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CHAPTER 1

INTRODUCTION
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PLEASE READ THIS DOCUMENTATION COMPLETELY AT LEAST ONCE BEFORE BEGINNING
CONSTRUCTION OR ASSEMBLY!

- > @ . €2 - G T S R T T - S - G 2 S8 ) S D e e > S S Sl G G Gl s Vo (B0 R0 G e W W (s Mt AL 6 G0 B i B S S (R A SRR, G S . S S Y S s e o e P O e S O

The Interrupt Controller/Real Time Clock Board is a multi-function board
designed to interface the CPU to time-dependent events. It provides a
battery-operated calendar-type clock, an eight level fully maskable priority
interrupt cntroller, and an interval timer/counter/generator facility for
timing events, measuring frequency and generating time delays. '

1.1 FEATURES

Interface: Uses 16 contiguous output and input ports; full address decoding on
board. All address and data 1lines present 1 TTL Load. Uses 16 wire ribbon
cable to CPU interrupt socket.

Clock: 1 MHz crystal timebase, stable to plus or minus .002% from -30 degrees
centigrade to + T0 degrees centigrade. Calibration tolerance of plus or minus
.002% at 25 degrees centigrade. Settable to plus or minus ,0001% of nominal
frequency. Rechargeable nickel-cadmium batteries with built in charger provide
over 14 days operation per charge.

Decade frequencies available from 1 MHz to 1 second. Counter holds 2724
seconds, readable through four input ports, six bits per port. A switch to
allow setting the clock may be added.

Interrupt Controller: 821l4-based 8 prioritized levels. Supports all 3 Z-80
nodes and 8080 interrupt mode. Each level selectable for rising edge, falling
edge, active high, or active low signals. Schmidt-triggered inputs. Each
level individually maskable under software control.

Interval Timer: 8253-based timer supporting programmable one-shot rate
generator, triggered strobe and counter modes. Three independent 16-bit
counters (binary or BCD) with six programmable counter modes and fully software
selectable inputs from eight sources for all timer clocks and gates. Two
decade prescaler with 50 MHz input for frequency counter applications.

RTC/IC -3 -
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1.2 SPECIFICATIONS

Uses one I/0 slot. Interfaces to Digital Group Z-80 or 8080 CPU boards.

Timebase: 1.000000 MHz crystal oscillator,
Timebase Stability: (long term) 30 seconds per year
at 25 degrees centigrade.
Timebase Stability: (short term) + or -.002% from ~30 degrees
centigrade to +70 degrees centigrade.
Interrupt Inputs: TTL compatible, 1 load.
Frequency Counter Input: 1 TTL load, 50 MHz maximun frequency.

External Counter and Gate Inputs: TTL, 2 MHz maximum,

Power Requirements: +5 volts at 1.2 amps.
+12 volts at 40 milliamps.

Optional Power Requirements: +4.8 volts at 0.7 to 1.3
milliamps (Ni-Cad supply included).
+9 to +12 volts at 40 milliamps.
(for external charger)
+6.3 to +14 volts at 1.5 milliamps.
(for alternate battery supply)

RTC/IC -l -
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CHAPTER 2
CIRCUIT DESCRIPTION

The Interrupt Controller/Real Time Clock board can be broken down into three
major functions. The functions are the real time clock, the interval timer
with frequency counter, and the interrupt controller. The board also contains
address decoders and an internal data bus to provide the system interface,

2.1 REAL TIME CLOCK

The real time clock is basically a countdown chain which divides the 1
Megahertz crystal controlled oscillator to provide timing signals down to 1
second and also a counter with capacity to store over a half year's worth of
seconds. All the circuitry in this section is CMOS to allow battery operation
when the computer is off or a power outage occurs.

The oscillator is of the parallel resonant type and its frequency may be pulled
about + or - 30 Hz. The crystal is calibrated to within 20 Hz and has an
extremely low frequency shift for temperature fluctuations about room
temperature.

The oscillator output is buffered and fed through three dual-decade counters
(IC's 30, 31, and 35) which provide all the decade outputs down to 1 second.
Each decade output is buffered by a 4009 to reduce loading and to isolate the
CHMOS supply voltage from the system supply. The decade outputs are available
through jumpers and a data selector (IC 15) to provide periodic interrupts or
timing signals for use in other sections of the board.

The one-second signal goes to two 12-bit binary counters (IC's 9 and 32).
These counters can be read by putting their output on the read bus through one
of the four hex tri-state buffers (IC's 17 through 20). The counters are set
by clocking each counter at a high rate (as selected by the decode selector, IC
15). A quad bi-lateral gate (IC 33) feeds the slow or fast clocking signal as
controlled by the software.

Individual reset signals are also availale to help set the counter, All of
these signals pass through IC 8 and thus can be inhibited by a CMOS latch (IC
7). Once the latch is in the inhibit position, it can only be activated by the
time-settng switch, thus preventing the time-keeping functions from being
affected by power transients, run-away software, or programming errors.

2.2 INTERVAL TIMER/FREQUENCY COUNTER

A programmable interval timer chip (8253, IC 54) forms the heart of the board's
timing, counting and frequency generation applications. The chip is organized
as three totally independent 16 bit counters. Each counter may work in one of
six possible modes of operation. Each counter may be written or read to the
internal data bus, which interfaces to the I/0 bus of the computer.

The counters each have a clock input, a gate input and an output. The input
and gate signals are selected by the six selectors (IC 37 through 42), which

RTC/1C -5~
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can select one of eight possible signals. One of the eight signals is fed from
off the board so that each counter is accessable by external hardware. Some of
the other signals are decade-divided signals from the real time clock,
programmable signals and output signals from other timers. The latter feature
allows timers to be cascaded, or allows one timer to trigger another,

Ohe of the counters also has a prescaler (IC's 51 and 25) for use as a
frequency counter, A selector (IC U49) controls the amount of prescaling
necessary and the prescaling dividers are automatically gated and reset between
signal samples.

2.3 INTERRUPT CONTROLLER

The interrupt controller is based on the 8214 (IC 5) priority interrupt
controller chip. Whenever the chip detects an interrupt on a level higher than
the internally stored level, it causes an interrupt. To allow flexibility,
each level is maskable and edge or level triggerable due to the input flip
flops. Also, the interrupt inputs can be inverted and slow wave forms are
de-glitched by the schmidt triggers.

When an interrupt occurs, the 8214 generates an interrupt signal for one clock
pulse. This signal is latched up by IC 24, which sends the interrupt to the
CPU and activates the tri-state interrupt-level outputs so that they may be
sent to the CPU. The CPU acknowledges the interrupt, but is not finished with
the interrupt-level data until the acknowledge signal is removed. This removal
resets the interrupt request. A separate software-controlled line can also be
used to reset a pending interrupt that may occur during system power-on. ‘

The interrupt level socket transfers the level to the CPU in the proper format
by proper jumpering. Since the 8080 CPU board has eight interrupt inputs, a
7442 may be inserted in this socket to decode the interrupting level into the
proper interrupt line.

2.4 UTILITY FUNCTIONS

The board performs its own port decoding for a block of 16 ports. Read and
write strobes are generated by IC's 47 and 14, respectively. Data to the board
is buffered by IC 46 which drives all of the internal configuration latches.
This data must alsc be buffered by IC 45, since the timer chip's data lines are
bi-directional and cannot drive the 1load on the previously described data
lines. The 1low drive CMOS counter Jlines also appear on this bus. These
outputs are buffered and sent to the CPU through IC 44.

RTC/IC -6 -
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CHAPTER 3

ASSEMBLY

3.1 BOARD CONSTRUCTION (UNASSEMBLED VERSION)
Estimated Construction Time: 3-8 hours

To build the Interrupt/Real Time Clock Board, you will need the following
tools and equipment:

Fine tipped low wattage soldering iron (approximately 15 watts)
Solder - 60/40 resin wire solder, 24 gauge (approximately)

DO NOT USE ACID CORE SOLDER!

Diagonal cutters - small micro shear type preferred

Long-nocsed pliers

Flux remover or alcohol

Small brush

Volt-ohm meter

Refer to the parts placement diagram (Appendix L) during construction.

Before beginning to mount and solder components, inspect the board. The side
from which the components are mounted has the manufacturer's label along the
left edge of the board. Compare the areas where IC sockets will be inserted
with the layout to see that there are no shorts occurring between either the
traces leaving the IC or the IC pads or holes in which the IC's are mounted.
While plating errors like this are a rare occurrence, once the IC sockets are
inserted it is very difficult to find such a problem.

The sockets should be mounted as close to the board as possible. Do not bend
the leads of the IC sockets excessively before soldering, as they may break off
at the base of the socket.

1. Make sure you have all of the components shown on the parts list,

2. Insert and solder the two 24~-pin IC sockets for IC5 and IC54, making sure

the notched end of the socket is near the top of the board, away from the edge
connector.

3. Insert and solder the four 20-pin IC sockets. CAUTION: THE SOCKET TRACES
ARE VERY CLOSE AND A CAREFUL JOB MAY SAVE YOU HOURS OF TROUBLESHOOTING TIME!

4, Insert and solder the thirty-three 16-pin IC sockets.
5. Insert and solder the twenty-nine 14-pin IC sockets.

6. Insert and solder the 22K 8-pin resistor pack (Z3). Note the dot near pin 1
on one end. This end must be oriented toward the top of the board.

7. Insert and solder the ten .01 mfd disc bypass capacitors as indicated on the

RTC/IC -7 -
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parts placement diagram (C1 through C6 and C10 through C13). Clip and save the
excess leads.

8. Insert and solder the two 1 mfd tantalum capacitors (C7 and C14). Note that
the + end must be inserted nearest the + mark on the board. The + end may be
identified as the 1longer lead, the lead nearest a paint mark on the capacitor
body, or the lead nearest a + mark on the capacitor body. Clip the excess
leads.

9. Insert and solder the 220 pf mica capacitor (C9).

10. Insert and solder the 180 ohm, 1/2 watt resistor (R12). Mount the body of
the resistor 1/4 inch above the surface of the board to allow efficient heat
dissapation,

11. Insert and solder the 10 megohm resistor (R7).

12. Insert and solder the 100K resistor (R5).

13. Insert and solder the 22K resistor (R13).

14, Insert and solder the two 1.2K resistors (R1 and R6).

15. Insert and solder the four 2.2K resistors (R2 through R4 and R6). Clip and
save the excess leads.

16. Insert and solder the IN5231 5.1 volt zener(CR3). Orient the cathode (the
end marked with a black band) to the left.

17. Insert and solder seven IN4148 diodes (CR1, CR2, CR4, CR6 through CR8 and
CR10). Orient the cathodes to the left. Be careful not to short the leads to
the traces on the boards.

18. Insert and solder the IN4148 diode (CR9) with the cathode oriented toward
the bottom of the board.

19. Carefully inspect the 5-30 pf trimmer capacitor (C8). The lead which
connects to the bottom of the capacitor is oriented to the right (to ground).
The round body is slightly flat at one side and is oriented to the top of the
board. Insert and solder the trimmer, being careful not to allow excess solder
to flow underneath it.

20. (If you do not have a crystal socket skip this section.) Trim the crystal
socket's pins as shown in figure 3.1.1 to fit into the crystal holes.

PIN VIEW: RESULT:

qcut

FIGURE 3.1.1 TRIMMING CRYSTAL SOCKET

RTC/IC -8 -
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Press the rear tab into the board hole provided for it. Solder the pins and
the rear tab.

21. At this point, measure the resistance between pin 1 (+5V DC) and pin 2
(ground) on the 22-pin edge connector with an ohmmeter. If there is a low

resistance, this indicates a bad capacitor or a solder bridge somewhere on the
board.

22. Insert the board into the system at an unused I/0 socket and turn the
computer on. The presence of the board should not affect the operation of the
system. If any difference is detected, it is probably due to a short somewhere
in the 1I/0 traces. Measure the voltage at the left lead of CR3. It should be
approximately 5 volts.

23. Slide the 1 megahertz crystal into its socket or insert and solder the
crystal into the board.

24, Insert all of the IC's into the proper sockets except IC21 shown on the
parts placement diagram. Be sure to orient the notch on pin 1 away from the
edge connectors. Again measure the resistance between connector pins 1 and 2.
Reverse the meter leads and compare readings with the previous measurement.
The resistance should be somewhat lower in one direction than the other, but
not zero ohms. The same resistance in each direction indicates a reversed IC.

At this point, the following parts have not been installed: the T4U42 decoder
(IC 21), a INA4148 diode (CR5), four 2.2K resistors (R8 through R11), the IC
socket headers, the ribbon cable assembly and the ni-cad batteries with
associated hardware. IC21 is used with 8080-based systems and its use is
explained later under Selecting Options. CR5 is omitted at this point to run
the CMOS oscillator at a lower voltage, thus conserving battery life. It
should be installed (cathode or band to left) if a higher degree of accuracy is
needed for the clock function, since there is a slight shift in frequency
without the diode (about 0.5 Hz) when operating under the computer power vs.
battery.

25. Insert and solder the INW148 diode (CR5) if it is to be used as described
in the discussion above. (This step may be omitted until later).

26. A battery holder for the four AA ni-cad cells has been provided. The
solder tabs at the end of each battery position should be wired as in figure
3.1.2. The molex connector should be wired in to the two end tabs. Install
the batteries as shown. The molex connector will later be plugged into the
wire wrap connector for the 36 pin socket at pins 29 and 30. It is important
that the polarity is correct with the positive (+) side of the battery going to
pin 29. Do not connect the battery now. The batteries are supplied in an
uncharged state and will be totally discharged if used without charging. When
the system has been debugged and is operating, the batteries may be connected
and charged. The system should be powered up for about 20 hours to fully
charge the batteries.
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positive lead

(to pin 29)

negative lead
(to pin 30)

FIGURE 3.1.2 WIRING BATTERY HOLDER

27. Adjust the trimmer capacitor (C8) with a small screwdriver so that the slot
is vertical and the soldered half of the capacitor is on the 1left and the
insulator material is on the right. Turn the slot counter-clockwise
approximately 1/16 of a turn.

This completes the board construction. Before plugging the board into the
system, the address Jjumpers MUST be set up correctly. This is covered in the
next section.

3.2 SELECTING OPTIONS

The Interrupt/Real Time Clock board has a number of options which may be set up
according to the intended applications. This section describes each of those
options. The initial setup to run the diagnostics program is also described
under each option,

Since the board was designed to meet the needs of the average user, some
features or options may not be available. The board is highly flexible, and
can usually be modified by Jjumpers and cut traces to fit an individual's
applications.

3.2.1 ADDRESSING JUMPERS

The board uses a contiguous 16=-port block of addresses. The high four bits of
the address must be set up by the address jumpers. (The lower four bits are
decoded by the board logic). Select a block of addresses that are not used by
any other system. The software supplied with the board uses the "E" block. In
other words, it wuses ports EO0 through EF, as noted in hex, or 11 100 000
through 11 101 111, as noted in binary. The most significant bit (known as
MSB, the leftmost bit) is shown in the diagram as A7. The other bits, A6, A5,
and A4, are the following bits to the right. Each bit (A7 through A4) must be
connected to one of its two associated levels (a high level or a low level).
When the bit is‘é1, it should be jumpered to its high level (connecting AT to
TH, A6 to 6H, ete.). Referrring to figure 3.2.1, set up the board address to
the desired block. Use either component leads inserted directly into the
socket or wire a header,

RTC/IC - 10 -
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[ 04L

/

A4 |—> ol 4H

o ) 5L (o ;::::::so A5

[+

6L |o A6
DIAGNOSTICS ;::

7L

SETUP 6H |° °
A7 o‘ﬁz:::: o| 7H

[$)]
o g
(o}

JUMPER SHOWN FOR
ADDRESS BLOCK "E"

FIGURE 3.2.1 ADDRESSING JUMPERS

3.2.2 FREQUENCY JUMPERS

Two jumpers are used to select timing rates. The jumper called FINT brings the
selected frequency to pin 11 on the 36 pin edge connector. The jumper called
FREQ2 puts the selected signal names frequency on the internal bus so that it
can be routed to the various inputs to the interval timer.

The FINT jumper is normally used to select a regular interrupt rate for timing,
nonitoring and other applications requiring a periodic interrupt. The name
FINT stands for - Frequency of INTerrupt, although this signal does not
necessarily have to be used by an interrupt level.

When used to interrupt, the signal (at pin 11) should be wired to one of the
interrupt inputs (pins 1 through 8) depending on the desired priority of
interrupt. The signal output is an open collector TTL type.

FINT should be jumpered to one of the five frequencies located above as shown
in figure 3.2.2. The two faster rates (10 micro seconds and 1 micro second)
are normally too fast to allow the software overhead for interrupt processing.
However, if one of these frequencies is needed off the board for other
purposes, the jumper may be connected to one of them.

The second jumper, FREQ2 stands for FREQency 2. It selects a commonly-used
frequency to be used by one of the on-board timers. (FREQency 1 also exists,
but is software selectable).

FREQ2 should be jumpered to one of the seven frequencies located along the
right side of the socket as in figure 3.2.2.
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1 SEC|o oll SEC
100 Ms| o 0|100 MS
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FREQ2 o[l US

DIAGNOSTICS

SETUP

(-]
o
o

)

FINT SET TO 1MSEC
FREQ2 SET TO 1OMSEC

FIGURE 3.2.2 FREQUENCY JUMPERS
3.2.3 INTERRUPT TRIGGER JUMPERS

The level circuit on each of the eight interrupt levels may be set up to
interrupt or trigger, on four types of conditions on its interrupt input line.
The user may wish to interrupt when the 1line is low, high, moving from low to
high, or moving from high to low.

When the interrupt level is set up to interrupt on a low or high line (static
interrupt), the interrupt will be present as long as the interrupt line remains
at that signal. This condition is useful when used with a device that will not
toggle the interrupt line for each acknowledgement. If the device pulls the
line to interrupt for a piece of information and then holds the line pulled for
a second piece of information, the static interrupt will cause the controller
to interrupt again to handle the second piece.

When the interrupt level is set up to interrupt on a rising or falling line
(edge interrupt), the interrupt will only occur at the line transition and will
be reset until the next similar transition. This condition is useful when
there is no "hand-shaking" or computer reset of the interrupting signal. A
slow square wave used for a time interrupt is a good example. The interrupt
ocecurs for the high-to-low transition. If a static interrupt was wused with
this type of signal, the CPU would be "stuck" on the interrupt level for half
the time!
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Figure 3.2.3 shows an input 1line and the four interrupt conditions. The six
pins should be connected to choose the desired condition. The lower half of
the figure shows how each interrupt trigger socket allows two levels to be
jumpered, using the top six pins or the bottom six pins, The two middle pins
are unused. Level O is the highest priority level.

LOW-TO-HIGH HIGH HIGH-TO-LOW LOW
TRANSITION LEVEL TRANSITION LEVEL
- 1} L, N\
HIGH OR "1 ¥ v l INTERRUPT
LOW OR "0"— LINE
i gt
LEVEL @ E 1 b LEVEL 2
>~< o
LEVEL 1 5 o o LEVEL 3 oe
YL gL o8
o -,
LEVEL 4 2 4§ LEVEL 6 i
o C ravd
(.3 {-] O
LEVEL 5 o 3 b o LeveL 7
DTAGNOSTICS
SETUP
g LEVEL @ = HIGH LEVEL
4 r LEVEL 1 = LOW-TO-HIGH TRANSITION
BN LEVEL 2 = HIGH-TO-LOW TRANSITION
LEVEL 3 = LOW LEVEL
— LEVEL 4 = HIGH LEVEL
i3 LEVEL 5 = LOW-TO-HIGH TRANSITION
. : LEVEL 6 = HIGH-TO-LOW TRANSITION
: i LEVEL 7 = LOW LEVEL

FIGURE 3.2.3  INTERRUPT TRIGGER JUMPERS

3.2.4 INTERRUPT MODE SOCKET

The Interrupt/Real Time Clock board can support all three interrupt modes of
the Z-80 CPU as well as the 8080 interrupt structure.

Mode 0 allows the user to insert a restart instruction onto the data bus and
allows the CPU to execute it. This mode is equivalent to the 8080 interrupt.
Mode 1 causes a restart to location 0038 (hex). Mode 2 allows an indirect call
to any location in memory. The address of the interrupt program is stored in a
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table somewhere in memory. The high byte of the table address is stored in
register I (a Z~-80 internal register) and the low byte is supplied by the
controller.

The interrupt controller is set wup for Mode 2. The 1low byte of the table is
set up to 11 11x xx0. The xxx represents the interrupting level in binary.
Thus, the table can exist in the last 16 bytes of any 256-byte section of
memory. The format of the table is shown in Figure 3.2.4.1.

ADDRESS
LOW BYTE REGISTER I
OF INTERRUPTY Ineh BYTE IS THE UPPER BYTE
ROUTINE OF THIS ADDRESS.

THE INTERRUPT BOARD
SPECIFIES THE LOWER
ADDRESS BYTE.

—)
A

—> |INTERRUPT
ROUTINE

|

/’”““\\“md

FIGURE 3.2.4.1 Z-80 MODE 2

For example, suppose the table is to be located in page 6. Furthermore, assume
the interrupt routine begins at loction 0B 75 (013 165) for interrupts on level
2. Before enabling interrupts, register I should be initialized to 06 (006),
using the "LD I,A"™ instruction. The table uses addresses 06 FO (006 360) to 06
FF (006 377). Level 2 is the third interrupt (beginning with 0), so the
address is three times two bytes into the table or address 06 F6 (006 366). At
this address the low byte to address the interrupt routine is placed and at the

next consecutive address the high byte is placed. Figure 3.2.4.2 shows the
configuration.
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06 FO Level ]
""" 0

06 | Level

1 0B 75 |INTERRUPT
ROUTINE
06 F6 | 75 _|Level
06 F7 | OB 2
_| Level

3

06 F8 | Level
4

TN

Level
5

_| Level
6

- - Level

06 FF | 7
FIGURE 3.2.4.2 EXAMPLE OF Z7Z-80 MODE 2 INTERRUPT

When an interrupt on level 2 occurs, Register I and the interrupt controller
form the address 06 F6 and the address stored there becomes the address of the
called routine. Execution of the interrupt routine then begins.

[/
ADDRESS
BITS:
BIT 7-|e °
DIAGNOSTIC BIT 6-lo °
SETUP BIT 5-1e °
BIT 4-|e i
DO NOT ADD ANY JUMPERS. ° °1COMMON
o °1 POINT
[} (-]
ADD JUMPER |o °
TO SELECT 9@

FOR ARPROPRIATE /
BITS.

INTERRUPT SOCKET

FIGURE 3.2.4.3 MOVING Z-80 MODE 2 VECTOR ADDRESS

RTC/IC - 15 =~



REAL TIME CLOCK/INTERRUPT CONTROLLER CHAPTER 3: ASSEMBLY

Connections may be made to move the 16-~byte table to other 16-byte areas in the
same 256~byte page. To select the upper 4 bits in the lower byte of the table
address, connect any bit which should be a zero to the common point as shown in
Figure 3.2.4.3. This selects the 16-byte section where the interrupt vector

addresses are stored.
NOTE: To select 8080 mode Z-80 Mode 0, the following traces must be cut:

"Turn the board over to the solder side and 1locate the four
Jjumpers under the interrupt socket. Cut the traces as shown

below, but DO NOT CUT the traces for the diagnosties, which will
use Mode 2.

8080 Mode

Cut the four traces. Insert the T442 (IC 21) into the interrupt socket.

s )
o 2 y
w2 o) _
@RS
@ & SOLDER-SIDE UP
0 N\
@ Py
R e
f

CUT FOR 808P OR Z8p MODE @ OPERATION

FIGURE 3.2.4.4 CUTTING TRACES

4\ 0 .

Q

]

Q@ o © ©

FIGURE 3.2.4.5 Z-80 MODE 0 JUMPER
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Z-80 Mode 0

Cut the four traces. Wire pin 10 of the board's dual 36 pin connector to pin
AU (opposite pin 39) on the CPU card. This connects INT to the IRQ input on
the CPU card. Wire a header as shown in Figure 3.2.4.5 and insert it into the
interrupt socket.

Z-80 Mode 1

DO NOT CUT the traces. If the traces have been cut, install a header to
re-connect them as described for Mode 2.

Z-80 Modes 1 and 2 with cut traces

If Mode 1 or Mode 2 operation is desired after the traces have been cut, a
header may be inserted to restore the cut traces as shown in Figure 3.2.4.6.
Different addressing may also be added to this header (refer to the section on
moving the Z-80 Mode 2 vector address).

4 o
o
|
0
(4
0
o
<10

FIGURE 3.2.4.6 RESTORING CUT TRACES FOR Z-80 MODES 1 AND 2

3.2.5 OQUTPUT PULLUPS

The timer outputs (TOUTO0, TOUT1, and TOUT2) are of an open collector
configuration., Pullup resistors may be installed if needed.

To pull up TOUTO, insert and solder R10 (2.2k).
To pull up TOUT1, insert and solder R9 (2.2k).
To pull up TOUT2, insert and solder R8 (2.2k).

A one second timer gate (on one second, off one second) is also available
(called 1SG) and is also open collector.

To pull up 1SG, insert and solder R11 (2.2k).
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3.2.6 TIME~-SET SWITCH

To set the time, a momentary switch (not supplied) must be pressed in order to
allow processor control of the real time clock. This is done so that powering
up and down will not normally affect the clock unless this switch has been
pressed.

The switch should be mounted in an out of the way location within the cpu
cabinet. It will rarely be used, and may be omied entirely if a temporary‘
Jjumper wire to ground is acceptable.

Run a wire from SETIME (pin 33 of the 36 pin edge connector) to one side of a
momentary normally open switch. Wire the other side of the switch (or the
common terminal) to ground.

3.2.7 EXTERNAL BATTERY OR CHARGER

The ni-cad batteries supplied will normally run the clock for more than two
weeks on a full charge. If a battery with more capacity is needed, it may
replace the supplied batteries at the 4.8 Volt battery input (BATTERY) if it is
also rechargeable and about 4.8 Volts, or it may be connected to the external
battery input (BAT2) if it is between 6.3 V and 14 V.

If the external battery is not intended to also charge the ni-cad batteries, an
external power supply may be connected to BAT2 in order to charge the ni-cads
without having to run the entire system. This would be necessary if the system
was turned on less than an average of ten hours per week. This power supply
should supply 9 to 12 volts and provide at least 40 milliamps of current.
Several - commercial "battery eliminator" modules will satisfy these
requirements. Connect the negative lead of the power supply to ground.
Connect the positive lead to BAT2 (pin 26 on the 36 pin edge connector).

3.2.8 EXTERNAL TIME BASE

In order to achieve an extremely accurate clock through crystal ovens, the TV
network rubidium clock signals, the National Bureau of Standards time
satellite, or other means, an external signal at 1 MHz may be used instead of
the built-in crystal oscillator.

The signal should be TTL-compatible and brought in at FSTAN (pin 35). The
board should be modified to accept this signal as follows:

Remove the 1 MHz crystal. Locate the two slightly larger feed through holes
between IC 14 and IC 15. Note that the traces come to each hole but do not go
elsewhere, Insert and solder a 10K resistor (not supplied) between these
holes, mounting the resistor upright.

To protect the CMOS, install a IN5231, 5.1 volt zener diode (not supplied)
between the top lead of R7 and the right lead of CR3. The cathode or band
should be nearest RT.

3.2.9 FREQUENCY PRESCALER
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The maximum usable range of the frequency counter is limited by the maximum
speed of the input counter (74196, IC 51) which is about 50 MHz. The signal
required on pin 19 must be TTL compatable, which is a further limitation.

A frequency prescaler may be used to extend the maximum frequency and improve
the sensitivity of the computer. 500 MHz prescalers which divide by 10 to 50
MHz can be found or built to provide a versatile frequency-counting system.

The following circuit may be used to increase the sensitivity at 1low
frequencies:

+5

40673
(top view)
G2 ~~ N\ D 2N5129
INPUT ‘(I
<)
1 1
.047 G1 S 2.7K To pin 19 or 12
of 36-pin edge
2.7 220 connector.
MEG ]
SENSITIVITY +12

+5

5K 22K

FIGURE 3.2.9 FREQUENCY COUNTER INPUT STAGE

3.3 CABLE INSTALLATION

The interrupt cable supplied connects the interrupt controller to the interrupt
socket on the CPU card. It may be routed in two ways, depending on the
card-supporting hardware in the system. The interrupt cable socket is located
at the extreme top right of the board. The cable 1leaving the DIP socket at
both the controller card and the CPU card should leave in the same direction,
either both to the left, or both to the right.
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Connect the cable in one of the two ways shown below:

INTERRUPT
CARD

CPU
CARD
OR

INTERRUPT
CARD

CPU
CARD

FIGURE 3.3 ROUTING OF THE INTERRUPT CABLE

RTC/IC - 20 -



REAL TIME CLOCK/INTERRUPT CONTROLLER CHAPTER 4: DIAGNOSTICS

CHAPTER 4
DIAGNOSTICS

The Interrupt/Real Time Clock board is basically a simple board to debug or
check out, but a total check-out is a somewhat laborious process. This is due
to the many options avaailable for configuring the board. A small solder short
between two normally unused lines may not show up until the board has been in
use for some time and a new application is implemented. In certain cases, the
short may never show up at all. Thus, the amount of checkout needed depends on
the projected uses of the board. If its total use cannot be defined, then a
total checkout is recommended.

4.1 TEST PROCEDURES

The diagnostic routines are supplied in the first program of the cassette, The
routines tie in very closely with the written descriptions of each test.

To run the test follow the written description for the preliminary
measurements, if any, and then select the proper option. Most routines simply
set up registers and decoders since no feedback is available from the board to
automate the test. Thus, although several tests may be run, the signals on the
board must actually be measured in order to achieve the true results.

In general, the tests are broken into various phases, and the space bar should
be pressed to go from one phase to the next phase. If an error is found by the
routine, it will loop on the error until the problem is cured (or RESET is
pressed). Some routines will end through the space bar and others require the
RESET switch,

A high impedence volt meter may be used to measure many of the levels. An
oscilloscope is ideal since some of the reading requires either a frequency
measurement or the observation of strobe phases. The second best instrument
for these types of readings is an event counter (or a frequency counter that
doesn't need a symmetrical waveform). A logic probe can also be used to detect
whether pulses are present as well as levels, although it must have a high
impedence input to work on any of the CMOS integrated circuits.

The test descriptions are written to point out correct levels and waveforms.
If a problem is detected, the problem should be fixed before proceeding.
Although some comments are usually made to help isolate the problem, a general
knowledge of digital circuitry would be helpful. Measurements are usually made
at the final destination of a signal and often the signal can be traced back to
its source to find the IC or board trace that is causing the problem,

These routines will not find all of the problems on the board. The other
programs on the tape and the BASIC listings will help test more of the function
and should be used to test the board.

Since the interval timer chips can be set up to read or write two values in
sequence, any glitches on the bus may cause false reads or writes. The
glitches will get the internal logic of the timer chip out of sequence. A bus
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terminator may be needed to suppress any excess ringing on the I/0 strobes and
address lines. The circuit in Figure 4.1 may be used at the ends of the I/0
and memory buses,

+5

470
A11 diodes 1N914

T0 ALL
4.7ufd SIGNAL
—F——( Lnes

i
.0lufd ;L
| Use 4-6 .0lufd bypass capacitors

| spaced along the bus to eliminate
l stray inductance.

F:___
%
<

g‘fg

i

FIGURE 4.1 BUS TERMINATOR SCHEMATIC
4.2 INITIAL TESTING

If power has never been applied to the board, the procedures described here may
be used to bring the board up and to isolate any problems. Insert the board
into an unused I/0 slot. Do not connect either end of the interrupt cable.
All jumpers on the board should be set up as described in the options section
under set-up.

Power up the computer. If anything unusual happens so that the computer does
not power up, and the supply voltages are within minimum limits, then remove
IC's 44, 46, 48, 56. and 59. If the problem persists, it is probably in the
races between the 22 pin connector and the sockets of the IC's just removed.

If the problem goes away, refer to Section 4.4 on Addressing and I/0
Operations.

Measure the signal at pin 11 of IC 7. Its frequency should be approximately 1
MHz. If no signal is present, turn the trimmer (C8) until oscillation starts.
If no signal appears, check that all components are installed properly in this
area, check the power supply and check that there are no shorts or opens in the
traces. If no success, remove the crystal and IC 7 and verify that the
capacitors are not shorted and the resistors are not open. Try replacing IC 7
or the crystal.

Momentarily short pin 5 of IC 7 to ground. Verify that the signal on pin 1 of
IC 55 alternately is on for 1 second and off for 1 second. If not, refer to
section 4.3 on the Count Chain.,
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Load the Diagnostic Routines from cassette into the memory. Select option 3
for initial testing to read the low byte of the time. If the test fails, refer
to section 4.4 on Addressing and I/0 Operations. Press the space bar on the
keyboard for the next test. Check the following 1levels: High at pin 13 of IC
1, pin 1 of IC 2, pin 1 of IC 22, and pin 13 of IC 23. Press the space bar of
the keyboard and check for a low at pin 1 of IC 1, pin 13 of IC 22, pin 13 of
IC 23, If only one of the levels is wrong, check for shorts and opens (and
possibly a bad IC). If more are wrong, refer to section 4.4 on Addressing and
I/0 Operations. Again, press the space bar on the keyboard. Verify that pins
13, 14, and 15 at the interrupt mode socket (IC 21) are low. If the signals
are not all correct and the interrupt jumpers are set up as in Figure 3.2.3,
then refer to section 4.5 on Interrupts.

This completes the initial testing. Press the space bar to return to the menu.
If all the tests in this section worked, the board is basically working. At
this point the routines described under Programming, in this chapter should
eventually be used to complete check-out.

4.3 COUNT CHAINS

The count chain consists of the decade dividers and the =seconds counter
(calendar) as well as the time setting and disable circuitry.

To begin testing, momentarily ground pin 5 of IC 7 to allow the clock to count.
Make sure pin 10 of IC 7 is low. Pins 3, 4, 10 and 11 of IC 8 should also be
low. Check that all the proper frequencies are present at the frequency jumper
socket. Pin 8 should be a 1 microsecond signal and the periods should lengthen
by a factor of 10 on each pin to pin 14, which has a period of 1 second. Check
for the selected signal for periodic interrupts (FINT) at pin 11 of the 36 pin
edge connector. Also check that pin 22 of that connector is alternately on and
off for 1 second each.

Run option 4 of the diagnosties. Momentarily ground pin 33 of the 36 pin edge
connector (SETIME) to allow testing of the time-set function. Press space. If
the message "STATUS AND RESET FUNCTIONS OK" appears, procede with the next
paragraph. If a status failure occurs, and if either IC 16 pin 10 is low or IC
7 pin 5 is low, then refer to Addressing and I/O Operations, Section 4.4,
Otherwise, make sure pin 8 of IC 7 goes low when grounding SETIME and that pin
10 of IC T goes high.

Once again test the frequencies at the frequency jumper socket. All should now
be a high level except for the 1 microsecond signal.

If a reset failure occurred, make sure the data inputs (pins 1, 3, 6, 10, 13
and 15) of IC's 17 through 20 are all low. Make sure pins 11 of IC 9 and IC 32
are high. If no problem is found, refer to Addressing and I/0 Operations,
section 4.4,

Press space again. If a SETIME failure occurs, make sure that pins 9, 10, and
11 of IC 15 are high, low, and low levels respectively. Check that pin 5 of IC
15 is a 1 millisecond signal and that this signal is also on pins 10 of IC 9
and IC 32. Also check that at IC 33, pins 5, 6, 12 and 13 are all high. Pins
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11 of IC 9 and IC 32 should be low and the two IC's should each be counting up
in binary as checked at the data inputs of IC's 17 through 20. Press space bar
to end the test.

4.4 ADDRESSING AND I/0 OPERATIONS

The Interrupt Controller/Real Time Clock board has many latches and uses many
I/0 addresses. It is important that the addressing is unique and that all of
the internal bus structure is functioning correctly.

The test program begins with inputs and outputs to all devices whose lowest U
bits are "six". Thus it will output to ports 06, 16, 26, etec. (It will skip
E6). If any devices at these addresses would be damaged due to the inputs and
outputs, then skip this test and proceed to the next paragraph. If they won't
be damaged or can be removed, run options 5 of the diagnostics. Check that
there are no pulses on pins 4 through 7 and 10 through 12 of IC's 14 and 47.
They should all be high levels. Press reset to end the test.

The second test checks that all inputs and outputs are decoding properly. Run
option 6 of the diagnostics. This puts 1 strobe pulse on each latch or
tri-state gate about once every millisecond. These strobe pulses should be
observed at the following locations:

IC 17, pin 4 IC 4, pins 4 and 13
IC 18, pin 4 IC 6, pins 4 and 13
IC 19, pin & IC 12, pins 4 and 13
IC 20, pin &4 IC 13, pins 4 and 13
IC 26, pin 9 IC 43, pins 1 and 19
IC 27, pin 9 IC 5, pin 23

IC 28, pin 9

IC 29, pin 9

This test also writes 1low level to the latches. Measure voltages at the
following locations to insure that all levels are as specified (low can be as
high as about 1 volt on CMOS):

IC's PIN(S) LEVEL

49 10,11 low
1,2,22,23 1,13 high
8 1,5,9,12 low

7 5 high
15,37-42 9,10,11 low
37,39,M 3 low
55 5 low

Press the space bar and check that all of the above locations are now the
opposite 1level from the level specified. Press space bar to exit from the
test.

4.5 INTERRUPTS
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The interrupt tests are run with the interrupt cable disconnected at the CPU
card. This isolates problems to the Interrupt/Real Time Clock board. The
interrupt trigger sockets should be set up as described in the set-up section.

Run option 1 of the diagnostics. Momentarily ground pins 1 through 8 of the 36
pin edge connector (IRQ). Then check that pins 15 through 22 on IC 5 are all
at a low level. Press space and re-check those pins. All should be at a high
level. Make sure pin 9 on the 36 pin edge connector (INT) is a high level.
Press space again and now make sure that INT (pin 9) is a low level.

Press space. Make sure INT (pin 9) remains low. If a priority failure occurs,
check the lines going into pins 1 through 4 of IC 5 as well as the strobe on
pin 23 and the proper masking of interrupts on pins 20 through 23 of IC 5.

Press space. INT (pin 9) should go high, and should be reset by grounding one
of pins 9 through 16 of the interrupt socket where the cable is attached.
Pressing space will repeat this test in order to test all pins. To exit the
test press RESET.

4.6 SELECTORS AND DECODERS

Many different signals are selectively routed from point to point on the
Interrupt/Real Time Clock board. This test will check the signal lines for
shorts or opens, the correct decode operation and also the dual decade
prescaler.

Connect pin 12 of the frequency jumper socket to pin 19 of the 36 pin edge
connector. Run option 8 of the diagnostics. Follow the test procedures for
each test number.

COMPARE TO:

TEST# IC PIN SIGNAL OR LEVEL IC PIN REMARKS
1 54 9 - ¥ 13 Compare with
edge pin
open and
ground
1 54 11 - b 14 "
1 54 15 - ® 16 "
1 54 14 - * 17 "
1 54 18 - & 12 "
1 54 16 - ¥ 20 "
1 1 5 5 — #* 36 "

¥ = 36 pin edge connector

2 54 9 1 microsecond
2 54 11 0
2 54 15 1 microsecond
2 54 14 0
2 54 18 1 microsecond
2 54 16 0
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9 15 5 1 microsecond

10 54 18 10 milliseconds Signal
present
every other
second

11 54 18 100 milliseconds n

12 54 18 1 second "

4.7 CALIBRATION

To achieve an accuracy of about 30 seconds per year, the crystal oscillator
must be set to within 1 cycle. Without any adjustment whatsoever, the accuracy
will be about 1 minute per month worst case.

Measure the frequency at IC 56, pin 12 to reduce loading effects. Since the
oscillator frequency is slightly higher when operating from the 12 volt supply
than on battery, the frequency may be set to compensate for the anticipated
usage of the computer. Since the components will also age and thus change
frequency slightly, these effects can also be compensated.

If an extremely accurate frequency counter is available, it may be used to set
the frequency. Many computers, however, do not have sufficient accuracy to
allow this method to be useful for a highly accurate setting.

A simple, but lengthy process to calibrate the oscillator is to let the clock
run and make slight adjustments after a period of several days. One second per
two weeks would be a realistic goal. A BASIC program to read the clock is
listed in APPENDIX D. A probe on the 1 second signal could be used to better
show a slight drift over a shorter period of time.

A third method wuses a WWV receiver with a BFO. WWV broadcasts time signals at
5, 10 and 15 MHz from the National Bureau of Standards, and the oscillator
produces harmonics at these frequencies.

Tune in WWV at 10 MHz and set the carrier beat note at a comfortable frequency.
(Be careful not to confuse the tone frequency with the carrier frequency: the
tone will go away during the vocal time identification). Now mix the signal
from the oscillator so that both can be heard. Adjust the trimmer to "beat"
the notes against each other. If the two tones are 1 Hertz apart, the
"quality" of the tones will appear to cycle once per second. This will set the
oscillator frequency to within a tenth of a Hertz, or about 3 seconds per year,
Component aging, temperature, and varying supply voltages will cause further
error.

When using this method, it 1is often easier to stop the CPU or turn off the
computer altogether, since the number of various harmonics generated by the
computer may make finding the right frequency difficult. Also, the components
should be run for a time at their normal operating temperature and voltage
before setting the oscillator frequency.
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CHAPTER 5
SOFTWARE INTERFACE

This section describes the readable and writeable latches on the board, as well
as their applicability. A more concise representation of this information may
be found in the Programmers Guide, Appendix A.

5.1 REAL TIME CLOCK

The calendar clock may be read by inputting x0 (hex) through x3 (hex). (NOTE:
the x represents the upper 4 bits of the user-defined address). Also, all
values will be given in hex. Input x0 is the lowest byte of the counter, while
input x3 1is the highest byte. Only the low six bits are valid in each byte.
The counter can only count in binary.

BIT POSITION:

T 6 5 4 3 2 1 0

INPUT: x0 5 4 3 2 1 0
x1 11 10 9 8 7 6

x2 17 16 15 14 13 12

X3 23 22 21 20 19 18

FIGURE 5.1.1 BITS OF CALENDAR CLOCK

A utility output byte is used to set the calendar clock. Bits 3 through 7 of
output x6 facilitate setting the time. Bits 3 through 5 reset the decade
countdown chain, the first 12 bit counter, and the second 12 bit counter,
respectively. Bit 6 controls the clocking (or set) speed and bit 7 disables
bits 3 through 6 until the time set switch is manually pressed.

BIT POSITION:
7 6 5 4 3 2 1 0
OUTPUT: x6
Disable Fast Reset Reset Reset
Time Clock 2712 Second Milli- UTILITY BYTE
Set Second Second

o > S S S T - - £ - - -

FIGURE 5.1.2 TIME SETTING FUNCTIONS

The time may be set or represented in several ways. The simplest is storing to
the exact second the time and date the counter is set on disk or tape. The

counter can then start at zero and the stored value plus the elapsed seconds is
the current date and time.

A second method is a little more involved, but sets up the counters to a preset
value normally representing the time from a fixed reference point as the first
day of the first or seventh month of the year. The fast clock is used to set
the counters to the proper values. When the fast clock bit is a 1, both 12 bit
counters in the calendar section are set to count simultaneously by the fast
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clock. (The fast clock is FREQ! and so its actual clocking speed can be
selected as described in a later section).

In the sequence of events, one of the 12 bit counters is held reset while the
other is clocked to its intended value minus the intended value of the other 12
bit counter. Then both counters are clocked simultaneously until the count in
both counters become the intended value. The countdown chain is then reset to
inhibit counting, the fast clock turned off, and the computer waits for a
command to disable the time set mode, thus de-activating bits 3 through 6 and
proceding with its timekeeping.

It should be noted that the disable time set signal may be a 0 and the
time-setting bits will NOT be re~enabled.

In fact, when the computer is powered up, those bits may be initially disabled
and the set time switch must be pressed to enable them. Also, once the disable
set time bit is turned on it is remembered as long as the CMOS has battery
power (unless reset by the switch).

To determine whether bits 3 through 6 are active the time enabled status, bit 6
of input x4, can be read. If the bit is a 1, the clock can be set. If the bit
is a 0, the set time button must be pressed to set the time.

BIT POSITION:
7 6 5 Y 3 2 1 0
INPUT: xh Time
Enabled

STATUS BYTE
FIGURE 5.1.3 TIME ENABLED BIT

Note that if reset microseconds is on (when active), the decade frequency
divider is reset and FREQ1 is stopped.

5.2 INTERVAL TIMER

The 8253 interval timer has several functional modes, the particulars of which
are best seen in the manufacturer's data sheets. A general description will be
given here which will be sufficient to begin using the device in most
applications.

The timer has three 16-bit counters and thus three control words to configure
each counter. The information in the control word selects the operational
mode, the selection of Binary or BCD counting, and the loading sequence of the
count.

Each counter is a presettable down counter, and has an input, gate and output
which are configured by the selected mode.
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PRE-SETTABLE COUNT

CLOCK — L 16 BIT COUNTER (1 OF 3) p==————>0UTPUT

¥

GATE

FIGURE 5.2.1 CLOCK, GATE AND OUTPUT PER COUNTER

The counters may also be read and a special command allows the logic to
"capture" the count so that the counters may be read while in operation,

The internal timer must be programmed by the systems software to set it up for
proper operation. Each of the counters must first be set up with a control
word before data is entered. The control word is given by outputting to port
x0 or xC. (Both are equivalent, due to the board's mapping of the timer's I1/0

addresses).

BIT POSITION:
7 6 5 y 3 2 1 0
OUTPUT: x8 or
xC SC1 SCO RL1 RLO M2 M1 MO BCD

FIGURE 5.2.2 CONTROL WORD FORMAT

SC1 and SCO select the counter for which the rest of the control word applies.

SC1 SCo
0 0  SELECT COUNTER 0
0 1 SELECT COUNTER 1
1 0  SELECT COUNTER 2
1 1 ILLEGAL

FIGURE 5.2.3  SELECT COUNTER FORMAT

RL1 and RLO control the reading and loading sequence for the counter data.
They can set up sequence dependent operations and also latch the count for
reading "on the fly".
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RL1 RLO
0 0 Counter latching operation
1 0 Read/Load most significant byte only
0 1 Read/Load least significant byte
only
1 1 Read/Load least significant byte,

most significant byte.

FIGURE 5.2.4 READ/LOAD BITS

BCD controls the type of counting.

BCD
0 Binary Counter (16 bits)
1 BCD Counter (4 Decades)

FIGURE 5.2.5 BCD BIT

M2, M1, and M0 select the mode of the counter, The Programmer Guide in
Appendix A describes the configuration of the CLOCK, GATE, and OUTPUT signals
for the various modes.

M2 M1 MO

0 0 0 Interrupt on terminal count

0 0 1 Programmable One-Shot
(retriggerable)

0 1 0 Rate Generator (pulse output)

0 1 1 Rate Generator (square wave output)

1 0 Software triggered strobe (pulse
output)

1 0 1 Hardware triggered strobe (pulse
output)

FIGURE 5.2.6 MODE FORMAT

The data read or load sequence is selected by RL1 and RLO. When RL1=RL0=1, the
sequenced operation MUST be performed before the control word is again written
for that counter. Half of the operation is not allowed.

The data or count for counter 0 is input/output to port xB or xF. Counter 1 is
input/output to port xA or xE, and counter 2 is input/output to port x9 or xD.
NOTE: WHEN DATA IS INPUT FROM THOSE COUNTERS, THE BITS WILL BE INVERTED.

5.3 SIGNAL ROUTING FOR THE INTERVAL TIMER

Each of the three 16 bit counters has a clock input, a gate input and an

output. Each input can have any of several signals routed to it. The outputs
to select the appropriate signals are shown in Figure 5.3.1.

RTC/IC - 31 -



REAL TIME CLOCK/INTERRUPT CONTROLLER

OUTPUT:

BIT POSITION:

7

6

5 4 3

CHAPTER 5: SOFTWARE INTERFACE

Gate 0 Select
C B A
Gate 1 Select
C B A
Gate 2 Select
C B A

2 1 0
Clock 0 Select
C B A
Clock 1 Select
C B A
Clock 2 Select
C B A

FIGURE 5.3.1 GATE AND CLOCK ROUTING

The decode of each three bit value to the selected signal is shown in Figure

5.3.2.
C B A
0 0 0 See EXTERNAL Table
0 0 1 Programmable value for gate; 1 MHz for
clock
0 1 0 1 Second
0 1 1 FREQ1 (see selection chart)
1 0 0 FREQ2 (jumper selected)
1 ¢ 1 Qutput of counter 0
1 1 0 Output of counter 1
1 1 1 Output of counter 2

FIGURE 5.3.2 GATE/CLOCK SELECTS

When CBA=000 external signals are selected from a pin on the 36 pin edge

connector. The table in Figure 5.3.3 associates the counters to the external
pins,

Gate 0 Pin 14

Clock 0 Pin 13

Gate 1 Pin 17

Clock 1 Pin 16

Gate 2 Pin 20

Clock 2 Prescaler

FIGURE 5.3.3 EXTERNAL CONNECTIONS
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The prescaler is one of four signals and is selected through the utility byte.

BIT POSTION:

T 6 5 4 3 2 1 0
OUTPUT: x6 FS1 FSO
UTILITY BYTE
where:
F31 FS0

0 0 External input, pin 12

0 1 Gated/1 from pin 19

1 0 Gated/10 from pin 19

1 1 Gated/100 from pin 19

PRESCALER FUNCTION

FIGURE 5.3.4

When CBA of the GATE/CLOCK selects = 001, the gate value may be

through output port x5.

BIT POSITION:

7 6 5 2

directly output

OUTPUT: x5 p2

FIGURE 5.3.5

P2, P1 and PO go to gate 2, gate
can be turned on or off by software control.

This same byte selects FREQ1.

BIT POSTION:

PROGRAMMABLE GATES

1 and gate 0, respectively.

Thus, each gate

T 6 5 4 3 2 1 0
OUTPUT: ;; o FC ;B FA
- FIGURE 5.3.6 FREQ1 ROUTING
FREQ1 selects one of the internal frequencies as given by the table in Figure
5.3.7. :
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FC FB FA

0 0 0 External frequency, pin 36
0 0 1 1 second

0 1 0 100 Milleseconds

0 1 1 10 Milleseconds

1 0 0 1 Millesecond

1 0 1 100 Microseconds

1 1 0 10 Microseconds

1 1 1 1 Microsecond

FIGURE 5.3.7 FREQ1 SELECTS
Some of the sighals may be monitored from status byte.

BIT POSITION:
7 6 5 4 3 2 1 0

INPUT: x4 1SEC FREQ1 OUT2 OUT1 OUTO

STATUS BYTE

FIGURE 5.3.8 STATUS BYTE SIGNALS

OUT0, OUT1, and OUT2 are the outputs of the counters, BUT INVERTED! (If the
actual output is a 1, the bit would be a 0). FREQ1 is the FREQ1 signal
inverted and 1SEC is the 1 second gate signal, also inverted.

The one second gate signal is on for one second and off for 1 second. It gates
the prescaler to allow a 1 second burst of counts. When the status bit is a 0,
the prescaler is counting and when the bit (1SEC) is a 1, the frequency may be
read. Note that only counter 2 is used with the prescaler.

5.4 INTERRUPT CONTROLLER
The interrupt controller is based on the 8214 chip. It is necessary to write
the current interrupt 1level to the chip so that it can determine if the

incoming interrupt signal is of higher or lower priority.

BIT POSITION: ’
7 6 5 b 3 2 1 0

OUTPUT: x0 LEN L2 L1 Lo

- -

FIGURE 5.4.1 INTERRUPT LEVEL

L2 through LO is the current level of interrupt on which the programming is
executing. Level 0 is the highest level; level 7 is the lowest. LEN is the
level-enable bit and should be 0 to enable L2 through LO. If no interrupt is
active, LEN should be a 1.

RTC/IC -3y -



REAL TIME CLOCK/INTERRUPT CONTROLLER CHAPTER 5: SOFTWARE INTERFACE

The interrupt mask byte is accessed by an output to port x1.

BIT POSITION:
7 6 5 4 3 2 1 0

OUTPUT: x1 MSKO MSK1 MSK2 MSK3 MSK4 MSK5 MSK6 MSKT

FIGURE 5.4,2  INTERRUPT MASK

When MSKO is a 1, 1level 0 is masked and any interrupt which occurs on that
level will be ignored. Likewise for each of the other masks.,

To process interrupts, the interrupt controller must be initialized. When the
system is powered up, an interrupt may be pending. To reset that interrupt
without going through the actual interrupt routine, bit 2 of the utility byte
must be written to a 1, and then reset back to a 0.

BIT POSITION:
T 6 5 4 3 2 1 0
OUTPUT: x6 Reset
Int

UTILITY BYTE
FIGURE 5.4.3  INTERRUPT INITIALIZATION

Also, the current level must be initialized and all pending interrupts must be
reset. To reset pending interrupts, the mask byte is written with all 1's so
that all 1levels are masked. Then the reset interrupt bit may be momentarily
set to 1 and the level byte may be written with 08 (base level). Finally, the
active interrupt levels are unmasked.

Appendix H shows a sample interrupt program. Two bytes from main memory are
used to save the current 1level and the current mask. When the interrupt
occurs, the program saves the accumulator, puts the interrupted level into the
stack, and stores the new 1level into the controller's level byte as well as
into the main storage byte (called CURLEV).

When returning from the interrupt, the interrupt request is reset (by turning
the mask bit for that level on and off) and the previous level is fetched from

the stack and output to both the controller and the CURLEV byte in main memory.
The accumulator is then restored and the interrupt routine returns.
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CHAPTER 6
PROGRAMMING

The software for the Interrupt/Real Time Clock board can be simple or complex,
depending on the application involved. But even the most complex applications
can be broken down into smaller and smaller pieces, each of which provides a
simpler function to be integrated into the whole. This section illustrates
sample programs which use the board's facilities, illustrating some of the
programming steps used to accomplish the functions.

The assembly level programs can be found on the tape supplied with the board.
The BASIC programs are not on the tapes, since many different versions of BASIC
and BASIC files exist. The user should enter the programs from the listing,
tailored to the particular version of BASIC. The listings themselves were
taken and run on The Digitl Group's MAXI BASIC, although almost any BASIC will
work as long as it can be made to do INPUTs and OUTPUTs to the comptuer's I/0
ports.

6.1 SETTING THE CLOCK

There are =several ways to set the calendar clock up for day and date
timekeeping. Some of the methods were outlined in the Software Interface
Section., One of the methods consisted of resetting the counter to all zeros.
In this method, the starting day and time is recorded on a non-volatile media,
such as cassette tape or diskette. The counter then becomes the number of
seconds after that recorded time.

The second method uses a commonly known starting point, such as the first day
of the half-year, so that a day and time might be calculated without resorting
to automatic storage on a file medium.

As described in the Software Interface, the method holds one half of the
counter reset while toggling the other half, and then counts simultaneously to
the desired count. More care is needed, however, to prevent false clocking of
the calendars.

This false clocking occurs when switching between a fast and normal clock, or
changing clock speeds. Unless enough care is used to prevent unwanted signal
transitions, extra counts can be created.

The program example of =setting the clock, Appendix C, allows for these
transitions by comparing for a value 1less than the matching value and then
slowly controlling the clock wuntil the desired value is reached. Also, if a
counter value is read during the time the counter is incrementing, a false
value may be read in, Therefore, at key points note that the counters are read
twice to assure the correct value.

To use the program load the second cassette program on the demonstration tape.
Using some sort of memory editor load the locations TIME 1 through TIME 7 (07DD
to OTE3) to the time desired. TIME 1 holds a binary value for unit seconds;
TIME 2 = 10 seconds; TIME 3 = unit minutes; TIME 4 = ten minutes; TIME 5 = unit

RTC/IC - 36 -



REAL TIME CLOCK/INTERRUPT CONTROLLER CHAPTER 6: PROGRAMMING

hours; TIME 6 = ten hours (note that hours is in 24 hour time) and TIME 7 = the
day of the half year in binary. The eleventh day (0B) would be January 11 or
July 11 (assuming the second half year begins July 1).

Thus, the time 2:49:05 P.M., August 2, would appear as the sequence
05,00,09,04,04,01,21, in hex, or 005,000,011,004,004,001,041, in octal. These
values may also be located by program control.

Select the menu number (7) and the little program CALL will invoke the SETIME
subroutine to set up the correct time. If the program returns immediately,
then it is possible that the time setting function is disabled. SETIME returns
with a 1 in the accumulator if this error condition occurs. To enable the
timesetting functions, momentarily press the time-enable switch or momentarily
ground pin 33 on the connector. Then run the program again.

The short calling program may be replaced by a user-provided program as long as
the seven time bytes are set up beforehand. A return accummulator of O
indicates successful completion. SETIME does not disable the time setting
function so a new time may still be set.

6.2 READING THE CLOCK

To determine if the clock setting is correct, the counters may be read by a
sequence of input commands. A BASIC program (Appendix D) may be typed in from
this listing to read the clock and display the day and time in a readable
format.

When the four counter bytes are read, they should be read starting from the
lowest, least significant byte to the most significant byte. Then the least
significant byte is read again to make sure it hasn't changed. This method
obtains a stable count by determining that no clock pulses had occurred between
or during the reading of values.

Once the clock is read, arithmetic operations are performed to extract the day
and time. If the time is correct, the clock can be started by typing CONT to
continue the program and disable the time setting function. This should be
done at the moment the entered time and the current time are the same. The
clock is now running and can be read again by re-running the program.

6.3 PERPETUAL TIMING

Perpetual timing is merely a scheme to keep track of the correct time, date,
year, etc. As was mentioned earlier, this technique consists of keeping a
reference date and counting the seconds since that reference. Thus some form
of non-volatile storage is needed.

Since the counters will overflow after about half a year, a method is needed to
count the overflows and store them in the same permanent storage. This update
process should be done on the average of once every three months.

Since is it likely that the computer may not be turned on at the moment the
counters overflow, some flag must be set in order to determine that an overflow
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did occur, If this flag is to be turned on and stored when the high bit of the
counter is a "one", then there is a period of three months during which the
computer can "notice" the condition and set the flag. Then, after the counters
have overflowed, the computer has three months to recognize that although the
high bit is a "zero", the flag is turned on and therefore an overflow occurred.
It then increments the overflow counter and resets the flag so that the
overflow counter won't be incremented again (until the next overflow).

To keep the scheme from vulnerability to power blackouts two sets of flags,
dates and overflows should be kept so that when the permanent storage is beng
updated, a power failure at that critical time can be recoverable by using the
alternate set of values.

Over such a long time span, the clock will gain or lose time. Since the
calendar is not settable without pushing a button to enable the set electronics
and since this also produces a vulnerability to power outages, it is best to
let the counter keep counting. To make the adjustment, the base date and time
which was originally stored is altered by the appropriate amount and restored.

6.4 MEASURING INTERVALS

Appendix E shows a BASIC program which measures intervals. The three 16 bit
counters are cascaded to count up to 48 bits of the 1 MHz clock. Accuracy is
to 1 microsecond, although the BASIC input shown in this example cannot
demonstrate the accuracy.

To run the program, type a value (any value) after starting the program: this
starts the timer. Type another value at the end of the interval and the timer
is stopped and the value is read out.

Note that when the counters are loaded with the maximum count, the clock inputs
at that time are all 1 MHz for each counter. The reason is that the data
loaded into a counter does not become active until that counter receives a
clock pulse on its clock input.

Also for simplicity of programming, the counters are counting at 1 less that
the maximum count of each counter. Since the data read from the counters is
inverted, a maximum count of all ones will read as zero and as the counters
count down, the data will appear to count up.

6.5 CREATING TIME DELAYS

Several of the modes can be used to create a time delay. If the intent of the
delay is to create an interrupt, modes 4 and 5 will generate a one-~clock-width

pulse, Mode 0 and 1 will change output states permanently when the time delay
is complete.

Modes 0 and 4 do not depend on the gate input to initiate counting, although
the gate input should be high to enable counting. Mode 1 and 5 begin counting
with the rising gate transition.

One counter may be loaded during one count to change the period of the counter
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on the next count. However, if the time of the count is too short to allow the
software to load the new values, a second counter may be prestored with the
required value. Thus, tying a pair of counters together to gate each other is
one way to produce delays when one of the delays is too short for software
interaction.

6.6 FREQUENCY COUNTER

Counter number 2 has a two decade prescaler to facilitate frequency
measurements, Appendix F contains a BASIC program to make measurements.

The counter is set up for mode 0 in order to count the number of clocks per
second. The clock input is automatically gated on for exactly 1 second. This
allows the counter to be read directly in Hz. However, various stages of the
prescaler may be used to allow higher frequencies.

The frequency counter shown here has an upper limit of about 6.5 MHz, since a
larger count would overflow the counter, The use of a second counter
configured in a similar manner to the example of an interval measurement
counter would extend the maximum frequency limit.

Overflow is determined by monitoring the output signal from counter 2. If this
signal is ever low, then overflow is detected.

The counter also autoranges. This is done by selecting the appropriate output
from the prescaler. If the frequency count is low, less stages of the
prescaler are used to increase the count and accuracy. If the count gets too
high or overflows, then more stages are used to divide the count down to a more
manageable number,

6.7 PLAYING MUSIC

The final program in assembly language in Appendix G, is a routine that plays
music. This routine demonstrates the square wave generator counter mode plus
interrupt programming.

The circuit of figure 6.7.1 should be built to interface the computer to an

audio amplifier. Each counter will be used to play a note or frequency and
these notes are added together and fed to the amplifier.
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56K
pin 15 =& NN/
56K 4.7ufd
pin 18 ¢ N \NNN\/ +{ >
56K TO AUDIO
vin 21 = AAAA—— AMPLIFIER
TO 36-PIN EDGE —— 0033ufd

CONNECTOR !

FIGURE 6.7.1 INTERFACE CIRCUIT TO PLAY MUSIC

The interrupt rate of 1 millisecond should be selected and levels 2 and 4
should be set up for high-to-low transition and high 1level inerrupts,
respectively.

The program executes from a command table. The Table is set up to specify the
length of each note or rest, the counter which will play it and the coded
frequency of the note,

In a command byte of this list, the low two bits select the counter, the next
three select the duration of the note, and bit 6 selects between a rest or a
playing note. The data byte, which is only wused with a playing note, selects
the frequency by means of a table lookup. The lower four bits select the notes
on the scale and the next three bits select the octave. The data byte
immediately follows the playing note byte.

LENGTH POSITION
O=rest 000=stop 0O1=zcounter 2
1=note 001=64th note 10=counter 1

010=32nd note 11=counter 0
011=16th note

100=8th note

101=quarter note

110=half note

111=whole note

FIGURE 6.7.2 COMMAND FORMAT FOR MUSIC

The program starts at INIT and shows some of the counter and interrupt
initialization steps. Each note value for the counter and length is set up on
the base or non-interrupt level. This information is passed to the level 4
interrupt routine, which transfers the information to the counters at the
appropriate time. This time is determined by the level 2 routine, which counts
milliseconds and timing beats and knows when the next note is due. The level 2
routine causes a level 4 interrupt when level 4 has something to do.
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Load the last program from the cassette and choose option 3. After a few
moments, the music will begin,

6.8 INTERRUPT PROGRAMMING

The music routine and the sample interrupt-handling excerpts in Appendix H
illustrate interrupt controller programming. Basically, the interrupt level
must be given to the controller to determine priority of interrupts. The
previous interrupt level must be saved in order to restore the previous
priority. Before returning, the interrupt request latch must be reset (through
the mask byte) to keep from re-interrupting. This must be done before the old

interrupt level is output or else a second interrupt will be remembered for the
current level.

Since the interrupts can occur anywhere, any common bytes used both by the base
and interrupt levels or between interrupt levels should be carefully analyzed
for possible timing problems. For example, the base level may wish to add a
value to a register and the interrupt level may wish to reset the register.
Between the time the value is read, added and stored again, the interrupt may
occur, causing the register to be reset. Then the base routine regains control
and stores back the added value. Thus the interrupt routine's reset of the
register is lost.

These problems are commonly solved by the use of the DI and EI instructions on
the 1lower level. They keep the interrupt from occuring during critical
processing times. Another method is a set of flags which indicate the routine
that has control of the register in question. Still another method gives each
routine read-only registers and exclusive-write registers. Thus, only the base
level can write a particular register. Interrupt problems usually stem from
such conflicts and careful timing analysis of the program can usually resolve
such problems.
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CONTROL WORD FORMAT: SCl1 Scg RLl R M2 M1 MZ BCD (Al, A¢ = @@) WRITE ONLY
sCcCl scg SELECT COUNTER RL1 RLP READ/LOAD BCD MODE
") /] Select Counter @ [7) ] Counter Latch 7] Binary
'] 1 Select Counter 1 7} 1 Least Significant Byte
1 7] Select Counter 2 1 7/ Most Significant Byte 1 BCD
1 1 Illegal 1 1 Least/Most Sequence
MODE LOAD LOAD LOAD LOW OR
SELECT 1st 2nd DURING FALLING RISING HIGH ouT ouT
M2 1Ml Mg DEFINITION QUTPUT BYTE BYTE COUNT GATE GATE GATE CHANGE | INITIALIZE
2 "] 7] Interrupt on 7] Stop New New Disable —-—— Enable Final Load
Terminal Count Count Count (same) Counting Counting Count Mode
(Hi)
g g 11 Retriggerable Same ——— —_—— Active for —_— Initial ——— Hi on |Low on
One-shot next trigger —_——— Count and final Triggexr
Reset out Count
after Clock
X 1149 Rate Generator 1 —-—— Start Active Stop Initiate Enable Lo for | =~==—-
($#N) Pulse Count for next Counting; } Counting Counting 1 clock
(Gate=1)| period Out goes after
Hi Count
X 1 1 Rate Generator 1 —-——- Start Active Stop Initiate Enable Io for |---——--
(Square Wave) Count after Counting; | Counting Counting last %
(Gate=1)| Transition out goes Count
Hi
1 (g | @ Software Trigger 1 —-—— Start Next period Stop | ===—- Enable Io for |=-=-=——-
Strobe (pulse) Counting] (Gate=l), New | Count Counting 1 clock
Count (Gate=g@g) after
Count
1 18 11 Strobe (pulse) —— —— —— —— —-—— Initiate ——— 1o for |Retrigger
Counting 1 Clock
after
Count
A3 =1, A2 = Don't Care
DATA BYTES (Al,A@): 11 = Counter @ 19 = Counter 1 @1l = Counter 2

NOTE:

Timer date inverted when read
Complete entire read or write operation before doing other (with respect to each Counter)



WRITE (OUTPUT)

READ (INPUT)

A3 Al Ag 7 6 5 4 3 2 1 7] 7 6 5 4 3 2 1 ¢
'] g @ X X X X INT.-LEVEL (CURRENT) CMOS TIME
EN--- L2 Ll Lg X X 5 4 3 2 1 ¢
[ /] 1 BIT 7 = HIGHEST PRIORITY (INT g); BIT @ = LOWEST CMOS TIME
INTERRUPT MASK (1 = MASK) X X 11 1 9 8 7 6
'] 1 '] GATE @ SELECT CLOCK @ SELECT CMOS TIME
X X GC GB GA cc CB CA X X 17 16 15 14 13 12
g 11 GATE 1 SELECT CLOCK 1 SELECT CMOS TIME
X X GC GB GA cC CB CA X X 23 22 21 29 19 18
[} @ '] GATE 2 SELECT CLOCK 2 SELECT STATUS
X X GC GB GA cc CB ca INT TEN 1SEC F1 OUT OUT OUT
2 1 @9
'] g 1 FREQUENCY 1 SELECT PROGRAM GATES
X X FC FB FA P2 Pl g
@ 1 a DIS- FAST RESET RESET RESET RESET FREQUENCY

ABLE CLOCK
TIME (CMOS) 212 SEC SEC-
SET SEC OND
WHEN

MICRO-

COUNTER
INT. FS1 FSg




GATE SELECT

6c B ca

7] g g XGAn, where n=@, 1, or 2
] "] 1 Pn, where n=@, 1, or 2

2 1 ) 1 SEC

2 1 1 FREQ 1

1 1) 7] FREQ 2 (JUMPER SELECTED)
1 7] 1 ouTg

1 1 @ OouUT1l

1 1 1 ouT2

CLOCK SELECT

cc B ca

@ "] a2 XCLn where n=@, 1, or 2 (see frequency counter select XCL2)
2 o] 1 1 MHz

"] 1 g 1 SEC

1] 1 1 FREQ 1

1 g "] FREQ 2 (JUMPER SELECTED)
1 7] 1 ouT@

1 1 7] ouTl

1 1 1 ouT2

FREQ 1 SELECT

FC FB FA

] 1%} '} XF1 (EXT. CLK FREQ.)

/] %) 1 1 SEC CLK

'] 1 o] 100 MSEC

1] 1 1 10 MSEC

1 [} ) 1 MSEC

1 1] 1 100 USEC

1 1 @ 10 USEC

1 1 1 1 USEC

FREQUENCY COUNTER SELECT

FSl Fsg

g g FXCL2 FAST CLOCK
g 1 EXCL2 = 1, GATED

1 ¢ EXCL2 + 10, GATED
11 EXCL2 + 100, GATED
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8253/8253-5
PROGRAMMABLE INTERVAL TIMER

s MCS—85™ Compatible 8253-5 " = Count Binary or BCD

= 3 Independent 16-Bit Counters
= Single + 5V Supply

s DC to 2 MHz
= Programmable Counter Modes m 24-Pin Dual In-Line Package

The Intel® 8253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. it uses
nMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP.

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft-
ware programmable.

PIN CONFIGURATION BLOCK DIAGRAM
™
0,1 ~ 1 vee
. fo———— CLK O
05 2 z LR S PATA A COUNTER
05d 3 22[3RD 0;0,¢ 8 sus K y K KON fe—— caTED
= F— BUFFER
D,E 4 2111688 ouTo
0,0 s 2004,
0,06 8253 19[4, I ____T
0,7 18fJcik2 !
0, s 17Pour2 "o
cikold o 18 [Jeate2 ': S
WR ———————
1 1 READ/ 1N ER
OUTOC 10 5 DCLK WRITE <:‘ COU=N‘T fe——— GATE 1
GATEO(] 11 14 [JGATE Y A LOGIC
Gno[) 12 13Jout A p——— OUT 1
1

B

T
cs ————— ] L
PIN NAMES . ke

D,D, _ DATABUS 8BIT) OO (T counrer GATE 2
CLK N COUNTER CLOCK INPUTS REGISTER h

GATEN  COUNTER GATE INPUTS j——— 0OuT 2
QUT N COUNTER OUTPUTS

RO READ COUNTER

WR WRITE COMMAND OR DATA l I

[ CHIP SELECT

A A, COUNTER SELECT

Voo *5VOLTS /

GND GROUND INTERNAL BUS J

FUNCTIONAL DESCRIPTION
General

The 8253 is a programmable interval timer/counter
specifically designed for use with the Intel™ Micro-
computer systems. Its function is that of a general
purpose, multi-timing element that can be treated as an
array of /0 ports in the system software.

The 8253 solves one of the most common problemsin any
microcomputer system, the generation of accurate time
delays under software control. Instead of setting up timing
loops in systems software, the programmer configures the
8253 to match his requirements, initializes one of the
counters of the 8253 with the desired quantity, then upon
command the 8253 will count out the delay and interrupt
the CPU when it has completed its tasks. It is easy to see
that the software overhead is minimal and that multiple
delays can easily be maintained by assignment of priority
levels.

Other counter/timer functions that are non-delay in
nature but also common to most microcomputers can be
implemented with the 8253.
® Programmable Rate Generator
Event Counter
Binary Rate Multiplier
Real Time Clock
Digital One-Shot
Complex Motor Controller

Data Bus Buffer
This 3-state, bi-directional, 8-bit buffer is used to interface
the 8253 to the system data bus. Data is transmitted or
received by the buffer upon execution of INputor OUTput
CPU instructions. The Data Bus Buffer has three basic
functions.

1. Programming the MODES of the 8253.

2. Loading the count registers.

3. Reading the count values.

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus
and in turn generates control signals for overall device
operation. It is enabled or disabled by CS so that no
operation can occur to change the function unless the
device has been selected by the system logic.

RD (Read)
A “low” on this input informs the 8253 that the CPU is
inputting data in the form of a counters value.

WR (Write)

A “low” on this input informs the 8253 that the CPU is
outputting data in the form of mode infermation or toading
counters. .

g XTAN"ddVY



A0,At

These inputs are normally connected to the address bus.
Their function is to select one of the three counters to be
operated on and to address the control word register for
mode selection.

CS (Chip Select)

A “low” on this input enables the 8253. No reading or
writing will occur unless the device is selected. The CS
input has no effect upon the actual operation of the
counters.

BUFFER

Ex e

Figure 1. Block Diagram Showing Data Bus Buffer and
Read/Write Logic Functions

CS | RD | WR | Ay | Ag

0 1 0 0 0 Load Counter No. 0
0 1 0 0 1 Load Counter No. 1
4] 1 0 1 0 Load Counter No. 2
0 1 0 1 1 Write Mode Word

0 0 1 0 0 Read Counter No. O
0 0 1 0 1 Read Counter No. 1
0 0 1 1 0 Read Counter No. 2
0 0 1 1 1 No-Operation 3-State
1 X X X X Disable 3-State

0 1 1 X X No-Operation 3-State

Control Word Register

The Control Word Register is selected when A0, A1are 11.
It then accepts information from the data bus buffer and
stores it in a register. The information stored in this
register controls the operational MODE of each counter,
selection of binary or BCD counting and the loading of
each count register.

The Control Word Register can only be written into; no
read operation of its contents is available.

Counter #0, Counter #1, Counter #2

These three functional blocks are identical in operation so
only a single Counter will be described. Each Counter
consists of a single, 16-bit, pre-settabie, DOWN counter.
The counter can operate in either binary or BCD and its
input, gate and output are configured by the selection of
MODES stored in the Control Word Register.

The counters are fully independent and each can have
separate Mode configuration and counting operation,
binary or BCD. Also, there are special features in the
control word that handle the loading of the count value so
that software overhead can be minimized for these
functions.

The reading of the contents of each counter is available to
the programmer with simple READ operations for event
counting applications and special commands and logic
are included in the 8253 so that the contents of each
counter can be read “on the fly” without having to inhibit
the clock input.

8253 SYSTEM INTERFACE

The 8253 is a component of the intel™ Microcomputer
Systems and interfaces in the same manner as all other
peripherals of the family. It is treated by the systems
software as an array of peripheral 1/0 ports; three are
counters and the fourth is a control register for MODE
programming.

Basically, the select inputs A0, A1 connect to the AC, A1
address bus signals of the CPU. The CS can be derived
directly from the address bus using a linear select method.
Or it can be connected to the output of a decoder, such as
an Intel® 8205 for larger systems.

COUNTER

CONTROL
WORD
REGISTER

COUNTER
=2

Figure 2. Block Diagram Showing Control Word
Register and Counter Functions

¢ ADDRESS BUS (16)
“
9 CONTROL BUS
] Iuon iow
q DATA BUS (8)
A, Ay CS Dg-D, RD WR
8253
COUNTER COUNTER COUNTER
0 1 2
. r L T . 1
"out cate cik' "out Gate cLk! TouT GATE cLk

Figure 3. 8253 System Interface



OPERATIONAL DESCRIPTION

General

The complete functional definition of the 8253 is
programmed by the systems software. A set of control
words must be sent out by the CPU to initialize each
counter of the 8253 with the desired MODE and quantity
information. These control words program the MODE,
Loading sequence and seiection of binary or BCD
counting.

Once programmed, the 8253 is ready to perform whatever
timing tasks it is assigned to accomplish.

The actual counting operation of each counter is
completely independent and additional logic is provided
on-chip so that the usual problems associated with
efficient monitoring and management of external,
asynchronous events or rates to the microcomputer
system have been eliminated.

Programming the 8253

All of the MODES for each counter are programmed by the
systems software by simple 1/O operations.

Each counter of the 8253 is individually programmed by
writing a control word into the Control Word Register.
(AD, At = 11)

Control Word Format
Dy Dg Dg Da D3 D3 Dy Do
[ sc1 | sco | Ri1 | RLO [m2] m1]mo| Bop |

Definition of Control
SC — Select Counter:

M — MODE:

M2 M1 MO

0 0 | Mode O

Mode 1

Mode 2

Mode 3

Mode 4

== |X[X|Q]|O
olo|=|—=|O
—-lO|=lo]|—-

Mode 5

BCD:

0 Binary Counter 16-bits

Binary Coded Decimal (BCD) Counter
(4 Decades)

SC1 SCo
0 0 Select Counter O
0 1 Select Counter 1
1 0 Select Counter 2
1 1 lllegal

RL — Read/Load:
RL1 RLO

Counter Latching operation (see
READ/WRITE Procedure Section)

0 0

0 Read/Load most significant byte only.

Read/Load least significant byte only.

1 Read/Load least significant byte first,
then most significant byte.

Counter Loading

The count register is not loaded until the count value is
written (one or two bytes, depending on the mode
selected by the RL bits), followed by a rising edge and a
faiting edge of the clock. Any read of the counter prior to
that falling clock edge may yield invalid data.

MODE Definition

MODE 0: Interrupt on Terminal Count. The output will
be initially low after the mode set operation. After the
count is loaded into the selected count register, the out-
put will remain low and the counter wilt count. When ter-
minal count is reached the output will go high and re-
main high until the selected count register is reloaded
with the mode or a new count is loaded. The counter
continues to decrement after terminal count has been
reached.

Rewriting a counter register during counting results in
the following:

(1) Write 1st byte stops the current counting.
(2) Write 2nd byte starts the new count.

MODE 1: Programmable One-Shot. The output will go
low on the count following the rising edge of the gate in-
put. 4

The output will go high on the terminal count. if a new
count value is loaded while the output is low it wiil not
affect the duration of the one-shot pulse until the suc-
ceeding trigger. The current count can be read at any
time without affecting the one-shot pulse.

The one-shot is retriggerable, hence the output will re-
main low for the full count after any rising edge of the
gate input.

MODE 2: Rate Generator. Divide by N counter. The out-
put will be low for one period of the input clock. The
period from one output pulse to the next equals the
number of input counts in the count register. If the
count register is reloaded between output pulses the
present period will not be affected, but the subsequent
period will reflect the new value.

The gate input, when low, will force the output high.
When the gate input goes high, the counter will start
from the initial count. Thus, the gate input can be used
to synchronize the counter.

When this mode is set, the output will remain high untit
after the count register is loaded. The output then can
also be synchronized by software.

MODE 3: Square Wave Rate Generator.Similar to MODE
2 except that the output will remain high until one half
the count has been completed (for even numbers) and
go low for the other half of the count. This is accom-
plished by decrementing the counter by two on the fall-
ing edge of each clock pulse. When the counter reaches
terminal count, the state of the output is changed and
the counter is reloaded with the full count and the whole
process is repeated.

If the count is odd and the output is high, the first clock
pulse (after the count is loaded) decrements the count
by 1. Subsequent clock pulses decrement the clock by
2. After timeout, the output goes low and the full count
is reloaded. The first ciock pulse (following the reload)
decrements the counter by 3. Subsequent clock pulses
decrement the count by 2 until timeout. Then the whole
process is repeated. In this way, if the count is odd, the
output will be high for (N+ 1)/2 counts and low for
(N - 1)/2 counts.

MODE 4: Software Triggered Strobe. After the mode is
set, the output will be high. When the count is loaded,
the counter will begin counting. On terminal count, the
output will go low for one input clock period, then wili
go high again.



MODE 0: Interrupt on Terminal Count

4 3 2 1
OUTPUT (INTERRUPT) L
(n=4) ?*—:-—n —
1
{ i
WRm I l [ ]
i :
GATE N
5 4 3 2 1 0
OUTPUT (INTERRUPT) ! ! [
(m=5) e [em—p——7
A B8
A+B=m

MODE 1: Programmable One-Shot

Wl [
TRIGGER ___[_—'—"

4 3 2 1 0

OUTPUT ___1——',___.___

n =4}

]

AC I ey T
4 3 2 4 3 2 1
[E—

OUTPUT 1

MODE 2: Rate Generator

cLock UMMM UL
Waa T (Rl

4 3 2 1043 2 103210

OUTPUT
o(3) 3 2 1032 1 032 1
oUTPUT (n=3) TL_J 1T 1T
RESET —

MODE 3: Square Wave Generator

4 2 4 2 4 2 4 2 4 2 4 2 4
ouTPuT (n=4) ___J 1 — 1T 1 g
5 4 2 5 2 &5 4 2 5 2 5 a4 2
ouTPUT (n=5) ___J 1 I 1 [
MODE 4: Software Triggered Strobe
erocx _[MLALMUMLMULLLUL
WR n=4
4 3 2 1 0
OUTPUT 1 I
LOAD n n=4
GATE 1 1
4 4 3 2 1 0
QUTPUT | l ]
MODE 5: Hardware Triggered Strobe

e [

4 3 2 1 0O

OUTPUT (n=4) | |

GATE l I I

OUTPUT (n =4) L

If the count register is reloaded between output pulses
the present period will not be affected, but the subse-
quent period will reflect the new value. The count will be
inhibited while the gate input is low. Reloading the
counter register will restart counting beginning with the
new number.

MODE §: Hardware Triggered Strobe. The counter witl
start counting after the rising edge of the trigger input
and will go low for one clock period when the terminal
count is reached. The counter is retriggerable. The out-
put will not go low until the full count after the rising
edge of any trigger.

Signal Low
Status Or Going
Modes Low Rising High
0 Disables —_ Enables
counting counting
1 —— 1) inttiates —
counting
2) Resets output
after next clock
2 1} Disabies
counting Initiates Enables
2) Sets output counting counting
immediately
high
3 1)} Disables
counting imtiates Enables
2) Sets output counting counting
immedately
high
4 Disables - Enabies
counting counting
5 —_— imtates ——
counting

Figure 5. 8253 Timing Diagrams

Figure 4. Gate Pin Operations Summary




8253 READ/WRITE PROCEDURE
Write Operations

The systems software must program each counter of the
8253 with the mode and quantity desired. The program-
mer must write out to the 8253 a MODE control word and
the programmed number of count register bytes (1 or 2)
prior to actually using the selected counter.

The actual order of the programming is quite flexible.
Writing out of the MODE control word can be in any
sequence of counter selection, e.g., counter #0 does not
have to be first or counter #2 last. Each counter’'s MODE
control word register has a separate address so that its
loading is completely sequence independent. (SCO, SC1)

The loading of the Count Register with the actual count
value, however, must be done in exactly the sequence
programmed in the MODE control word (RLO, RL1). This
loading of the counter’s count register is still sequence
independent like the MODE control word loading, but
when a selected count register is to be ioaded it must be
loaded with the number of bytes programmed in the
MODE control word (RLO, RL1). The one or two bytes to
be loaded in the count register do not have to follow the
associated MODE control word. They can be programmed
at any time following the MODE control word toading as
long as the correct number of bytes is loaded in order.

Ali counters are down counters. Thus, the value loaded
into the count register will actually be decremented.
Loading all zeroes into a count register will result in the
maximum count (2'® for Binary or 10*for BCD). In MODE 0
the new count will not restart until the load has been
completed. It will accept one of two bytes depending on
how the MODE control words (RLO, RL1) are program-
med. Then proceed with the restart operation.

MODE Control Word

Counter n
LSB Count Register byte
Counter n
MSEB Count Register byte

Counter n

Note: Format shown is a simple example of loading the 82563 and
does not imply that it is the only format that can be used.

Figure 6. Programming Format

the clock input The contents of the counter selected will

A1 | AO .
—— be available as follows.
trol Word . .
No. 1 Coun:e':)O or 101 first 1/0 Read contains the least significant byte (LSB)
second 1I/0O Read conta th
VIODE Control Word on ntains the most significant byte
No. 2 1 1 ( )-
Counter 1 _
Due to the internal iogic of the 8253 it 1s absolutely
No. 3 MODE Control Word 1 ] necessary tocomplete the entire reading procedure. If two
Counter 2 bytes are programmed to be read then two bytes must be
- read before any loading WR command can be sent to the
No.4 | LSB CountCSzints:fr1Byte 0 1 same counter.
Count Register Byte "
No.5 | MsB Counter 1 0 1 Read Operation Chart
i A1 AO RD
No.6 | LsB Count Reglsterszte 1 0
Counter 0 0 0 Read Counter No. 0
No.7 | MSB Count Register Byte 1 0 0 1 0 Read Counter No. 1
: Counter 2
1 0 0 Read Counter No. 2
Count Register Byte
No.8 | LSB Counter 0 0 0 1 1 0 {Hegal
Count Register Byte . .
No.9 | MSB ot ofo Reading While Counting
In order for the programmer to read the contents of any

Note: The exclusive addresses of each counter’s count register make
the task of programming the 8253 a very simple matter, and
maximum effective use of the device will result if this feature
is fully utilized.

Figure 7. Alternate Programming Formats

Read Operations

In most counter applications it becomes necessary to read
the value of the count In progress and make a
computational decision based on this quantity. Event
counters are probably the most common application that
uses this function. The 8253 contains logic that will atlow
the programmer to easily read the contents of any of the
three counters without disturbing the actual count in
progress.

There are two methods that the programmer can use to
read the value of the counters. The first method involves
the use of simple 1/0O read operations of the selected
counter. By controlling the A0, A1 inputs to the 8253 the
programmer can select the counter to be read (remember
that no read operation of the mode register 1s allowed AO,
A1-11). The only requirement with this method is that in
order to assure a stable countreading the actual operation
of the selected counter must be inhibited either by
controlling the Gate input or by external logic that inhibits

counter without effecting or disturbing the counting
operation the 8253 has special internal logic that can be
accessed using simple WR commands to the MODE
register. Basically, when the programmer wishes to read
the contents of a selected counter “onthe fly” he loads the
MODE register with a special code which latches the
present count value Iinto a storage register so that its
contents contain an accurate, stable quantity The
programmer then issues a normal read command to the
selected counter and the contents of the latched registeris
available

MODE Register for Latching Count
A0, A1 = 11

D7 D6 D5 | D4 | D3 | D2 | D1 Do
SC1 SCO 0 0 X X X X

SC1,8C0 — specify counter to be iatched
D5.D4 — 00 designates counter latching operation
X — don't care.

The same limitation applies to this mode of reading the
counter as the previous method. That is, it is mandatory
to complete the entire read operation as programmed.
This command has no effect on the counter’s mode.



ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias .. ..
Storage Temperature ........... ..
Voltage On Any Pin

With Respectto Ground ...........
Power Dissipation ... .. ...........

0°Cto70°C

—65°Cto+150°C

-0.5Vto+7V
1 Watt

"COMMENT - Stresses above those listed under “Absolute
Maximum Ratings’’ may cause permanent damage to the
device. This 1s a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (T4 = 0°Cto 70°C; V¢ = 5V t5%)
SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 \
ViH Input High Voltage 2.2 Vect.5V \
VoL QOutput Low Voltage 0.45 - \% Note 1
VoH Output High Voltage 2.4 \ Note 2
he Input Load Current 10 HA Vin = Vg to OV
loFL Output Float Leakage 10 HA Vout = Vge to OV
lee Vcc Supply Current 140 mA

Note 1: 8253, lg, = 1.6 mA; 8253-5, g = 2.2 mA.
Note 2: 8263, Ioy = -150 uA; 8253-5, Igy = -400 uA.

CAPACITANCE T, = 25°C; Vcc = GND = OV

Symbol Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 pF fc=1MHz
Cy/o 1/0 Capacitance 20 pF Unmeasured pins returned to Vsg
3MH2z * 1.5MHz
CcLK -2 CLK
8085 8253-5

*1f an 8085 clock output is to drive an 82535 ciock input, it must be reduced to 2 MHz or less.

Figure 8. MCS-85™ Clock Interface*



A.C. CHARACTERISTICS T, = 0°C to 70°C; Vg = 5.0V £5%: GND = OV

Bus Parameters (Note 1)

Read Cycle:
8253 8253-5
SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT
taR Address Stable Before READ 50 30 ns
tRA Address Hold Time for READ 5 5 ns
tRR READ Pulse Width 400 300 ns
tRD Data Delay From READ!2I 300 200 ns
tpF READ to Data Floating 25 125 25 100 ns
tay Recovery Time Between' READ 1 1 us
and Any Other Control Signal
Write Cycle:
8253 8253-5
SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT
taw Address Stable Before WRITE 50 30 ns
twA Address Hold Time for WRITE 30 30 ns
Tww WRITE Pulse Width 400 300 ns
tow Data Set Up Time for WRITE 300 250 ns
twp Data Hold Time for WRITE 40 30 ns
tRv Recovery Time Between WRITE L ! Hs
and Any Other Control Signal
Notes: 1. AC timings measured at Vo = 2.2, Vo = 0.8
2. Test Conditions: 8253, Ci_ = 100pF; 8253-5: C|_ = 150pF.
Write Timing: Read Timing:

nones X Ag_y.CS
f<—_— xm__i |ty
|
L

T
i
e tpw = twp >

DATABUS

[ .
— > tpp e wi tpp e

\ e
. | ~ G G G 4
WR Lﬁ DATABUS;77 7/~ HIGH IMPEDANCE ~ 7} VALID ‘HIGH IMPEDANCE

T




Input Waveforms for A.C. Tests:

2.4
2.2 22
> TEST POINTS <
0.8 0.8
0.45
Clock and Gate Timing:
8253 8253-5
SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT
teLk Clock Period 380 de 380 dc ns
tPWH High Pulse Width 230 230 ns
tPwL Low Pulse Width 150 150 ns
tow Gate Width High 150 150 ns
toL Gate Width Low 100 100 ns
tGs Gate Set Up Time to CLK? 100 100 ns
tGH Gate Hold Time After CLK? 50 50 ns
top Output Delay From CLK{[1] 400 400 ns
topG Output Delay From Gate4!1] 300 300 ns
Note 1: Test Conditions: 8253: Cy_= 100pF; 8253-5: C|_= 150pF.
TowH> e tewi : oLk tas _.1 —
cLK z \ / 5 I /_\_
‘Gs_'| i~ ' : tGH
GATEG /r & j ) 1 {
toH \‘—‘GL—>' - ke top—= I
ouTPUT O X

L'— topG —



APPENDIX C

4160 OOP0 #a#% SETIME ##4#

OSFE 0100 =T 5370

OSFE 0110 #ZERO 4 OR N RBRYTES

OSFR Q120 &% H+l FIJINTZ TO LOW BYTE
OnF 3 0130 #+ C=# 0OF BYTES TO ZERD
OSFS 0OE 04 0140 ZERO4 LD . 4H

QSFA O&A 00 0150 ZERON LD E. OH

OSFC ES . 0140 SETN PLUIEH HL

OSFD 70 0170 ZEROA LD (HL.) . B

OSFE 232 0120 INC HL

OSFF On 0120 DEC o

QL0000 T2 FO OS5 Q200 JP NZ . ZERCA

OLQZ EL 0210 FOF HL

O&LQS 2 0220 RET

O&0S 0230 ¥ ADD 4 OR N~WIDE

OLOS 0240 #% H+L=ACCUMULATED VALUE
QAOSD Q250 ## D+E=ADDED VALUE

OL05 0260 #% C=# OF BYTES PER ARGUEMENT
0a05 OE 04 QZ70 ADD Lo . 4H

QA07 ES 0220 ADDN FlSH HL

O&LOE DS 0250 PUSH DE
QLQT 97 OO0 =R A

OLO00 ER 210 ADDA EX DE, HIL.

040 7E Q220 Lo AL (HL)

Q&AQIT 23 Q=20 INC  HL

OO0 ER 0240 EX DE , HL.

OHOE SE Q2E0 ADC (HL)

DAOF 77 O340 L.n (HLY . A

010 23 Q370 ING  HL

O&H11 OO0 Q=0 DEC

Q12 02 0A 04 Q90 P NZ . ADDA

04615 D1 0400 FOFP DE

O&61é6 FI 0410 FOP o ML

O&17 C9 Q420 RET

OA1E 0420 #MLTADD MULTIFLY BY SUCCESSIVE ADDITIONS
Ok1E 0440 ## C=# 0OF BYTES IN ARGUEMENTS
0618 0450 ## B=# OF TIMES DE IS ADDED TGO HL
04&12 OE 04 0460 MLTADD LD =, 4H

O&1IA DS 0470 MLTADON PLISH DE

OA1R LS Q420 PilzH BC

OaA1C 11 ] Ok 0420 Lo [E, TEMP

OALF D 3% 04 0500 CALL MOVEN

Q&22 121 0510 FOPFP  BC

QA2Z OF 0SS DEC R

OLZ24 5 Q520 MLTADA FLUSH BC

OAZE LI 07 O& 0520 CALL ADDN

ik
4 m

O&2E 21 0540 FOF  BC
QL6277 05 - 0550 DEC R

0L2A T2 24 04 OSA0 JF NZ, MLTADR
0670 Dt Q70 POFP  DE

QAZE 9 0320 RET

OLZF Q320 TEMP ns an

O&HZT OAQQ # MOVE FROM HL TO DE
QLZT 0510 ## C=% 0OF BYTES TO MOVE
0AZ27 OFE 04 OAZ0 MOVE4 LD L. 4H

0A39 ES 04320 MOVEN  PUSH HL

04306 DS OL40 FLSH DE

OAZR 7E 0650 MOVEA LD Ay (HL)
0430 ER Q&GO EX [E, HL.
O30 77 OLTO Lo (HL)Y S A
OAHZE ER Q&S0 EX DE, HL



OL3IF 23 0670 INC  HL

0440 13 0700 ING  DE

0641 On Q710 DEC

0&L4Z T2 IR 04 Q720 JF NZ . MOVEA
0645 Tl 0730 FPOF  DE

OL44 B 0740 FOF  HL

OL47 9 0730 RET

QA4 O760 # SHFTR SHIFT RIGHT (HL)
OA4E Q770 #% C=%# OF BYTES IN ARGUEMENT
QL4E 0780 ##% B=AMOLINT QF SHIFT
0&45 OF 04 0770 SHFTR LD s 4H

OL4A ES 0200 ZHFTRN PLISH HL

O64RB C5 0S10 PUISH BC
L4 232 0220 SHFT1  INC  HL
Q&40 0N Q230 DEC o

OLA4E T2 40 04 OR40 P NZ,SHFT1
OAS1 PR QPS50 DEC HL

O&S2 QEA0 FOFP  BC
QLT3 27 OBAS SIBE A
QLS4 05 Q=70 FUSH RBC

OEES 7E 0820 SHFTRB LD A, (HL)
O&S6 IF Q290 RRA

0657 77 QP00 LD (HL) - A
0453 2R 010 DEC  HL

QLS On Q220 ODEC ©

OLSA CF 55 Q4 O30 A NZ . SHFTRE
QAS0 1 0240 PP BC

O&SE Ed O95E0 FOF HL

QASF 05 Q60 DEC E

DAHAD 22 40 04 OR70 JFE NZ, SHFTRN
QhLZ 09 Q20 RET

bt 270 # SUR DE FROM HL

QbL64 1000 #3% C=# 0OF BYTES IN ARGUEMENT

06644 OE 04 1010 SUR Lo £, 4H

Ohb&L ES 1020 SLUBN FLISH HL

O&A7 DS 10320 FlLISH DE

OALD 97 1040 SUR A

QL6 TE 1050 ZURA Ln A, (HL)

04LH6A ER 10450 EX DE ; HL.

OaAR YE 1070 SRC (HL)

0660 23 1020 INC  HL

O&AD ER 1090 EX LE - HL.

QLEE 77 1100 LD (HL)Y . A

QLAF 23 1110 INC  HL

QAT7O On 1120 DEC ©

0671 T2 &% Ok 11320 P NZ . SLIBA

OA74 i1 1140 FPOP  DE

0&75 Ed 1150 FOFP HL

OLTH 09 1140 RET

OLT77 1170 # SETIME

OAT77 1120 ## THIS PROGRAM SETS THE REAL TIME CLOCK
077 1190 #%# THE TIME SHOULD BE SET INTO THE TABRLE “TIME-
077 1200 ## IN THE FOLLOWING FORMAT

O&77 1210 ## BYTEL1: SEC

QA77 1220 #%# BYTEZ2: TEN SEC

OL77 1230 %% BYTEZ: MIN

V77 1240 ## BYTE4: TEN MIN

77 1250 #3# BYTES: HR

0L77 1260 %% BYTE4: TEN HR

OL77 1270 ## BYTE7: DAY 0OF 1/2 YEAR (RINARY)
Q&77 1230 ##

QLT77 1290 ## THE PROGRAM RETURNS WITH A CONDITION CODE IN THE ACC:
O&T77 1300 =& 0O = NI ERROR



0477
Q0677
QLT7
13240
0677
0ALT77
Q&L77
QALTT7
QETH
Q&T7H
QEEO
Qa3
QLoé
QL0
QLS
QL=
OGS0
Q&=
OLEF
QAF
Q&2
QLP2
Q&S
Q&S
Q&
Qb
Q&SR
Q&R
Q&HTE
OLYE
O&HAT
QAHA64
OLAT
Q&AL
Q&HABT
OLAT
Q&HAA
O6AA
QLAR
OLAR
O&RT
&R
QAR
QAR
QARBA
QLBA
QLBT7
O4ABA
O&RD
O4LBE
OLRBE
OLBF
0L
Q&L
Q&LC4
QA4
Q&7
Q&7
OALSR
OLCR
QLCE
QAL
QACF
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77

ER
N
Ok
(M
ER
S
3A
77

ER

05

05

Fa
OF

. Q7

=05

07

P05

Q7

O

L 07

O

* 07

07

s Q7

07

Qb

07
1970

= Qb

805

07

(:’ /,:-

Qb

05

07

.
3

Dt b -
s

— - -
b

L}

A
oo

A ()
0
1230
1390
1400
1410
1420
14320
1440
1450
1440
1470
1430
1420
1500
1510
1520
15320
1540
1550
1540
1570
1530
15920
14600
14510
14620
146320
14640
14650
1440
14670
1420
14670
1700
1710
1720
1730
1740
1750
1740
1770
1780
1720
1200

=210
1220
1330
15840
13250
1840
1270

280
1890
19200
1210
1920

03 it 0

Nl

b e ke st

it 1 = SETTING OF CLOCE DISARLED
3t ;
33636 3 3 38 3 36 330 30 3 F I I H I H R R I I 6 3 S B R

3t

# NOTE CONVERT TIME TO BINARY

# ZERD Ti, T2Z2. AND T3

SETIME LD HL, T3
CALL ZERG4
Lo HL, T2
CALL ZER4
Lo HL,T1
CALL ZERD4

# SET T1 TO 1/72 YEAR
Lo A, (TIMET7 )
Lo (HL.Y - A

# ZET MULT TO 24
LI B, 24D

# CALL MLTADD FOR Ti
CALL MLTADD

# SET T2 TO TEN HR
Lo A (TIMEA)
Lo HL.. T2
Lo (HL)SA

# SET MULT TO TEN
L0 B, 100

# CALL MLTADD FOR T2
CALL MLTADD

# SET T2 TO HR
Lo DE, T3
Lo A (TIMES)

EX DE, HL
Lo (HL) - A
EX DE, HLL.

# CALL ADD (T2 TO T2)
CALL ADD

* CALL ADD (T2 TO T1)
EX DE, HL
LD HL,T1
CALL ADD

#SET MULT TO &
LI B, &H

® CALL MLTADD FOR Ti
CALL MLTADD

# SET T2 TO TEN MIN
EX DE, HL
CALL ZERO4
Lo A, (TIME4)
LD (HL) . A

# CALL ADD (T2 TO T1)
EX DE . HL
CALL ADD

# ZET MULT TO 10
LD B,10D

# CALL MLTADD FOR Ti
CALL MLTADD

# ZET T2 TO MIN
EX DE, HL.
- CALL ZERD4
Lo A, (TIMES)
LI (HL) - A

# CALL ADD (T2 TO T1)
EX DE, HL



QA0

ch OS5 Ok
Q&DE
QLT OA O4
QA
OADS CD 18 04
Q&L
OADE ER
OAD2 CD FE OS5
OADI 3A DE 07
Q&IF 77
OLED
OLED ER
Q&LEL D O Q4
OAE4S
OLE4 06 OA
QLEA
OLE& SO 18 04
QOLES
OLHE? ER
O&EA CIN F& 05
O4&LED A DD 07
Q&FOQO 77
Q&F L
04&4F1 EBR
QLFZ CD OS5 04
Q&FS
OLFS ER
O&HFA D Fa 05
O&F7 ZE 01
O&LFR 77
Q4&FC ER
QAFD I 44 Qf4
Q700
Q700 CD 37 04
0703 EB
0704 23
0705 7E
Q704 E4A OF
Q703 77
Q709 2=
Q708 OE O2
O700C I FA OS5
070F ER
Q710 O& O
0712
O712 LI 48 04
Q715
0715 11 Ea2 07
0713 0 &4 04
O71R
O71R ES
O710 23
o710 7€
071E E& OF
Q720 77
Q0721 23
722 OF OZ
L7E4 coFaA 05
0727 E1
Q728
0722 IR E4
Q720
Q728 07

1720
1240
1250
132460
1970
1730
15720
2000
2010
"‘.-(‘)"3'(:)
2030
2040
2050
20460
2070
2080
2090
2100
2110
2120
21320
2140
2150
21460
2170
2171
2172
2173
2174
2175
21764
2177
2180
2120
2200
2210
LhAD
2220
2240

2250

23 ":’ (_)

2400
2410
2420
2420
2440
2450
2460
2470
2430

CALL ADD

# SET MULT TO &
.0 B, &0

# CALL MLTADD FOR T1
CALL MLTADD

# SET T2 TO TEN =EC
EX DE, HL.
caLlL ZERO4
LD A, (TIMEZ)
Lo (HL) > A

# CALL ADD (
EX
CALL

Tz TO T
DE, HL.
ADD

# SET MULT TO 10

)

)

ALLOW SWITCHING CLOCE

oF T1 TGO T2

BIT=

.0 B, 100D

# CALL MLTARD FOR T1
CALL MLTARD

# SET T2 TO SEC
EX DE , HL.
CALL ZERD4
Lo A, (TIMEL
.o (HL.) - A

#* CALL ADD (T2 T T1)
EX DE . HL.
CALL ADD

# SUBTRACT 1 SEC TO
£X DE, HL
CALL ZERDA4
Lo A1
(U (HL) - A
EX DE , HL.
CALL SUR

# MOVE LOWER 12 BITS
CALL MOVE4
EX DE, HL.
INC  HL
LI A, (HL.)
ANDI OFH
Lo (HL.Y» A
INC HL
1.0 i §
CAll. ZERON
EX [E , HL.
Lo E. 12D

# SHIFT T1 12 BITS TO RIGHT
CALL SHFTR

# CALL SR (T2 FROM T1)
Lo DE. T2
CALL SUR

# TRUNCATE T1 TO 12
FLISH HL
INC  HL
LI A (HLD)
ANDY OFH
LD (HL)Y - A
INC  HL
LI 2,2
CALL ZERON
FOFP ML

# REA STATLS
IN A,ECH

# IF T-EN = O
RLCA



Q728 07 2490 RLCA

Q720 2500 % THEN

Q72 25910 % . RETURN WITH ERROR 1
0720 2E O 2820 LI A, 1D
O72E Do 2530 RET NC
Q72F 2540 % EL
QO72F 2550 % . TT2TOTH

O72F 11 EC 07 2560 L0 DE, T3

0732 CDh 37 04 2870 CALL MOVES

07325 2380 # , SHIFT T2 & BITS TO RIGHT

0735 EB 2590 EX E, HL

0726 06 Of 2600 Lo B, &0

0733 00 48 O 2610 CALL SHFTR

0738 2620 # . SET F1 TO 100 MICROSEC AND FAST CLOCK
O72R 2E ZF FEE0 Lo AL 2FH -

0730 3 ES 2640 DUT  EM. A

Q7ZF 2650 % . BET L ARD H, RESET M

O73F ZE =0 2ELD Lo A SOH

0741 D3 E4 2LT70 LT EEH.A

0743 2630 % . REPEAT

0743z 2690 # . CHECE CTIMES

0743 OB EZ 2700 HG IN A.ERH

0745 C& 0F 2710 AnD 20

0747 E& 3F 2715 AND 2FH

074% BE 2720 N (HL.)

0O74A 2730 % . UNTIL CTIMES=T3-Z

074/ T2 4% 07 2740 M NZ ., HG

0740 2750 # . WAIT UNTIL CTIMEZ=T3~-1

0740 DE EX 2760 HGZ IN A, EBH

074F & 01 2770 ADD 1D

0751 E& 3 2775 AND  3FH

0753 RE 2TEO ZF (HL)

Q754 C2 4D 07 2790 IR NZ,HGZ

0757 2800 SET F1I TQ MSEC

mm

.
p=t
ke

7
pre

0757 3E 2 2810 L0 AL 27H
0757 L3 ES 2920 DUT  EDH,A
0O75R 2320 # . REPEAT

O75R 2340 % . ., IF CTIME3=TZ
0758 DR E3 2850 HGR IN A ERH
0750 BE 2EE0 P (HL)
O73E 2 SR 07 2870 AP NZ ., HGZ
0741 ER =320 EX DE, HL
Q742 28920 % . . THEN

Q762 2900 % . . . IF CTIMEZ2=T1{ (LOW)
0762 7E 2710 Lo A, (HL)
0763 EA4 3F 215 AND  3FH
Q765 47 2920 Lo B.A
07446 DR EZ 2925 HF IN AL EAH
0763 E& 3BF 2930 ANDY - ZFH
Q7466 BE 2935 oF B

Q76 02 A& O7 2740 JF NZ» HF

O74E DR E2 2945 IN A EAH
Q770 E4 = 2950 AND 3FH
0777 Ba 255 (M B
Q773 C2 &6 O7 260 P NZ ., HF

0776 2970 « « « THEN
077 230 . s . o« SETM
O7 74 29D .« « ENDIF

0774 3000
07764 2010
Q774 I020
0776
0773

« « ENDOIF

. LNTIL TIME REACHED

. SET F1 TO 100 MICROSEC
40 ZO3EO LD A 40H

E4 2040 ouT  EEH.A

J
fo]
% ok ok X K &

L R
W m



0777
Q77¢
077E
077¢&
0721
0734
0734
Q735
o772

Q73R
O72A
072A
072
Q72E
0790
07921
07771
0724
Q724
0794
Q794
Q7%¢&
Q77A
Q79R
- Q79R
0O79E
O79E
07A0
07A2
07A2
0742
07A4
0745
Q7A%
07A%9
0747
07472
O7AA
QO7AC
Q7A0
O7AF
O7R1
Q782
Q7RG
0787
Q7R9
O7BA
Q7R0O
O7RD
078D

o780 =

O7BF
Q7121
071
o7c3
Q705
o717
o7Ce
QO7CE
o7cn
QO7CF
o701
o7nz

ZE
nz

21

zn

ER
0L
ch

O
Cé
Eé
BE

&

LR
EE
o2
ER

7E
Eé&
47
DE
E&
Be

c2

DB
D&
Eé
B3
cz
ju) ]
né
Eé
B
cz

2F

ES

ES
=7

06

4

El
02
2F

EO
3F

AL
EO
3F

AD

00
E4

EOQ
01
3F

21
EO
01
3F

07
0Ob

06

07

07

07

07

07

07

3050
204LO
2070
2080
2090
2100
2110
2120
21320
2140
250
3140
2170
2175
2180
21920
2200
3210
2220
2220
3240
2245
3250
3240
3270
228

2290
2300
3310
2320
2220
I340
3350
SJR60
3370
2320
33220
2395
2400
3405
2410
2415
2420
425
24320
2435
2440
2450
2451
3452
2453
2454
3455
2456
2457
2458
2459
3440
2461
3462
2463
2444
3465

LD A, 2FH
ouT  EDH.A
# . SET T3 TO T2
Lo HL, T2
cALL MOVES4
# . SHIFT T2 & BITS RIGHT
EX DE» HL
LD B, 4D
CALL SHFTR
* . REPEAT
*# . . CHECK CTIMEL
LG IN AEYH
ADD 20
AND 3FH
cP (HL)
*# . UNTIL CTIME1=T3-2
JP NZ,LG
# . REFEAT

*# . . CHECK CTIME1L
LG2 IN A E9H

ADD 1D
ANDY  3FH
cP (HL.)

# . UNTIL CTIMEL1=T3-1
JP NZ.LG2

¥ . SET F1 TO MSEC
Lo A, 27H
QUT EDH.A
* . REPEAT
# . o IF CTIMEL=T3
LGZ IN A,EYH
CcP (HL.)
JP NZ.,LG32
EX DE» HL
# . . THEN
¥ . . .« CHECKE CTIMEO
LD A, (HL)
AND  3FH
Lo B, A
LF IN A, EZH
AND  3FH
cpP B
JF NZ.LF
IN AL, ESH
AND 3FH
CP B
JF NZ.LF
*# . « ENDIF
# . LINTIL TIME REACHED

# . SET TO NORMAL CLOCK

Lo A, O0H
OuT  EEH.A
¥ . WAIT UNTIL CTIMEO=T1+1
FL IN A, E8H
sUB 1D
AND  2FH
cP B
JP NZ, FL
IN A, EBH
SUR 1D
ANDN  3FH
CF B

JP NZ,FL



Q705
O70s
Q707
Q702
Q70 ZE
Q708 9
Q70

QO70C

Q0
Q700

Q0
O70E

00
O70F

Q0
Q7EOQ

00
0O7E1

00
O7EZ

Q0
Q7E:

00
QO7E4
07ES
O7EC
Q7F0
Q7F0
Q7F0
Q7F0
QO7F0
QO7FQ
QO7F0
Q7F0Q ZE
O7F2 Dz
O7F4 D
07F7 FE
Q7F% 2
O7FC 7
Q7FD 7

3E
0z

READY
LTABL
ADD
EsH
ECH
FL.
HG3
LIG3
MOVE4
SETN
SHFTRN
T1
TIMEO
TIMES
ZERQ4
FILE
READY

04
Eél
77 04
Q0
Foo o7

OLOQS
OOEQ
Q0OE4
071
07358
QO7R2
Q627
QOSFC
Q&4A
O7E4
Q70C
O7E0Q
O5F3

2470 % ., STOP TIME

2450 1.0 A, OZH

3420 LT EEHSA

FR00 # , RETURN WITH NO ERROR

2510 L.D A OOH

3F20 RET

25320 * ENDIF

3540 TIMEOQ DC 0

2850 TIMEL Do Q

3560 TIMEZ DO QO

3570 TIMEZ DC O

2580 TIME4 DC Q

3590 TIMES DO 4]

200 TIMES DC 0O

3610 TIME7 Do QO

3620 T = 4

TR W I 0s 4

ZL40 TR ns 4

2650 EaH EQil  OEOH

2660 E9H Ecil  OE1H

3670 EAH EQl  OE2M

2680 EBRH EQLl OEZH

3690 ECH Efil  OE4H

2700 EDH EQ)  OESH

2710 EEH ECHY  QE&H

2722 CALL L0 A, O4H

3724 T EEH.A

3720 CALL SETIME

3740 CF 0

2750 JP NZ.ER

2760 R=T O

2770 ER RET 0O
ADDA OADA ADDN 0607 CALL
E9H O0E1L EAH Q0EZ EBH
EDH Q0OES EEH O0E6 ER
HF 0766 HG 0743 HGE2
LF O7AN LG 0O72A LG2
MLTADA 0424 MLTADD 0412 ML.TADN
MOVEA Q43R MOVEN 0439 SETIME
SHFTL 0640 SHFTR 0643 SHFTRE
SUR 0664 SUBRA OLbS SUBN
T2 07E2 T3 Q7EC TEMP
TIMEL O7DD TIMEZ O71LE TIMER
TIMES O7EL TIMES O7E2 TIME7
ZEROA  OSFD ZERON  OSFA

3000  4D9F

Q7F0
QOEZ
Q7FD
Q74D
0724
Q61A
0L77
QLSS
Qbbb
QAZF
O70F
Q7E3



10
20

20

!o
Q

60
70
=20
20
100
110
120
1z
140
150
140
170
120
120
200
210

A=14#16
IO0=INP(A)
I1=INF(A+1)
I2=INP(A+2)
I3=INF(A+3)
I9=INP(A)

IF I0=1% THEN 20 ELSE

APPENDIX D

20

TO=((64"2) %I+ ((L472)#I2)+ (L4%#]1)+]10

Ti=INT(TQ/ (3L00%24))
T2=TO~(T1#24600%24)
T2=INT(T2/2600)
TQ=T9= (T2#34600)
T2=INT(TZ/4&0)
T4=T2~(T3#AL0O)

PRINT "DAY OF YEAR IZ
# "HOUR IS "s%42I3T2

# "MINUTE IS "s#42IsT2
# "SECOND IS "sZ%ZZ2IsT4
STOP

OuUT A+é, 128

END

"I4A2IsTL



100
110
120
130
140
150
1460
170
180
190
200
210
220
230
240
250
260
270
280
270
300
210
320
330
240
35S0
260
370
230
290
400
410
420
430
440
450
4460
470
450
490
500
310
520
520
=540
S50

=L0

oot et

APPENDIX E

REM INITIALIZE THE COUNTER CONFIGURATION
A=14%16

REM INPUT OF CTRS=1 MHZ

REM GATE OF CTRS=PROG

QUT A+4, (1#3)+1

DUT A+Z, (L#2)+1

OUT A+Z, (1#2)+1

REM TURN GATES 0OFF

OUT A+5,0

REM ZET CTRS O-~2 TO MODE 2

OUT A+840, (ORL4)+(I#16)+(2#2)+0
OLIT A+E+0, (1#44)+(3#1E)+(2#2)+0
OUT A+E40, (2#64)+(3#1E)+(2%2)+0
REM LOAD CTRS WITH DATA

D=255

QUT A+s+2, D0

QUT A+S+3.0

QUT A+2+2,0

OuT A+2+2,0.

OUT A+3+1,D

OUT A+S+1,D

REM INFUT OF CTR 2=CTR 1

QT A+, (1#8)+64

REM INFUT OF CTR 1=CTR O

OUT A+32, (1#2)+5

REM WAIT FOR INFUT TO START COUNTING
INPUT I

REM START COUNTERS

OuT A+5S5,7 ‘

REM WAIT FOR INPLUT TO STOP COUNTING
INPUT 1

REM STOF COUNTERS

OUT A+5,0

REM REALD COUNTERS

LO=INF (A+3+3)

HO=INF (A+&+3)

L1=INF(A+3+2)

H1=INF (A+23+2)

L2=INF (A+3+1)

HZ2=INF(A+Z+1)

REM DISPLAY TIME

T2=L.2+ (254%H2)

Ti=L14+(259&%H1)

TO=L 0O+ (254%H0)

T=TO+{ ((2T62) 1) #T1)+{(((2TL™2)—-1)"2)%T2)
PRINT T/1000000, "SECONDS"

END



10
20
20
40
=0
&0
70
20
20
100
10%
110
115
120
122
126

122

1320
122
124

25
13264
1z8
140
142
145

A=14%16
QT A+d, 8
ouT A‘PE"A'
OUT A+é&, 128+3
I0=INF(A+4)
SSUR 1000
IF I0=1 THEN SO
IO=INP(A+4)
GOSUB 1000
IF I0=0 THEN 80
QUT A+2, 128+4%
M=2
DT A+5,0
OUT A+3+1, 255
OuT A+3+1, 2595
IF M=0 THEN 123&
OUT A+é, 1
QUIT A+S, 4
QuT A+5,0
QUT A+bs,M+1
GOTO 145
T A+é6, 2
QUT A+5,4
OuT A+5,0
DUT A+é,
auT (A+5). 4

150 0=0

155

GOSUR 1200

160 I0=INF(A+4)

70
120
120
200

X}
-
O

PROWO O

e

YLK

P D)

IR R RI R RN

GOSUE 1000

IF TO=1 THEN 14&0
I0=INP(A+4)
GIESUR 1000

IF I0=0 THEN 190
IF =0 THEN 250
FPRINT "QVERFLOW"
OUT A+6,3

=2

F=0

GOTO 115

230 I1=INF(A+Z+1)

I2=INF (A+3+1)

270 IF I1=0 THEN 220 ELSE 400
250 IF I2=0 THEN 290 ELSE 400
290 IF M=0 THEN M=3

200

M=M-1

310 OUT (A+4) . M+

320

F=0

230 GOTO 115

400

CO=T1+(2546%#12)

410 F=CO#(10"M)

420
420
440
ﬁ41
442
443
444
445
444
447

IF I2>12 THEN 44%
IF M=0 THEN 44%5
M=M-1

GOTO 445

IF I2<50 THEN 445
IF M=2 THEN 445
M=M+1

OUT A+5,0

OuT A+éb,M+1

OUT A+5,4

APPENDIX F



450 GOTO 115 :

1000 FOR N=7 TO & STEFP -1

1010 IF (2N (I0+1) THEN I0=I0-(2"N)
1020 NEXT N

10320 I9=10

1040 IF I0<1é& THEN 10=0 ELSE IO=1
1050 FOR N=4 TO 2 STEP -1

1040 IF (2°N)<(I9+1) THEN I9=19--(2"N)
1070 NEXT N

1020 IF 1944 THEN D=1
1070 RETURN

1200 IF Flr=1000000 THEN 1
210 IF F>=1000 THEN 1220
1220 PRINT %Z31.F,"HZ"
12320 RETURN

1220 PRINT Z%Z8F4,F/1000, "KHZ"
1290 GOTO 1220

13200 PRINT %8F4,F/1000000, "MHZ"
1310 GOTO 1230

2000 QUT 2,2

3010 OUT 1, 128+31

3020 OUT 1,255-32

3030 SITOP

200



APPENDIX G

S54F Q100 ##% I/RTC MUSIC ROUTINES VERSION 1.0

I200 0110 ORG  S200H

0200 0115 a7 POOH

000 21 EF OF 0120 INIT L.D SR, STACK

0032 2E FF 01320 LD A, OFFH MAZE INTERRUFTS

0P8 D2 EL 0140 OUT  OELH.A

0207 3ZE =24 Q150 Lo A, 34H RESET INT ACKNOWLEDGE

0909 D2 E& 0140 OuUT  OE&HA

O%0OR 2E 00 Q170 L0 A0

O%P00 I3 E6 o1s QUT  OE&H. A

OR0OF 3E 08 0190 LD A, 03H SET INT TO BASE LEVEL

o711t D3 EO Q200 OuUT  OEOH, A

0912 2E DF 0210 Lo A ODFH SET MASEKE TO ALLOW LEVEL 2
QLS 32 2A OD Q215 Lo (CURMSED - A

0218 2 El Q220 ouT OFE1H. A

O21A 3E OF Q220 Lo A OFH HIGH BYTE OF INTERRUPT ADDRESS
O%1C ED 47 0240 Lo I.A SET INT MODE 2

O%1E ED SE 0250 IM 2

0220 C23 23 09 Q260 JP BASEC INTERRUPTZ NOW INITIALIZED
QY22 Q270 STACK EGU  OFEFH

0922 2E F& Q220 BASEC LD A OFBH INITIALIZE PROGRAMMABLE GATES OFF
0225 232 1C oD Q290 Lo (PGATES) A - ,

o9zs D3 ES 0300 OuT  OESH.A

QP27 ZE 09 0310 LI A, 07H INIT CLOCE AND GATE SOURCES
QP20 D2 EZ Q320 OuUT  OE2H.A

O92E D2 EZ 0230 auT  OEZH. A

O¥I0 03 E4 0340 OuUT  OE4H.A

0932 3E 2 Q350 (N A, 36H INIT COUNTERS

0934 DE ER Q2L0 QUT  OE=H.A

0936 3E 76 Q270 Lo A, 76H

o932 03 ES 0380 QUT  OESH.A

02920 ZE B4 Q290 LD A, OBALH

OPaC D2 ES Q400 QuUT  OQE8H.A

O92E DD 21 00 OO 0410 LD IX,BASE SET LUP INDEX TO ALL RBRYTES
QP42 20 25 On0 0420 Lo HL, (PIECE) INIT LOCATION OF MUSIC COMMANDS
0?45 ED 4B 27 o0 0430 LD BC, (FLAGS) INIT FLAGS

047 11 00 o8 0440 Lo DE, FREGLU INIT NOTE-TO-COUNT XLATE TARLE PT
09?4 FB 0450 EI

o740 Co 12 OR Q4460 L.OOF CALL INKRD LOOK FOR STOP (SPACE RAR)
0?30 FE AOQ 0470 CF QOAOH

0252 CA C2 09 Q420 JP Z,5TOP

0Pas 7E 0470 (R A, (HL.) GET COMMAND

QP54 E6 O3 OS500 AND  O3H

Q252 DO 21 FF O 0510 Lo IX, BASE~1

OPSC DO 23 0520 LF1 INC IX SET INDEX TO CMD-S TIMER RITS
OPSE 320 0530 DEC A

O¥SF C2 50 09 0540 JP NZ,LF1

0262 D CB OD 446 0550 BIT O, (IX+RDYO-RASE) WAIT TILL PREV. NOTE PASSE
0966 02 40 0% OKEO JP NZ. LOOP

0962 7E : 0570 Lo A, (HL) RDY FOR THIS NEW CMD

O9&8 CR 77 0S80 RIT 4.A SET WP GATE (NOTE OR REST)
QI6C C2 76 09 0520 JP NZ,B1

OY6F DD CE 04 2BE 0400 RES 1, (IX+MNXTO-BASE)

0272 C2 78 09 Q0&10 JF B2

097464 OO CB 04 CE 0620 BRI SET 1., (IX+MNXTO~BASE)

02764 CB AF Q&63Z0 B2 BIT 5.4

QP70 L2 86 O Q&40 JF NZ,BZ

O27F D CB 04 86 04650 RES O, (IX+MNXTO-BASE)

Qa2 C2 84 09 QLHLD JF B4

Q236 DD CB 04 &6 0670 BR SET 0. (IX+MNXTO-BASE)
Q928A TR OF 0620 B4 RRC A



093C CB OF Q&0 RRC A GET LENGTH OR TIME OF NOTE (REST)

0%32E E& 07 O700 ANDI O7H

0990 FE 0QO0 0710 cF O IF LENGTH = O, DIONE

09P2 CA 02 09 0720 JP Z,STOP -

0995 47 07320 Lo B.A

09924 2E S0 0740 Lo A, S0H

0992 CB 07 0750 LP2 RLC A CONVERT LENGTH CODE TO A REAL VALUE
0F9a 05 074&0 DEC R

OFPB C2 92 09 Q770 P NZ,LF2

OR%E DOV 77 01 0720 LD (IX+BTLENO-BASE) . A

0PA1 DI CB 04 4E 0790 BIT 1, (IX+MNXTO-BASE)

OPAS CA R& 09 0800 JP Z,B3 IF NOT A REST. THEN:

OPAR 23 0310 INC  HL

09RY TE 0220 Lo A, (HL) GET NOTE NUMBER

OPAA CB 07 02320 RLC A

OPAC SF 0240 LD E.A TRANSLATE TO COUNTER VALLES

O9A0 1A Q250 LD A, (DE) AND GET READY

OPAE DD 77 13 0260 LD (IX+FNXTHO-BASE) - A

07B1 13 0370 INC DE

OPB2 1A QB0 LD A, (DE)

OPR2 DO 77 10 0290 Lo (IX+FNXTLO-BASE) A

OIRL 23 0900 RS INC HL

0787 DO CR 04 E&4 0710 SET 4, (IX+MNXTO-BASE) FLAG NEW NOTE

O%ER DD' CB OD Cé& Q920 SET 0, (IX+RDYO-BASE) SET READY

O2BF C32 4D 09 QP20 P LOOP

oPCz C7 0240 STOP RET ©

OPC3 QF QD HHRHR AR R RN E A R R R R R R H RS

O9C3 F5 Q950 INTZ2 FUSH AF TIMER INTERRUPT ROUTINE (1 MILLISECOND)
OPC4 3R 29 0D 0240 LD A, (CURLEV) SAVE INTERRUPTED LEVEL
OFCT7 FS 070 FUSH AF

0oPCE 2E 02 0975 LD A, OZH TELL CONTROLLER THIS LEVEL

OPCA DE EO OPa0 QT  OEOH.A

O2CC 32 29 OD QP20 LD (CURLEV) . A

OPCF FR 1000 EI

O¥0O 3/ 23 aD 1010 LD A, (MSCNT) INCREMENT MILLISECOND COUNTER
oP02 30 1020 ING A

oPn4 32 2% oD 10320 LD (MSCNT) A

OI0O7 CS 1040 PLIZH BC

00 47 ‘ 1050 Lo B, A

QP09 3A IF oD 1040 LI A, (BKCNT)

O¥DC RS 1070 CP B

0?00 C2 FO 09 1020 JP NZ, I2A

OPEQO 2A 20 OD 1020 Lo A, (IFLAG)

OPER E6 08 1100 AND BEKACTN

OFES CA FO 0% 1110 JF Z,12

OPE2 2A 20 OD 1120 LD A, (IFLAG)

OFER F& 04 1130 orR BREAKI

OPED 32 20 OD 1140 Lo (IFLAG),A '

OZF0 3A 1D OD 1150 I2A Lo A, (BTTIME) DECREMENT COUNTER OF MSEC/BEAT
09F3 3D 11460 DEC A

OFF4 22 10 o 1170 Lo (BTTIME).A

QFF7 CZ2 1IF OA 1120 AP NZ,IZB IF ONE BEAT- % TIME (1/&64TH NOTE)
O%FA 3A 24 0D 1190 Lo A, (BEAT)

OPFD 32 1D oD 1200 LD (BTTIME).A

QAROO 2A 22 OD 1210 Lo A, (BTCNT) THEN INCREMENT BEAT COUNTER
OADZ 3C 1220 INC A

0AG4 22 22 O 1230 Lo (BTCNT) - A

OAO7 47 1240 LD B.A

0ADE 2A 21 OO 1250 LI A, (INTCNT) INTCNT=RBEAT COUNT OF NEXT NOTE
OAOR RE 1260 cP E

OAOC C2 1IF OA 1270 JF NZ, IZB

OAOF 2A 20 OD 1280 LD As (TFLAG)

0AlZ2 E& 10 1290 ANDI INTACN



OALY CA LF OA 1200 P 2, 12R

OA17 2A 20 On 1210 Lo A (IFLAG) ZET UP FOR BEAT INTERRUFT
OALA F& 02 220 R OREATI

COALC 32 20 on 132320 LI (IFLAG). A

OALF 2A 20 0D 1240 1I2R 1.1 AL (IFLAG)

OAZ2 E6 04 1330 ANDY  EBNE IF INTERRLUFT NEEDED
OAZ4 ZA 2R OA 1340 JF Z, 120

QAZ7 DD TR 2ZA 2E 1370 REZ 3 (I X+CLURMSE~BASE)

OAZE 1 1410 120 POF BC

OAZC F1 1420 FOF  AF RESTORE FPREVIOUS INTERRUFPT LEVEL
OAZD F2 1420 nr AMD RESTORE MASE

OAZE 32 29 0N 1440 Lo (CURLEV) - A

OAZY 28 2A oD 1451 LI A (CLIRM=ED

OAZ4 CRB EF 1452 SET S.A

ORZ6 D3 E1L 145% QT OE1IH.A

OAZ3 TR AF 1454 REZ 5.A

OAZA N3 EL 1455 2UT OEiIH. A

OAZC 2A 27 Oh 1457 LI A, (CLIRLEV)

OAZF 03 EO 1453 OUT  OEOHS, A

0A41 F1 1440 FIOIF  AF

OA42 FR 1470 EI

OA4Z 9 1420 RET RETLRN FROM INTERRUFT

OAG4 1455 #3HHBARRXFE AR U S E AR F BB H A IR BB AR TR
QA44 FS 1420 INT4 FLIZEH AF NOTE INTERRUPT ROUTINE
0OA43 3A 22 Ooh 1500 Lo A (CURLEV)

QA48 F&5 1510 PLISH AF

OA47? ZE 04 1520 L[ A, O4H

OA4R I3 EO 15320 QUT  OEOH. A

QR4 232 29 On 1540 .o (CURLEV)Y - A

OASD 5 1550 FLIZH RO

CASL DD CR 2A DE 1552 SET 2, (IXACURMSE~BASE) TURN OFF INT
OASS ZA 26 0n 1554 . As (CLIRMEE)

OASE 2 E1 1554 T OELH, A

OASA 3A 23 On 1540 LI A (MSCNT) SET UF CURRENT VALLUES
OASD 47 1570 1.0 B.A BEFORE UNMASEING INTERRUWFTS
OASE 24 22 oD 1320 LI A (BTONT)

OR”&L AF 1520 Lo [Pyl

OA&Z TS 1400 FLEEH DE

ONAZ 2/ 20 0D 1410 (M A, (IFLLAG)

OAGL 57 1420 LI A

OAGLT Eé& FP 14320 AND BNBN RESET INTERRUFPT FLAGS
ORLY 32 20 00 1440 Lo (IFLAG)Y.A

QAL FR 1AS0 = |

OAAD ES 1440 PLISH HL

OALE 77 1470 LI A I

OARLF EA 04 1420 ‘ AN BREIN

OA7L A A7 OA 14670 JP Z.14A

OA74 DD ES 1700 BREAE PFUSH IX

OA74 DD 21 00 O 1710 Lo IX,BASE

OA7A8 1E O3 1720 LI 2 3

OA7C CR 52 173230 BRED BIT 2.0

OA7E CTA F OA 1740 JF 7 BREL

OASL DDV CR O7 54 1750 BRIT &2, (IX+MOINEO-RASE)

QAT A 9F OA 1760 AF Z:BRE]

OAZE DO CR 07 25 1720 REZ 1, (IX+MHOUEO-BASE)

OAZC DD CR 07 DE 1770 SET 2, (IX+MODEO-RASE)

OAR0O DD 24 0/ 13200 IMC (IX+BTONTO-RASE)

QA2 DD CR 07 24 1310 REZ 2 (IX+MODEO-RASE)

QA7 230 20 0D ) ) (1 A, (IFLAG)

QAT TR =F 1&14 REZ 2.4

ORI 22 20 oh 1214 L0 (IFLAG)Y.A

OARF DD 22 1220 BRED INC IX

OAAL LD 12320 NEC E




QAL
QAL
OACA
OQCC
CACF
QA2

OAnT7 =

OADA

oADK 32

QADF
OREZ
QAEL
OAE=
OAED
OAFO
OAF
QAF &
OAF2
OAFC
OAFF
OROZ
OROS
OROA
OBROA

OROE

OE11
OR1S
OR1a
OBLE
ORID
CRZ20
ORZ1
oBz4

OR2S

OR27 -

ORZA
QOBZE

ORIZ2 =

OR35S
QR=7
OR=A
OR=0
OR40
OR4 2
OR4S
OR47
OR4=
OR4E
OB4ND
OR4F

oo
oo

7C
E1
4h
4n
ES

[

7E

4%
I =]
E2
4 =1

“

10
77
R
CR
20
nF
20

: 45

R
i
B
7E
77
7E
77
7E
77
7E

77
R
4 =
A
CR
etal
7E

. 01

77

10
1F
R
R
20
OF
20
45
7€

- F3

77

vy o,

o]

B4
El
ES
21

OA

OR
(aly}
0OA

OR
Qa7
(32}
07
OA

iF
07
07
oo

O
OR
oD
OF
O
10
14
13
1%
04
Q07
01

0A
07
Q7
OR
07
OR
Of

Of
OF
On
07
Q07
oD
O
OR
07

07
OfR

00

O

DE
4E

44

HE
[’ éu

O

1240
1250
1260
1270
158580
1220
1200
1910
1920
19320
1240
1950
19460
1970
1920
1290

2000

2010
2072
2024
2024
2030
2040
2050
2060
2070
RO
2090
2100
2110
2120
2130
2140
2150
2140
2170
2180
2170
2200
2210
e

s
e
Wt
230

2240
2250

2200

B2RTO
2280
220

o
s oL

2297

AP Lk
o

-y
-y
o

-
-
o
e
s
o
-
e

ooy
P
-y
o
E)
ot
-
3
]
~
)

O S
ey -
D 's—‘ -v'

Pd R ORY

0
-
M‘

144

BEET

BEATO

BEATZ

00 BEAT4

BEATZ

BEAT1

4R

JE
FoF
RBRIT
AP
FILIEH
.0
LI
LG
[~
JF
BRIT
=
BIT
P
Lo
AL
LI
SET
RE=
1.0
SET
LD
FE
BIT
JdF
RE:L
Lu
(]
LI
L0
L.It
.0
LI
A0
LI
SET
BIT
JF
BIT
JF
L0
SR
L.
[
R
L0
G
(W
REZ
ZET
Lo
SET
LI
JF
LI
AND
LI
INC
[EC
JP
FOF
PLIEH
L0

NZ . BREO

IX

j.,I:l

2,148

IX

IX,BASE SET UFP INDEXING

=]
o v

A (IX+BTOCNTO-BASE)

. BEAT READY FOR CURRENT COLUNTER?
NZ.BEAT1

1 (IX+MODEQO-BASE)

Z,BEATZ

O, (IX+MODEO~BASE)

NZ,BEATZ

AR

20

(I X+RBECNT-BASE) S A

2 (IX+MODEO-BASE )

Z (I X+MODEQ-BASE)

A. (IFLAG)

A

(IFLAG)-A

BEATI

O, ( IX+ROVO-BASE) YES. NOITE SET up?
Z:BEATZ

O, (IX+ROYO-BASE) YES. TAKE NOTE
As (IXHFNXTLO-BASE)

( IX+FREGQLO-BAZE) A

A CIXHFNXTHO-RASE)

(1 {+FREGHO--BAZE) , A

Ay CIX+MNXTO-BASE)
(IA+MODEQO-BASE)Y s A

A, IX+BTLENO-BASE)
COCALCULATE COUNT WHEN NOTE SHOULD BE DIONE
{IX+BTONTO~BASE) - A ‘

Zy ( IX+MODEO-BASE)

1. ( IX+MIDEO-BASE)

Z,BEATY

Qs (IX+MODEO-BASE)

NZ ., BEATH

A (IX+BTCNTO~RASE)

1

(IX+RTONTO-RASE) - A

o

NZ, BEAT4

AR

20

(BECNT)Y. A

e (I X+MODEO-BASE)

22 (IX+HMODEO--BASE)

A, (IFLAG)

A

(IFLAG) A

BEAT1

A (ITX+HMODEO~BASE)

OFSH MOTE NMOT READY. TURM OFF
(IX+MODEO-BASE) - A

IX REFEAT UNTIL ALL COUNTERS SERVICED
E

NZ . BEATO

IX

X

1X.BASE



OREZ
ORS5
ORs7
ORSH
ORSE
ORE&Z
OR&S
ORLT
OBAA
ORA&C
OBAD
OR70
OR72
OR7:
OB74A
OR7A
QR70
QR7F
ORs 2
ORS4
ORES
OR=7
ORES

OBSE -

ORSE
QR0
ORY2
OR=3
ORY4
OR%7
QORI
ORYR
ORPE
ORSF
ORA1
ORAS
ORA7
ORAR
ORAE
ORE]
ORBZ
ORRZ
ORBA&
ORE7
ORRBA
ORRII
QBBF
QRO
ORIT2
QORICS
QORCA
ORC7
ORCE
QRCS
QORIZA
ORChH
ORCF
ORI
ORLt
QRIZ
opnz
QRD4
OBDA

A6

F1
Fa
D=
Fi
FE

]
ED
FE
FO

70
R

fx

g

=4

ix]

3 L Ty i

ra T} =

El
7F
21

=5

21
Oz
R
RO
7E

R

7E

e
a

A7
E1

L}

EOQ

7E
00

07
OR
07
1&

1%

on

OR
Q7
OR

OF

OB

O

OR

O

Q0

07 5

OR

§]4

OR

[RTAY
oo

Y

ﬂ ‘.L.I

4E

oR

on

2400
2410
2420
2430
2440
2450
24460
24462
2464
2470
2420
2420
2500
2510
2520
25320
2540
2850
EEEA0
2870
2320
2390
2E00
2605
2610
2620
LSO
2640
2650
2ELQ
2670
2680
2EF0
2700
2710
2720
E730
2740
2750
2760
2770
2780
2770
2300
2810
2820
2330
2340
2850

2860
2870
2820
2890
2700
2210
2920
290
240
2750
S A by

2AE0

OFTO

OFTy

OFT4

oPT2
oPTS
OPTS

T4

I4E

I4n

LD
L.
BRIT
JF
RES
L
ouT
LI
T
LI
LI
RRC
DEC
JP
BRIT
SR
RES
JP
SET
LI}
RLLC
DEC
P
LI
ouT
INGC
INC
nE:
JF
FOF
Lo
Lo
L.
PLISH
LI
LI
BIT
JF
.0
SLIR
=
JF
LD
L0
LI
INC
DEC
AF
FopE
FOF
FOP
FOF
FOF
01
LIt
QUIT
FOF
El
RET

.3

12, DEYH

4, (IX+MODEQ-BASE)Y IF NEW NOTE,
Z.0FTH

4, (TX+MODEO-BASE)

B, (I X+FREGL.O-BAZE)

(C) B THEN QUTRUT NEW VALLE

B, (IX+FREQHO-BASE)

(K, R

[ i

A, (PGATES)

A OUTFUT REST OR NOTE

o

NZ.,FT4

1, (IX+MONEQ-BASE)

NZ,FT2

7+A

FTa

730

I, E

A

Il

NZ,OFTS

(FGATES) A

OESH. A&

IX REFEAT LUNTIL ALL 3 COUNTERS SERVICED
o
E

NZ, 2PTO

IX

., 7FH

A CINTCNT)

E. A

IX

I1X.BASE

E.2

J (IX+MODEO-BAZE) IF NOTE ACTIVE,
Z,14D

A (IX+BTONTO-BASE) THEN SEE IF NEXT EVENT T
2]

[
F, 140

A

A (IX+BTONTO~BASE)

CINTENT)Y - A IF CLOSER, MAKE THIS COUNTER NEX
IX REPEAT UNTIL CLOSEST IS MADE NEXT
E

NZ. 14E

IX

HL.

DE

R

AF

RETLURN FROM INTERRLUFT

(CURLEV)Y A

OEOH, A

AF

RN R SRR R F R R R RS F R R H R HE R R

INKEBD

IN
CF
RET

A (OOH) KEYBOARD ROUTINE T GET CHARACTERS
O
Fc



QRR7
ORI
QORILIE
ORDE
OREO
SEOQ
OEOO
QEOO
OEOQ1
ANO0
QLOO
D000
Oonoi
Onog

Q0
Ono7

00
QDOA

OO0
onon

00
Onio

00

Oz
OO
Ol 4
00
O
Q0
ODLc
OnLn
20
ODIE

-~

]
&

OnNF
12
Onzo
10
oDz
(8]8)
onz2z2
%) e
00
onz4

20

OnzS

Q0
onz7z

00
oL
Qnze

O
OD2A

FF
Onze
ODZR
OnzZR
olzR
OnZE
OnZe
onze
ODZR

ED 75
FE OO
F&oonz
Fé& 20

o

Fz
<7

00

9]8]

00

00

0

00

OO

10

00

OR

(]9)

QO

00

Q0

Q0

Q0

00

00

000
=010

2021
OS2
2033
=029

3IOES
O3
2040
OS50
20460
2070
2020
3070
2100
=110
2120
21320
2140

=]
iy

21AD

150

TNED

RASE
BTLENO
MNXTO
MODEQ
BTCNTO
ROYO
FNXTL.O
FNXTHO
FREQL.O
FREGHO
FGATES
ETTIME
BTNXT
RECNT
IFLAG
INTCNT

BTONT
MSCNT

REAT
FIECE
FLAGS

FREGLL
CURLEY

CLRMEZE
BEACTN

BREAKT
BNE

D0 BREIN

REATI
INTACN
(BEATI
BRMEN

IN
cP
AP
IR
RET
DRG
5T
nI
RET
RG
=T
R
L=
DR

OR

DE

OB

LB

DR

DR

)

ne

DR

1) 5]

DE

L

)2

R
DR

DR

O

W

Eid
DB

i}

EGiL
Eci)
Ecd
Eo
EQL
G
EGiLi
B

A, {O0H)
0

M, INKE1
50OH

SEQOH JUMP HERE TO TURN INTERRUPTS OFF
OFEOOH ’

0
SOOO0OH

OnOOH
1

et

Q50,0
0,0,0
0,0,0
0,0,0
0,0,0
0,0,0
0,0,0
O,0,0
OF2H

20H

20H
10O00H
OOOO0OH

OSO0H
O=H

OFFH

OSH
O4H
OLH
04H
O1H
10H
O2H
OF9H



55300
D500
OO0
77
YAl
QSO
e
74
010
4B
0O
OSiS
Q0
Q0
Q220
R

i)

[}

'

i
=y

'

-~
v’
o~
-t

Q240
in
=6

0S4
17
in

QOS50
12
o2

o e
00
Q0

OR40
OE
41

OSeD
OB
BF

Q=70
Qs
&1

Q78
OO0
Q0

QEE0
a7
A7

QEns
05
47

QY0
14
=1

Qs
Q0
OO

OSA0

/s
L4

-E
4F
aF
3F
00
00
B2

s

&7
27

W
iF
Q0
0

00
00

70
71

=)

B

11
Loz
Q0
00
OF,
2E

QR
F7

(=]
Ew
00
9 ]a)

07
47

05
FC

04
Fa

00
00

BE A

7C a4

410
BE EN

2420

o0
[ 73]

21

2430
00 00

F440
2F 1A

34760
Q0 Q0

2430
o on

2420
2F Of

2R00

£l o

2810

00 OO0

A520

EEI0
A 05

32540
70 04

ORG
=T
IR

IR

OR

R

LR

IR

DE

=3

[E

[k

[k

LR

DR

ne

OR

DR

R

De

e

DR

SE0O0H
SOO0OH
77Hs 72Hs 70H, OREH ., &AH. GAHS &4H, 71H

FEH, OCEH, 5%H, 7CH, S54H, 76H. 4FH, OBEH
4EH, 3FH, 47H, O&H, 43H, O%H., ZFH, 446H
0,0,0:,0,0,0,0,0

3BH, OB¥H, 38H, SFH, 35H, 30H, 32H, 38H
2FH. 47H, 2CH. OBEH. 2AH. 2BH, 27H, ODCH

25H, PFH, 23H, 83H, 21H, 85H, 1FH, OAZH

Q,0,0,0,0,0,0,0

10H, ODDOH. $1CH. 2FH, 1AH, 2AH, 1'5H, 1CH

17H, OR2H, 14H, SFH, 15H, 11H, 13H, OEEH

12H, ODOH, 11H, OCIH, 10H, OC2H, OFH, OLIZH

Q,0,0,0,0,0,0,0

OEH, OEEH, OEH, 12H, ODH, 41H, O0H, SEH

ORH, ODAH. OBH, 2FH, OAH, SFH, 02H, OF 7H

OZH: 68H, O02H, OE1H, 08H, 4H1H. O7H, OE®H

O,0:0,0,0,0,0,0

O7H, 77H, O7H, OCH, O4H, OA7H, O4LH, 47H

OSH. OEDH, O5H, 28H, O5H, 47H. 04H, OF CH

O4H. OB4H, 04H, 70H, O4H, 21H, O3H, OF 4H

O,0,0,0,0,0,0,0

O2HL ORCH, O32H, 84H, OZH, 53H, 03H, 24H



-~
ot

N

3 Ll

PP
OSAS
93
A4
QRO
0z
1=
OSRE
00
00
Q=0
01
AR
ORCa
01
52
00
01
O
O
00
00
DEEQ
00
 A5]
OERES
OO
A
QORFO
00
bt
OBFS
00
SFFO
OFF O
OFFO
00
OFF 2
00
OFF4
o3
OFF &
00
OFF=
44
OFFA
00
OFFC
00
OFFE
OO

LTARL.
El

- BS

BEATO
BEAT4
BECNT

00

Q0

O

00

On

(a19)

1¢]

(819}

R

L8 ]

F /_’Z-

02

5hH
01

O
00

DE
01

7R
01

=h
00

O
00

EF
00

BE
00

P
00

77

QD7 &
OIRE
OAR4
OR3A
ONiF

Q2
Fa
Q0
00
01

)

(53]
aF

01
FI

00
00
Q0
(Y
00
E

Q0
7F

2580
2 0z

JEE0

00 Q0

3600
IS 01

SES0

00 OO0

D40

E1l o0

27320

2740

3750

B2
BASE
REAT}
BEATI
ENE

070
Onoo
OR4S
Q001
OO0 E

DB
OB
DE
DB
LR
LB
DR
DR
DR
[E

DR
ORG
=T
W
W
oW
Y
Y
Jll
J Y

Lk

B
BASEC
BEATZ
BEET
ENEN

O2H, OF &H» O2H, OCCH, O2H, OA4H, O2H, 7EH

Q2H, SAH, O2H . 38H, 02H, 18H, O1H, OFAH

0,0,0,0,0,0,0,0

O1H, ODEH, O1H, OC2H, O1H OAAH, O1H, %2H

O1H» 7BH» O1H» 44HS O1H, B2H, O1H. 3FH

OLH, 20H, O1H: 1CH, O1H, OCH, OOH, OFIH
D:0,0,0,0,0,0,0

OOH - OEFH > QOH, OE1H, O0OH, OLEH, O0H, OU7H

OOH, OBEH, OOH, OBZH, O0H, OATH, O0OH, 2FH

QOH, 76aH, O0OH, 8EH, O0H, 84H, O0H, 7FH

O0OH, 77H

SFFOH INTERRUFT BRANCH TABLE
OFFOH

OO0O0OH

QOOOH

INT2

OOOO0H

INTA4

QOO0H

OOO0OH

OOOOH

ODEs
QRa3
ORZD
OAALT
OOF 2

B4 QRan
REAT Oo2d
BEATZ OAFZ2
BEACTMN 0002
BREAE. OA74



BREAET
BTONT
RTTIME
FNXTHO
FRE®LU
144
14E
INERD
INTONT
MNXTO
OFTO
COFT4
ROYO

QO0O4
#) KW
onin
8) 43 e
0300
QART7
ORA7
ORDZ
ol
O[04
ORS7
QR70
QDO

BREO
BTONTO
CLRLEV
FNXTLO
2R
I14E
IFLAG
INTZ
Lo
MOnEo
oPT1
OPTS
STACK

OAT7E
QOLIOA
oDz
QLo
Q0
OR4TH
onzo
QLD
040
Ono7
ORA&C
ORSS
OFEF

BREL
BTLENOD
CURMSE
FREGHO
I12RB
14C
INIT
INT4
LF1
MZCNT
OFT2
PGATES
STOP

OATF
Onol
QDA
onle
OALF
OBR?F
OO0
OA44
OPE0
onzz
oRa2
optc

OPC2

BREIN
BTNXT
FLAGE
FREGL.O
I2C
140
INEL
INTACN
LF2
OBEATI
OFT3
FIECE

QOO
OILE
onz7
oDt &
OARE
QRRD
oRn7
0010
Qv
QDO
OR34
onzs



0100
0110
0120
D130
0140
Q150
0140
0170
0120
G190
Q200
D210
Q220
Q230
Q240
Q250
D2E0
Q270

Q300
0310
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b3
-

K

07732 ADIOZA
O79F ADIOZE
Q&N CNTCH1
Q709 CNTCHS
0733 CNTCHY
QL&D DIAGLA

07&1
0783
Q&7
0712
Q73
QLT



DIAGLE
DI1AGE
ERD
LET1L
LTS
LaT1w
LET22
LET24
LaTz
LaT33
LST7
MEGL
S

TVESPC

oLEE
OLBER
QL24
OR&2
QRCF
o3z
Q&I
o7
OAZC
QCAE
OR1s
0412
Q0AO
QL0

DIAGIC
DIAGE
KED1
LET12
LET1A
LET2
LET2:
L3T27
LET30
L3T4
LETE
MZE2

TV

OLER
Olata)
OAZA
QOB7HR
OBEA
OAZF
QUBE
QL2A
QAR
QA4
OBZB
0&112
Q000

DIAGID 0491

IRTC
LETL
LET13
L2T17
LST20
LET24
LETZ22
LET21
LETS
LETY
MGz

QOEO
OAOD
opas
Qo=
OC44
0091
Q20
QAL
QA?P?
ORZRE
QLZ20

TVLETF OAQO

DIAG2
KR
LET1O
.=T14
LET1IZ
LET21
LET2S
L8T2?
LETZ2
LETG
MEG
auTE
TVOUT

QLAZ
QOO0
OERSA
ORAO
Q27
Qa1
Q4
QCAO
QOCAA
OAES
OLH0S
0634
QLOZ



HOOO 0100 ORG 140000

QR00 0110 =T 10000

QZ0O0 21 EA OR 1350 INTST LD HLL.LET14  CHE INT REGUESTS LOW
0203 Ch 20 04 1540 CALL CLR

0206 ZE 00 1570 L. A0

Q202 D2 E4 1520 auT IRTC+4

O30/ 3IE FF 1520 LI A, OFFH

o200 02 Ed 1400 T IRTC+1

OR0E 3E 05 14602 LI Ay O8H

0210 03 EO 1604 ouT IRTC

0312 ZE 00 1410 LD £, 0

Q214 D=2 EL 1420 OuT  IRTC+1

Q214 GO 24 04 14320 CALL KRD

021? 3E FF 1640 LI A, OFFH

OZiB DD El 14650 auT  IRTC+]

031D 21 03 oo 1460 LI HL-LETL7  CHE INT REQUESTS HI
0320 G0 o2 04 1470 CALL M=G

o222 Ch 24 04 1430 CALL KBRD

OS24 3E 04 1490 Lo A 4

0IE3 03 E6 1700 QLT IRTC+A

0226 3IE 00 1702 LI A0

o320 D3 E4 1704 OUT  IRTC+&

022E 21 27 oo 1710 Lo HL.LET1IS CHE INT LOW
o221 Ch o2 04 1720 CALL M2G

OS24 O 24 04 17320 CALL KED

0337 3E 00 1740 INTSTO LD A0

0za% D3 Eé 1750 OuT  IRTC+4

Q23R 2E 03 17460 1.0 f.73

220 D3 EO 1770 auT IRTC

QB3F 2B FO 1780 LI G, OFOH

oz41 D EN 1720 OuUT  IRTC+

0242 DB E4 1300 IN IRTC+4

0245 TR 7F 1210 BIT 7.4

OZ47 C2 545 08 1820 HF NZ, INTST1

Q4A 21 28 O 1220 L0 HL.LET1? PRIORITY FAILURE
o240 Ch 02 06 1240 CALL M2G

QED0 L0 24 04 12850 CAaLL KBD

Q353 03 327 0= 18460 . WJF INTETO

0356 21 46 OC 1870 INTZTL LD HL.LET20 PRIORITY O
Q252 Ch 08 04 1380 INTESTZ2 CALL MSG

oRSC CD 24 04 1890 INTST:Z CALL KRD

O25F 21 57 OC 1200 LI HL.LEST21  INT ACKENOWLEDGE TEST
0242 Ch Oz 04 1210 CaLL M2G

OR6S 3E FF 1220 LD A, OFFH

Q267 I3 EL 1920 QLT IRTC+1

Q262 ZE OF 1932 LI A, 08

O24R D2 EO 123 ouT  IRTC

o2& 2E OO0 1240 LI 50

OS6F DR EL 19230 OuUT  IRTC+1

0271 2 80 1960 JF INTST2

0274 1270 3303830 30304030 H 036 3 4030 3 30 330 20 30 3 30 I 200 S0 HESF S0 B S H S B B S B
0374 21 73 o0 1230 SELD LI HL.LET22 SEL AND DEC TEST 1
OR77 0020 04 1290 CALL CLR

027/ 3E 00 2000 L0 A0

Q70 D 24 04 2010 oAkl QUTR

O27F O 24 O4 2020 CALL KRD

oZa2 21 24 OC 2030 LI HL.L=T23 =2

OZES CD 02 04 2040 CALL M=BG

oEas ZE OF 2050 LD A11

O@EsA D2 EZ 20460 QuT  IRTC+2

ozl D2 ER 2070 OUT  IRTC+3

bo’
XU

i



O22E 2 E4 2030 auT  IRTC+4

020 ZE 02 2090 Lo A, 10

0wz 03 ES 2100 OUT  IRTC+S

o294 0O 24 O4& 2110 CALL ERD

OE27 21 97 O 2120 Lo HL..LE2T24 =3

Q2% OO 02 04 2120 CALL M=zG

0290 3E OF 2140 LI A17

QEPF D3 ES 2150 auT IRTC+S

O3A1 024 Q4 2140 CALL EBD

0284 21 2R OC 2170 LI HL.LET2S 4
O2A7 CD 02 04 2130 CALL MSG

OSAAR 2E 12 2120 LI A, 22

O2AC Ch 24 04 2200 CALL OUTFR

OZAF CD 24 04 2210 CALL KED

osBz 21 %D O 2220 Lo HLLST26 S
OSBS CD 08 04 2230 CALL MBG

OZRE ZE 1R 2240 .0 A,332

Q2BA .CO 24 04 2250 CALL QUTF

OZBD CD 24 064 2260 ZALL KRD

Q220 21 A0 O 2270 LI HL.LET27 &
o203 CD 08 04 2220 CALL M35

o@ces E 2 2290 L0 Ar44

Qz02 CD 24 04 2300 CALL OUTP

OZCR OV 24 04 2210 CALL KERD

O3CE 21 A2 OC 2320 Lo HL,LET28 7
Q=01 CO OS 04 2330 CALL MSG

ozng 2E 2D 2340 L0 A,SS
02046 CD 24 04 2250 CALL QUTP
ozpe Ch 24 04 B30 CALL KBD

oz 21 AL OO 2370 Lo HL.LzT2%
OZDF CO oz 04 2350 CALL MSG

QOBE2 2E 246 2390 Lo A, &b
O2E4 CD 24 04 2400 cALL ouUTPR
O2E7 CO 24 04 2410 CALL ERD

OSEA 21 A9 OC 2420 Ln HL,LST20 2

OZED OO0 08 04 24320 CALL M=G

O2F0 2E 3F 2440 LD .77

OZF2 OO 24 04A 2450 CALL QuUTP

OBFS CO 24 O& 2440 CALL KEBD

OFz 21 AD OC 2470 Lo HL-.LET21 10

O3FE CD 02 04 24320 CALL MRG

OSFE ZE OO 2490 Lo A0

0700 03 E4 2500 QLT IRTC+4

o202 ZE 01 2510 L0 Al

0204 2 EL 2520 oUT  IRTC+4&

0206 T 24 04 28320 cALL ERD

Q07 21 RO OO 2540 Lo HL..LZT22 11

OO0 CH 02 04 2550 CALL MG

Q20F ZE 02 2860 .0 A2

011 IR E& 2870 QT IRTC+S

0212 D 24 04 25320 CALL KERD

Ovi4éA 21 R4 OO 25820 1.0 HL., LST2 12

Q219 CH 08 04 2600 CALL MSG

OP1IC Z2E O3 2610 Lo A,

OP1IE 02 E4 2620 QT IRTC+&

P20 IV 24 04 2630 CALL KERD

Q23 27 2640 R2T 0O

Q924 2L50 Fodt 3R H IR IR IR BN H IR HIE R B IE IR IEHE
SR 00 2000 ORG 1320000

O&LO0 2005 o L0000

0400 2E AQ 2010 TVSPC LD A, SFPC

0602 12 00 S020 TVOUT Oout TV

04604 7 2020 SR A



0L0OS
0LQ7
QOLOS
OaADE
OLOE
QL0
OAOR
O&OC
O&OD
0410
Om11
0&12
O&LS
QL1 &
OAL?
Q&L
QLD
QLZO
Q621
O&24
0624
QL2646
T
OLZA
OLZR
QO&20
QLZE
0631
OLZ2
QAR

OkL3

Q&3
QO&2D
OéRD
O&ZE
0441
QA44
OL45
Q&4
QL4
AHE00
OA0O
OADO
QOADD
OA/OZ

FF
OANS

7F
OAQ4H

7F
QA0S

7F
QADA

7F
OAO7

7F
QAOE

7F
OAO

D=
)

cn

o
o

00

00

1

12

20

Oz

($ 1]

00

24

Q0

OR
C) él

Qf

2040
SOS0
EOLO
2070
3030
2020
2100
2110
2120
21320
2140
2150
2160
2170
2180
2190
2200
2210
2240

2200

o

N
S oS

»
o

-

<

o0 OO0 00 o0

B e
olieile el

(U S B

o

fax]

Q

'

i

oo e

baa
QDH NS DB W
b -

-
-t
~
-

"

D0

1

-
r "‘

B i il b R JEXURE R I U P IR FY XY BESU IR AU SO N O

W00
DO R I

a0
5440
2450
2440
=470
8450
2420
2500
BY20
290
POO0
F010
Q012

P01
=014
2015
P04
2017
FOLE

017

auTt TV
RET

33 36 36 36 363 36 H 30 36 3 3 30 3 I A0 I 46 6 I 36 90 35 36 3 H I HHHH B HHHH

MZG Lo As (HL)
CFP 0
RET Z

RLA
P

G MEGE

RRA

Lo B.A
MaG CALL TVSPC

DEC B

u,..' F‘
JP

NZ, MG

MEGE:

MEG2 RRA

CALL. TVOuUT
MG INC  HL

JP MsG

HH RN H RIS N H R E R HN
KRBD IN KR :

RL.A

JP N, EBD

Lo B,A

IN KR

RL.A
P

Lo

RRA
RET
R RN H RIS NI U NN
OuTF OuT  IRTC+Z

FEBO

C,kERDOL
A K

QUT  IRTC+2
QouUT  IRTC+4
OUT  IRTC+S

RET
L T L Y L Iy
CLR EX DE. HL

LI HL.,» CLEAR

CALL MSG

EX DE > HL.

CALL MSG

RET
R L Yy YT

ORG 150000

=T 12000
SFC Eat)l  OAOH
TVLETFP DS 2

CLEAR DB 2550

DR
DE 127D
DE 1270
DR 127D
DB 1270
DE

DR



7F
OADA PO20 1) 5 1270
7F
OAOR 2021 NE =
05
(RTATS T 2022 LE O
Q0
QRO 2022 LETL L “TESTING REAL TIME CLOCE COUNTINGS

D4 ] 03 né .
CE o7 AQ 0z LS
(| o A L4 o2
M A e} AQ o3 oo
oF C] CR A0 e
oF 0ns CE L4 o
CE =7

OAZ20 PO25 LR 220
20
OAZE O30 IE 0
Q0
ORZF 040 |LET2 nc “TEST FAILEDR"
N4 oS ] D4 A0
& (3§ o (N o=
4
OAZA POSO e SC3 I
25
OAZR 200L0 B Q)
Q0
OAZC 2070 LaT3 nc “TEST PASSEDR”

04 o5 i 4 AC
Lo 1 Dz 1] o5

o4 ‘
0OA47 OO B Sa0
QOA43 2070 LR 0
00
QA4 2100 IRTC Ecitl OEOH
QA4 2110 KR EQL O KBD PORT
QR4S ‘ #1111 TV Bt O TV QUTPUT PORT
QREA P730 = 13352
OREA L7460 LETIL DO “CHECE INTERRUFT REQUESTS LOW-
3 (] 25 G CR
A o CE n4 U
nz Dz KR 0o R4
Ao nz 5 o L&
() [z n4 AO
o CF n7
O OA 2770 LR
24
OCO7 2720 [R 0
00
OCog 2770 LET1I7 DO “CHECE INTERRUFT REQUESTS HIGHS
(] i 5 ot R
Ad o CE n4 )
e Dz | b [o L4
A0 nz ] 01 1]
05 ez Lid ] AD
oE o o7 S
Qo2 PEOO0 OB 250

i
o
=

wh=}

RN

LN O

Y210 DE 8]

-
Do

1
s
b\‘
~
-

o
iy
-y
fwte
bxx]

po TCHECE INT LOW

-
'\o'
b}
Tt R

L
]
b}
O]
f g
S
mr
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AD

I

OSA
21
OC37
Q0
Qs
Do
o
o1
o5
Qo4
=20
OCaw
Q0
0044
o
o
R

OCSS

L7

o5

ng
OC71
2b
o7z
Q0
o753
[z
[4
1
o5
nz
[
Qo0
23
Qe
RB1
O3
Q0
Qe
BZ
QL4
Q0
ose7
Bz
QU
Q0
Oova
B4
O
OO0
QO
RS
OCPF

[
F

re2
4
U

0z
n4g

ZE
s

-y

Yout b

A

A0

A0

Al

[A1§]

AD

CE
o7

e

e

Fora® e

D4
0o
CE

C5

SR

04

[
0z
-4
oF
A
Ad

N4 A
AO A

2230
CF D
AD C

20

o

0

P00

EXA Y
C5

D4

CE

bon s Mg e > R
WN TSR

2240
5 o
[z A
A0 -
4 o
D4 i
AZ

941

0
0

LET20
2

F

-
i3}

5T

P
fay

LET22

3

0
3
=

=

DE
DE

[c

DR
i) =3

ne

DB

DE

DR
DR

oc

OB
D
DR
K1

LR

DE
j a1
DR
o

nE

TINTERRUFPT ACKNOWLEDGE TEST-

L
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i
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Q0
A0
B4
QUAZ
(3]8)
QAR
B7
OUAS
(18]
OCAL
GUAS
00
OCAT
BY
OCAR
OO0
OCAL
Bi
QCAF
Q0
QRO
Bl
QLRZ
OO0
QR4
Bl
OCR7
§19)]

LTARL
CLEAR
IMTETH
KR
LETLA
LETZ
IR ]
LET27
LETI0
M=G
ITF
TVLETP
FILE
READY

A

AD

A0

A

RO

Bi

QA
Q54
Q000
OREA
OAZF
oowd
OCAD
QA
&0
Q&34
OA00

2000

A0

A0

A0

4

L2 LET27

Wt

33
o~
o
r
63}
-
ha
xx}

P70 LETZ29

Peaz LETIZ

ass LETRE

CLR
INTETZ
ERD
LET17
LET20
LETZ4
LET22
LETE1
MZGE
SELD
TYOIT
07

OA2D
Q25
Q&2
QCoOs
OC4A
Qe7
OCAR
QAT
O4L12
0274
QLO2

nc

De

K[

juj <]

j A

DE

D

DR

nc

R

D

LR

oz

DE

INTST
INTST2
KEDL
LET1E
LETZ21
LET2S
LET2%
LET22
MSG2
PO

TVEPC

0

<10

11

0

1z

Q

Q00
(AR
QLZA
QLZ7
QUE7
Q24
OCAL
QRO
0610
Q0RO
OLOO

INTZTO
IRTC
LETL
LET19
LsTZ22
LaT24
LETZ
LET33
MSG3
TV

QR37
QOED
QAQD
Qe
Q73
(RIRY) N
QA
QR4
04620
QOO0



REAL TIME CLOCK/INTERRUPT CONTROLLER

DUAL 36 PIN CONNECTOR:

DUAL 22 PIN CONNECTOR:

RTC/IC

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14,
15.
16.
17.
18.
19.
20.
21.
22.

APPENDIX J

CONNECTOR PINOUT

IRQO
IRQ1
IRQ2
IRQ3
IRQ4
IRQ5
IRQ6
IRQT
INT
INT
FINT
FXCL2
XCLO
XGAO
TOUTO
XcL1
XGA1
TOUT1

—
oOwoo~TooN&EWwWwN =

P GNP QT QT
o100 W N -

+5V

GROUND

MSB

MSB-1

MSB-2 DATA TO
MSB-3 CPU
LSB+3

LSB+2

LSB+1

LSB

INPUT STROBE

+12V

19
20
21
22
23
24
25
26
27
28
29
30
31
32

34
35
36

L] e o o o o o o o

s e e o o ¢« o o o o

N%NS<QHUJ:U'UZEZ!“N&!L‘"1MUOW!>

EXCL2
XGA2
TOUT2
1SG

GND

BAT2

BATTERY
GND

SETIME

FSTAN
XFI

+5V

MSB

MSB-1

MSB-2 DATA FROM
MSB-3 CPU
LSB+3

LSB+2

LSB+1

LSB

LSB

LSB+1

LSB+2 PORT
LSB+3 ADDRESS
LSB+4 LINES
LSB+5

LSB+6

LSB+7

OUTPUT STROBE

APPENDIX



DESCRIFTION

Soris Wows tarts s dmten mame toute Sebon e Srssd e e Sebte Phosd STe0e hbem Smbt SSNA SHOLH Sebes Me4NY rere et Srer S Sbbe Sabe SeSHY 14500 4R 4 $4 i S04RE S00ns Bubse Seves inie: Ges SHDeR et bes SO0 TSRS RS dedke SoneS Cesae Fele} Seove TS S Sems Se0re et Bets Mes

7400
7402
7404
74Q4E
7410
7414
7420
74320
7442
7474
7475
74151
74155
74174
74176
40090
4011A
40408
40E1A
44 16A
4502A
45180
E1LE9
o214

....-:.-

SCIE AP P

IN41 43

INS23
b PRV

1520

1.2K
2a 2k
5. 6
100k

7

1

R—FAE
'k R-FAE

Chim
hm
Cthm
Chhim
Cthm

1/2

174
174
174
i/4

2.2 MEG Okm

5-37 FF TRIMMER
220 FF OAG

0.01
1.0 M
CRYST

(&
(1

TEZEEZ W

AFPENDIX I

FARTSE

GHUANTITY

pin sip)
rPin dir)

5%
pyA

5%
=Y

174 W 5%
CAPACITOR
MICA CAPACITOR

MFD CAPACITOR

Fiv
AL

1.00000 MH=z

24 FI
20 PI
14 FI
14 FI
14 FI
14 FI
14 FI
RIBRO

N DIF
N DIF
N LIIF
N DIF

N HEADERS
N HEADERE

N DIF TO 14 FIN DIF

THNTULLIM
SOCKEET
CRYESTAL
SOCKET
SOCEET
SOCEET
SOCKEET

N CABRLE ASSEMBLY

LI b e et g b e O] e e

o

fax}

[l onll SRl A R X

£

3

[y
3 Pl e o BT e e b e e O b B R o e

[

[T R S A

CIRCUIT REFERENCE

ICR0

oSS

103, 48,55, 56,
ICS2

1057

ICLl, 36

I.as

110

1C21

ICL. 2, 22,285,

ICd,6,12,13

ICIS, 327,358,327,

I014,47
IC26, 27258, 2
o225, 51

IL j(. 7-.‘.'

IC7

Tow, 232

ce

) e

=D

24

40,41,42,4%

Ry

IC17, 18, 1w, 20

TSR0, 31,35
IC4%,45, 44,
Iﬂﬁ

ICS

44

'Rlv‘-..‘ By By 7535 10

RS

3

Zi,2

R12

R1
R2:53:4,64,8,%,
Riz

R

R7

s

o

Dl 2,3,4,5,40

7,14

10,11

210,131,125 13

(MAY RE COFTIONAL )

Y1



cs c9
5-37pf 220pf

cl c2 C3 c4 C5_ 7475 7 Nlas) CR9 2.2K CI10 4040 C NTERRUDPT
O (- O O -] tuf = O () & SOCKET
Ul |.o1|u2 |o1 |U3 {.01]U4 | .01 .0l |ue |+, EE2 Yl u7 71 |.01|U8 u9|.o01]u10
] 1.90p
Co r—3 0 vz
0 CRAL R7
U5 R6 4081
7474 7474 7404 7275 8214 [.01___Cr6—] 4011 7430
CR7IC] |ul4
Ull Ul2 R vy Uls |U16 U17 Uls U19 U20 or
R2 U21
JPRL JPR2 7414 iil ] 74135
7475 7475 74151 4009 4502 4502 4502 4502
U29 1 1 1 7442
U22 U23 U24 U25 26 u27 U28 JPR U30 U3l U32 U33 U34
3 U35
74 74196 74174 518 45 6
7474 7474 74 7 4TT3  Jia 710 451 18 4040 441 T
U4l u42 4518
JPR JPR U36 U37 U3s U39 U40 U43 u44 u4s U46 u47
4 5 48
R13 57751 Cé% "
: 74151 .
7414 775y 74151 74151 74151[] 74155
811S97 81LS97 81LS97 81LS97 7404
vao|  luso 72 Us1 U52 ! %E US54
M H U53 z3 U55 U56 us7 Us8 U59
R12 8253 Ccl4 .
 — c13 1uf
7400 74196 7406 — 010 O
74151 2.2K 7404 7402 7404 7410 7420 JPR6 7404
CR10 +
1(a) ' 36 (R) 1(a) 22 (%)

** U21 USED WITH
8080 ONLY

T XHANdddY



APPENDIX M

U34 4009

ggTAN Yl.(;:-_‘ 4 =P
1MHz E——— T
c9 5111f 14 9] >
| | U5 STROBE foy
—5| | 74151 8
wwl (2131¥15 12 34
e | 34
FREQ2
o Pl 7\6 5Q [4Q 3241 XF1
7804 4009 St Sy e ol
8 of of| N1 [12]13 [14
y F1 <€—g— DD
DD A 16 2 10us
2.2K s 550 s\ RANSNGEN:
¥ : 5 Jaos1 4518A
RSTL ‘ 15 1
VDD | 2009
CR6 $779 L2 RESET | :
1N4148 U8 \3 £
RSTH 2.2K 114081 ~
i
s [ g
T Etal 11 vop 'k .
2.2k = U8 1&_@
RSTM o —— 1201081 )"‘"‘ 10 1009
VDD ‘ RESET 7 L U31 6114 15
B2, ¢71-3 |8, u3 4518A
IN118 8 2.2k 1] U8 ‘ | lie £
SETRATE +—— 4081 S
U6
o N0, TEN - U6 .,
1gj—j}——>vcc 4009 , 16f 2 1009
A "6(131111 U35 (613 \\g2__100ms]
15
o 4518A 009
+12v 1N4148
2 8
26 CRO 14 U34 |
<l #1N4148 14 15 1sec
BATTERY 71-2 - L4009
CR5
1NA148 CR3 5
1N5231
7
NOTES: &
<J}— 22 Pin Edge Connector =
<J— 36 Pin Edge Connector U9 ——
~ag———— Signal Runs To Other Points Pin 1
Sheet 2

O-—-0O

Jumper
SHEET 1



7404

A3
RD
7420 r
5] 13 L LIRS
Vi IBUST——GT G2 [-—[>3 MSB
. 11 1 21 L2128 o IBUS6—2H |y, >4
TCS .%. ﬁ IBUS5<— g1/ 597 —{—> 5 DATA
12 IBus4<_€2L 9 —~6 T0
159 =% IBUS3t2] 1l —~ 7 CPU
- uss AN TBUS2 <14 -'l ?‘ 13 =S8
A7<j——*2'gi—’—2 —= IBUS1 €16 15 =9
404 5 o IBUSP 184 17 10 LSB
Vg% N 6 N e
A6<:1———><»—'— -=
. 3 o | vce
U U9 U59 \ 1L h9l20
A5 1 2 413 12 4 5_>ol2 ] 2l 62— IBUS7
7404 404 14 ol s —5—>7 IBUS6
18 N L 18USS5
A4<T;__£[>U(é_._2{gi_8__ib_\_\c2 8] 81LS97 | 9 . 1gus4
7404 7404 : Hl - 18US3
4 % 13 o 1BUS2
L6 15 o 1BUSI
8 |17 o 1BUSP
J710
vcce
Tzo
MSB (< F}—mo 2] 3 —»- DIN7
D<) 4 8%297 5 > DING
E<}—— 6] / —»~ DIN5
FT 8 9 I > DIN4
J<} i‘é ig Y > DIN?
k<3 é > DINI
LSB L<<:}________l§_ 17 4 »— DIN@

-

SHEET 2



13 N8 12 1 4 VS
A2 <B} >° c1 > LEVSET
7404 15 2 5 » MSEL
u48 U4 |6 TSP
11 10 3 >
A1 <P} > A 7 TS1
7404 2dG1 12 TS2
3 s 4 I-; B PFS
Ap <O 11
% atlid 10 o USEL
: us7
Pin 6 74155
Sh.2
31A 5 o STI
6 » ST2
7 o ST3
12 e STS
5
12 D3 Y —XCL2
CLK1 82 5 ,  BR—cLsELB
C/LC 2L6 D ALLL g CLSELA
Lk p= g;) U49 ¢ 97
CLR y25 . %
70196 STROBE
12
L>FxcL?
Ve
usa 2.2K
10¢<} 2 > 1SGA
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