Keyhoard

The design of the F 1 Keyboard is slightly different from the
keyboards found on other business micros; being a full
function keyboard (82 keys) which is linked to the Systems
Unit by infra-red and also incorporates a real time clock
calendar (implemented in software).

The key layout is divided into a number of well defined
sections. These are, looking from left to right across the key
tops:

1. The QWERTY section which includes cursor, scroll and
general editing keys. This is an identical layout to the
one found on the Apricot pc/xi range of computers.

2. A calculator keypad.

3. 10 general/fixed fuction keys.

These keys are square in design and feature a slightly
sculptured keytop to ensure accurate user action.

Four machine function keys are located above the keyswitch
array and are of an entirely different design. They are slightly
recessed to avoid inadverient user action.

The Keyboard is designed to be used with its spring-loaded
feet extended. Buttons for releasing the feet from their
storage position are provided on the side of the Keyboard.

The major advantage of using the infra-red link for
transmission of keyboard data is that the user is free to site
his Keyboard in the general vicinity of the Systems Unit but
not necessarily directly in front of it. (Maximum practical
distance for using the infra-red Keyboard is specified at up to
2 metres away from the Systems Unit).

To avoid the possibility of interference in multiple machine
environments, a “light-pipe” is available for linking the
Keyboard and Systems Unit together. This is a section of
fibre optic cable which directs the infra-red keyboard
transmissions to the receiver circuits of the parent Systems
Unit.

To improve system reliability and ensure that the BIOS does
not misinterpret data transmitted from the Keyboard, the
keycode data is encoded using Hamming codes prior to
transmission. This is an error correction/detection encoding
technique which allows the BIOS to correct and detect
errors in the transmitted key data.
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The keycodes are transmitted in serial packets of data, each
packet consisting of 32 bits. The information contained in
the transmission packet signifies the X-Y co-ordinate of the
pressed key and the key status. The key status identifies
whether the key pressed is:

1. Shifted (SHIFT key + key pressed).

2. A control key sequence (CONTROL + key pressed).

3. In Auto-repeat mode {key was the last key to be
transmitted and is being held down).

The use of keycodes rather than using the ASCII equivalent
to represent the key{s) makes it particularly easy for the
programmer to redefine the keycode. Support in the BIOS is
provided to allow this to be done by simply loading a new

keyboard table into RAM and modifying a pointer to pointto

it. A default keyboard table is stored in ROM.

Not all keys can be reassigned by the applications
programmer. Certain of the keys are designed to perform
specific functions and are therefore masked off by the BIOS
and processed in an entirely different manner. These include
the TIME/DATE key and the four button keys RESET,
REPEAT RATE, SET TIME and KB LOCK.

The TIME/DATE key causes the time and date information
generated by the real time clock/calendar software routines
within the Keyboard to be transmitted to the Systems Unit.

This is used by the ROM BIOS to update the BIOS internal
clock, {as used by MS-DOS for its time and date stamp}. The
time and date data is supplied to the Systems Unitin 15
separate contiguous data packets following the TIME/DATE
keycode packet.

The key also serves another function at machine switch on,
where it initiates the boot loading sequence, if a bootable
disk is within the disk drive.

The function of the RESET key is self-explanatory, being the
systemn reset key. |t generates a hardware reset in the
Systems Unit and must be held down for approximately one
second before if functions. The delay is implemented to
prevent the user accidentally resetting the system.

The REPEAT RATE key is a toggle switch which allows the
user to set the auto-repeat rate of the keys to either one of
two values; a fast or a slow rate. {The repeat rate is the rate
the keyboard transmits the keycode to the Systems Unit,
when a key is held down).
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The SET TIME key is used to adjust the real time
clock/calendar software within the keyboard. It can be
actioned by the user anytime (before or after the system
boot). Pressing the key displays a prompt on the 25th [ine of
the display in the following format:

HH:MM DD/MM/YY

The user resets the time and date within the keyboard by
typing in numerical values only using the numeric keypad
(e.g. typing 1000011285 sets the keyboard clock to 10 am,
1st Dec 1985).

The key does not send the updated time and date
information to the ROM BIOS. This function is actioned by
the TIME/DATE key as described above.

The KB LOCK key is a toggle key which enables the userto
deactivate the effect of all keys apart from RESET, SET

TIME, TIME/DATE and KB LOCK itself, {i.e. it locks out the
keyboard). Pressing the key again informs the BIOS to

restore action to all the keys.

Another special key function on the Keyboard is the CALC
key in the shifted mode (SHIFT key + F4} which can be
redefined by applications software if required, but should
generally not be reconfigured. The key sequence can be used
prior to boot and can be also made available during
applications or at the operating system level, to initiate the
BI1OS calculator software.

The calculator display appears on the 25th line of the display
screen. The calculator keys are formed by:

1. The numeric keypad {1 to 9, the mathematical function
keys, decimal point and ENTER]).

2. The CLEAR key.

3. The function keys, STORE, RECALL, M+, M-,

4. The CALC key.

After boot an extra calculator key is available to the user.
This is the function key, SEND (obtained by CONTROL +
ib}. It enables the user to send the results or operands of a
calculation to the cursor position on the screen.

The Keyboard is powered by four AA batteries, which are
located behind a panel on the base of the Unit. These provide
enough power to keep the Keyboard operational (under
normal everyday usage} for approximately 6 months.
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Drivers

The ROM BIOS contains the following standard device
drivers, listed below. The actual function of each driver is
indicated by their titles.

. Keyboard Driver

. Screen Driver

. Disk Driver

. Parallel Port Driver
. R5232 Driver

. Clock Driver

. Winchester Driver

NOPOT R WA

Keyboard Driver

This routine receives all data transmitted to the machine via
the infra-red input. This includes keyboard and mouse data.

Decoded mouse data is not handled by the keyboard driver.
it is immediately passed onto another routine via an
interrupt. The mouse data handling routine may be the
loadable mouse device driver, or any other routine installed
by the application writer.

Keyboard data is always initially analysed for any special key
depressions such as TIME/DATE, KB LOCK, SET TIME,
REPEAT RATE. These keys are filtered off and sent off to the
appropriate ROM BIOS routine to action a specific user
function. They are therefore not accessible to the
applications writer.

All other keys are converted to an Apricot compatible
keycode (termed a downcode), which is normally used to
select an entry from a keyboard table. The selected entry is
then usually passed to MS-DOS via an 80 byte queue.

The keyboard table occupies a minimum of 1K of memory
space and can be either the default keyboard table in ROM
or any other keyboard table loaded into RAM by the
programmer. The use of a software keyboard table allows
the programmer 10 translate a user key depression to any
code or sequence of codes as required.

A simple mechanism enables the programmer to specify the
keyboard table in use. This is achieved by modifying a pointer
(the active key table pointer) to point to the start of the
desired table.
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Infra-red Mouse

The Mouse for the F1 is identical to the Mouse for the
Portable (apart from the colour of the plastics). It has been
designed to be used either as a Mouse (by tipping it forward
and rolling it along the desk), or as a tracker ball (keeping the
Mouse stationary and moving the ball by finger movements).

The mouse is normally employed for cursor movement
control and menu selection in graphics environments, but
can be used within other applications as required.

A mouse device driver is supplied with the standard release
software to allow applications to use the features and
facilities of the device. This is an installable device driver
which is loaded into the system using the MS-DOS
CONFIG.SYS file mechanism.

The Mouse uses infra-red technology in a similar way to the
Keyboard. As with the Keyboard, the Mouse can be sited
within the vicinity of the F1 but does not necessarily have to
be directly in front of it. {The front edge of the mouse must
of course point at all times during usage in the general
direction of the front of the machine}. The maximum
practical range of the Mouse is specified at 2.5 metres away
from the Systems Unit.

To avoid the possibility of interference in multiple machine
environments, a “light pipe” is alsc available for linking the
Mouse and Systems Unit together. This is a section of fibre
optic cable {similar to the Keyboard cable) which directs the
infra-red Mouse transmissions to the receiver circuits of the
parent Systems Unit.

A two-position switch is located on the base of the unit. This
should be set to the position towards the rear edge if using
the light-pipe and the other posion if not, The function of the
switch, is to turn off one of the infra-red transmitting LEDs
to conserve battery power.

To improve system reliability and ensure that the BIOS interprets
the data transmitted from the Mouse correctly, the Mouse data
is encoded using a similar format as used for the Keyboard.
This employs a four byte synchronous data transmission
format with each data byte encoded with Hamming codes.

Mouse data is transmitted in serial packets of data, with each
packet consisting of a 32 bit code sequence. The information
contained in the packet signifies the relative movement of
the Mouse from it's previous position, and the state of the
two Mouse buttons {pressed or not pressed).
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infra-Red Detector Board

The Infra-Red Detector Board is located above the System
Board behind the transparent window in the front panel of
the Systems Unit. It is linked to the System Board by a 4-wire
cable assembly. This provides + 12V and +5V dc regulated
supplies to the board and also carries the decoded IR signal
pulses to the System Board. '

The Board incorporates three photodiode detectors, an
amplifier section, and a timer circuit {(see Circuit Diagram in
Appendix D). It converts input infra-red pulses into a form
suitable for use by the receiver circuits on the System Board.

Two of the photodiodes are fitted behind sockets on the right
of the transparent window. These sockets are for connecting
light pipes to the Systems Unit.

A third photodiode detector is surrounded by a lens, in order
to optically amplify freespace infra-red transmissions.

Fitting a light-pipe into the right hand photo-diode socket
operates a switch which switches the diode surrounded by
the lens off. This action is necessary to reduce the chance of
interference from other infra-red sources in multiple
machine environments.

Detected infra-red pulses are converted into electrical pulses
by the diodes. To account for the variations in signal strength
of the input infra-red pulses, and to prevent saturation of the
diodes, the current through the diodes is regulated by an
a.g.c amplifier (Q1).

Following conversion to a voltage, the raw input pulses are
amplified by a high gain ampilifier circuit (Q2, Q3). This
produces a pulse output with an amplitude of approximately
2 to 5 V which is then supplied to a 555 timer circuit.

The timer is wired in a non-retriggerable mode to prevent
false triggering once a pulse is detected. The timer “squares”
up the raw input pulses of 18 to 20 us duration and converts
them into 25 ps duration output pulses. These are supplied
to the System Board.

On the System Board, the transmitted signal is separated
into timing and data pulses, so that the data signal can be
clocked into the Z80 SI10 as a standard monosync
transmission.
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Of the 64 connections routed to the slot, 53 are compatible
connections with the other products in the Apricot range
mentioned above. There are minor differences in detail in
these compatible connections. For example, the 15 Mhz
clock output on the pc/xi corresponds to 14 MHz onthe F 1.
The major differences are as follows:

1. There are no DMA facilities available onthe F1 as
provided on the pc/xi range of products.

2. The 8086 NM! line is not routed to the slot on the F1
since it is used within the system for disk transfers.

The external Expansion connector is a 60-way male IDC
connector to which an external Expansion Unit can be
connected. The connector is located on the right hand side
panel of the Systems Unit, and mounted on the System Board.

The Expansion Unit is responsible for re-powering the
Expansion Bus as necessary, to meet the drive capability of
multiple Expansion Slots. Power supplies for the unit are not
available on the connector apart from — 12V.

The connections wired to the Expansion connector are the
same as the connections to the Expansion Slot apart from
the supply lines + 12V and + 5V, which are not available.

Keyboard/Mouse Data

The receive channel of channel A of the Z80 SIC is used for
keyboard/mouse data input. It is programmed to operate in
synchronous mode (Monosync) at a data rate determined by
the incoming data stream.

It is supplied with keyboard/mouse data via the IR receiver
board which decodes the incoming data and converts it into
an acceptable serial waveform. {Details of the IR Receiver
Board are discussed in the chapter headed Systems Unit).

A signal conditioning circuit then separates the serial
waveform into data and clock signals. The data is supplied to
the receive data input of channel A (RxDA) and the clock

signal to the receive clock input (RxCKA) to clock each data
bhit into the 280 SIO.

The Z80 SI0O converts the serial data into parallel format.
It then generates an interrupt and produces an associated
interrupt vector to signify keyboard/mouse data available.
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The Keyboard formats a valid key closure into a serial packet
consisting of a four byte sequence. The format is the
synchronous transmission mode Monosync and is operated
at a fixed data rate of approximately 3.85 Kbits/sec.

The four byte sequence consists of the Sync header byte
(DAH), a status byte and two data bytes. The status byte and
keycode data bytes are encoded with a Hamming format.

Using Monosync means that the Z80 S10 has to first detect
a valid data pattern, (the sync header byte} before it regards
the data sent as being valid. This provides a high degree of
protection from other infra-red sources, as they will not
contain the sync header and will therefore be totally
disregarded. '

Using a Hamming format to encode the data enables the -
BIOS software to check the integrity of the data received
from the Keyboard. It produces a highly reliable system for
proving the validity of the Keyboard data, providing a
measure of protection against a transmission which contains
a valid sync byte, but invalid data (missing or corrupted data).

The Mouse transmits data in a similar four byte sequence to
the Keyboard. It uses the same sync header byte, but the
data bytes provide information on mouse movement and the
state of the mouse switches, The Z80 SI0 is unable to
differentiate between mouse and keyboard data. The BIOS
software determines this by reading a flag bit in the
synchronous data packet.

System reset

The system is reset by one of two methods; by powering the
F1 off and on or by the System reset button on the
Keyboard. Both methods produce the same effect on the
circuitry. The reset control lines to the CPU and all peripheral
circuitry are held active, setting all programmable elements
to initialised status. When the reset line returns to it's
inactive state, the CPU accesses the instruction stored at
absolute address location FFFFOH to initiate the normal
system start-up sequence.

The system reset button is located on the top edge of the
Keyboard Unit. Holding the button down for approximately
one second actions the reset circuitry on the System Board.
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Transfer of data from the keyboard/mouse is handled by
transmit channel A of the S10. The channel is programmed
to support synchronous communications at a fixed data rate
(approximately 3.85 kbits per second).

The format of the data transmitted from both the keyboard
and mouse is identical, both consisting of a 4 byte
synchronous packet. The first byte in the packet is the sync
byte (5AH). The remaining three contain data. (This is true in
all cases apart from when the Keyboard System Reset button
is pressed. In this case, contiguous sync bytes are
transmitted to the Systems Unit instead. The function of this
is to generate a hardware reset. This mechanism is

discussed in the System Detail chapter).

The clock for the synchronous data is inherent in the data
stream transmitted to the Systems Unit. This is split into
separate Monosync data and clock waveforms by a signal
conditioning circuit.

Reception of the incoming synchronous data consists of two
separate phases. The first phase is the Hunt phase, where
channel A of the SI0 analyses all incoming data, searching
for the sync byte bAH. This is the header byte for all valid
keyboard and mouse transmissions.

Detecting the sync byte automatically switches the SIO into
the second phase, the Receive phase, where the three bytes
of data following the header are loaded into the three-byte
buffer of Channel A.

Every time the SIO tranfers received data into the top
register of the three-byte buffer, it generates an interrupt to
the CPU.

The Systems Unit does not exercise control of data flow over
the IR fink (all transfer of information is one-way only). To
prevent any loss of data, the CPU has to read the incoming
data at a fast enough rate before it is overwritten in the
receive FIFO stack.
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The software must therefore be capable of processing data
stored in the Channel A S10 receive data buffer at the
maximum possible incoming receive data rate. This
corresponds to the minimum time taken between the end of
one packet and the beginning of the next consecutive four
byte packet from the Keyboard and is of the order of 20 ms.

Encoding the data into a synchronous packet format
provides a high degree of protection to interference from
stray infra-red transmissions generated by other sources. It
prevents the system being unnecessarily interrupted by
other sources, since only transmissions which contain a sync
byte of BAH will be considered to be valid.

Further protection to sources of interference is provided in
the coding of the bytes following the sync header. These
three bytes are encoded using a Hamming format. This is
totally transparent to the S10. The S10 is only concerned
with receiving bytes of data and is not concerned with the
make-up of the bytes. All “de-hamming” is carried out by
the BIOS.

A description of the format, character codes and their
significance, supplied from the Keyboard is detailed in the
Keyboard chapter. Details of the Mouse and its transmission
format is packaged into a separate manual.
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ntroguction

The Keyboard for the Apricot F1 is a full function keyhoard
featuring; 92 keytops, four “special” keys, a time and date
clock implemented in software, and an infra-red interface for
transmission of keycodes and data to the Systems Unit.

It is an identical design to the Keyboard found on the Apricot
Portable and is directly compatible and interchangeable. It
employs the same circuitry, the same key layout, and uses
the same keycode encoding scheme/data transmission rate
as found on the Portable keybhoard. (The only difference is in
the colour of the Keyboard plastics).

The maximum practical distance of operation is specified at
2 metres. The Keyboard will work at greater distances than
this but the difficulties in viewing the screen so far away in
any other mode apart from 40 column render this sort of
usage of academic importance only.

A “light-pipe” is supplied with the F1 to connect the
Keyboard and Systems Unit together in multiple machine
environments where interference from other users may
occur. One end of the pipe plugs into the recessed LED
socket on the front edge of the Keyboard. The other end
must be plugged into the right hand LED socket on the
Systems Unit (as viewed from the front) to prevent
interference from other infra-red sources.

The power supply for the Keyboard is provided by four AA
cells. These are located behind a cover panel accessible from
the underside of the Keyboard. The operational lifetime of
the batteries is approximately 6 months under normal
everyday usage.
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Letails

Mechanics

The mechanics of the Keyboard are of a comparatively
simple design, consisting of a single circuit board, the main
key switch array, the four fixed function keys and four

AA batteries.

The batteries are located behind a removable cover panel in
the base of the Unit. A coin or flat bladed tool is required to
gain access to the battery comparitment.

The Keyboard PCB is also fitted behind a removable cover
panel. As user access is not necessary to this area, there is
no easy coin-release slot.

The main key switch array is a single component which is
clipped into the plastic moulding and cannot be removed
once in position without damaging the array. It is linked to
the circuit board by a multi-way ribbon cable connector.

The four fixed function keys are tracked directly onto the
keyboard PCB.

The key tops of the key switch array are removable and can
be easily repositioned for custom keyboard designs.
Applying slight leverage underneath a key top releases it
from its normal location, but care should be taken not 1o lose
the springs.

Three infra-red LEDs are mounted on the Keyboard PCB and
are located on the front edge of the Keyboard. The LEDs are
spaced across the width of the Keyboard to provide a decent
spread of infra-red signal. This removes any restriction on
having to place the Keyboard directly in front of the Systems
Unit, and thus allows the user the maximum degree of
flexibility in siting the Keyboard.

Two of the LEDs are slightly proud of the front edge of the
Keyboard, the third is recessed. The third LED is recessed fo
allow the light-pipe to be plugged in. Transmissions from the
Keyboard are then supplied directly to Systems Unit down
the fibre optic link.

Kevboard
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The light-pipe does not switch off transmissions from the
other two LEDs; these will continue to transmit infra-red
when a key is pressed even though the light-pipe isin
position. {(Connecting the light-pipe into the right hand
socket on the front of the Systems Unit switches off the
infra-red receiver surrounded by the wide-angle lens, so that
infra-red from other sources will not be detected - See
Systems Unit chapter for more detail}.

Two buttons are located on the sides of the Keyboard {one
on each side). These release the spring-loaded feet which filt
the Keyboard for normal desk-top usage.

Circuitry

The circuitry on the Keyboard PCB consists of an NEC 7507
microprocessor, three infra-red LEDs and assorted
components for interfacing the 7507 processor to the
keyswitch array and LEDs. A circuit diagram of the Keyboard
is provided in an appendix to this manual.

The 7507 is a CMOS 4-hit single chip microcomputer which
has its own internal ROM and RAM. It also contains an
internal timer, a vectored interrupt structure and features 32
I/0 lines. The 1/0 lines are organised into eight 4 bit ports.
The ports are identified by a prefix which is the port number
followed by the port line number. e.g. P21 is port 2, line 1).

Keyhoard Scanning

The 7507 uses the standard method of row/column
scanning for detecting key closures in the keyswitch array
and also the closure of the four fixed function keys. The four
fixed function keys are mapped onto the bottom row of the
keyswitch matrix {port PGQO).

The scanning method is as follows. The 7507 selects a row
by setting the appropriate port output to logic low. It then
sequentially scans through all the columns looking for a logic
low input on the appropriate input ports which indicates a
keyclosure.

The Shift and Control keys are not scanned in the same way
and are treated as special keys. These are wired directly to
input ports.
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The keyboard processor is normally in a sleep mode and is
awakened every 15.6 ms. The 15.6 ms timer routine
performs two functions. It checks for key closures and also
updates the software time/date clock.

If a key has been pressed, the keyboard remains awake and
decodes the selected key, formats it, and then transmits it to
the Systems Unit by pulsing the infra-red LEDs. If no other
key has been pressed the keyboard re-enters sleep mode to
conserve battery power.

When more than one key closure is detected in a single scan,
the 75607 software checks the validity of the closures to
prevent false key codes being issued. It does this by reducing
the area to scan by searching a “closed” key switch map until
it finds an unambiguous key closure.

Only keys which can be uniquely identified are encoded and
transmitted.

The total time taken between detecting a key closure to the
end of the keycode transmission is normally between 26 to
32 ms. At the end of the transmission, the processor rescans
the key switch and then enters sleep mode if no further key
is active.

The oscillator connected to the X1, X2 inputs of the
processor sets the sleep mode cycle. The processor cycle
time is set by the components connhected to CL1/CL2.

Data Transmission Format

The majority of the consumption of power on the keyboard is
taken by the three LEDs. In order to extend the battery life,
these are normally switched off and only pulsed on for the
transmission of data.

All keycode data is encoded into serial packet format,
consisting of 32 bits, prior to transmission {see below for
more details on the actual encoding format used). The 32 bit
serial data stream is sent via the data output (P31) to drive
the three LEDs.

The data is converted into a pulsed waveform by a
monostable circuit prior to forming the drive signal for
switching the LEDs on. The duration of the pulses and thus
the time the LEDs are switched on, is kept relatively short {of
the order of 15 us) to minimise the amount of battery power
consumed.
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The monostable circuit translates the bit stream into the
waveform format as shown in Figure 1. This is in effect a
transmission packet consisting of an interleaved clock and
data waveform. Encoding the data in this way allows the
decoding circuits on the Systems Unit to easily compensate
for variations in the data rate.

Data 18" are signified by a pulse within the clock pulse time
period and data “0s” signified by an empty time slot.

o seqones fo 0 e g e |
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Figure 1.Keycode Transmission Format

Keycode Data Enceding

To maximise system reliabilty, and ensure that data
transmitted from the Keyboard is not misinterpreted on the
Systems Unit, the keycode data is encoded into a special
format.

The Keyboard formats the valid key closures into a serial
packet consisting of a four byte sequence. The format is the
synchronous transmission mode Monosync and is operated
at a fixed data rate of approximately 3.85 Kbits/sec. The first
byte is the sync header. All the following bytes are the actual
data. These are encoded using Hamming codes {see Figure 2).
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Figure 2. Synchronous Packet Format

This method enhances system reliability in two ways:

1. Using Monosync means that the receiver circuits on the
Systems Unit (the Z80 S10 of the serial interface), have
to first detect a valid data pattern, {the sync header
byte) before it regards the data sent as being valid. This
provides a high degree of protection from other
infra-red sources, as they will not contain the sync
header and will therefore be totally disregarded.

2. Using a Hamming format to encode the data enables
the BIOS software in the Systems Unit to check the
integrity of the data received from the Keyboard. it
produces a highly reliable system for proving the
validity of the Keyboard data, providing a measure of
protection against a transmission which contains a valid
sync byte, but invalid data (missing or corrupted data).

The four byte sequence consists of the Sync header byte
(DAH), a status byte and two data bytes. The status byte and
keycode data bytes are encoded with a Hamming format.
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The status byte contains four bits {a nibble) of information as

follows:
bit O

bit 1

bit 2

bit 3

Whether the key pressed is pressed in conjunction
with the SHIFT key. This state is indicated when the
Shift bit is set high.

Whether the key pressed is pressed in conjunction
with the CONTROL key. This state is indicated
when the Control bit is set high.

Whether the key code transmitted was the same
key code as transmitted immediately prior to the
current transmission. The Repeat Status bit is set
high to indicate that a key is being held down
(repeated).

That the data transmitted to the Systems Unit is
from the Keyboard. This bit is indicated by the Link
Status bit and is always set low for a keyboard
transmission. (This bit allows the BIOS to
differentiate between Keyboard and Mouse data
which uses a similar format but sets the Link Status
bit high).

The first keycode data byte contains a data nibble {(Nibble 1}
which is the Y-coordinate of the selected key in the keyswitch
matrix. The second data byte contains a data nibble {Nibble
2) which is the X-coordinate of the selected key in the
keyswitch matrix.

The X-Y coordinates for each kéy are illustrated on Figure 3.
The coordinates are identified by the numbers in the top

left-hand

corner of each key. For example, the CAPS LOCK

key is located at X-coordinate 2H, Y-coordinate BH {i.e. the
keyswitch matrix position 2,11 in decimal format).
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All keys apart from the RESET, REPEAT RATE, SET TIME,
TIME/DATE (and SHIFT and CONTROL which are not in the
matrix) are transmitted from the keyboard by encoding the
X-Y position of the detected key with Hamming codes in the
format as described above and perform no other function.

The handling of the RESET, REPEAT RATE, SET TIME and
TIME/DATE keys are slighly different and are discussed
under the section headed Special Keys. The SHIFT and
CONTROL keys are encoded into the status byte only and
are never transmitted as a X-Y keycode.

Hamming Format

The encoding of the status and keycode data nibbles uses a
Hamming distance of four. {The definition of the Hamming
distance equates to the fact that for all possible
combinations of encoded bytes, each byte will have at least
four bit positions different when compared with all other
encoded byies).

A Hamming distance of four allows the BIOS to detect any
two-bit errors and also correct any single-bit errors in the
transmitted data. Each data nibble is converted into a
Hamming encoded byte by the addition of four check bits.

The Hamming encoded bytes are produced by generating
the check bits and then combining them with the nibble of
data in the format detailed below.

LSE MSB

CT|C2|M1|C3 | M2M3{M4|C4 Hamm;gg encoded
yte

C¥* corresponds to a check bit

M#* is a bit within the data nibble. The position of the LSB is
specified by M1, the MSB hy M4,

The check bits are generated using the algorithms detailed
below.

Cl=M1EOM2EOM3
C2=M1® M3 M4
C3=M2@M3® M4
CA=C1HC2EAMIE C3OM2A M3IE M4
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Since a nibble of data can only have one of 16 values (OH to
FH), the data nibbles can be translated into the
corresponding Hamming encoded bytes by using a simple
look-up table. This is as follows:

Data Nibble Encoded Byte

OH 80H
TH O7H
2H 19H
3H 9EH
4H 2AH
5H ADH
6H B3H
7H 34H
8H CBH
9H 4CH
AH 52H
BH D5H
CH 61H
DH EGH
EH F8H
FH 7FH

Special Keys

Some of the keys are not transmitted from the Keyboard in
the same way as decribed above. These are the four keys
RESET, REPEAT RATE, SET TIME and TIME/DATE,

Reset

When the 7507 microprocessor detects that the RESET key
has been pressed it does not transmit a hamming encoded
keycode. Instead, it sends sync characters (the byte value
S5AH) at a set rate of one sync character every 15.6 ms for as
long as the key is held down.

If the key is held down for approximately one second, the
accumulative effect of receiving the multiple sync bytes on
the Systems Unit generates a hardware reset. This
mechanism is discussed in the System Detail chapter.
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Overview

The Keyboard driver software handles communications
between the §10 and MS-DOS. Serial data is received by the
S10 from both the Keyboard and the Mouse.

The driver distinguishes between the two and vectors to the
appropriate routine. The Mouse driver is of sufficient
importance to be treated as a separate section of the drivers.
Here we will concentrate on the keyboard.

Applications running under MS-DOS receive data from the
keyboard via normal MS-DOS CALL (INT 2 1H).

The action of pressing a key or combination of keys, e.g.
SHIFT+ or CTRL +, will result in the SIO generating an
interrupt and passing a packet of data in Hamming coded
format to the SIO interrupt handler. The data is then
converted and presented to the driver in the AX register in
the following format:

)FEDCBA9876543210

[undefined] |_X-coord._| |_ Y—Coord.J

SHIFT status
CTRL status
REPEAT status
= Q Keyboard

A similar packet is sent for the Mouse except thatbit B = 1.

The X and Y coordinates are converted into an offset within
the soft keyboard table. The generic keyboard has 104 keys
and the offset is in the range 0 to 103. Each of these is
referred to as a “down-code”,

The keyboard table is divided into sections, each of 104
words, to facilitate the following:

Normal - key without SHIFT or CTRL
Shifted - SHIFT + key
Control - CTRL + key

The attribute bits 8 and 9 of the packet determines which
section of the table is to be used to transiate the down-code.

3.4/2 Keyhoard driver
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