Rod Hallen

Road Runner Ranch
PO Box 73
Tombstone AZ 85638

The PAIA 8700

For under $200, you can have the computer that’s thoroughly examined in this article.

Although personal comput-
ing is still in its infancy, the
multitude of products that have
been produced, or will soon be
introduced, is enormous. From
the Altair and its contemporar-
ies to the PET, TRS-80 and

KIM-1, the hobbyist and small
businessman have a large selec-
tion of computer equipment to
choose from.

You can spend thousands of
dollars or you can spend a few
hundred dollars. Since you get

what you pay for, there must be
different levels or capabilities of
equipment to explain this large
price range. Let's look at the
bottom end of the scale and in-
vestigate one computer that is
available for well under $200 and

Photo 1. The PAIA 8700 and its optional power supply. The keyboard is mounted on top of the CPU
board with 3/4 inch standoffs. The vacant IC sockets at the top are the input/output connectors. The
expansion connectors are under the keyboard. Note the reset button and digital readout in the lower

left-hand corner.
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see what it will do.

The PAIA 8700 is made by
PAIA Electronics, Inc. (see Table
1 for address and prices). If you
are into synthesized music, you
are probably familiar with
PAIA's extensive line of music
synthesizer modules and sys-
tems. Write to ask them for their
catalog. It contains many items
that can be used in computer
music systems.

The 8700 is the most compact
computer I've seen (see Photo 1
to get an idea of what | mean). It
is 6 x 10 x 1 inches overall and
weighs less than a pound. These
dimensions and weight do not
include the power supply, which
is an option and is external to
the main unit as shown. The
price of both is very reasonable.

Before discussing assembly
and operation, let's examine its
capabilities and limitations.
First and foremost, this is not a
general-purpose computer. It is
intended for controller applica-
tions, and | will explore some of
these after a while. The main
limiter is the microprocessor:
the MCS 6503 by MOS Technolo-
gy, whichis a little brother to the
familiar 6502 used in the KIM-1,
PET and Apple.

| callit alittle brother because
it is packaged in a 28-pin DIP
(dual in-line package) and was
designed for applications in
which a lot of memory is not re-
quired. In order to put a 40-pin
microprocessor into a 28-pin IC,
something had to go. Part of



that something was the address
lines A12 to A15, which means
that the 6503 is limited to 4096
bytes of addressable memory
(2 = 4096).

This is why you wouldn't want
to consider the 8700 as your
general-purpose computer.
Even if you could squeeze in a
BASIC interpreter, you wouldn't
have much room left for entering
and running programs. You
must program the 8700 in as-
sembly language if you are go-
ing to use it as a controller.

Assembly and Testing

The 8700 comes in kit form,
and our first task is to put it to-
gether and test it. The 60-page
manual supplied with the kit
makes both of these chores
easy to accomplish. All part
identifications are screen
printed on the boards, which
also helps.

Parts are installed and
checked off one at a time.
Mounting and soldering are ex-
plained, and a layout diagram is
provided. Two circuit boards are
involved in construction—the
main (CPU) board and the key-
board, which, after construc-
tion, are mechanically bolted
together and electrically con-
nected with a 14-conductor rib-
bon cable that ends in a 14-pin
plug for easy disassembly. | am
an experienced kit builder, and
my total construction time was
one hour and ten minutes. Even
if you take twice that long, this
is still an easy one-evening proj-
ect.

Here are my few negative
thoughts on the kit. | guess
Heath has spoiled me because |
was surprised that no solder
was supplied ... especially
since the nearest solder store is
25 miles away. | also like tinned,
soldermasked boards. The main
board is tinned but not solder-
masked, while the keyboard is
bare copper and has started to
tarnish. | like tinned boards
because they are easier to
solder to and soldermasking
cuts down on the chances of in-
advertent solder bridges be-
tween closely spaced com-
ponents.

Neither board is densely
populated (see Photo 2), and if
you're careful, bridges shouldn’t

ADDRESS CODE
0000 A9 00
0002 8D 20 08
0005 A0 00
0007 A2 50
0009 c8
000A DO
000C CA
000D DO FA
000F F8
0010 18
0011 69 01
0013 4C 02 00

LABEL  INSTRUCTION COMMENTS
BEGIN LDA #0 CLEAR ACCUMULATOR
REPEAT STA $0820 DISPLAY ACC
LDY #0 CLRY
LDX #850 SPEED SETTING IN HEX
LOOP INY DELAY LOOP
BNE LOOP BRANCH UNTILY =0
DEX CHECK SPEED
BNE LOOP BRANCH UNTIL X=0
SED SET DECIMAL MODE
CLC CLR CARRY
ADC #1 ADD 1 TO ACC
JMP REPEAT DO IT ALL AGAIN

Program listing. Loading and running this listing in the 8700 will cause the display to count from 00
to 99 continuously. The number stored at 0008 (50) determines how fast the count goes. Entering a
smaller number here will make the count go faster. Changing 000F to D8 will change the count to
hex. Can you tell why? This is, of course, written in 6502 assembly language.

be a problem. One design proce-
dure that helps in this regard is
the lack of traces running be-
tween IC pads on the solder side
of the board. All of the ICs on the
main board are mounted in
sockets, but those on the key-
board are not. | prefer sockets
for all ICs, and since those on
the keyboard are CMOS it is fair-
ly easy to destroy one during in-
stallation and have a devil of a
time removing it again. You can
provide your own sockets, as |
did.

The only other complaint |
have is that the power connec-
tor is an unusual type, and
unless you buy the optional
power supply you don't get the
matching plug. | soldered wires
from my supply directly to the
connector posts.

The 8700 monitor PROM (PIE-
BUG) contains a *Self-Test
Micro-Diagnostic™ routine that
is designed to help you trouble-
shoot the unit when you are fin-
ished putting it together. It is in-
tended to be used in conjunc-
tion with an oscilloscope, but |
ran through it with a logic probe
and satisfied myself that every-
thing was OK. You can't look at
pulse widths or duty cycles that
way, but at least you know
whether the logic level is steady
or pulsing and whether it is high
or low.

Large, simplified schematics
and flowcharts also help with
troubleshooting. A complete
source and object listing in hex
of the firmware monitor (PIE-
BUG) with comments is a wel-
come addition. A memory map

and interrupt, break and reset
vectors are provided to make
programming easier. It is prob-
ably well to mention that
assembly-language program-
ming of the 8700 is done in hex.
| hope that | haven't scared
anyone with this talk about
troubleshooting. It probably
won't be necessary. The whole
layout is very simple and even
the novice builder shouldn't
have any problem. The manufac-
turer stands ready and willing to
provide help by mail or phone.

One unusual feature of the
8700 is the keyboard. Look
closely at Photo 1. If the keys
look like they are painted on the
board, that's because they are!
The keyboard has no moving
parts. The capacity of your
finger touching the desired
keypad triggers an IC gate for
data entry. It takes a little get-
ting used to but quickly seems
like the natural way to do it. The
lack of moving parts should
make for a long, trouble-free life.
If you buy the cassette option,
the keyboard will beep along
with each key entry.

In addition to the PAJIA 8700
Assembly and Using Manual,
the kit also comes with the MOS
Technology MCS6500 Program-
ming Manual. This big 240-page
8%z x 11inch book is a complete
course on assembly-language-
programming the 6500 family of
microprocessors. | say family
because there are almost a
dozen different versions of the
6502. All variants, including the
8700's 6503, use the same in-
struction set. It is, therefore,

possible to write programs for
the 8700 on a larger machine
and then transfer them. This
would be especially desirable if
the larger machine were running
a 6502 assembler.

Note the options in Table 1.
The cassette interface allows
the recording and playback of
your programs. The optional
music programs listed are on
cassette tape. | didn't purchase
the power supply because | al-
ready had the necessary volt-
ages available. The current re-
quirements aren’t given in the
manual, but | measured mine at
+5 volts at 400 mA and -9
volts at 45 mA. These must, of
course, be regulated, and you
can build a suitable supply for a
reasonable price if you already
have most of the parts. Other-
wise, the power supply kit is a
good buy.

The PAIA 8700 Package

I've discussed the 6503 micro-
processor, but let's explore it
just a little bit more. As I've said
it is completely software com-
patible with the 6502 but has
certain limitations because of
its intended use. Missing, in ad-
dition to the address lines (A12
to A15), are the Ready, Sync and
Set Overflow leads. This lack of
leads will probably not limit
system use, except for the cur-
tailed addressing capability.

The 8700 has room for 1K of
RAM and 1K of ROM on the CPU
board. Provided with the kit are
the PIEBUG monitor ROM (a
256-byte 1702) and 512 bytes of
RAM (four 2112s). Another 512
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Main/Frames ... $200
MamIFrames o 9200

14 Basic Models Available
Assembled & Tested

* Power Supply:
Bv@15A, + 16v@3A

* 15 Slot Motherboard
(connectors optional)

* Card cage & guides

« Fan, line cord, fuse, power
& reset switches, EMI filter

* Bv@30A, + 16v@10A
oplion on some models

Rack
mounted

8" Floppy Mainiframe
(includes power for drives
and mainframe) from $365

Write or call for our
brochure which includes our
application note:
‘Building Cheap Computers’

- |NTEGRAND

8474 Ave. 296 » Visalia, CA 93277 » (209) 733-9288
We accept BankAmericard/Visa and MasterCharge

Kilobaud Microcomputing
Subscribers

From time te time Kilobaud Microcomputing makes its
subscriber lists available to carefutly-screened companies and
organizations whose products, services or information may be of in-
terest 1o you. In every case, we must approve all organizations wishing to
mail to our subscribers. In every case they receive a list of names and ad-
dresses only—no other information we may have is divulged. Each organiza-
tion may use the list only once and agrees never lo make any personal or
telephone solicitations from it

The overwhelming majority of our subscribers appreciate this controlled
use of our mailing lists—it helps them shop conveniently by mail for products and
services they need, often at substantial savings. A few people prefer their names not
be used. It is 10 them we address this message.
If you da nof wish to be a part of this service, please complete the form
your name will not be used in this manner for any reason.
(If you asked us in the past to remove your name from our lists, there is no
need to repeat the request.) Please allow about six weeks for your request to fake ef-
fect

Vs

QO

below . .

T I wish to have my name removed from the list of subscribers receiving mail other
than the regular subscription to Kilobaud Microcomputing.

Mr,
Mrs
Send to: Ms

Please Print
Address
City

State. Zip

Mail this form with your mailing label from the latest issue (or fill out the information
as it appears on the label) to:
Kilobaud Microcomputing
Subscription Services Dept.
P.O. Box 997
ingdale NY 11737

PAIA 8700 Computer Kit
Options:

Power Supply Kit

Cassette Interface Kit
Firmware:

MUS-1 Music Generator PROM
Software:

POLY—Synthesizer Program

$149.95

24,95
22.50

22.00

DRUMSYS—Drum Operating Program

Seque 1.0—Ultimate Sequencer Program

Software includes cassette tape, documentation and interfacing
details for $4.95. Available without tape for $2.

Prices do not include postage.

PAIA Electronics, Inc.
PO Box 14359
Oklahoma City OK 73114

Table 1: The 8700 and its options, prices and manufacturer.

bytes of RAM can be added to
the board for about $16 at cur-
rent market prices. The MUS-1
PROM (see Table 1) contains a
relatively complex music gener-
ator that can be installed on the
CPU board. See the paragraphs
about the expansion connectors
for information concerning add-
ing even more memory.

In order to make practical use
of any computer, it is necessary
to get information into and out
of it. That is the purpose of /O
(input-output) ports, and the
8700 is well supplied with them.
The on-board ports intertace the
keyboard and the digital dis-
play. The keyboard is operated
by the capacity of your fingers
and contains eight PIEBUG
commands as well as the hex
characters 012345678
9ABCDEF.

The only precaution in the use
of the keyboard has to do with
the TAPE command. The TAPE
key should never be touched if
you don't have the cassette op-
tion. Otherwise, you'll destroy
any programs that you have in
memory. The manual empha-
sizes this by warning that this
will load your memory with gar-
bage and eat your lunch!

Just to the left of the digit 8in
Photo 1 is a push button. This is
the reset button, which is used
to gain control of the processor
each time that the computer
power is turned on or when a
program has gone astray. This
latter problem will usually be
caused by an incorrectly written
program step that forces a con-
tinuous loop or branches to non-
existent memory.

Below the Reset button are
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two digital readouts that serve
as a visual output port . . . sort
of like a video screen that can
only display two characters at
one time. The two characters
displayed are the last two that
you have entered from the key-
board or the contents of a mem-
ory location if you key DISPLAY,
ENTER, PCH or PCL (more on
this later).

A latched eight-bit parallel
output port is used to control ex-
ternal devices or processes. A
strobe is also provided to in-
dicate when the port has been
loaded and when valid data is
available on the data lines. Two
pages are devoted to describing
the operation and use of the out-
put port. A simple program that
will cause the port data lines to
count from 0 to 255 in binary as
an exercise is written. Informa-
tion is also given on how to use
the port data lines to control
CMOS or TTL gates and tran-
sistor relay driver circuits.

Two eight-bit parallel input
ports are also provided. These
can be read by the processor,
and the data derived can then be
used by the program. The MCS
6500 family of microprocessors
addresses /O ports as memory
locations. This is similar to the
way the 6800 handles I/O. If a
memory read instruction ad-
dresses an input port, then the
data read will be whatever is tied
to that port. Various methods of
inputting information are
discussed. Input ports rate two
pages of the manual.

A cassette port is available if
the cassette option is pur-
chased. The option consists of
parts that are installed on the



CPU board. Recorder motor con-
trol is one feature that is provid-
ed. | have recently written for the
cassette option but | haven't re-
ceived it yet.

And finally, the data and ad-
dress buses are available
through expansion connectors.
This will allow you to add more
memory, peripherals, ports or
whatever. While the data lines
will handle five CMOS or one LS
TTL load and the address bus
will handle one TTL load, it is
probably best if all lines extend-
ed off the board are buffered.

The NMI (non maskable inter-
rupt), IRQ (interrupt request) and
RIW (read/write) leads, as well
as some other control lines, are
also available at the expansion
connectors. All of the /O port
and expansion connectors are
14-pin IC sockets. Connection to
them is made with 14-pin plugs
that have solder tabs on the top
or ribbon cables attached to
them. Many companies make
both types of these plugs.

The monitor program con-
tained in the PIEBUG ROM has
some interesting features. |
mentioned earlier the “Self-Test
Micro-Diagnostic.” In addition,
each of the keyboard command
functions is the result of a
routine in PIEBUG.

Touching four hex keys and
then DISPLAY will cause the
contents of the location pointed
to by the four-key entry to ap-
pear on the display. If you touch
001A and DISPLAY, then the dis-
play will hold the contents of
that location. Touching ENTER
will step the display counter by
one and the display will hold the
contents of the next location
(001B). In this way, you can step
through memory examining pro-
grams or data. To recap, the
starting address is keyed in
followed by DISPLAY and then
the address count is incre-
mented with the ENTER key.

Any time you want to change
the contents of a memory loca-
tion, you bring the location to
the display (as described
above), touch the new data and
then ENTER. The new data will
be entered and the address in-
cremented by one to let you see
the contents of the next loca-
tion. The BACK key steps the ad-
dress pointer backward by one

with each touch.

After a program has been
entered using the above keys,
you touch in the starting ad-
dress, DISPLAY and RUN. There
is a short assembly-language
program in the manual that is
used as an example of how to
enter a program (see program
listing). This program causes
the display to count from 0to 99
and then start again. It will con-
tinue until you hit RESET. By
making a few changes you can
speed up or slow down the
count. Make another change to
place the count in hex instead of
decimal. | believe that ex-
amples, even simple ones such
as this, are the best way to teach
a new subject.

The PCH and PCL keys dis-
play the current program
counter. The manual calls these
Pointer High and Pointer Low,
but | prefer to call them Program
Counter High and Program
Counter Low, which is what |
think PCH and PCL really stand
for. The TAPE key has already
been mentioned.

The REL key is an innovative
time-saver. In writing assembly-
language programs for the 6500
family, it is often necessary to
tigure relative addresses. A
relative address is the number
of address locations forward or
backward a program must jump
or branch to satisfy certain con-
ditions.

Normally the programmer has
to figure this out by hand. PIE-
BUG has a routine that does it
for you. Whenever you enter an
instruction that requires a
relative address, you enter the
absolute (actual) address of the
jump or branch location and
touch REL. The relative address
will appear on the display and
will also be entered at the cor-
rect memory location when you
touch ENTER to move to the
next entry address.

One plus feature of PIEBUG is
a debug breakpoint routine. Any
time that you want to stop a pro-
gram at a certain point to ex-
amine the condition of the
various registers, you substitute
00 for the op code at that point.
When PIEBUG encounters a 00
op code during the running of a
program, it will store all of the
6503 registers in certain desig-

AL AND BUSINESS COMPUTING
by Rodnay Zaks

250 pp, ref C200 56,95
The basic introductory text
on microcomputers, with a
detailed evaluation of the fea-
tures and peripherals required
for specific applications. No
prior computer knowledge
required.

MICROPROCESSORS: from Chips
to Systems

by Rodnay Zaks

420 pp, ref C201 $9.95
An educational text, used
worldwide at universities and
inindustry designed to teach
all the fundamentals of mi-
croprocessors, the assembly
of asystem, and its use.

N7 b
PROGRAMMING THE
by Rodnay Zaks
320 pp,refC202 $1095
An introductory program-
ming text for the 6502. Does
not require any prior pro-
gramming knowledge. From
arithmetic to interrupt-driven
input-output techniques.
6502 APPLICATIONS BOOK
by Rodnay Zaks
ref D302 §12.95
Actual application programs
to interface the 6502 to
the real world, from LED to
motor, and analog-digital
conversion.

6502

TO ORDER
By phone: 415 848-8233, Visa, MC,
Amer Express
By mail: circle books on ad. Include
paymant

Shipping: add 85¢ per book (41h class)

or $1.50 faster shipping (UPS)
Double for cassettes and overseas.
Tax: in California add tax.

FREE DETAILED CATALOGUE
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MICROPROCESSOR }
INTERFACING TECHNIQUES
Austin Lesea and Rodnay Zaks
416 pp, ref C207 $11.95
All the basic interfacing
techniques, from keyboard to
floppy disk, including the
standard buses (S100 to

| EEE 488).

MICROPROCESSOR LEXICON
120 pp, ref X1 5295
Dictionary and tables. All the
definitions of the micropro-
cessor world in a pocket
book format.

MICROPROGRAMMED APL
IMPLEMENTATION

330 pp.ref 210 $25.00
How to design an APL
interpreter.

SELF STUDY COURSES ON
CASSETTES
Ten courses to study at home
orin the car. The most time-
efficient way to learn. Includes
workbook and cassettes.
INTRODUCTORY $29.95ea
S1-INTRODUCTION TO M-
CROPROCESSORS (2.5 hrs)
52-PROGRAMMING MICRO-
PROCESSORS (2.5 hrs)
COMPREHENSIVE $59.95¢a
SB1-MICROPROCESSORS
(12 hrs)
SB2-MICROPROCESSOR
PROGRAMMING  (10hrs)
SPECIALIZED $49.95
SB7-MICROPROCESSOR
INTERFACING (6 hrs)

Dept. K8 , 2020 Milvia Street

Berkeley, CA 94704
Tel 415 848-8233 Telex 336 311
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blocks of characters to the 8700
and then go back to computing
while the 8700 feeds the printer?

This wouldn't gain you much
in a situation where the majority
of the program is concerned
with printing, but if the program
computes, prints, computes,
etc., for a while, a lot of time
could be saved. My biorhythm
program is an excellent can-
didate for such treatment. While
time is not money in most hob-
byist situations, if you are impa-
tient or a businessman trying to
make money, it is.

| recently saw a program in
one of the magazines to make a
KIM-1run like a clock. This same
program with a little modifica-
tion would probably run on the
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in assembly language. The
knowledge thus gained could
subsequently be used on larger
machines that use the 6502.

Conclusion

While doing some research
for this article, | came across a
review of the 8700 in the Febru-
ary 1978 issue of a magazine
called Electronics Australia.
The anonymous writer was gen-
erally complimentary, although
he criticized the manufacturer
for not providing enough infor-
mation for the novice. He felt
that the supplier's message
seemed to be, “Here it is, you
figure out how to use it." Actual-
ly, the same can be said about
almost any personal computer

on a few, but you should be able
to think of many more.

| have always shied away
from control applications with
my SOL because | use it a lot for
program writing, manuscript
printing and general experimen-
tation. With a separate dedicat-
ed controller | can investigate
more areas of the world of per-
sonal computers at one time. |
think that I'll work on the music
and printer buffer ideas first.

Whenever | consider buying
something new, whether it is
computer related or not, | try to
decide if it is worth what I'm go-
ing to have to spend for it. This
takes into account such things
as original cost, probable life-
time, utility and personal de-

his hand at computer music. Us-
ing the modules and systems
available from PAIA or building
from scratch, | believe that com-
plex, sophisticated results are
possible. Third, the dedicated
controller applications already
mentioned enhance its appeal.
| really would like to find a
6502 assembler that will run on
my 8080 machine and then pro-
gramming would move along at
a greater pace, but in the mean-
time I'm learning 6502 assem-
bly-language programming little
by little. Taking into considera-
tion all that we've discussed, is
there a place in your plans for a
compact, inexpensive, useful
personal computer product? If
s0, consider the PAIA 8700. B



