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1.0 INTRODUCTION

The puropse of this report is to describe the implemontation of the clock
counter for an Altair 8800 microcomputer. This report will contain the
#esign, construction and testing procedures which were used for the clock
counter, and may be helpful to others who wish to build a similar unit
themselves, Many of the concepts inveolved are very general so that the
design presented here could be implemented on many different computers
with only small modifications.

The clock counter is a small hardware unit which gives <the conputer
the ability to keep track of the passage =f real time. With tais
capability the computer can control how long programs should "rua'. There
are many applications in which this is desireable., An cperatiag systemn
must be able to enforce its timeslicing pzlicies in order to insure that
s

no single job monopolizes the computer's facilities. Thi ecpecially

(0]
0]

true In a timesharing environment where cecach uscr must be given
attention for a specified amount of time. Computer control systems nay
require the gathering of data from exterpal sources (icysensors, etc.)
at certain specified points-in tive, Clearly a timing device would be
beneficial for thase applicatiocns.

There are many reasons why this projeét was chosen. This unit is
a part of a larger design project (see C—ho.fzt“;.i’ T) which was too complex
for a Master;s projeét. The Altair computer in the Computer Science
Department does not have this facility\and some of the other computers do.
It is also a ﬁroject suited to a novice in the hardware conctruction
arca since there are a minimum number of control signals to deal with

when censtructing an interface. The unique design of the Altair &300



computer allows a user to hold it in several intermediate stages of

the execution of an instructicn and thereby allows a simple method of
testing to be used. Control signals, data bus values and address bus
values are also frozen and can be easily checked. This has proven an
invaluable aid in the testing and verification phases of the project.

No hardware unit is useful without documentation. This report
contains complete circuit diagrams of the clock counter circuit, complete
descriptions of the command sequences involved in using the clock
counter, and a ''cookbook" style listing of the use of the clock counter
commands. Some sample test progranrs arc .:lso provided to check the
unit.

It is necessary to discuss the major architecture of the Altair 8871
computer first to determine the limitations of the computer. Then the
design of the counter will be described folloved by a descriptic— of the
implementation. The last sections will describe the testing of the

unit and the command sequences necessary to progranm and use it,

2.0 ALTAIR 8800 ARCHITECTURE CONCEPTS

Before beginning the design phase the basic architecture of the
target computer must be studied. Some of the limitations of the computer
might be very severe and may thus affect the design at an early stage.

The Altair 8800 computer is a very powerful microcomputer based on
the Intel 8080 CPU chip and other Intel 8000 series support chips. The
computer is basically a byte oriented one which is driven by three bussecz.
The data bus consists of two groups of eight unidirectional data lines

(eight lines conveying data from the CPU to the external world, the eight

lSee Block Diagram Appendix A page A-1
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"data out" lines, and eight lines carrying data to the CPU from the
external world, the eight "data in" linss) for a total of sixteen lines.
The address bus consists of sixteen lines which communicate memory
location addresses and I/0 device numbers to the outside world. The
control bus contains important signals which indicate the status of the
computer at all times. There are fwo different methods of producing
some of the control signal depending on which support components of
“ the Intel 8000 series chips are used. The selection of components
used will affect the implementation of the clock counter since one
scheme generates more powerful control signals for interfacing than
the other. Some of the contrel signals indicate communication to an
I1/0 device or memory while others are involved with the generation and
acknowledgement of interrupts. One control line input to the Intel 8080
CPU is the HOLD indicator which is used to freeze the CPU during
the execution of certain instructicns for an indefinite period of time.
Other miscellaneous bus lines include such things as power lines and
three inputs from the clock system which are used to drive the 8C30
CPU chip. All of these lines are groured together in a special order
which is a defacto standard called the Altair Bus {5-100 bus for short).
A description of the $-100 bus signals and the Intel chips used in
this project can be found in Appendices C and B respectively. The
reader should refer to these when necessary.

In summary, the Altair 8800 computer has a basic word size of
eight bits (a byte) and has control lines for communication to I/0
devices and can handle interrupts. In addition, the outputs of the
system clock are available for whatever purposes are desired.

With this preliminary data the design of the clock counter can

now be described.
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3.0 DESIGN OF THE CLOCK TIMER

At the topmost level of design the clock unit should consist of two
basic sections. The counting unit is the section that keeps track of
the passing of time. The communicatiourunit is responsible for communication
between the computer and the counting wnit. The block diagram in Fig. 1
below shows the basic structures and concepts involved. 1In order to avoid
confusion, the entire unit will be called the timer or clock timer and

the counting unit simply the counter or clock counter.

Fig | SIMPLIRICD RASIC DIAGRAM oF CLOCK T MER

It is necessary to be able to instruct the counter when to start
or stop counting and from what value to start counting and at what valua
to stop counting so that a specified time interval can be counted out.
It might be desirnb'@ to know the wvalue the counter is at for any
given moment as well as the rate at which it is counting. When the counter
reaches some predetermined value, the selected time has been counted out
and thus a timeout has occurred. It is desira}JE to have a large
counting range from small times in the order of microseconds to large
times of a few seconds.

At this time some of the results of tﬁe:ﬁscussinn at the Altair
architecture will be considered. The basic word size is eight bits

and to control the timer device with a minimum number of commands
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requires the designer to carefully consider the number of bits required
for the counter. In order to reduce the size of the counter, the
clock signals already provided by the computer system clock can be
utilized (although this is not a necessary condition). The standard
clock system used for the Intel 8080-based system uses an 18 megahertz
crystal and the clock lines of the system have pulse rates of 18 megahertz
and 2 megahertz. The 2 megahertz clock rate (which is 500 nanoseconds
per cycle) requires a division by 28 to yield a time of 128 microseconds
per cycle and a division by 224 to yield a time of about eight seconds.
Not all systems have this clock timing rate but they are on the same
order of magnitude. All calculations and values used in this report
will be based on the assumptior that there are 500 nanoseconds between
the clock pulses of the basic system clock (the<ﬁ2 clack pulses).

From these values a simple counting scheme emerges. A basic
counter of size eight bits will be employed. This counter cau
be lcaded to any desired value between 0O and 255 (000000002 to
11111111, or 000

2 8
will be fed to a divider network capable of dividing by 28 or 216 based

to 3778 or 0016 to FF16). The basic clock pulses

on the desires of the user. Thus the counter can be programmed to count

at different rates which are 28 or 216 times the system clock pulse times
any integer value from 1 te 256. Thus we can divide the basic system clock
by any value from 28 to 224 in multiples of 28. At the assumed system
clock rate the timer can time from 128 microseconds to 8 seconds in
multiples of 128 microseconds. We choose the value 0 for the maximum value
of the counter (i.e., if the counter should reach a value of 0 when

counting then a timeout has occured). With this scheme only one output

=



instruction is required to load a value into the clock and one output
instruction toset the proper counting rate. Of course instructions are
needed to start and stop the counter. At this time the basic =:lock
diagram can be redrawn to include the details discussed up to this point,

and is shown in Fig. 2 below.
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The communication unit will be responsible for cocordination of all
activities between the counter unit and the computer's CPU. It therefore
must be a hardware interface device with the capability to communicate
betwecn two separate devices.

At this point the design has proceeded far enough to begin the
selection of components and to match the capabilities of the

implementation against the original design.



4,0 IMPLEMENTATION OF THE CLOCK TIMER

In this chapter the actual implemetation will be described. The
components which were seleéted for each section of the clock timer will
be described. Diagrams in the appendix section (Appendix B) give
descriptions of the IC chips and pin designations used in this project.
In some cases a sample circuit using the chip has been presented.

After the discussion of tlie chip selection, the circuits using them

will be presented and discussed along with some péssible variétions.
Restrictions imposed by the Altair 8800 architecture will be discussed
(for example it was necessary to add an extra chip to the Altair so

that it would respond to and accept an interrupt). Full circuit diagrams

2

are also provided so that almost anyone can build the clock timer®.

4.1 THE COUNTER WNIT

The counter unit is basically two counters, one of & bits which can
4
be preset to a desiFed value and the other of 16 bits to divide the basic

5}

clock pulses (the 28 divider network can be derived from this 2 divider
network). This 216 dividing network must be presettable to a zero value
before counting begins. The TTL 74163 IC chips which are synchronously
clearable and loadable 4 bit binary counters are ideal for this purpose.
The reader is referred to Appendix B page B-2 for information concerning
this chip. These devices can be cascaded together without any extra
logic gates to provide counters which have a multiple of 4 bits. For

the 8-bit loadable counter two 74163 chips are cascaded as on page B-2.

The 16~bit counter consists of four of these devices cascaded together.

Q'This was my first hardware project.
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Please refer to the diagram on page D-1 while reading the description of
this section of the timer.

At first sight the diagram may appear to be complex but it really
is not hard to understand. The lower 74163 chips (IC's 1 thru 4) form a
16 bit counter. The 28 and 216_cuunt pulses are combined with the Count
Rate input by the 4 gates of IC5. If the Count Rate line is higﬁ?then
the Countup line will pulse whenever the count reaches 216 and similarly
when the Count Rate line is lo&gthen the Countup line will pulse whenever
the count reaches 28. The synchronous inputs are tied to ground and the
Load inputs (active low) are tied hfgha since they are not needed.
When the clock counter is idle because the Enable Count line is low?the
four counters are held at O by the connection to the Clear input (active
low).

The two upper 74163 chips (IC's 6 and 7} are cascaded to form the 8-
bit loadable counter. The Clear inputs are connected to a logic 1 to
keep them disabled. When the clock is counting because the Enable Count
line is high the Load input is high and no values are loaded into the
counter and it counts up under contrcl of the Countup Line. If the
Enable count line is low then any value desired can be loaded into the
8~bit counter from the communication unit. The eight bit count wvalue
is always available to the communication unit and the Countup line
is input to the communication unit to let it know that the 8 bit counter
has a new value whenever it is pulsed. The negatims:5 of the desired
clock value should be used since the clock counts éE_instead of down.

The Carry output from the upper four bit section of the counter pulses
when the counter has reached its maximum value of 255 (111111112) and is

about to change to 0. This condition represents a timeout and the

3true or logic 1 8
false or logic O
two's complement



communication unit has to be informed of this. Thus this Carry sign:!
must be an input to the communication unit.

As a final comment on the cixcuit one may notice that the three
inputs to the counter unit have been labelled as being "amplified". This
is because of a restriction on the outputs of the 5-100 bus that the bus
lines be input to only one TTL load, and alsc the same leoad restriction on
the output of the chip used for the communication unit. These signals
are needed in several places and thus must be amplified. The amplifier
merely consists of a logic AND gate with one input tied to a logic 1.
This increases the number of connections that can be made from one to ten
at a cost of a ten nanosecond delay for average speed AND gate circuits.

This small delay is negligible for this circuit.

4.2 THE COMMUNICATION UNIT

According to the design of the communication unit an 8 bit storage
register is needed to hold the walue which will be loaded into the 8 bit
clock counter. Another 8-bit storage register is needed to hold the
counter value which is read from the 8<bit clock counter. 1In addition
several lines are needed for the control handshaking signals between the
communication unit and the clock counter unit. The 8~bit loadable
counter value must be transferred between the CPU and the communication
unit so at least another 8-bit storage area is needed as well as the
handshaking signals for this kind of transfer. In summary three 8-bit
storage areas are needed if all values are to be maintained in separate
areas and there must be handshaking control for two separate devices.

If one 8-bit storage area serves both as the receiving area from the

CPU and the area which sends the value from the communication unit to
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the clock counter then only two 8-bit storage areas are needed. Thece
requirements can be met when the Intel 8255 Programmable Peripheral
Interface (PPI for short) chip is used properly. The reader should
refer to the information in Appendix B pages B4 and B5 for data on the
8255 PPIL chip.

When the control register of the 8255 is loaded with 2648 the PPI
takes on the characteristics that are need for the communication wmit,
namely, it has two 8-bit storage areas or ports and two sets of
handshaking signals for these ports. The Appendix on page B4 shows a
picture diagram of this configuration and the Appendix on page D-2
shows the circuit diagram of the communication umnit.

Port A is a strobed-input port of size 8 bits and is loaded from
the 8 output lines of the 8-bit loadable counter whenever the Countup
input line (input to PC4) iz low) at which time the counter is not counting
or changing its value. Port E centains the clock value from the CPU
which can be loaded into the 8-bit loadable counter when the Enable
Counter line is low. At this time no counting occurs so Countup is
low and Ports A and B have the same value, namely, the counter value.

Port C contains the two sets of handshaking signals and twe settable
output lines (PC6 and PC7) which are used as the Enable Count line
and the Count Rate control lines respectively. Port C bits O, 1, and 2
are handshaking signals which generate an. interrupt fequest to the CPU
when a timeout occurs. This mechanism is controlled by Port C bii 2

which must be set to 1 to enable this mechanism to function.

A requirement of the $-100 bus system is that the data bus lines must

10



be held tristated (effectively removed from the circuit, or in this case
removed from the bus) by all devices that are not using the bus at that
particular moment. The PPI has only a single bidirectional data bus
while the S-100 bus system is based on two unidirectional busses. It

is therefore necessary to break the data bus of the 8225 PPI chip up
into two sections and tristate each of them when the device is not using
them.

The 8255 chip selection circuitry is controlled by three control

lines, I/0 W, I/0O R, and PORT 3?48 SELECT. Computer systems based on the

Intel 8228 System Controller chip will have the I/0 W and 1/0 R lines on

the data bus and thes2 signals must then be amplified by AND gates.,
Systems based upon the 8212 I/0 Port used as a status latch do not have
these signals and they must be generated from other control signal
provided. The alternate schemes to generate these signals at the proper
level are shown in Appendix D page D-3. The Altair 8800 computer used for

this project was bascd on the 8212 status latch and thus external circuitry

was needed to generate the I/) W and I/0 R signals as shown on page D-3.
The 8255 PPI which uses four I/0 ports for communication was

placed at ports 3748 to 377 -cause this device number group can be

8 -
d2coded using only one eight input NAND gate as shown in the communication
unit circuit diagram (IC 9). The port selection signal is applied to the
8255 PPI device &nd to the inputs of two NOR gates (ICl2). The other
inputs are the-f76£-and-i76_ﬁ.signals. The outputs of the NOR gates are
the control inputs of the four quad bus buffers which connect to the PPI

and the two unidirectional data busses of the S-100 bps. When the PPI is

not active the busses are in a tristate mode and are thus removed from the

1



5-100 bus., When the 8255 PPI is selected because the port selection

signal is low and either the 1/0 R or I/0 W signal is active, both the
8255 PPI and the proper direction bus will be activated. The other bus
will remain tristated.

The Port A lines are connected directly to the output lines of the
8-bit loadable counter and the Port B lines are connected to the counter
inputs. Copying and setting of the counter value occurs under control of
the Enable Count (Load/Clear) control line as described earlier. This line
‘and the Count Rate line can be individually controlled by the instruction
command group to the 8255 PPI which allows the setting and resetting of
the bits of Port C (refer to Appendix B page B-4).

The Port B interrupt request mechanism enable flag described earlier
is controlled by Port C bit 2 (PC2). The timing diagram for the PPI
configuration used here (see Appendix B paze B-5) shows that the interrupt
request line (PCO) goes high to request au interrupt on the rising edge
of the timeout signal (which is an input tied to PC2). The rising edge
transition occurs as the 8-bit loadable counter is about to make the
transition from 255 (111111112) to 0. An interrupt request will be -
generated only if PC2 is set to one when this transition occurs. 1f this
transition occurs when PC2 is not set to one thenm it remains pending
and the next moment that PC2 is set to ome causes the interrupt to
be generated. It is thus imperative to insure that a write to Port B
{(which resets the interrupt generation mechanism) occur before setting PCZ
to one. As long as the Enable Count line is high the write to Port B
will not affect the value of the cleock counter. Port A works in a

slightly different fshion. A value is loaded into Port A when the

la



Countup line is low. When an interrupt request is accepted and a read from
Port A occurs immediately, the value of P'ort A will be ' 0. This is one test
that is made in the testing phase.

There are several alternatives to the implementation described heve.
For example, the system clock pulses do not have to be used to drive the
dividing network. The builder can design a very precise oscillator
circuit to produce clock pulses of any desired frequency. This approach
can be used whenever precise timing is required. In certain critical
cases it might be necessary to use high speed chips to reduce time delays.

For systems that do not have a power-on-clear pulse to clear I/0
devices when power is turned on, the illegal 8255 chip selection
combination can be used to provide a program controlled reset of the
device.

It is mest impnrtant to check the timing diagrams of various
components when interfacing them to the computer and tc each cther. There
were no problems with the clock pulse rate at which this circuit was
built to operate. At higher clock rates where the duration of the
pulses might be much smaller there might be some problems because of
the delays of therstandard speed logic chips and some faster versions
may have to be used. As an example of some of the timing requirements
the 8255 PPI port signals require a steady period of 500 nanoseconds for
the ACK signal and 350 nanoseconds for the STB signal (see timing diagram
in Appendix B page B-5 and PPI data on page B-4). The iwmportance of the

timing diagrams should not be underestimated.
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4.3 SUPPLEMENT?RY HARDWARE AND CONSTRUCTION NOTES

The clock timer produces a timeout indicator signal to the computer
i the form of an interrupt request. The computer used did not have the
capability to respond to interrupis. It was necessary to add hardware
to provide this capability. The simplest method is to use an Intel 8212
chip as an interrupt instruction port (see Appendix B page B-6) which will
jam a restart instruction (RST 7) onto the data bus when the computer
acknowledzes the ianterrupt. The RST 7 instruction causes the program

counter to be loaded with the address 070, and program execution begins

8

hat locaticn. The old value of the program counter is saved on the

w
-~
i

No electrical circuit will work without power, §¢ the power supply
requirements will be discussed now. All of the chips describici so far
rooulra +5 Volts. Since the computer bus supplies 48 Volts unregulated
voltage, it was necessary to bullid & +5 Volt supply from the +8 Volt
line. The circuit used (see Fig. 3 below) is fairly straightforward. Tre
+5 Velt regulater that the builder uses nust be able to supply
sufficient current for the specific circuit being built, which was .8 Amperes

ior the d=szign presented here.

4§ Velds Uarequlited  [TA3%0 7 50 |+ 50 Yelts Rv:«‘_\ula{::ié) | Ao
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For simplicity and ease of comstruction it was decided that a
PC board which is plug-in compatible with the 5-100 bus would be used
(the 8800V Microprocessor Board from Vector Electronics was selected),
and wire wrap sockets would be uséd for the IC chips to minimize the
soldering requirements and make it éasier to correct wiring errors.

After installing the voltage supply and verifying that it works
preperly the sockets should be installed and 0.1 microfarad capacitors
tied between the voltage supply line and ground at every socket
position to minimize electrical noise problems. The next step is to
make the wiring connections and then check the connections with some
kind of continuity checking device such as a buzzer to verify that the
connections are correct. At this point power should be applied to the
board and voltage levels checked to verify that the voltage lavels
are properly set. Lastly the chips ehould he installed (with the
power off, of course) and power shculd be applied. 1If no problems
are evident the circuit should then undergo further testing.

The actual circuit implemented is a combination of the diagrams
in Appendix D pages D-1, D-2, D-3 and Fig. 3 . All of the numbered

IC chips appear on the board that was constructed.
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5.0 TESTING PROCEDURES

The purpose of this section is to present some guidelines and procedures
by which the clock timer unit can be tested. A logic probe will prove to
be an invaluable aid to the testing phase. It is assumed that the chips
have been installed and the unit i# installed in the computer with the power
on.

For systems with a power-on-clear signal the PPI should be reset. The
clock counter wiil probably be counting. If the system does not have the
power—-cn—clear feature then manually reset the port by executing the
instruction INP 3778 (this uses the illegal 8255 chip select configuration).

At this time the instruction s=quence given in Fig. 4 below should be loaded

into memory. .ngﬁﬁfeu CaneﬁfS

MVI A L,264¢ 20 ‘32@4
002 3

T 371
ol 003 37T

LooP: MP LDOo
J F Océd 303

oo s ooc4
006G 0 00

wit. 4 TEST PROGRAM A

This small program should be executed starting at location zero. It
will loop indefinitely at location OO&8 until it is stopped manually by
depressing the stop switch. The control word 2648 conforms the 8255 PPI
to the format described earlier and all of the Port C bits should be set
to zero. Thus the clock should not be counting. At this time the values
of the Port C bits should be checked and verified as being at zero. The

16 bit counter should have all outputs at zero. If these actions have

/6



not occurred then execute the test program manually using the single-step
switch. Freeze execution in the middle of the OUTput instruction. At
this time all chip select signals should be verified as being active

and the input buffer lines should also be active in the proper direction.
Check the value present on the PPI data bus pins (DO thru D7) against

the value on the data bus (which should be 264 Make sure that all of

g
the data bus connections are correct and that none have been switched
with others. The address bus should contain all ones at this peoint

(since there is a write to port 377 =llllllllz) and the address bus

8
connections should also be verified. If necessary, trace the values
of all gates respensible for communication between the CPU and the
8255 PPI chip.

For the next test, the value at location 0018 should te changed from
2648 to 0178. This is tlie command to set PC7 tc 1 (selecting the slovwer
counter rate). Execute the program and check to see that the value of
the bit has indeed changed to a 1. If it has not then the checling
procedure described above should be followed through once again te locate
the trouble. In addition check the wiring to make sure that the PC7
line is not being held low by a wiring error.

The value in location 001, should now be changed to 015, and the

8 8
program run again. The counters should now be counting and the wvalue
of PC6 should be 1. The clock should then be stopped by placing 0148
in location 0018 and the test program run once again. If all of these
tests give positive results then check to see if the computer can read

and write from the PPI and clock counter. Change the contents of

location 0038 from 3778 to 3758. Eight tests should then be run with
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the value of location OOl8 being 001,002,004,010,020,040,100,200 (all in
octal). In each case the value of the 8 bit loadable counter should agrae
with the value in location 0018.- If not then check the wiring to the
counter from Port B of the PPI and check the buffer and data bus
connections. It might be helpful to freeze the computer during the
execution of the OUTput instruction so that the control lines can be
checked.

Totest if the computer can read the value from the counter the following

test program should be loaded:
Leeatizn Ceritents Leralimn fﬁnfc’::%f}

40

MV A3 992 e vQ & 06

et v g0 7T CJ0

OUT 3754 002 3a3 ot 0 0o

o 37% 06 3 375 04 3.7

STA 208 0o <4 333 0 K
roept IMP LOOP 005 374 N 0os g

FIG 5 TEST PROGRAM B

The values used should be the same as the eight values listed above.
In each case location 0018 and 0208 should match.

The last test involves loading the first test program and exacuting it
to reset the PPI. The program should then be run again after changing
location 0018 to 0058. Finally, change location 0018 to 0158. When
the test program is executed this time the clock will start counting
from 0. Within a short time (dependent on the clock pulses uscd tc
drive the divider network) the interrupt request line should pulse. If

it does not then check the Carry line from the 8 bit loadable countex.

Before repeating this test be sure to reset the PPI by using code 2648.
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As a final check an oscilliscope could be used to verify that the counter
is keeping the correct time.

After completing these tests succesfully the unit is ready for
use. The next chapter discusses how to program the unit and presents

some sample programs.
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6.0 PROGRAMMING THE CLOCK TIMER UNIT

This section of the report contains information describing how
to use the clock timer unit. A command guide is provided (Appendix F)
as an additional aid and summarizes the discussion here. The table
below lists the command instructions for the clock timer. In this chapter
and in the command guide all values are in octal unless ctherwise stated
and the base indicator 8 will be omitted. The mmemonics given here
(as well as in the previous chapter on testing) are the standard

mnenonics for the 8080 processor instruction set (see Appendix E).

Mnemeonics Octal Code Function

ouT 377 323 377 writes to the PPI control register
allowing the intialization of the
PPI and the setting and resetting
of the bits of Port C thus
controlling the clock.

OUT 375 323 375 writes an 8 bit valu: into Port B
which is used to turn off the
interrupt control line or set the
clock value.

IN 376 333 376 loads the values of Port C into
the accumulator of the CPU for
subsequent inspection.

IN 374 333 374 transfers the contents of Port A
(the clock counter value) to the
CPU accumulator.

Fig. 6 CLOCK TIMER COMMANDS

The following table lists the control word values feor the OUT 377 command

Control Word Function

004 set PC2 to 0 thus disabling PP1 dinterrunt requests

005 set PC2 to 1 thus enabling PPI intevrupt requests

014 set PC6 to 0 thus stopping the clock and leading
the value in Port B into the counter

015 set PC6 to 1 thus starting the clock

0lé set PC7 to 0 indicating the faster counting rate

017 set PC7 to 1 indicating the slower counting rate

264 configure the PPI to the proper format

- Fig. 7 CONTROL WORDS FOR THE OUT 377 COMMAND
a0



There are certain guidelines to fellow when using these commands to
insure that control is maintained using the fewest possible instructions.
The configuration control word 264 should be written to the PPI first
before attempting any other activities with the timer. After this is done
the unit is ready to be programmed. As long as power is maintained the
communication unit will maintain the proper configuration and thus the
control word 264 does not have to be used again. The counting rate
should be set next via control words 016 and 017. For applications
which will use only one clock rate this operation need be done only once.
Next the clock value shculd be written to Port B. With the clock stopped,
this value will automatically be loaded into the 8 bit lcadable cewvnter.
For applications which required timing to be the same each time the
clock is used this operation need only be done when an interrupt request
has to be cleared (if the interrupt system is being used). This
reduces control down to the command word values 014 and 015 to start
and stop the clock ﬁhich require one output instruction each.

If interrupts are to be used they should be turned on at this time
before the cleck is started by use of control word 015. The clock can ke
stopped whenever necessary through the use of the control word 014.

The interrupt system uses an RST 7 instruction causing the interrupt
handler routine at location 070 to be invoked. The sample programs
presented here will use this convention. These programs will be written

in standard mnemonics for the Intel B080 processor.
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The first sample program sequence illustrates the sequence to

initially configure the 8255 PPI and then set up clock with a value

and then starting it counting without using the interrupt system. !

Whenever the clock value reaches some predetermined target value a counter

will be incremented and the clock counter will be allowed to continue

timing throughout this process.

START:

SLOW:

FAST:

SETRATE:

LOOP1:

LOOP2:

Fig. 8 PROGRAM SEQUENCE 1

MVI
ouT

LDA
JNZ
MVI
JMP
MVI
ouT
LDA
ouT
LDA
MOV
LXT
MVI
ouT

A,264
377

RATE
FAST
A,17
SETRATE
A,16
377
INITIAL
375
TARGET
B,A

H,0
A,15
377

IN 374

CMP
JINZ
INX

B
LOOP1
H

IN 374

CMP

B

JZ L00P2

JMP

LOCOP1

e WS Me We We W UE Wwe Wa we We Wa We We Wwae s ua

Me wa we W Wa Ve e We ME We ws Ve

PPI configuration command word
configure the PPI to the proper format

it is assumed at this point that the clock
unit has not yet been set in any way and
is idle.

see which clock rate we use (0 is slow one}
if not zero then we are using the fast rate
control word for slow clack rate

control word for fast clock rate

set clock rate

put initial counter value into accumulator
write counter valve to PPI and clock counter
put target clock wvalue into accumulator
place target value in B register

set our program's 16 bit coumter to zero
control word to start the clock

start the clock

obtain current clock value

see if it matches the target value

loop around if it does not match

increment the program's counter by one
obtain clock wvalue

see if are still at the target wvalue

loop until we are at the next target value
continue counting and waiting for the target
value.

If it was desired to reset the counter to its initial value when the

target value is reached then the lines from LOOP2 and down should be

replaced by:



LOOP2:

MVI A,l4
OUT 377
MVI A,15
OUT 377
JMP LOOP1

wae Wwe Wwe We We

stop counter and lcad Port B value into count:

command word to start the counter
start the clock counter

The sample sequence below -is a much better example of how the

capabilities of the clock can be used to allow timing control with

concurrent program execution.

Included is a subroutine ("“CLOCK") to

set the clock, which might be useful in applications which require

different clock rates and values.

*70

CLOCK:

SLOW:

FAST:

SETRATE:

SETVAL:

SETINT:
ENINT:

LDA RATE
MOV B,A
LDA CLKVAL
MOV C,A
CALL CLOCK

JMP

INTIIND

MOV A,B

Ji FAST
MVI A,17
JMP SETRATE
MVI A,16
OUT 377

MOV A,C

375
A,5

ouT
MVI

our
ET

MVI
outT
RET

377

A,15
377

Wy s We We s Wa wa We W wa

We We we we

we

Wa EF Me Me M WE WP WE WE WE W WE W We WE

Fig. 9 CONCURRENT TIMING AND

23

put clock rate indicator in B register

obtain clock value
place eclock value in C register
set the clock up and start it running

other processing and calculations

the following starts at location 70
Jjump to the interrupt handler routine

put clock rate indicator in accumulator
a 0 value indicates the fast clock rate
control word for a slow clock rate.

control word for fast clock rate

set the clock rate

get clock value (should be complement of
desired clock value)

set clock counter wvalue

command control word to enable interrupt
request system of the PPI

enable interrupt request system of PPI

allow B080 processor to respond to interrupis

command word to start clock counter
start clock
resume normal processing

PROGRAM EXECUTION



The interrupt handler code was not placed in the above figure since

ite structure depends on the environment of the computer system. If

the timer is the only device which will be handled by the interrupt

handler at location 70 then its form is simple. It is possible however

that other devices may use the same RST 7 instruction and thus must be

serviced by

alternative

Single

INTHND:PUSH PSW

PUSH B
IN 374

MOV B,A
LDA CLKVAL
ouT 375

TIMEOUT:

POP B

POP PSW

El
RET

Fig. 10 INTER:UPT HANDLER ALTERNATIVE FORMS

the sam@ interrupt handler.

The figure below shows the

Multiple Devices

INTHND:PUSH PSW

PUSH B

IN 374
MOV B,A
LDA CLKVAL
OUT 375
MOV A,B
CP1I O

JNZ OTHER

TIMEOUT : .

OTHER: .

POP B
POP PSW
EI

RET

Woe We we ws We ws we We W ws

Ve Wwa Ws Ve we We we We we we

forms of the interrupt handlers to take care of these cases.

save status of computer and
accumulator value

save register b contents

obtain counter value from PPI

save counter value in B reg.

load a2 clock value

reset the interruct request line

get counter value

see if the value is 0 indicating
that a timecut has occurred

no timeout, check other devices

processing for timeout
other processing as needed
restore B register value
restore flags

enable the CPU to accept interrup
return to normal processing

There are many possible variations of the sample program sequences

and the user's guide (Appendix F) contains some others.

The reader might notice that there is a slight delay in responding to

the timeout since no interrupt is acknowledged during execution of an

instruction.

memory reference and is thus system dependent.

21
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However an average dalay



time value can be obtained by some test programs. This delay is very small
for the average Altair 8800 computer being on the order of about 3
microseconds. For very fast counting systems this value might be
taken into account when calculating the desired clock value.

A computer system employing the clock should have a set of subroutines
to drive the clock in it§ various modes of operation to insure proper
use of the clock with a minimal knowledge of the commands needed to
drive it. This would give all users of a system the ability to employ
the clock using some high-level commands, leaving the details to the

system control p»rogram or whatever clock subroutines have been provided.
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7.0 CONCLUSIONS

This report describes_the design and implementation of a hardware clock
timer unit for an Altair 8800 microcomputer. The structure of the Altair
microcomputer affected the original design and those changes have been
discussed, VThe inclusion of the testing procedures should help the
builder to correct his unit even if he deviates from the design presented
here since many of the concepts that are used should be the same as
the ones presented here. Block diagrams have been used to illustrate
the design principles so that the builder could choose his own group
of integrated circuits to realize the timer.

The user's guide in Appendix F should help the programmer develop
his own software for efficient use of the clock timer and there is a
great deal of freedom in the commands of the timer. This freedom should
allow the timer to be used in many different applications.

My original Master's proposal used the clock timer. The
proposal contained a description of several hardware modules which
would enhance the power of the Altair 8800 computer. The Status and
Control Moduie keeps track of whether the computer is in a Supervisor
or User mode. Several condition flags for different types of interrupts
must also be maintained. This module is also respomsible for signalling
interrupts to the microprocessor and handling the necessary 1/0
interfacing to the processor which would allow processor control over
211 of the new hardware modules. The Counter Unit is necessary for
it gives an operating system the ability to enforce timeslicing. A
Memory Protection module is needed in a multiuser environment to
provide security between separate user programs which may be in

memory at the same time. This module could also extend the addressability

26



of the computer by providing extra lines on the address bus. The RIS
(restricted instruction set) module checks all instructions as they
are fetched from memory and generates interrupts when certain
"sensitive" instructions are executed in User mode. These instructions
(1/0 instructions and interrupt system control instructions) must
be prevented from occuring in User mode so that the operating system
can enforce its control over the computer system. For example, a
program should not be able to change the clock value in the clock
timer (or it may try to give itself an infinite amount of time to
run) so that output instructions must mot be allowed in User mode.
The additional hardware modules would give the Altair computer
the ability to support a multiuser environment, which is ancther

example of how the Counter unit might be used.
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BLOCK DIAGRAM OF AN ALTAIR 8800 COMPUTER SYSTEM
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LEGEND OF SYMBOLS USED IN CIRCUIT DJAGRAMS

1,2,3,.s BLE,
vV, 45V
cc
.
GND , <

go,01,... etc.

INO,IN1,... etc.

1
PA3, PBO, PB7, etc.
D0,D1,...,D7
DIO,DIL,...,DI7
pgo,pdl,...,DpO7

X

AD,Al,...,A7

IC Pin Numbers
Supply Voltage - +5 Volts
Ground Connection - 0 Volts

OQutput lines - higher numbers indicate

greater significance

Input lines - higher numbers indicate

greater significance

This input or output causes some action

when its wvalue is logic 0 (active low)

A Logic 1 wvalue

Specified bits of the named ports

The 8 lines of a bidirectional data bus
The 8 data input lines to the CPU

The 8 data output lines from the CPU

A don't care value - could be logic 0 or 1

The low order 8 address bus lines from the

B-1



74163 PIN DESICNATION AND SAMPLE 16 BIT CASCADED COUNTER CIRCUIT
ouTPUTE
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7400 SERIES CHIP PIN DESICMATION AND LOGIC GATE DIAGRAMS
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INTEL B2535 PROCRAMMABLE PERIPHERAL INTERFACE - PIN DESIGNATION AND BASIC COMMAWDS
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INTEL 8212 I/0 PORT AND SAMPLE USE AS AN INTERRUPT INSTRUCTION POR- =T 7)
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£800 SYSTEM EUS STRUCTURE

The 8800 system bus structure consists of 100 lines. These are arranged
50 an cack side of the plug-in boards. s

The following general rules apply to the BB00 system bus:

SYMBOLS:

LOADING:

LEVELS:

BUS GEFINITION
No. SYMBOL

i +8Y
i +16Y
3 XEDY
4 VIO
5 V11
6 Viz
7 VI3
8 Vi4

"P* prefix indicates a processor command/cantrol

signal

“S" prefix indicates a processor status signal

A1l inputs to a card will be loaded with a max-
imum of 1 TTL low power load.

A1l bus signals except the power supply are TTL

WAME

+8 volts
+16 volts

External Reacy

Vectored Interrupt
Line #0

Vectored Interrupt
Line #1

Vectored Interrupt
Line #2

Vectored Interrupt
Line #3

Vectored Interrupt
Line #4

c-1

FUNCTION

Unregulated input to 5v regulators
Positive unrequlated voltage

For special applications: Pulling
this line low will cause the pro-
cessor to enter a WAIT state and
allows the status of the normal
Ready line (PRDY) to be examined



BUS DEFINITION

No. SYMBOL
9 VIS5

10 Vs

11 VI7

12

to TO BE DIFINED
17

18 STA DOSB

19 C/C DSB

20 UNPROT

21 SS

22 ADD DSB

23 DO DSB

24 {2

25 1

26 PHLDA

NAME FUNCTION

Vectored Interrupt
Line #5

Vectored Interrupt
Line #6

Vectored Interrupt
Line #7

STATUS DISABLE Allows the buffers for the 8
status lines to be tri-stated

COMMALD/CONTROL Allows the buffers for the 6
DISABLE output command/contrcl lines
to be tri-stated

UNPROTECT Input to the mercry protect
flip-fiop on a given memory
board

SINGLE STEP Indicates that the machine is

in the process of performing a
single step

ADLXESS DISABLE Allows the buffers for the 16
address 1lines to be tri-stated

DAT/. OUT DISABLE Allows the buffers for the 8
data output lines to be tri-stated

Phase 2 Clock
Phase 1 Clock

Hold Acknowledge Processor command/conty 1 output
signal which apgears fn FSDONS2
to the HOLD signal; ndicatas that
the data and addross E 2% f]: 10

to the high impedance st2

<
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BUS DEFINITION

Ko, SYMBOL. NAME FUNCTION
27 PUATT WAIT Processor command/control output

signal which acknowledges that
the processor is in & WAIT state

28 PINTE INTERRUPT ENABLE Processor command/control output
signal indicating interrupts are
enabled: dindicates the content of
the CPU internal interrupt flip-
flop; F-F may be set or reset by
EI and DI instructicn and inhibits
interrupts from being accepted by
the CPU if it is reset

29 A5 Address Line #5
30 Ad Address Line #4
3 A3 Address Line #3
32 A5 Address Line #15
33 Whi2 Address Line #12
34 A9 Address Line #9
35 - D01 ‘ Data Qut Line #1
36 Doo ) " Data Out Line #0
3 A0 Address Line #10
38 pos Data Qut Line #4
30 Do5 Data Out Line #5
40 bo6 Data Out Line #6
41 nlz Data In Line #2
42 DI3 Data In Line #3
43 D17 Data In Line #7



BUS DEFINITION

No. SYMBOL
44 SM1

45 SouT

46 SINP

47 SMEMR
48 SHLTA
49 CLCCK
50 GiD

51 +5Y

52 -16V

53 SSW DSB
54 EXT CLR

NAME
M1

ouT

INP

MEMR

HLTA

CLOCK

GROUND

18 volts

-16 volts

SENSE SWITCH
DISABLE

EXTERNAL CLEAR

FUNCTION

- Status output signal that indicates

that the processor is in the fetch
cycle for the first byte of an in-
struction

Status output signal which in-
dicates that the address bus ccn-
tains the address of an output
device and the data bus will con-
tain the output data when PWR is
active

Status output signal which in-
dicates that the addre:zs bus con
tains the address of an input
device and the input daia stould
be placed on the data bus when
PDBIN is active

Status output signal which in-
dicates that the data bus will be
used for memory read data

Status output signal which
acknowledges a HALT instruction

Inverted output cof the 2MHz
oscillator that generates the
2 phase cleck

Unregu]afed input to 5v regulators
Negative unregulated voltage

Disables the data input buffers

so the input from the sense switches
may be strobed onto the Lidirec-
tional data bus right at the pro-
cessor

Clear signal for I/ devices {front
panel switch closure to graund)



BUS DEFINITION

No. SYMBOL
55 »
to TO BE DEFINED
67

68 MWRT
69 PS

70 PROT
71 RUN

72 PRDY
73 PINT
74 PHGLD

MEMORY WRITE

PROTECT STATUS

PROTECT

RUN

READY

INTERRUPT
REQUEST

C-5

FUNCTION

Indicates that the current data
on the Data Out Bus is to be
written into the memory Tccation
currently on the address bus

Indicates the status of the
memory protect flip-flon on the
memory board currently addressed

Input to the memory protect flip-
flop on the memory bcard currently
addressed

Indicates that the RUN/STOP flip-
flop is Reset

Processor conmand/control input
that controls the run state of the
processor; if the Tine is pulled
low the processor will enter a
wait state until the line is re-
leased

The processor recognizes an inter-
rupt request on this line at the
end of the current instructicn or
while haltec. If the processor is
in the HOLD state or the Interrupt
Enable flip-flop is reset, it will
not honor the request.

Processor command/control input
signal which requests the proces-
sor to enter the HOLD state; allcws
an external devic: to gain control
of address and data buses as soon
as the processor has comnleted its
use of these buses for the current
machine cycle



No.

75

76

17

78

19
80
81
&2
83
84
a5
86
B7
88
€9
%0
9

BUS DEFINITION
SYMBOL
PRESET

PSYNC

|

-
=
=

PDCIN

Al
A2
Ab
A7
A8
Al3
Al4
AN
p02
D03
DO7
D14

SYNC

|

=
el |
—
™

DATA BUS IN

Address Line #0
Address Line #1

- Address Line #2

Address Line #6
Address Line {7
Addresg Line #8
Address Line #13
Address Line #14
Address Line #11
Data Out Line #2
Data Out Line #3
Data Qut Line #7
Data In Line #4

C~6

FUNCTION

Processor command/control input;
while activated the content of the
program counter is cleared and the
instruction register is set to 0

Processor command/control output

provides a signal fo indicate the
beginning of each machine cycle

Processor command/control output

used for meriory write or I/0 out-
put control: data on the data bus
is stable while the PWR is active

Processor command/control output
signal indicates to external cir-
cuits that the data bus is in the
tnput mode



BUS DEFINITION

No. SYMBOL NAME FUNCTION

92 D15 Data In Line #5

93 DI6 Data In Line #6

94 DI Data In Line A

95 DIO Data In Line #0

96 SINTA INTA Status output signal to acknow-
ledge signal for INTERRUPT re-
quest

97 SWO WO | Status output :zignal indicates

that the operation in the cur-
rent machine cyvcle will be e
WRITE memory or cuiput funcil.on

98 SSTHCK STACK Status output sinr-1 indicates
that the addres:z bus iuids tne
pushdown stack acdre<s from the
Stack Pointer

99 POC Power-On Clear

100 GND GROURD
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CLOCK COUNTER CIRCUIT DIAGRAM
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COMUNIZATION UNIT CIRCUIT DIAGRAM

1;1;7& T

wete: T and TToR fnts must drie 2 TTL Joads each
I?gw and have 1o be .q,a;lpffg:uf iF they are Yaken Frem
. + 8=
8 tines Srem 8§ biF foadeble KE Sl dugy
clog K Lo
773
) mﬂgﬁ
13 PAI PRS 31 '
I;Oj }5"_.“;-';" PAG 37 [Yail) vy | o1 | o)
e pa7 37 T 2 3 5 2] 27 iz - s 7
Al ERoM th ove WR Jopee Yee © N Q] ¢ /Mg . & M Ty ¢ Iy
| FRgM E-icd BUS ; Al PESET T e
BB FReM scie2 pes | slo pg 0057 TE/e § 77/24 F
CoouT £AZE okl S2s8 ol ¥ CmO S MDD fmwtalc om ey b
CRRELE CCINT P ape bpa i £ yal = .7
2rs o b3 Iwa. lnﬂs e |—H——I"—" CEE S
wirrop  Ladisees T R 4
" 1T ReAT 'L PCo 95‘;;'?
A —
i red oo
THEA Sd Pcz o7 v’fﬂ
7PC3 vee 2L
; #7 2
s PR L v 4 o o
/7 P} f,g'? l iv,}jui - i_g;ﬂ:-%g *‘:f ’ fxs L1 ?4-
2pg2, 1 Ve € I T C 4 B/ G mB o m
R Tt
B hnts £p § bit Joadable THI2E - G
Hoe countel” Lol Lo E puiflsuam ;
AT ke gt s =] * I s
WYL A 1 1 *
v all
e L TheuT) leLTP T
430 - o — sl T0 P
g Tlo R
;-v:n. 4;)11“ 5 e 2 T
pi % ot B Ae Al = PO dmAs TP, SEIECT
i FRe™ s—ice 8US ‘s_;) I}, o=y '
3 AL s
L s e Qi mlm o M
T4az
S U pegeN
4 GI ¥ med Q) M oiFL
s e a Loas J R
W 1M (22 OF 4N ama gi -!-
s | °
n408 quad pND
;mfqu azn ?1 El g sy . —_—
1 i - uw a f_in ay i g
]
I'H.a"- néx WIVERTE RS
&
Wi ol it pl 8
YL E e 3
7 J F =

Fro taontin JNITJ [ 3 [SReTY 1Y

LoUnT RATE (2ot 2P ff.&n“a"}
[Te conTER UNIT]

POWER on cirl BRI "oN" 50 TeH 2F ceMPUTER

(wtemM ok puises (43) oy - ]
e ot ER OniT] D-2 TimEoUT SigMAL [FRem cousTee UNIT]




CIRCUITS SHOWING GENERATION OF I/0 R AND I/O W SIGNALS

System Based on Intel 8228
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BLOCK DIAGRAM OF CLOCK TIMER
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INTEL 8080 CPU PROCESSOR INSTRUCTION SET AND MNEMONICS

SILICON GATE MOS 8080A

INSTRUCTION SET

Summary of Processor Instructions
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CLOCE TIMER USERS MANUAL

I, Control Sequence Summary

Control Sequence Function

MVI A,264 Set the 8255 PPI to the proper configuration
OoUT 377

MVI A,17 - Set the clock timer to count at the slow rate
0UT 377

MVI A, 16 Set the clock timer to count at the slow rate
OUT 377

MVI A,S5 Enable the communication unit to request an
oUT 377 interrupt

MVI A4 Disa‘b?l.e the communication unit interrupt

ouT 377 request facility

MVI A,15 Start the clock counter counting

0UT 377

MVI A,14 Stop the clock counter from counting, then
ouT 377 load the value in Port B into the clock counter
INP 374 Load the value of Port A into the accumulator
IRP 376 Load the value of the Port C control bits into

the accumulator

LDA CLDCK VALUE Load Port B with the value in the accumulator.
OUT 375 This also turns off the interrupt request line
E if it was active without changing the clock
value if the clock was running

LDA CLOCK VALUE Load a new clock value in the clock counter
-QUT 375 and continue counting '

MVI A4

ouT 377

MHVI A,15

OUT 377

1. Noter

1. The clock rate bit PC7 and the clock count . in Port B remain constant
unless explicitly changed by writing new values. Thus if the same
clock rate or value will be used several times the values need be set
only once.

2, TImmediately after the interrupt handler gains control a value should be
written to Port B to clear the interrupt request line. As long as the
=" .:.elock counts,writes to Port B will not affect it, - = . 1
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The clock counter counts up instead of down so the negative of the
desired clock wvalue should be loaded into Port B and the counter.

On a system with many devices being serviced by the same interrupt
handler as the clock, the clock value should be read from Port A.
If the value of the ‘clock is 0 then the clock needs servicing.

I1T. Sample Programs

The following sample program illustrates usage of the clock timer to se

some external device at constant time interwvals.

START:

LOCP:

*70

INTHND:

Note

1XI SP,10
MVLI A,264
oUT 377
MVI A,17
oUT 377
LDA CIKVAL

ouT 375
MYI A,5
ouT 377

EL

MVI A,15
ouT 377

JHP LoOoP

JMP INTHND

PUn PSY
LD: ZLEVAL
OUT 375
MYI A,14
ouT 377
MVI A,15
ouT 377

POP PSW
EL
RET

ME We W We MM We We WE WaE Br We we wE Wwe wWe

we

W we W B wa We WE wy We we we

set the stack pointer address to 108
code to configure the 8255 PPI
configure the 8255 PPI to the proper £
(orft) set proper cleck rate

set clock rate

accumulator gets negative of desired
clock value

set clock value

code to enable interrupt facility of P
allow the PPI to generate interrupts
initialize external device(s)

enable the 8080 CPU to accept interrup
code word to start the clock counting
start the clock

wait for timeout

the next instruction is placed at loca
0708

transfer control to interrupt handler

save flags and accumulator value

reset interrupt request line

command code to stop clock and lcad va
load value into clock after stopping i
code to start the clock counting

set the clock counting

service devices(s)
restore flegs and accumulator

enable the 8080 CPU interrupts
exit interrupt handler

The execution time of the device handler must be less than the time

on the clock or else some clock timeouts may be missed.



The following sample program illustrates the program structure which coul

be used to keep track of real time.

START:

*70

I THND:

LXI
MVI
ouT

MVI
out
MVI

EI
QuUT

MVI
ouT

JMP INTHND

SP,10
A,264
377

A,16
377
A,374

375
A,15
377

PUSH PSW

L
CUT
MVI
ouT
MVI
ouT

POP
EI
RET

A, 374
375
A, 14
377
A,15
377

PSW

e

Mo we we M we wE Wwe WE We we We we

we wa we ws

e

Me W we Wwe we we

set stack pointer to address location 10
configure the 8255 PPI to the proper for

initalize program clock values for secon
minutes and hours of elapsed real time.

command for the fast count rate

set the clock to count at the fast rate
set the clock to count out 4 groups of
pulses each of size 2*%3 times the clock
rate. On a system with a clock rate of
500 ns this times out 512 microseconds
set the clock value into the clock count

start the clock

do any desired processing

save flags and accumulator value
save any registers necessary

reset the interrupt

stop the clock and load the clock value
start the clock counting

update the clock values properly

restore any saved register values
restore flags and accumulator



A CLOCK TIMER HARDWARE UNIT FOR AN INTEL 8080 CPU BASED COMPUTER SYSTEM

by
MICHAEL FRANZBLAU

B.S. SUNY at Stony Brook, 1975

AN ABSTRACT OF A MASTER'S REPORT

submitted in partial fulfillment of the
requirements for the degree

B MASTER OF SCIENCE

Department of Computer Science

KANSAS STATE UNIVERSITY
Manhattan, Kansas
1977



This report describes a hardware project design and
implementation of a programmable clock timer unit for the Computer
Science Department's Altair 8800 microcomputer. Included in the
report are block diagrams describing the logical structure of the
unit and electrical diagrams which can be used to construct the
same or a similar device. There is a section which outlines a
series of tests to pinpoint and correct errors in the circuit,

The last section contains an explanation of the commands which
control the clock. A user's guide is included as a summary of

these commands along with some sample programs.



