75 through 89, 91 through 93, 95 through 108, 112 through 
124, and 126 to the Ctrl state. 

Alt: This key temporarily shifts keys 1 through 29, 31 through 43, 46 through 55, 
75 through 89, 95, 100, and 105 through 124 to the Alt state. 

The Alt key also allows the user to enter any character code from 1 to 255. The user holds 
down the Alt key and types the decimal value of the characters desired on the numeric 
keypad (keys 91 through 93, 96 through 99, and 101 through 103). The Alt key is then 
released. If the number Is greater than 255, a modulo-256 value is used. This value is 
Interpreted as a character code and is sent through the keyboard routine to the system or 
application program. The Alt key is handled internally in the keyboard routine. 

Caps Lock: This key shifts keys 17 through 26, 31 through 39, and 46 through 52 to 
uppercase. When the Caps Lock key Is pressed again, it reverses the 
action. The Caps Lock key is handled Internally in the keyboard routine. 
When the Caps Lock key is pressed, the Caps Lock mode indicator lights if 
the caps lock mode is entered. 

Scroll Lock: When interpreted by appropriate application programs, this key indicates 
that the cursor control keys cause windowing over the text rather than 
moving the cursor. When the Scroll Lock key is pressed again, it reverses 
the action. The keyboard routine simply records the current shift state of the 
Scroll Lock key. It is the responsibility of the application program to perform 
the function. When the Scroll Lock key Is pressed the scroll lock mode 
indicator lights if the scroll lock mode is entered. 

Num Lock: This key shifts keys 91 through 93, 96 through 99, and 101 through 104 to 
uppercase. When the Num Lock key Is pressed again, the action Is 
reversed. Num Lock Is handled Internally to the keyboard routine. When the 
Num Lock key is pressed, the Num Lock mode Indicator lights If num lock 
mode Is entered. 

Shift Key Priorities and Combinations 
If combinations of the Alt, Ctri, and Shift keys are pressed and only one Is valid, the following 
shows the priority: 

1. Alt key 

2. Ctri key 

3. Shift key. 

The only valid combination is Alt and Ctri, which is used in the system-reset function. 
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Speaker 
The keyboard has a 50 millimeter paper cone speaker located in the bottom cover. The 
speaker is rated at 200 milliwatts continuous power and has an 8 ohm ±15% coil impedance 
at 1000. The speaker should have a frequency response of at least 500 to 5000 Hz ±20 dB 
and should be driven exclusively by the system by way of two lines connected directly at the 
cable connector. 

Key Position Layout 
Keyboard key position layouts are shown in Figure 93 and Figure 94. 

75 80 85 90 95 100 105 

76 81 86 91 96 101 ~06 
107) 

92 97 102 

93 98 103 108 
109 

(94) 99 104 

Figure 93. US 101 Key Position Layout 

75 80 85 90 95 100 105 

76 81 86 91 96 101 106 
107) 

92 97 102 

93 98 103 108 
109 

(94) 99 104 

Figure 94. WT102 Key Position Layout 
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Keyboard Layouts 
Keyboard layouts are in alphabetic order on the following pages. Nomenclature is on both 
the top and front face of the keys. 

Belgium 

EJ l,.F_1__,, ... F-2 ..... ,-F3-.. ,-F4-, , F5 I F6 I F7 I F8 11 F9 I F10 I F11 I F12 

Insert Home Page 
Up 

3 .._ 
2 

Delete End Page 
Down 

...._ 
__., 

Shift 
Lock 

~ 

Ctrl 

Figure 95. Belgian 

Canada 

EJ 
# I 

~ ... 
Ins er =±: 

Suppr Fin i 

Figure 96. Canadian French 

Denmark 

EJ I F1 I F2 I F3 I F4 I I Fs I F& I F7 I Fe I I F9 I F10 I F11 I F12 

! 
'Ii 1 

Insert Home Page 
Up 

...._ 
__., Delete End Page 

Down 

Caps 
Lock 

~ 

Ctrl 

Figure 97. Danish 
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Num 
Lock 
C::J 

Num 
Lock 

7 
Homa 

4 ... 
1 
End 

0 
Ins 

Caps 
Lock 
C::J 

I 

8 

k 

9 

&roll 
Lock 
C::J 

-
.,. 

Pg Up 

5 6 
+ 

... -
2 3 • Pg On 

Enter 

Del 

Num Caps Scroll 
Lock Lock Lock 
C::J C::J C::J 

Num I k -

7 8 9 
Iii. .,. t 

+ 
4 5 6 ... - ... 
1 2 3 
Fin • i Entr 

0 
lnser Suppr 

Num Caps Scroft 
Lock Lock Lock 
C::J C::J C::J 

Num I * -
Lock 

7 8 9 
l:!l!.1!!11. 

.,. 
.fl.Ill! 

4 5 6 
+ 

... ... -
1 2 3 
End .. 
0 

f>g_On 
Enter 

Ins Del 



France 

E1 
3 

Figure 98. French 

German 

E1 
0 

..Jt., 

Figure99. German 

Italy 

E1 

Figure 100. Italian 

tmpr -'rret 
ecran delll 

lnser .:. 

Su ppr Fin 

Druck 

Einfg Pos1 

Enif Ende 

Bloc 
Stamp Scorr 

Ins .:. 

Cane Fine 

t 
=i:: • 

Bild .,. 
Bild 
... 

Pag+ 

Pag.j,. 

Num Caps Scroll 
Lock Lock Lock 
c:::J c:::J c:::J 

Verr I * -
num 

7 8 .2 
"' + :!; 

+ 
4 5 6 ... - ... 
1 ~ ~ 
Fin .j, • Entr 

0 . 
lnser Su ppr 

Num Caps Scroll 
Lock Lock Lock 
c:::J c:::J c:::J 

Num 
,;;. -,. x -

7 8 9 
Pos1 + Bild 

4 5 6 
+ 

... ... -
1 2 3 

Ende .j, Bild 
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Cables and Connectors 
The keyboard has a detachable cable with a connector that attaches to a connector at the 
rear of the RISC System/6000 workstation. This shielded six-conductor cable provides 
power lines (+5 V de) and two bidirectional signal lines. The cable is approximately 2.75 
meters (9 feet) long. Figure 108 shows the pin configuration and signal assignments. 

Figure 108. Keyboard Connector 

Pin Signal 
1 Keyboard Data 
2 Speaker Signal 
3 Ground 
4 +5 V de 
5 Keyboard Clock 
6 Speaker Ground 

Specifications 
Specifications for the keyboard are shown in the following sections. 

Power Requirements 
The voltage and current shown as follows is required by the keyboard: 

• +5 V dc±10% 

• 275 mA. 

Dimensions and Weight 
Dimensions and weight of the keyboard are shown in the following list: 

• Length: 492 mm (19.4 in.) 

• Depth: 21 O mm (8.3 in.) 

• Height: 58 mm (2.3 in.), legs extended 

• Weight: 2.25 Kg (5.0 lbs.). 
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Desription 
This section contains mouse operational characteristics and modes, commands, and an 
explanation of data transmission between the mouse and the system. Connector 
specifications and voltage information for the mouse are also found in this section. 

Note: For additional information refer to "Mouse Adapter" in the "Standard 1/0" section of 
the particular RISC System/6000 technical reference manual. 

Description 
The mouse is a cursor-positioning device that uses a rubber-coated ball and two 
mechanical encoders to indicate X and Y coordinates to the system to position the cursor. 
Three push-button switches are used to transmit select signals directly to the system. The 
mouse is connected to the system with a thin cable from a connector on the rear of the 
system unit. The ball is removable for cleaning. 

Operation Modes 
The following describes the mouse modes of operation: 

Mode Description 

reset At startup or on receipt of a reset command, the mouse performs a 
self-test, transmits a completion code (X'AA') upon satisfactory completion, 
and an ID code (X'OO') to the system. The following defaults are set: 

stream 

remote 

wrap 

• Sampling rate equals 100 reports per second. 

• Linear scaling. 

• Stream mode. 

• 150 counts per inch (6 counts per millimeter). 

• 100 reports per second. 

• Mouse is disabled. 

• The mouse sends an error code of X'FC' followed by an ID code of X'OO' 
immediately following an error to complete the diagnostics. The mouse is 
disabled and waits for additional commands from the system. 

In this mode, the mouse transmits a data report to the system if a button is 
pressed or released or if at least one count of movement has been detected 
since last reported. The rate of transfer is determined by the set sampling 
rate command and ranges from 1 O samples per second to 200 samples per 
second. No transmissions occur while the mouse is motionless unless a 
button is operated, then the incremental movement report is 0. 

In this mode the mouse transmits data only in response to a read data 
command. 

In this mode any byte of data sent by the system, except X'EC' or X'FF', is 
returned by the mouse. 
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Commands 
The following list contains descriptions of the mouse commands: 

Hex 

Command 

FF 

FE 

F6 

FS 

F4 

F3AA 

F2 

FD 
EE 

EC 

Description 

Reset: Causes the mouse to enter the reset mode and perform an internal 
self-test. 

Resend: This command is sent any time the mouse receives a command 
that is not valid. 

Set Default: This command reinitializes all conditions to the power-on 
default state. 

Disable: Used in stream mode to stop transmissions from the mouse. The 
mouse responds to all other commands while disabled. If the mouse is in 
stream mode, it must be disabled prior to sending it any command that 
requires a response. 

Enable: Allows the mouse to begin transmissions if it is in stream mode. 

Set Sampling Rate: In stream mode the following sample rates are set to 
the value indicated by byte AA: 

Second 

Byte AA Sample Rate 

X'OA' 1 O per second 

X'14' 20 per second 

X'28' 40 per second 

X'3C' 60 per second 

X'SO' 80 per second 

X'64' 100 per second 

X'C8' 200 per second. 

Read Device Type: Always receives a response of X'OO'. 

Set Remote Mode: This command sets remote mode. 

Set Wrap Mode: Puts the mouse in wrap mode. 

Reset Wrap Mode: Resets wrap mode. The mouse returns to the previous 
mode of operation after receiving this command. 

Note: If the mouse enters wrap mode while it is operating in stream mode, the reset wrap 
mode command causes the mouse to return to the stream mode in a disabled state. 

EB 

EA 

Read Data: This command requests that all data defined in the data packet 
format be transmitted and is executed in either remote or stream mode. 
Following a read data command, the accumulators are cleared after the 
data transmission. 

Set Stream Mode: Sets stream mode. 
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E9 

E8BB 

E7 

E6 

Status Request: Causes the mouse to send the following 3-byte status 
report: 

Byte Bit Configuration 

1 7 Reserved 

6 O equals stream mode, 1 equals remote mode 

5 O equals disabled, 1 equals enabled 

4 O = Scaling 1 :1, 1 = Scaling 2:1 

3 Reserved 

2 1 equals left button pressed 

1 1 equals middle button pressed 

0 1 equals right button pressed 

2 7-0 Current resolution setting (Bit O = LSB) 

3 7-0 Current sampling rate (Bit O = LSB) 

Set Resolution: Sets the resolution to the following value specified by byte 
BB: 

Second 

Byte BB 

X'OO' 

X'01' 

X'02' 

X'03' 

3-Button 

25 per inch (1 per mm) 

75 per inch (3 per mm) 

150 per inch (6 per mm) 

320 per inch (12 per mm) 

Set Scaling 2:1: Scaling is used to provide a course or fine tracking 
response. At the end of a sample interval in stream mode, the current X and 
Y data values are converted to new values. The sign bits are not involved in 
this conversion. The following shows the relationship between the input and 
output counts: 

Input 

0 

1 

2 

3 

4 

5 

N(>=6) 

Output 

0 

1 

3 

6 

9 

2.0 x N 

2:1 scaling is only performed in stream mode. 

, Reset Scaling: Restores 1 :1 scaling. 
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Data Report 
When operating in stream mode, any change to the status bytes of the mouse device causes 
a data report to be sent at the end of a sample interval. Mouse movement of one count, or 
changing the button status from pressed position to released position, or vice versa, causes 
a change in the status bytes of the mouse device. 

In the remote mode, a data report is sent in response to a read data command. The buttons 
are reported in their current state at the time of transmission. 

The data report format shown in the following table is 3 bytes long and valid for both stream 
and remote modes. 

Data Report Format 

Byte Bits Indication 

1 0 Left button status, 1 equals pressed 

1 Right button status, 1 equals pressed 

2 Middle button status, 1 equals pressed 

3 Reserved 

4 X data sign bit (1 equals negative value) 

5 Ydata sign bit (1 equals negative value) 

6 X data overflow (1 equals overflow) 

7 Y data overflow (1 equals overflow) 

2 1-6 Xdata 

7 MSB of Xdata 

0 LSB of Xdata 

3 1-6 Ydata 

7 MSB of Ydata 

0 LSB of Ydata 

The data values are in binary and the LSB indicates 0.1 inch (0.25 mm) of movement when 
operating with linear scaling at 1 O counts per inch (four counts per mm) resolution. Negative 
values of X and Y data are expressed in twos complement where a 0.1 inch movement in 
the negative direction is expressed with all bits set to 1 and the Sign bit set to 1. After a 
transmission, the accumulators are set to 0. 
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Error Handling 
When the mouse receives any input that is not valid or any input with incorrect polarity, it 
issues a resend command (X'FE'). If two inputs that are not valid are received in 
succession, an error code of X'FC' is sent to the system. 

Following a system transmission, the mouse responds within 25 milliseconds to commands 
that require a response, or if an error is detected in the transmission. If the mouse is in the 
stream mode, the system must disable the mouse before issuing any command requiring a 
response. When a command requiring a response is issued by the system, another 
command should not be issued until either the response is received or 25 milliseconds has 
elapsed. No more than four commands not requiring responses can be sent to the mouse in 
succession. 

Data Frame 
The following describes the data frame: 

Bit Function 

start bit 

0 

1-6 

7 

parity bit 

stop bit 

Data Transmission 

Always O 

Data (LSB) 

Data 

Data (MSB) 

Odd parity 

Always 1 

During a data transmission, the 'elk' signal is used to clock serial data. The mouse generates 
the clocking signal when sending data to and receiving data from the system. The system 
requests that the mouse receive system data output by forcing the data signal line to inactive 
and allowing the 'elk' signal to go active. 

Communication is bidirectional, using the clock and data signal lines. The signal for each of 
these lines comes from open collector devices, allowing either the mouse or the system to 
force a line to the inactive level. During a non-transmission state, the 'elk' and 'data' signals 
are both held at the ( +) level. 

Data Output 
When the mouse is ready to transmit data, it must first check for its own inhibit or system 
request-to-send status on the clock and data lines. If the 'elk' signal is low (inhibit status), 
data is continuously updated, and no transmissions are started. If the 'elk' signal is high and 
the data signal is low (request-to-send), data is updated. Data is received from the system 
and no transmissions are started by the mouse until the 'elk' and 'data' signals are both high. 

If the 'elk' and 'data' signals are both high, the mouse proceeds to output a O Start bit, 8 Data 
bits, a Parity bit, and a Stop bit if a transmission is required. Data is valid prior to the falling 
edge of the 'elk' signal and beyond the rising edge of the 'elk' signal. During transmission, 
the mouse checks for line contention by checking for an inactive level on the 'elk' signal at 
intervals not to exceed 100 µsec. Contention occurs when the system lowers the 'elk' signal 
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Data Input 

to inhibit the mouse output after a transmission has been started. If this occurs before the 
rising edge of the tenth clock (Parity bit), the mouse internally stores its data packet in its 
buffer and returns the 'data' and 'elk' signals to an active level. If the contention does not 
occur by the 10th clock, the transmission is complete. 

Following a transmission, the system can inhibit the mouse by holding the 'elk' signal low 
until it can service the input or until the system receives a request from the mouse to send a 
response. 

When the system is ready to send data, it first checks to see if the mouse is transmitting 
data. When the mouse is transmitting, the system can override the output by forcing the 'elk' 
signal to an inactive level prior to the tenth clock. When the mouse transmission occurs after 
the 10th clock, the system receives the data. 

When the mouse is not transmitting or if the system chooses to override the output, the 
system forces the 'elk' signal to an inactive level for a period of not less than 100 µsec while 
preparing for output. When the system is ready to output a O Start bit (data line low), it 
allows the 'elk' signal to go to a(+) level. This state is checked by the mouse at an interval 
not to exceed 1 O milliseconds. 

When a request-to-send condition is detected, the mouse clocks in 11 bits of data. 
Following the tenth clock, the mouse checks for a(+) level on the data line, and if found, the 
mouse forces the data low and clocks once more. This signals the system to return to the 
ready state so it can accept input or enter the inhibit mode until ready. If the data signal is 
detected at an inactive level following clock 10, a framing error has occurred and the mouse 
continues clocking until the data signal is high. The mouse then clocks the Line Control bit 
and requests a resend. 

For each system command or data transmission that requires a response, the system waits 
for the mouse to respond before sending its next output. The response must be within 20 
ms, unless the system inhibits the mouse output or inhibits the data transmission from the 
system that requires a response. 

When a system command is initiated, the data transmission and the associated response is 
not valid. If there is a parity error, the system retransmits the command or data. If the 
response is still not valid or has a parity error after two retries, the system resets the mouse. 

Electrical Interface 
The RISC System/6000 Standard 1/0 supplies the electrical interface to the mouse, 
providing supply and logic level voltages. 

Supply Voltage 
One voltage level is available to the mouse at the system connector. 

V cc = 5 V de ± 10% 

No more than 100 mV peak-to-peak differential noise and ripple is present on the +5 volt 
line. 

On startup and shutdown the mouse can tolerate a voltage overshoot of V cc +30% or a 
voltage undershoot of V cc -0.3 V with no damage. 

Logic Voltage Levels 
The term - level is defined to be equivalent to a voltage, V, measured between a signal 
source and a network ground such that 0.0 V:::;; V:::;; +0.7 V. A signal at a- level is a logical 0. 
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The term + level is defined to be equivalent to a voltage, V, measured between a signal 
source and a network ground such that 2.4 V ~ V ~ +5.5 V. A signal at a + level is a logical 1. 

Operational Characteristics 
Operational characteristics for the mouse are described in the following list: 

Description Characteristic 

resolution Programmable to 25, 75, 150, or 320 counts per inch. Default 
equals 150. 

sampling rate Programmable to 10, 20, 30, 40, 60, 80, 100, or 200 reports per 
second. Default equals 100. 

data modes 

scaling 

power 

protocol 

Stream (default), remote, or wrap. 

1 :1 or 2:1. 

+ 5 V de, ±10%, < 125 mA. 

Clock and Data Interface. 

Connector Specifications 
Figure 109 shows the mouse connector. 

Figure 109. Mouse Cable Connector 

The following list contains mouse connector pin numbers and signals: 

Pin Signal 
1 Mouse Data 
2 Reserved 
3 Ground 
4 +SV de 
5 Mouse Clock 
6 Reserved 
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Chapter 10. Micro Channel Adapter Support 

Chapter Contents 
Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-3 
IBM Micro Channel Optional Features Supported . . . . . . . . . . . . . . . . . . . . . . . . . 10-4 
Configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-5 
RISC System/6000 Configuration Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-6 

Devices Configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-6 
ADF's . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-6 
Device Drivers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-6 

Other Micro Channel Adapter Design Considerations . . . . . . . . . . . . . . . . . . . . . . 10-6 
Adapter Configurations Supported . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-7 
Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-7 

Raw Card Thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-7 
Thermal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-7 
Assembled Card Thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-8 
Card Layout With Metal Bracket . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-8 
Top Card Connectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-8 

Power ............................. ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-9 
Recommended Maximum Current Per Adapter . . . . . . . . . . . . . . . . . . . . . . . . . 10-9 

Micro Channel Architecture Deviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-10 

Micro Channel Adapter Support 10-1 



1 0·2 General Information Manual 



Description 
This chapter provides some basic information specific to the RISC System/6000 and the 
support of Micro Channel adapters. Topics included in this chapter are as follows: 

• The first section provides a description of the Micro Channel optional features which will 
be supported in the RISC System/6000 family. 

• The second section provides a brief overview of the RISC System/6000 configuration 
procedure describing how Micro Channel adapters are configured in the system. 

• The third section, titled "RISC System /6000- Other Micro Channel Adapter Design 
Considerations" complements the IBM RISC System/6000 POWERstation and 
POWERserver Hardware Technical Reference - Micro Channel Architecture document. 
That document includes 2 chapters. The first chapter is "Micro Channel Architecture". The 
second chapter titled "Micro Channel Adapter Design", provides some basic guidelines to 
design adapters for the Micro Channel architecture 16-bit and 32-bit products. This third 
section provides additional information not included in the referenced document, such as 
physical specifications for a larger card type, and a current limitation specification for 
Micro Channel adapters installed in the RISC System/6000 family. 

• The last section of this chapter lists deviations from the Micro Channel architecture. 
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IBM Micro Channel Optional Features Supported 
There are a number of features that are optional in the IBM Micro Channel Architecture that 
are supported in the RISC System/6000 family. The optional features that are supported in 
the RISC System/6000 family are: 

• Streaming Data Operations: The streaming data procedure provides a faster data transfer 
rate than the basic transfer procedure. The RISC System/6000 family provides for 16 and 
32-bit Bus Master Streaming Data with the IOCC operating as the slave. 

• Address and Data Parity: The address and data parity support (odd parity) provides the 
ability to detect and recover from parity errors on the Micro Channel. 

• Video Extension:16-bit and 32-bit adapters with video extension may be installed in the 
RISC System/6000 system. However the video extension function is not supported. The 
appropriate signals for the video extension function are provided pull-up resistors but the 
signals are not bussed. The Micro Channel 'oscillator' (OSC) signal is also provided for 
the video extension. The video extension connector pins are supported as follows: 

A Side Pin BSide 

Pullup-2K 10 Pullup-2K 

Pullup-2K 9 Pullup-2K 

Pullup-2K 8 Pullup-2K 

Ground 7 Pullup-2k 

Pullup-2K 6 Pullup-2K 

Pullup-2K 5 Pullup-2K 

OSC (14.318 MHz) 4 Pullup-2K 

Ground 3 Pullup-2K 

Pullup-2K 2 Pullup-2K 

Pullup-2K 1 Pullup-2K 
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• Matched Memory: 32-bit adapters with matched-memory extension may be installed in 
the RISC System/6000 system units. However the matched memory function is not 
supported. The appropriate signals for the matched memory function are bussed and 
pull-up resistors are provided. The matched memory connector pins are supported as 
follows: 

A Side Pin BSide 

Pullup-2.5K 1 Pullup-2.5K 

Ground 2 Pullup-2.5K 

Pullup-2.5K 3 Pullup-2.5K (Reserved) 

Pullup-2.5K (Reserved) 4 Ground 

• Asynchronous Channel Check (-CHCK): To maximize the system and Micro Channel 
availability, use of the asynchronous -CHCK should be avoided in the RISC System/6000 
system. If the asynchronous -CHCK is used by 1/0 adapters, the asynchronous -CHCK is 
detected and all Micro Channel 1/0 activity is momentarily suspended, and this usually 
results in a system reset. 

Configuration 
When a Micro Channel adapter is plugged into a system, the adapter must be made known 
and usable within that system. The RISC System/6000 system and PS/2 systems 
accomplish this by using two different procedures. The procedure is called "SETUP" in a 
PS/2, and is called "Devices Configuration" in a RISC System/6000 system. In "System 
Configuration" in the Micro Channel Architecture chapter, it explains that the system master 
configures a system using setup cycles. The system configuration procedure supports the 
identification of the adapters that reside within the system (by reading the adapter ID's in 
POS) and the configuration of those adapters (by writing configuration data into POS). 
Programmable Option Select (POS) registers are a set of software programmable registers 
located on the adapter accessible during setup cycles. The Option Diskette supplied with an 
existing Micro Channel adapter contains the specific adapter configuration data in a software 
module called the Adapter Description File (ADF). In the RISC System/6000 family, the 
appropriate ADF information is "prepopulated" on the fixed disk in the "Predefined" database 
for the adapters initially supported (Predefined is a set of object classes for the predefined 
configuration data). For a description of the "SETUP" procedures for the PS/2 systems, see 
the "IBM Personal System/2 Hardware Interface Technical Reference". 
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RISC System/6000 Configuration Procedures 
The following sections give a very brief overview of the RISC System/6000 configuration 
procedures (Including the Micro Channel 1/0 adapters), and reference the appropriate 
chapters in the RISC System/6000 AIX Version 3 software documentation for details. 

Devices Configuration 

AD F's 

"Devices Configuration" is a procedure which performs a series of steps to make a device 
known and usable in the RISC System/6000 system. Devices Configuration includes a 
number of software modules called Device Methods. Devices Configuration is performed 
during both system IPL and runtime. Specific "Predefined" information must be provided for 
each adapter. In the RISC System/6000 family, all adapter predefined information is 
prepopulated in the predefined database on the fixed disk for all adapters initially supported. 
Device Methods use the devices predefined information to resolve all device configuration 
options and creates the "Customized Database" (which is the systems "Configured" 
database). There are five device methods that are needed to support a device. They are the 
define, configure, change, undefine, and unconfigure methods. For detailed information on 
the Device Methods, see "Device Methods" in "Programming Device Support for AIX 
Configure subsystems". The appropriate adapter configuration data is also written (By 
Device Drivers) in each adapters set of POS registers. When adding a device to the system, 
there are other areas that must be considered in addition to writing device methods. These 
areas include how the data base, device SMIT dialogues, device drivers, ADF utility, installp, 
and diagnostics, all relate to your device. "Device Methods" in "Programming Device Support 
for AIX Configure subsystems" defines and describes all these items in detail or references 
the appropriate documentation. 

A utility called adfutil command provides the capability to field merge Micro Channel adapter 
resource information (ADF's) for Micro Channel adapters into the predefined information in 
the AIX Version 3 Configuration Database (See adfutil command section in "How To Write 
Device Methods" for more detail). This is accomplished by processing information (ADF's) 
found on DOS formatted diskettes provided with the Micro Channel adapter hardware. A 
new device driver for an existing Micro Channel adapter must also be written specifically for 
the RISC System/6000 system before it can be installed. 

Device Drivers 
For information on writing an adapter device driver see the chapter "How to Write Device 
Drivers" in the software documentation. 

Other Micro Channel Adapter Design Considerations 
This section complements another RISC System /6000 document, IBM RISC System/6000 
POWERstation and POWERserver Hardware Technical Reference - Micro Channel 
Architecture. That document includes 2 chapters. The first chapter is "Micro Channel 
Architecture". The second chapter titled "Micro Channel Adapter Design", provides some 
basic guidelines to design adapters for the Micro Channel architecture 16-bit and 32-bit 
products. This third section will include additional information not included in the referenced 
document such as physical specifications for a larger card type, and a current limitation 
specification for Micro Channel adapters to be installed in the RISC System/6000 system. 
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Adapter Configurations Supported 
The 1/0 Board provides channel connectors to support the following adapter configurations. 

• 16-bit adapter 

• 32-bit adapter 

• 16-bit adapter with video extension 

• 32-bit adapter with video extension 

• 32-bit adapter with match memory 

The physical specification for the 32-bit adapter with video extension is included in this 
section along with the physical specifications for the Type 5 card described below. Physical 
specifications for the other adapter configurations are described in IBM RISC System/6000 
POWERstation and POWERserver Hardware Technical Reference - Micro Channel 
Architecture. 

Dimensions 
RISC System/6000 packaging physically supports two card form factors, Type 3 and Type 5. 

• Type 3 Cards: The Type 3 nominal raw card physical size is 3.475 x 11.5 inches. For 
details of the Type 3 card physical specifications, see the "Micro Channel Adapter Design" 
chapter in IBM RISC System/6000 POWERstation and POWERserver Hardware 
Technical Reference - Micro Channel Architecture (The Type 3 card is also known as 
the Standard raw card size in that document). The raw card is 11.5 inches in length and 
the retainer that fastens to the end of the card extends the overall length to approximately 
12.2 inches. The retainer sits in an adapter channel that will support the card and prevent 
it from tilting sideways and coming into contact with adjacent cards. In some cases the 
card is retained on its top edge (the 3.475 height). Card retainers are required on this 
card. 

• Type 5 Cards: The Type 5 nominal raw card physical size is 4.825 x 13.1 inches. For 
details of the Type 5 card physical specifications, see the figures at the end of this 
section. The raw card is 13.1 inches in length and sits in a channel that will support the 
card and prevent if from tilting sideways. In some cases the card is retained on its top 
edge (the 4.825 height). No card retainer is allowed on this card. 

Cards (Type 3 and Type 5) that are shorter than the dimensions indicated above will require 
a special card retainer which extends the card length to allow proper retention once 
installed. 

Raw Card Thickness 

Thermal 

The bus connector is designed for a feature card thickness of 0.062 ±.005 inch. 

The adapter design should avoid clustering of high temperature components. No component 
should exceed its maximum thermal rating. A figure is shown at the end of this section 
illustrating areas on each card Type where placement of components that tend to operate 
warm should be avoided. 
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Assembled Card Thickness 
For minimum feature card spacing and maximum component height specifications, see 
"Micro Channel Adapter Physical Specifications" in the IBM RISC System/6000 
POWERstation and POWERserver Hardware Technical Reference - Micro Channel 
Architecture document. Deviations from the thicknesses specified can result in touching of 
adjacent cards, affect cooling due to reduced air flow, and may limit placement of 1/0 cards 
within the machine. 

Card Layout With Metal Bracket 
The metal bracket covers 0.200 inch of the card when installed. When laying out the card, 
do not install any components near the 1/0 end of the card that would interfere with the 
installation of the bracket. During the wiring operation do not route lands under the bracket 
because the bracket is located just above the circuit board. If the bracket was slightly bent, 
the bracket could short to the lands. Also use care when placing components near the 
bracket whose leads could short to the bracket. The metal bracket location is the same for 
both Type 3 and Type 5 cards. 

Top Card Connectors 
There are specific requirements for card designs that use a top card connector (See the 
drawings at the end of this section for details). The raw card drawings indicate a specific 
area that must be used for the top card connector. The top of the connector must not extend 
beyond 0.276 inch above the top edge of the Type 3 card. For the Type 5 card, the top edge 
connector must be recessed and not extended above the top edge of the card. Above these 
points, the connector may interfere with the covers. If the connector is located at any point 
other than that specified, the cabling will impact airflow through the system. Note from the 
drawings that Type 3 cards designed specifically for the RISC System/6000 system may 
have a top card connector position other than that specified for the PS/2. Type 3 card 
designs intended for both RISC System/6000 and PS/2 systems which use top card 
connectors, should use the top card connector position specified for use in the PS/2. See the 
appropriate figures in the "Micro Channel Adapter Design" chapter. 
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Power 
The following figure illustrates the recommended maximum currents for adapters installed in 
the RISC System/6000 system. This allows for maximum slot configurability in each RISC 
System/6000 system. Figure 11 O also provides the absolute maximum currents that may be 
allowed per individual card slot and for all slots. Care must be taken when designing cards 
which exceed the recommended maximum current specifications, as this results in system 
configuration limitations (such as not populating some card slots or placement of lower 
power cards or empty card slots next to high power adapters). The RISC System/6000 
current capabilities exceed those defined in the Micro Channel architecture. To enable 
portability across all Micro Channel systems, the Micro Channel architecture current 
requirements should be met. 

RISC System/6000 Models 

320 

RECOMMENDED +5 Volts 
maximum current per +12 Volts 
adapter (amps) -12 Volts 

Absolute maximum +5 Volts 6.5 
current per adapter +12 Volts 1.0 
slot (amps) -12 Volts 0.4 

Maximum current +5 Volts 19.0 
allowed for all card +12 Volts 2.0 
slots combined -12 Volts 0.4 
(amps) 

Figure 110. RISC System /6000 Channel Load Currents 

Notes: 

520,530, 
540,730 930 

3.12 Note 1 
0.25 
0.10 

6.5 6.5 Note 2 
1.0 1.0 
0.5 0.4 

25.0 25.0 Note 3 
2.0 2.7 
1.9 2.0 

1. The RECOMMENDED maximum current ratings allow for maximum configurability 
of all Micro Channel card slots in each RISC System /6000. 

2. The total current for all Micro Channel cards installed in any particular RISC 
System/6000 system must not exceed the maximum total rated currents listed. 

3. The RISC System/6000 system can provide the absolute maximum currents listed 
per Micro Channel card slot. However, cards designed to exceed the 
RECOMMENDED maximum current limits per adapter, result in system 
configuration limitations such as fewer cards allowed per system, etc. Adapter 
cards with power dissipation of 20 watts or more should be separated by empty 
card positions or lower power adapters when possible. 
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Micro Channel Architecture Deviations 
The following are Implementation specific RISC System/6000 deviations from the Micro 
Channel architecture. It has been verified that the supported set of adapters function 
satisfactorily on the Micro Channel in the RISC System/6000 systems with the stated 
deviations. 

• When the RISC System/6000 1/0 Channel Converter (IOCC) is an 1/0 slave on the Micro 
Channel, it will hold the '-CHRDYRTN' line (in some situations) longer than the specified 
3.5 microseconds ('-CHRDYRTN' may be held inactive 3.8 microseconds.) 

• The IOCC does not meet the timing specification T31 for the BE(0-3) lines. BE(0-3) 
becomes valid with the falling edge of '-AOL' instead of the specified time. This still 
provides sufficient time for the 'BE(0-3)' signals to be valid on the bus to meet the T33 
timing parameter for slaves. 

• The RISC System/6000 1/0 Channel Converter (IOCC) as a slave does not check data 
parity on 2-byte transfers from 16-bit bus masters (such as the Token Ring 
High-Performance Adapter and the 4-Port Multi Protocol Adapter) when the lower 2-bits 
of the address are binary '10'. 

• The IOCC activates '-SD STROBE' during Programmed 1/0 (PIO) operations, though 
streaming data operations with the IOCC as the master are not supported. 

• The IOCC does not meet the T1 timing specification during REFRESH cycles. Address is 
valid coincident with Status active Instead of 1 o ns prior to Status active. 

• The RISC System/6000 Standard 1/0 does not activate 'Channel Check' (-CHCK) for 
address parity errors. If an address parity error occurs, the Standard 1/0 will not be 
selected and will not activate '-CD SFDBK'. The lack of '-CD SFDBK' will be detected by 
the IOCC and reported as an exception. 

• The RISC System/6000 Standard 1/0 does not have a parity enable/disable POS bit. In 
the RISC System/6000, the parity function is enabled. 
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Figure 112. Adapter Dimensions-Type 5 Card (32-Bit) 
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Figure 114. Adapter Dimensions-Type 3 Card (32-Bit with Video Extension) 
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Figure 115. Connector Dimensions (32-Bit) 
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Figure 117. Component Locations for Thermal 
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