AN 80060 BASED MICHOCOMPUTER
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-0Objective: To build a guality microcomputer cheaply and easily.

Bullding rhe Hagdwnre

L onmouter hasg four basic narts: a central processing unit (CPU), a

data storage system {memory)}, some kind of input/output device, and a data
bus (backplane) to connect the above three together. To build my computer,
5. followed this procedure:

i; Define my objectives.
-=Decide what I want the comruter tn do.
=Decide how much money ancd work I want to put into it.

2) Design my computer, keeping the above in mind.
-Choose or design a bus structure.
~Choose or design a CPU.
~Choose or design a memory system.
-Design an input/output system.

3)  Buy the parts for the computer, build it, and debug it.
My computer has the following features:
-~ 3-100 bus structure, with 12 slots.
- 80BOA based CPU.
« 2K bytes of static memory.
- A front panel that is completely independsnt of the CPU,

in the future, I honme to add more memory. and better input/output.

Software Development

After T finished building the computer's basic hardware, I wrote some

snftware. This software includes a time delay program, an additicn=subiraction

program, and an 8-bit multiply program. In the future, I hope to write mere
software, including a floating-point math routine and a high-level language,
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PROGRESS REPORT
Progress

I was introduced to the school's compuier. 1 became interested
in programming.

I became & more experienced programmer. OCther people also
became interested in the school computer; they used it mostly
for playing games (like Startrek}. The computer started
malfunctioning often., I decided that 1 wanted to own a computer.

I got books on computers from various sources. Unfortunately,
these books were out of date, although T didn't know this at
the time. Using these books, I learned the value of Boolean
algebra in logic design. Using my knowledge of Boolean algebra,
T designed and built & base § to LED display decoder.

I started working on a computer program to simplify Boolean
exoressions (thus simplifying logic design).

I did more work on this program, and began debugging it.
I bought & CMOS data book.

1 perfected the program and prevared to enter it in the science
fair.

City and Regional science fairs, I finished a 16-digit LED
display. I ordered 8 2102 RAM chips. I subscribed to
Kilobaud magazine.

I bought an BO80A chip and began designing & bus for it. I
chose a Ul pin bus.

I worked more on my 16 digit output display. 1 started building
a 1K # B bit memory board for my bus,

I built a power supply for my computer. I discarded my old
memory board and started on a new one. '

I finished my CFU board and tested it. It worked! However,
I had trouble building a comatible memory board. Because of
this, 1 chose the S5-100 bus, (After some looking around.}
Vacationing.

I ordered an S«=100 backplane and an $-100 compatible 8K memory
board (without partsi. I began working on a front panel.



PROCGRESS HEPORT

Month, year Progress

Oct 77 I ordered parts for the memory board. 1 had some problems

getting the parts. I worked on my front panel,

Nov 77 I tried to make an S-100 adapter for my CPU. It was a
disastor, so I discarded my Ll=pin CPU. At school, I began

a program to convert BOBO assembly code into machine code.

T ordered & Z-80 manusl.{which still has not arrived).
I finished the B0B0 coding progrsm and wrote some programs
for the 8080 .

Dec 77

Jan 718 Because the Z«80 manual had not yet arrived, I ordered an
: 8080A CPU board (without parts). After receiving the CPU

board, I ordered parts for the CPU.

Feb 78 The parts for the CPU arrived. I put it together, and
debugged 1t (due to a documentation error). I discovered
that my memory board was not completely compatible with
my CPU board. I ordered the parts for & new front panel

board.

Mar 78

The parts for the front panel board arrived.



PRESENT
AND
FUTURE

This computer system is based on the Wameco, Inc,
board uses the 80804 microprocessor chip and is S=100 compatible.
8K static memgry board.

hrard 1s the dmneco, Inc.
inqtalled. R

In the future , I hope to add extra memory (RAM and ROM), and hook up
a tape recorder interface for mass storage.

STATUS

PLAKS

#i, dan ASCII keyboard, and a CRT. =~ "~

I will also heed software,

I want & tape loading routine, a floating
point arithmetic routine, an assembler, and possibly even a high level language

interpreter.
Present :Description
Catagpry Description
~CPU
«Mieroprocessor chip 8080A
«~Byte (word) length 8 bits
=Clock frequency 2 MHz

«~Board manufacturer
=Memory (static RAM)
=Board capecity
«Maximum possible
-Present
=Chip used
-~Access time
«Board manufacturer
~Backplane
~Busg
=Slots, number of
=Board manufacturer
-Input/output

Wamece, Inc.

8K # 8

2K # 8

2102

500 nsec
Waméeo, Inc.

S=-100
12
Wameco, Inc.
»- front panel

CPU board.
The memory
Only 2K of"memory is

For input/output, I hope to add



FUTURE PLANS

Assembler
Arithmetic (floating point)

Catagory Order-of -completion Description
~Memory
~RAM (static) 7 - 8K or more
=ROM ? 77
-Mags storage 2 Tape recorder interface
=Input/output ] Front panel
4 Keyboard
5 CRT display
«Software 3 Tape loader
6
8
9

High level language interpreter



CHOOSING A BUS STRUCTURE

I chose the S~100 bus structure because of the variety, availability,
and low cost of $~100 peripherals., Most other bus structures have a few
expensive reripherals that are hard to find.

CHOOSING A PROCESSOR

The four most popular microprocessbrs are: the 8080, the Z-80, the 6502,
and the 6800, I chose the 8080 because of its WAIT states, its 6 general
purpose registers, its S-100 compatibility, and its low cost.

Note : At the time I chose the 8080, the Z~80 chip costed § 80.



BUSSES AND BACKPLANES
Charactaristic S5=100 Most others
«Number of pins 100 L0O=50
-Cost/slot--
«~Edge connector $ L $2~-%3
-Backplane - $3 $1«33
-Total . $ 7 $3-56
=Peripherals-
=Number of “vendors Many Few
~Variety Excellent. Every- Poor. Only memory, CPU,
thing from the 1/0.
YBetiér Bug Trap"
to the - '
"Gomputalker,
~Cost.-
~CPU-- |
=8080 $ 90 not availsble separately
~Z=80 $ 140 not available separately
6502 incompatible $ E£&
=-£800 incompatible $ 8n
«Memory, static
=LK, 2102 based $ 70-% 90 $ 70 « $150
-8K, 2102 based $ 120 - $ 150 $ 150 « $ 300
~8K, other $ 200 - § 300
«16K, other $ 300 = $ L4OO
=32K, other $ 800 - $1000
«Memory, dynamic
-8K $ 110 - $ 150 $ 150 - $ 300
«16K $ 200 ~ $ 300
-32K $ LSO = § 550
~ROM
- =hK $ 60-$ 7O
-8K
-16K $ 60-% 90
«(0Other Available at Not &vailable or
low prices. hard to. find.

High prices.



CPU

INSTRUCTION

SETS

Charactaristic 8080 - 2=80 6502 6800
-Number of instructions 66 158 56 72
=Arithmetic
~Binary Add, Add, Add, Add,
subtract subtract subtract subtract
~Decimal Add Add, Add, Add
'subtract subtract
=Logical
=And Yes Yes Yes Yes
-0z Yes Yes Yes Tes -
~Exclusive or Yes Yes Tes Yes
=Invert Yes Tes No Yes
-Branch
-Conditional Yesn Yes Yes Tes
«to subroutine Yes Yes Yes ies
~Registers
=Accunulator ] 2 1 2
-General 6 12 0 0 _
-Index 0 2, 16 bit 2, 8 bit 1y 16 bit
-~Data pointer 3 . b 0 o]
-Stack pointer 16 bit 16 bit 8 bit 16 bit
-Program counter 16 bit 16 bit 16 bit 16 bit
-Addressing modes
-Bit level No Yes No No
«Direct Yes Yes Yeos Tes
~Immediate Yes Yes Yes Yes
~Implied Yes Yes YQJ < Mj <
~Indexed No 8 vit - 16 bit 8 bit -
.offset offset of fzet
=Hegister indirect Yes Yes No No
-Relative No 8 bit 8 bit 8 bit
off=et offset offset



CPU HARDWARE
Charactaristic 8080 Z-80 6502 6800
=Contirol functions
-Vectored interrupts-
=Reget Yes Yes Tes Tes
-Multiple priority 8 8 2 2
=5oftware Yes Ies Yes Yes
«Wait-
-on read Yes Yes Yes No
«on write Yes Yes No No
«~Execution speed-
=Clock frequency (max) 2 MHz i MHz 2 MHz 1 MHz
=Instruction cycle 2000 nsec 1000 nsec 1000 nsec 2000 nsec
=Hardware and support--
-letage levels-
- 412 volt Yes No No No
- + 5 volt Yes Yes Yes Yes
- = 5 yolt Yes No No No
-~Power consumpticn S W o bW
=Coat of chip . -+ $ 10 $ 30 $ 15 $ 18
~Cost of support $ - 80 $ 10 $ Lo $ 60
~Total CPU cost $ 90 $ 140 $ 55 $ 78
~Availabiiity of. - |
«Chip-. : & . 0% - Good - Good Fair Fair
=Support . . : Good Fair Good Good
«=CPU kits {S=-100)} Good Good Poor Poor
-~ . =Software Good Good Fair Fair
«Documentation Good Fair Good
~Manufacturer!s reputation Good ——— Fair Excellent




TEE ¥FRONT PANEL

To the right is the circuit for this computer's front panel, This front
panel can be used to deposit data in memory or read data from memory. Unlike
most front panels, it is completely independant of the CPU; it does not need
8. CFU to work.

~How to operate the front panel.

The 8 black toggle switches are the DATA switches. The six black rotary
switches are the ADDRESS aswitches.

This front panel has two basic modes of operetion: RUN and PROGRAM,
To program, set the RUN/PROGRAM-switch on PROGRAM. Set the address switches
t~ the desired address, The DATA LED's now show the contents of the memory

location specified by the ADDRESS switches. To write into this memory location,

put the desired write data on the DATA switches and press the WRITE switch.
To run the program, set the RUN/PROGRAM switch on RUN.



\ F ront Pé'ne \ Clecuit |

W RESET”

_--.._._--;«'--'--"‘“"""-""h
P/?F.S'E"T" :

e

Lisy /a2
T A

4050

.42:27‘?1 I/;*‘, HLTA

L et

Lt RolS

Riun

Al

Pft:s‘_r; 2

LB

b

s+

4 CPY
Disabk Lings

Z/0
@fdl.‘\f‘c)

A ddress Switches

Data Siwitehes

R i
B W 50 s

S
SouT,

1 SouT

- =i

& /%_l_res; Oyt

S

SMEMR
1 I.NTA

Lats Out




. 8080 SOFTWARE.

The 8080 microprocessor must be programmed with & bit numbers instructions.
(machine language). Fumkns: cennot easily uhderstand machipe language. Assembly
language, &. language in which the 8 bit! numbers are’replaced:1 for 1 with
easily understood command.sbbreviations, 1s easily understood by humans.

Because of this, I wrote a progrem on the school's computer that changes
8080 assembly code into B0OB0 machine code. Using this program, I wrote the
following programs {for the 8080 processor). :

Note: ®OP CODE" stands for "opersation code." Numbers under it are written
in BASE 8, not BASE 2 or BASE 16,
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LOGIC FAMILY COMPARISON

Charactaristic 7400 TLLS00 7LCO0 (5 volt)
Provagation delay 11 nsec 10 nsec LO nsec
Supply current/gate 2.0mh O md 0.0 mi
Power/gate 10, mW 2,0 miW 0.0 mW

Input current 1.6 mh 0.36 mA 0.00 mA

Drive current 16, mA 8, maA 1,75 mA

Fan out 10 20 50 or more
Fan out, 7400 to TLLSOO :- jite}

I used 7L00 TTL for bus drivers on my CPU and memory beards because of
this family's high drive current, I used 7TLLSOO TTL ‘for all other requirements
because of this family's low power consumption, high fan out, and low input
current.

MOS logic : the 80804 and the 2102

The 8080A CPU chip and the 2102 memory chip both use MOS (metal oxide
semiconductor) logic. MOS logi¢ is similar'in most respécts to CMOS' ioglc
~PT4C00- Yoglo Ja=M0S logic corfBumes: far more Ppéwer than CMOS logic; it is also
far more compact and far less expensive than CMO3 logic., MOS logic is also
less expensive and more compact than TTL logic {7400 and TLLSOO logic). For
these reasons, MOS logic, rather than TTL or CMOS logic, is used in microcomputer
GPU and memory chips,




GATES

A gate is any part or group of parts that can perform a boolean function.
Here is a list of simple gate types and functions.

GATE NAME QUTPUT
OR A+B
AND AB
NOR A+B
NAND A
EXCLUSIVE OR AB+AB
EXCLUSIVE NOR AB+AB
NOT (INVERTER) A

The first four types of gates can have two or more inputs. A gate that
performs the function Q=A+B+C+D+E is considered an OR gate.

These gates can be used together to perform complex boolean functions.

CONSTRUCTION OF GATES

Gates can be constructed from switches, relays, diodes, transistors and many

other devices. Compact, ready-made gates (IC's) are available at very low prices.

These IC's (integrated circuits) come in three main types, TTL, CMOS, and MOS.

Diodes can be used to construct AND and OR gates. Buffer amplifiers must be
used with these gates. (Figure A}

Transistors and resistors can be used to construct all the types of gates.
The basic gates that can be constructed with bipolar transistors are the NOT,
NAND, and NOR gates. By using NOT gates, NAND and NOR can be changed to AND
and OR gates., (Figure B) :

A TTL (transistor-transistor logic) IC can contain any type of gate. In
this type of gate, many bipolar transistors are built into one compact package.
These gates are very popular, but they are being replaced in many applications
by MOS and CMOS logic.

MOS (metal-oxide semiconductor) are gaining significance. P-MQS is the most
popular type of MOS. One MOS device contains many MOS transistors built into one
compact package. These IC's can contain any type of gate, but only complex func -
tions have become popular.

CMOS (complementary metal-oxide semiconductor) IC's contain both P-channe]
and N-channel MOS transistors. They consume very little power. Figure C is an
inverter (NOT gate) that is contained in all CMOS gates. Other types of gates
are built inside the IC out of inverters.

TTL, MOS, and CMOS logic are the main types of logic in use today. Prices
have been dropping steadily, while quality has climbed.
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