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Complete with keyboard for data entry, LED readout of the address and
data, breadboard socket for experimenting, 500-bytes of PROM and
500-bytes of RAM, expandable to 65K and self-contained power supply

JOHN TITUS
MANY EXPERIMENTERS, HOBBYISTS AND
professionals are interested in learning
about microcomputers and how they
work, but the cost of a development
system can be high and even inexpen-
sive systems may require an expensive
peripheral such as a teletypewriter to

get them to work. None of the available *

systems have any easy hardware bread-
boarding capability and none have a
series of experiments to teach you both
interfacing and software fundamentals.

The Dyna-Micro is a complete mi-
crocomputer using the 8080A micro-
processor chip. It isn’t a stripped-down
version of another system since it was
designed specifically for the beginner.
This system has been designed to teach
you about microcomputers whether
you're a high-school student or a digital
design engineer—both will learn a great

: @ Edge connector provide

The Dyna-Micro_ has. fﬁany

features that make it easy to use.
“ These features. include:

e Complete, ‘software -controlled
“front-panel.” .. La 5

.® Fully-encodé'd :keyboard ,inpvut

containing 15 keys. £
e Three, ‘eight-bit output  ports

. with LED indicators. . ..

““e Complete :solderless bread-
“boarding area that provides. easy
‘access to all the bus signals. - .

‘e 500-bytesof Read/Write . mem-

- ory (R/W) and 500-bytes . of Pro-

grammable Read Only -Memory
(PROM). . ’ prat

future memory expansion

deal about computers. With the Dyna-
Micro, you won’t be spending your
time wire wrapping a prototype or de-
bugging a complex “hobby” system,
you'll be doing hardware and software
experiments to learn more about the
microcomputer revolution.

The Dyna-Micro won’t run FORT-
RAN, BASIC, editors, assemblers or
other complex software in its present
form. It isn’t meant for that. You can,
however, expand the memory if you
want to. By the time you finish the ex-
periments, you will know how this is.
done.

All the Dyna-Micro functions, in-

cluding the keyboard, are contained :

on a single 10” X 12” printed-circuit

board. The power supply is external. .’

Using the Dyna-Micro
The Dyna-Micro is one of the easiest
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to use microcomputers since it uses a
software controlled “front-panel.”
Data is entered through a 15-key key-
board and data is displayed by LED’s.
The keyboard is used to enter address
and memory data, to examine the con-
tents of any memory location and to
start your program from any location
desired. The software to do this is pre-
programmed in a 1702A PROM and is
called the Keyboard Executive or KEX
program. .

Since the 8080A microcomputer
uses 16-bits of address and 8-bits of
data, the LED display registers are
divided into groups of 8-bits each. The
KEX program uses ouTpUT 1 for the
highest 8-bits of address (HI) and ouT-
PUT PORT O for the lowest 8-bits of ad-
dress (LO). OuTPUT PORT 2 is used to
display data. With 16 address-bits, up
to 65,536 words (commonly referred
to as 65K) of memory may be ad-
dressed and added to the basic 8080

system. The Dyna-Micro uses only 1K
of memory, more than enough for all
the experiments and for most of your
own needs when getting started. The
memory is segmented, with the first
500-bytes being PROM and with the
next 500-bytes being R/W. Table 1
shows how the memory is divided be-
tween PROM and R/W.

The output ports and the keyboard
input are used in conjunction with the
KEX program, but since they are not
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hardwired, you can use them for data
input and output with your own soft-
ware. This is easily done with the soft-
ware as we'll see later. Additional input
and output ports are easily added by
breadboarding them on the SK-10
socket or connecting them to the edge
connector.

Interfacing experiments are all done
on the SK-10 socket. All you will need
to do the experiments arc some no. 24
jumper wires and the necessary inte-
grated circuits. No additional soldering
or wire wrapping is necessary with the
Dyna-Micro.

Construction

The Dyna-Micro is constructed on a
single printed-circuit board and it will
be built and checked-out in stages to
assure proper operation. These checks
are fairly simple and all that is required
is a voltmeter and a means of detecting
for TTL level pulses. A monostable
and LED will work quite well for this
purpose. An oscilloscope is not needed,

THE DYNA-MICRO POWER SUPPLY provides +5 volts at 1.5 amps and =12 volts at 15Q mA.

You can design and build your own or purchase assembled supplies from surplus dealers.

but might be helpful if you have one.
The schematic diagram of the Dyna-

Micro is divided into two sections—the

central processor unit and the 1/0

PARTS LIST

R1, R2, R4, R5, R6—1000 ohms,
YaW, 10%

R3—2200 ohms, ¥4 W, 10%

R7-R30—220 ohms, ¥aW, 10%

C1—33 uF/6.3V electrolytic

C2—5 uF/50V electrolytic

C3, C5-C14—0.01 uF disc ceramic

C4—3.3 uF/16V electrolytic

D1-D24—Small red LED (Hewlett-Packard
5082-4484, Monsanto MV5075B, or
equal.)

D25—1N751A, 5.1V Zener

D26—1N746, 3.3V Zener

IC1, 1C22, IC23—SN7404 Hex inverter

1C2, IC3, IC30—SN7400 Quad 2-input
NAND gate

1C4—SN74174—Quad type-D flip-flop

1C5—8224 Clock generator (Intel)

1C6, 1C7—8216 Bus driver (Intel)

1C8—8080A CPU (Intel) (Must be “A”
version)

IC9, 1IC10—8111-2 RAM memory (Intel) -

1C13, IC17—SN74LS05 Open-collector
hex inverter

1C14—SN74LS155 Dual 2-to-4 line
decoder

1C15—1702A PROM memory (Intel)

1C18—SN74L42 BCD to decimal converter

1C19—SN7402 Quad 2-input NOR gate

1C20, 1C21—SN741.04 Hex inverter

1C24-1C29—SN7475 Bistable latch

1C31—DM8095 or SN74365 Buffer

1C32, IC33—SN74148 8-to-3 line priority
encoder

S1-S16—Keyswitches with legends

XTAL—6.750 MHz crystal, HC-18/U holder

Solderless breadboard—SK-10 IF18

Chassis—10” x 12” x 3” (Bud type
AC-413)

Misc.—Binding posts, IC sockets,
hardware

Optional IC’s for expanded memory

IC11, 1IC12—8111-2 RAM memory

1C16—1702A PROM memory

Keyswitches are available from Solid
State Systems, Inc., P.O. Box 617, Colum-
bia, MO 65201. Order type LM or LFW-LT,
with legends shown in Fig. 7.

Breadboarding socket is available
from Circuit Design, Inc., Box 24, Shel-
ton, CT 06484.

Power supplies are available from ...

The following kits are available from
Circuit Design, Inc., Box 24, Shelton, CT
06484. Phone 203-735-8774. All kits, ex-
cept MMD-1IC, MMD-1 PROM, and MMD-
1 RAM come complete with construction
details, experiments, and tutorial ma-
terial.

#MMD-1CBK— Etched,
PC board, keyboard parts and bread-
boarding socket. $125 postpaid.

#MMD-1K—Complete kit of parts includ-
ing 1702A PROM preprogrammed with
KEX software. $350 postpaid.

plated-through-

#MMD-1A—Completely assembled and
tested system. $500 postpaid

#MMD-1IC—Microprocessor IC set in-
cludes one 8080A CPU, one 8224
clock generator, two 8216 bus drivers,
two 8111-2 RAM memory, one 1702A
PROM preprogrammed with KEX. $100
postpaid.

#MMD-1 PROM-—Additional 256-word
PROM (1702A). $40 postpaid.

#MMD-1 RAM—Additional 256 words of
RAM (8111-2). $15 postpaid.

A user's group has already been
formed for the Dyna-Micro. Interested
people should contact:

Dr. Frank Settle, Jr.
Digital Directions
Box 1053
Lexington, VA 24450

(Input/Output) section. The sche-
matic diagram of the central processor
unit is shown in Fig. 1 and the 1/0 sec-
tion is shown in Fig. 2.

All the components of the Dyna-
Micro. including the keyboard, are con-
tained on a single 10” X 12” printed-
circuit board. A double-sided board is
used to minimize the number of jumper
wires necessary for construction.

The power supply should be con-
structed first. If an assembled supply is
purchased, it should be tested. The
power supply must be capable of pro-
viding +5 volts at 1.5 A, and =12 volts
at about 150 mA. The power supply
may be purchased from one of the
many suppliers or from a surplus
house. It should be ready before con-
struction proceeds since it will be used
to check the sections as we go along.

Mount the capacitors, resistor and
Zener diodes in the voltage regulator
section of the PC board. Be sure that
the binding posts are in the upper-left
corner when the board is in front of
you. The +12 volts is used only by the
3080A and the 8224 crystal clock 1C.
The —12 volts is used by the voltage
regulator circuitry to obtain the —5
volts for the 8080A chip and the —9
volts for the 1702A type PROM's.
After soldering in the parts, connect
the power supply and check for the
voltages at the power supply to be sure
that there aren’t any shorts. Check for
+12 volts at pin 28 of the 40-pin socket
and at pin-9 at ICS (both sockets will
not be soldered in at this time). You
can also check for —5 volts at pin 11 of
the 40-pin socket. The —9 volts will not
be present unless a PROM is in one of
the sockets. "

The clock circuit uses an Intel 8224
integrated circuit. This is a crystal
clock oscillator that provides the
proper MOS clock levels for the 8080
system. It also contains circuitry for a
TTL level clock (@2), RESET and

(Continued on page 74)
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. DYNA-MICRO
(continued from page 38)

constantly be fed to the bus. With these
two pins grounded, apply power and
depress the keys, one at a time. The
binary data for each keyswitch will be
indicated on the LED’s at all of the
output-ports simultaneously. Note that
the most significant bit, D7, will be on
whenever one of the keys is depressed.
This is often called a ‘flag’ since it is
used to flag down the computer and tell
it that one of the switches is ready with
data.

The lower-left reset (R) key will not
output any data since it is hardwired
to the 8224 clock chip. You can check
this key’s operation by testing the volt-
age at pin 1 of IC5, the 8224 clock
chip. It should normally be at about
zero volts and will rise to 3 volts when
the R key is depressed.

If all the keys operate correctly, peal
off the protective backings and apply
them to the tops of the keys.

After the power supply, voltage reg-
ulator, clock, LED display and key-
board sections have been tested, install
the remaining parts. Remember to add
the 0.01 uF decoupling capacitors. If

= ' I/M\\»%A N
<
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you are only going to be using 256
words of R/W memory, at least to
start, be sure that it is correctly in-
stalled in the locations allocated for
1C9 and IC10. If you have not alrcady
done so, obtain one of the 1702A
PROM’s with the Keyboard Executive
(KEX) software in it. Preprogrammed
PROM’s are available (see parts list)
and if you already have a 1702A
PROM, it may be programmed from
the listing provided. There are current-
ly a number of 1702A type PROM’s
available. These are the 4702A and
the 8702A. These are pin-for-pin
equivalents of the 17024, but their ac-
cess times are slower. The 1702A
PROM'’s or equivalents should have a
maximum access time of about 1.3 ms

~ to-work with the Dyna-Micro. If you |

purchase a “surplus” PROM, be sure
that these conditions are met.

The PROM containing the KEX
software must be placed in the loca-
tion allocated for IC15. It will not work
correctly if placed in the location for
IC16 since the addresses will be in-
correct.

Next month, the foil patterns, com-
ponent placement diagram, schematic
diagram of the monostable-LED cir-
cuit and the final check procedures will
be given. R-E

I __oversgoQ0
o unique tools,
handy kits,

precision
instruments,

technical
supplies.
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From the deep jungles of jumbled software, from the rivers of
mysterious circuits, he came. Mini-Micro Designer. He was
tough and smart. And he glowed with purpose. To teach the
people microcomputers. '

Learn from the leader in the modern electronics revolution.
E&L's Mini-Micro Designer (MMD-1) comes with a series of
educational “modules” that teach you how fo design and use
a microcomputer. And you get complete documentation and
full software support. MMD-1 features the 8O80OA central pro-
cessor chip, direct keyboard entry. of .
data/instructions, LED status indicators,
and all the apparatus needed to make
your first microcomputer. Novice or ex-
pert, MMD-1 gets you intfo action fast.
Put a revolutionary on your side. Send
for more information foday.

Over 24 years of service tothe world’s finest
craftsmen and technicians.

A carefully selected and tested assortment
of unique, hard-to-find tools, clever
gadgets, precision instruments, bargain
kits. One-stop shopping for the technician,
craftsman, hobbyist, lab specialist,
production supervisor. Many tools and
measuring instruments availabie nowhere
else. One of the most unusual and complete
tool catalogs anywhere. Get your copy of
the NC FLASHER today.

2\ National Camera
2000 West Union Ave., Dept.GBA

V Englewood, Colorado 80110

(303) 789-1893

Prices start at §125.00
in kit form.

CIRCUIT DESIGN, INC.

Division of E&L Instruments
P.O. Box 24
Shelton, Conn. 06484

Circle 28 on reader service card

Circle 29 on reader service card
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microcompufter

Complete with keyboard for data entry, LED readout of
the address and data, breadboard socket for
experimenting, 500-bytes of PROM, 500-bytes of RAM,
expandable to 65K and self-contained power supply

JOHN TITUS

LAST MONTH, PART-1 OF THIS ARTICLE
described the operation of the Dyna-
Micro and presented the schematic dia-
gram and construction details.

This month, the foil patterns and
component placement diagram are pre-
sented along with a description of how
to use the Dyna-Micro.

Final check

All integrated circuits should now be
in place, hopefully in sockets. Remove
the SOS0A IC and check for the correct
voltages at its socket. You should find
+5 volts at pin 20, +12 volts at pin 28
and —5 volts at pin 11. You should also
check the PROM for —9 volts at pins
16 and 24. A PROM must be in one of
the sockets for the —9 volts to be pres-
ent.

Turn on the power with all the IC’s
in place and check the power supply
voltages. They should be at their pre-
set levels of +35 and =12 volts. If these
are correct, your Dyna-Micro system
should be operational.

Depress the R key. The LED displays
should now indicate 003 (0000011) at
the HI and 000 (00000000) at the LO.
The ouTPUT PORT 2 LED’s may have
some random data present. If this
doesn't happen, remove the power and
carefully check your system. Things to
check for are solder bridges, cold sol-
der-joints, unsoldered IC pins and in-
correct IC orientation. Plated through
holes don’t have to be soldered unless
there is a component or other lcad
going through them. Also check for

25 volts and ground at all the ICs.

If the LED’s display the correct pat-
tern, depress and release the s key.

1

Each time that this key is pressed, the
LO address information should be in-
cremented by 1. If this doesn’t happen,
check the keyboard encoder section
and the 1/ O sections.

If the LED’s are operating correctly,
enter some data (0 through 7) from
the keyboard. The binary codes for
these keys will be entered in the Data-
Register (OUTPUT PORT 2) display in
the three least-significant bits. You will
note that as new data is entered, the old
data is shifted to the left where it fi-
nally disappears as more new data is
entered. The actual operation of the
KEX software to input and output data
will be discussed later. :

How to use the Dyna-Micro

The Keyboard Executive software is
the “heart” of the Dyna-Micro system.
It allows you to examine data or pro-
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PARTS LIST

R1, R2, R4, R5, R6—1000 ohms,
YaW, 10%

R3—2200 ohms, %4 W, 10%

R7-R30—220 ohms, ¥4 W, 10%

C1—33 uF/6.3V electrolytic

C2—5 wF/50V electrolytic

C3, C5-C14—0.01 uF disc ceramic

C4—3.3 uF/16V electrolytic

D1-D24—Small red LED (Hewlett-Packard
5082-4484, Monsanto MV5075B, or
equal.)

D25—1N751A, 5.1V Zener

D26—1N746, 3.3V Zener

IC1, 1C22, IC23—SN7404 Hex inverter

|C2, IC3, IC30—SN7400 Quad 2-input
NAND gate

|C4—SN74174—Quad type-D flip-flop

|C5—8224 Clock generator (Intel)

1C6, 1C7—8216 Bus driver (Intel)

1C8—8080A CPU (Intel) (Must be “A”
version)

1C9, 1IC10—8111-2 RAM memory (Intel)

I1C13, IC17—SN74LS05 Open-collector
hex inverter

IC14—SN74LS155 Dual 2-to-4 line
decoder

1C15—1702A PROM memory (Intel)

1C18—SN74L42 BCD to decimal converter

|C19—SN7402 Quad 2-input NOR gate

1C20, IC21—SN74L04 Hex inverter

1C24-1C29—SN7475 Bistable latch

1C31—DM8095 or SN74365 Buffer

1C32, IC33—SN74148 8-to-3 line priority
encoder

S1-S16—Keyswitches with legends

XTAL—6.750 MHz crystal, HC-18/U holder

Solderless breadboard—SK-10 IF18

Chassis—10” x 12” x 3” (Bud type
AC-413)

Misc.—Binding posts, IC sockets,
hardware

Optional IC’s for expanded memory

IC11, 1C12—8111-2 RAM memory

1C16—1702A PROM memory

Keyswitches are available from Solid
State Systems, Inc., P.O. Box 617, Colum-
bia, MO 65201. Order type LM or LFW-LT,
with legends shown in Fig. 7.

Breadboarding socket is available

from Circuit Design, Inc., Box 24, Shel-
ton, CT 06484.

The following kits are available from
Circuit Design, Inc., Box 24, Shelton, CT
06484. Phone 203-735-8774. All kits, ex-

¥
cept MMD-1IC, MMD-1 PROM, and MMD- i
1 RAM come complete with construction ;

details, experiments, and tutorial ma- ~
terial. ;

#MMD-1CBK—Etched, plated-through
PC board, keyboard parts and bread-
boarding socket. $125 postpaid.
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#MMD-1K—Complete kit of parts includ-
ing 1702A PROM preprogrammed with
KEX softwaresand power supply. $350
postpaid. ' -

#MMD-1A—Completely assembled and
tested system. $500 postpaid

#MMD-11C—Microprocessor IC set in-
cludes one 8080A CPU, one 8224
clock generator, two 8216 bus drivers,
two 8111-2 RAM memory, one 1702A
PROM preprogrammed with KEX. $100
postpaid.

#MMD-1 PROM—Additional 256-word
PROM (1702A). $40 postpaid.

#MMD-1 RAM—Additional 256 words of
RAM (8111-2). $15 postpaid.
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-and MMD-:
;gi';;’c:;f" ~gram steps and to change data or pro- To enter data, whether it will be used that this s function follows increasing
& gram steps stored in the R/W (read/ for new data or to address a memory memory locations, not the sequential
write) portion of the memory. We can location, simply depress the numbered  flow of a program.
:d-through also specify any address and start the keys as you would on a calculator. To change 'the contents in a R/W
:nd bread. i Program there. Data will be entered into the three memory location, simply load the ad-
said, 3 The data keyswitches are labeled least-significant right-most) LED’s and dress using the data input keys and the
i - 0-7. When any one of these keys are it will shift to the left as more data is H and L keys. The old data presently
is includ- B depressed, data is entered in the cor- entered. If a mistakt'a is made, Slrpply in the location will immediately appear
imed with [§ responding octal format. The H key re-enter the data. Mistakes are shifted on the data-register LED’s. Enter the
oply. $350 & designates the HI address and the L key out and lost. The data-register LED’s new data into the data register using the
B designates the LO address. The G repre- will display the data just entered from numeric keys and then enter it into the
E sents Go and s represents See and the keyboard and this may be used as R/W location by depressing the s key.
sled ang [ Store. Three keys are not used by the the HI address by depressing H, or it After s is depressed, the new data is
{ # KEX-—a, B and c. The R key will always may be used as the LO address by de- stored and the address is automatically
reset the computer and restart the KEX pressing L. These keys will transfer the incremented by one to address the next
' set jn. B Program. All manual data entry is data_to the proper LED display register memory location. The data from the
1e 8224 [ . through the keyboard in the basic and it will be used by the 8080A to ad- next location is now displayed on the
 drivers, Dyna-Micro system. dress a new memory location. data-register LED’s.
2 17024 Whenever you want to start the sys- Whenever a new HI or LO address is ~ The s key has two functions, both
ZX. $100 tem, depress keyswitch R. This will re- specified by depressing either the H or See and Store. How can we tell the dif-
set the KEX program and address L keys, the KEX program will always ference? If the data has changed we
the first location in the R/W section display the contents of the specified will store it and see the next location.
36-word of the memory. This is HI=003 and memory location on the data-register If the data hasn’t changed, it will be
LO=000. If you will only be using 256 LED’s. To examine the contents in the stored in the same location that it origi-
words of R/W memory to get started, next location, depress the s key. By de- nally came from and then the contents
ords of it must be in the locations allocated for pressing the s key again and again, we from the next memory location will be
IC9 and IC10. The KEX will not func- can examine the contents in sequential displayed. When we store old data back
—_— tion without R/W memory. memory locations. It should be noted to the same location, we can’t really see
)
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FIG. 5~COMPONENT PLACEMENT diagram. The board is shown divided into functional

sections.

any change, but this is exactly what the
KEX does. It displays data from a spe-
cific location, allows us to make
changes and then puts it back. If no
changes are made, the old data is re-
stored to its memory location.

Once a program is entered into the
computer through the keyboard, we
can start it by loading our starting ad-
dress and actuating the G key. This will
transfer control from the KEX soft-
ware to the program that we want to
run. Starting addresses are loaded in
the same way as previously described.
Starting addresses don’t have to be in
R/W memory, but can just as easily
be in PROM.

If your program starts at the first
location in R/W memory (003 000)
you can simply depress R followed by G.
We can do this because KEX always re-
sets the address back to this first R/W
location.

Keys labeled A, B and C are not used
by the KEX program. It should be re-
membered that the three LED output
ports and the keyboard are not hard-
wired for use with the KEX program
only. They are available for you to use

in your programs. All fifteen keys may
be used in any way you like, using soft-
ware.

" TABLE1—MEMORY =

Ly .i:,ALLOCATlOAN
HES. 0 0 B
000 54000 Y- & 5 e e
} KEY PROM =
000 7 arr Y En
001575000 Y0 o e,
R e } ~OPTIONAL PROM
001 - 377 A :
one s G 000»} OPTIONAL R/W
003 000

g } R/W MEMORY

003 a77
0942000 } AVAILABLE FOR

s77 a7 ] USEREXPANSION

How KEX operates

The keyboard Executive software is
contained in a single 1702A type
PROM in the location allocated for
IC15. This contains all the necessary

software to operate the keyboard and
the LED displays. This is our software
controlled “front panel”, since the keys
and LED’s perform functions deter-
mined by the KEX software.
Whenever the R key is depressed, the
8080A CPU will start to execute the
program that starts at location 0. Look-
ing at the software listing for the KEX
program (Table II), you will see that
immediately after starting at location
0, the software instructions cause the
computer to jump to location HI=000,
LO=070 (HI=000 throughout the
KEX program) where we start the pro-
gram by pointing to the first R/W
memory address (003 000.) The ad-§
dress and the data in that location are g
displayed on the three output ports.
This is done between POINTA and
POINTC in the program (see Table}
1I). The software between POINTCE
and POINTD will do the necessary &
tasks to input new data from the key- &
board and shift the data onto theff
LED’s. The shifting is done inside the >
8080A with software instructions. Do-
ing this by hardware would require
(continued on page 84) ‘
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FREQUENCY?

MEASURE IT ANYWHERE
To 60 MHz with the FM-7.

NLS proudly announces a NEW Frequency Meter.

With Rechargeable

Batteries & Charger Unit $1 95

Features Include:
e Portable, battery operated for measurement
anywhere! e 10 Hz to 60 MHz input with LED 7-
digit resolution. e High sensitivity: 30mV -50Hz
to 30 MHz (100 mV - 10 Hz to 60 MHz). ® Input
overload protection. ® Small, only 1. 9"Hx2.7"W
x4"D. ® High stability internal timebase. ® For
field application, servicing or production testing.
See your local distributor!

Distributor inquiries invited.

Non-Linear Systems, Ine.
Origil of the digital A

Box N, Del Mar, California 92014

Telephone (714) 755-1134 TWX 910-322-1132

Circle 72 on reader service card

BUILD A COMPUTER
(continued from page 44)

many more IC’s, but it takes relatively
few software steps.

The software routines at POINTD,
POINTE, POINTF and POINTG
make up what is called a command
decoder. The software decodes the key-
switches into real actions. Depressing

10-20pF

© 10K
‘Hl—q.———«/w——-olrsv
14 15
Y
1 zzoa\ LED
74123 4 +5V

2 16 8
E}f’v—o ‘~———w
+5V GND

PULSEINPUTSL b——0+5V

FIG. 6—MONOSTABLE-LED circuit is used
for check-out of the Dyna-Micro.

o1} 2|3
415|167
H G| S
R|A|B|C

FIG. 7—KEYBOARD LEGENDS are oriented
as shown.

H or L causes the data temporarily
stored in the 8080A as numeric key in-
puts to be output to either the HI or
LO set of LED’s. The s key causes the
current or new data to be put back into
the current memory location. Depres-
sing G causes the computer to use the
HI and LO address as the starting point
for a new program.

The TIMOUT and KBRD software
subroutines have specific tasks. The
TIMOUT will count its way through
various loops for about 10 milliseconds,
while the KBRD subroutine will input
a code from the keyboard. The KBRD
subroutine has some unique features
that illustrate an interesting hardware-
software tradeoff. The keyswitches
used in the Dyna-Micro are not bounce
free, so that when the switches are
opened or closed, they can often re-
make or re-break the contacts. This can
be confusing to the computer since it
can’t distinguish between a real switch
closure and a bounce. We don’t want

A user’s group has already been
formed for the Dyna-Micro. Interested
people should contact:

Dr. Frank Settle, Jr.
Digital Directions
Box 1053
Lexington, VA 24450

CASTLE Timesavers

... for the Professional

SUBBER"

TV signal circuit analysts

e Made in USA.

o
SUBBER 1 gy,

s 30

o, klep

—

‘Mark IV-COV

Castle products
— advanced technology
— modern styling

— and they work!

Ask your electronic distributor for
them . . . or write for more details.

CASTLE ELECTRONICS, INC.

5715 N. Western Ave., Chicago. Il 60645
e Ph. (312) 728-1800

Circle 73 on reader service card
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INDUSTRIES
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;Kléps a0 .

Kleps 20 “"\(‘Q\ g
. NN

Test probes designed by your needs — Push to seize, push %
to release (all Kleps spring loaded). . B
Kleps 10. Boathook clamp grips wires, lugs, terminals.
Accepts banana plug or bare wire lead. 434" long. §1.39
Kleps 20. Same, but 7” long. 1.49 :
Kleps 30. Completely flexible. Forked-tongue gripper. Ac- |
cepts banana plug or bare lead. 6” long. $1.79 .
Kleps 40. Completely flexible. 3-segment automatic collet °
firmly grips wire ends, PC-board terminals, connector- pins.
Accepts banana plug or plain wire. 6% long. $2.59
Kleps 1. Economy Kleps for light line work (not lab quality).
Meshing claws. 432/ long. $ .99
Pruf 10. Versatile test prod. Solder connection. Molded
phenolic. Doubles as scribing tool. “Bunch” pin fits banana
jack. Phone tip. 5%2”" long. $ .89
Allin red or black - specify. (Add 50¢ postage and handling).
Write for complete catalog of - test probes, plugs, sockets,
connec\g/rs, earphones, headsets, miniature components.
Available through your local

p!v'e distributor, or write to:
Proc cniv=y

RYE INDUSTRIE

128 Spencer Place, Mamaroneck, N.Y. 10543
In Canada: Rye Industries (Canada) Ltd.

eps 1

K

Prut 10

Circle 82 on reader service card

S INC.

A A

£y e~

A~ =

_ A A e s Pt R A e

™ N n

r

—

' Mo lA A

an
th.
ke
thi



il

D A i At AR 2 BRI S 1

offices.

The clock circuit uses an Intel 8224
integrated circuit. This is a crystal
clock oscillator that provides the
proper MOS clock levels for the 8080
system. It also contains circuitry for a
TTL level clock (§2), RESET and
READY inputs. Construction of the clock
circuit begins by inserting components
R1, R2, the 6.75 MHz crystal, IC5 and
the jumper. Good quality IC sockets
are recommended for all the integrated
circuits.

After inserting and soldering the
parts, the clock section should be
checked. To do this, apply power and
check for voltages on the 8224 chip.
You should observe +5 at pin 16, +12
at pin 9 and ground at pin 8. Clock
operation can be checked at pins 10
and 11. These are the MOS level out-
puts that swing between +12V and
ground. The signals can be observed
"with a good scope. The TTL output on
pin 6 can also be checked with a scope
or with a monostable-LED circuit. The
monostable circuit can be constructed
on the SK-10 socket before it is added
to the system.

With the 6.75-MHz crystal, the out-
put frequency will be 750 kHz. This is
slower than the maximum 2-MHz fre-
quency that the 8080A will operate at,
but a slow frequency was chosen to
allow for slow access times of the
PROM’s.

The output ports are constructed
next by inserting and soldering all the
LED’s (D1 through D24). Be sure to
observe the polarity as shown by the
symbol near D1. Add all the 220-ohm
resistors (R7 through R30) and insert
,the SN7475 latches. Be careful to
orient the IC’s in their sockets. The foil
pattern has a small mark near pin 1 for
all the IC’s.

WE GOOFED

WE SURE DID! Last month we ran the first part of this construction article on
the Dyna-Micro and we erred. It seems that one or more gremlins (little green
people) found their way into our editorial offices and stole—that’s right, stole—
74 lines of text from the article. The text was stolen between the last paragraph
on page 36 and the opening paragraph on page 74. To correct this evil crime,
we are reprinting the two paragraphs in italics along with the missing text. To
prevent this from happening again, we have tightened security around our

With the latches and parts installed
and ‘soldered, apply power to the sys-
tem. All of the LED’s should light. If
any are not on, check the associated
SN 7475 latch. With power still applied,
ground the input pins to the latches,
one at a time. Since all the inputs are
on eight common data bus-lines, only
eight inputs must be grounded to check
all the LED’s and latches. Ground pins
2, 3, 6 and 7 on IC24 and IC25. One
of the LED’s in each group of eight
should go out, one at a time. If this
doesn’t happen, again check the
SN7475’s.

The keyboard section consists of 16
keyswitches—15 are used to input data
and one is hardwired to the 8224 chip
to reset the Dyna-Micro. The key-
switch closures are encoded by two
SN74148 octal encoders and the en-
coded binary data is gated onto the bus
through a three-state DMB8095 or
SN74365 IC.

Insert and carefully solder the key-
switches to the printed-circuit board
and then insert the four integrated cir-
cuits, IC30 through IC33.

The keyboard section is tested by
monitoring the data on the LED’s.
Carefully ground pins 1 and 15 on the
three-state driver, IC31. This will cause
data from the keyswitch encoders to
constantly be fed to the bus. With these
two pins grounded, apply power and
depress the keys, one at a time. The
binary data for each keyswitch will be
indicated on the LED’s at all of the
output-ports simultaneously. Note that
the most significant bit, D7, will be on
whenever one of the keys is depressed.
This is often called a ‘flag’ since it is
used to flag down the computer and tell
it that one of the switches is ready with
data.

the computer to sense each bounce as a
key closure so we would like some way
to filter them out. Additional circuitry
including latches, clocks and mono-
stables could do this for us, but it com-
plicates the system. We can also do the
debouncing via software.

The KBRD subroutine will recognize
any key closure, but it will only input
the key codes after being sure that the
key is closed and not bouncing. It does
this by waiting after sensing a closure

and then rechecking the switch to be
sure it is still closed. It also checks when
we release a key to be sure that it has
stopped bouncing before it tries to
sense another key being depressed by
the user. We have traded some addi-
tional software steps for a great deal of
hardware. Since there was plenty of
PROM left, it was easy to include.
The TIMOUT and KBRD software
(Table 11 is on page 86)
(Text continues on page 90)

SITUATION

Not all 2-way radios warn
about Smokies taking pic-
tures.

Professional FM two-way
radios—the most important
ones—are for bringing help
fast in life or death emer-
gencies. And if you've had
some serious electronics ex-
perience you just might fit
into this important, expand-
ing field.

MTl is the only home study
school that deals exclusively
with service and repair of
professional two-way radios.

Think you’re good enough
to become part of it all? Drop
us a line to find out.

Please send me more information.

m a former MTI student.
m presently in the military.
m a veteran. T3

MTI

Formerly N
MOTOROLA TRAINING §
INSTITUTE

College Hill Road

Summerdale, PA 17093
(717) 732-3636

Circle 75 on reader service card
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INTERNATIONAL FM 2400CH

FREQUENCY METER

for testing
mobile
fransmiters

u Tests Predetermined
Frequencies
25 to 1000 MHz

= Extended Range Covers
950 MHz Band

= Pin Diode Attenuator for
Full Range Coverage
as Signal Generator

u Measures FM Deviation

The FM-2400CH provides an accurate frequency
standard for testing and adjustment of mobile
transmitters and receivers at predetermined
frequencies.

The FM-2400CH with its extended range covers
25 to 1000 MHz. The frequencies can be those
of the radio frequency channels of operation
and/or the intermediate frequencies of the re-
ceiver between 5 MHz and 40 MHz.

Frequency Stability: +.0005% from+50°to +104°F.

Frequency stability with built-in thermometer
and temperature corrected charts: = .00025% from
+25° to +125° (.000125% special 450 MHz crystals
available).

Self-contained in small portable case. Complete
solid state circuitry. Rechargeable batteries.

FM-2400CH (meteronly) ..........ooovinan $595.00
‘RF crystals (with temperature correction) . 24.00 ea.
RF crystals (less temperature correction) . 18.00 ea.
IFcrystals . ...t catalog price

International Crystal Manufacturing Company, Inc.
10 North Lee. Oklahoma City, Oklahoma 73102
Circle 76 on reader service card

and receivers

BUILD A COMPUTER

Text continues on page 90

TABLE II-KEYBOARD EXECUTIVE.(KEX) PROGRAM

000
000
000

000
000
000

000
000
000

000
000
000

000
000
000

000
000
000

000
000
000

000

000
000
000

000
000
000

000
000
000
000

000
000
000

000
000
000

000
000
000
000
000

000

000
000
000
000

000
001
002

010
011
012

020
021
022

030
032

040
041
042

050
051
052

060
061
062

070

071
072
073

074
075
076

o077
100
101
102

103
104
105

106
107
110

111
112
113
114
115

116

117
120
121
122

303
070
000

303
010
003

303
020
003

303
030
003

303
040
003

303
050
003

303
060
003

061

000
004
041

000
003
116

174
323
001
175

323
000
171

323
002
315

315
000
376
010
322

134

000
107

027

START,

POINT A,

POINT B,

POINT C,

*000 000
JMP
START

0

/JUMP UP TO R/W MEMORY TO
BE USED BY RESTARTS &
VECTORED INTERRUPTS

*000 010
JMP
010
003
*000 020
JMP
020
003
*000 030
JMP

003
*000 J50
JMP
050
003
*000 060
JMP
060
003

/BEGINNING OF MAIN PROGRAM

*000 070

LXISP  /SET STACK POINTER
TO TOP OF R/W MEM.

000

004

LXIH  /INITIAL VALUE FOR
H&L

000

003

MOVCM  /LOAD MEM DATA INTO
TEMP DATA BUFFER

MOVAH /OUTPUTHI TOLED'S

OUT

001

MOVAL  /OUTPUT LOW TO
LED'S

OUT

000

MOVAC  /OUTPUT TEMP. DATA
BUFFER DATA TO
LED'S

OUT

002

CALL  /WAIT & INPUT NEXT
KEY CLOSURE

KBRD

0

CPI

010 -

JNC /JUMP IF KEY WAS <
010

POINT D /(0-7, OCTAL
DIGIT)

o

MOVBA  /SAVE KEY CODE

MOVAC  /GET OLD VALUE

RAL /ROTATE 3 TIMES

00c
00¢
00(

00(
00

00

OO'

00t




000
000

000
000

000

000
000
000
000
000
000
000
000
000

000
000
000
000
000
000
000
000
000

000
000
000
000
000
000
000
000
000

000

000
000
000
000
000
000
000
000

000
000

000
000
000
000

000

000
000
000
000
000
000

000

et

123
124
125

126

127.

130

131
132
133
134
135
136
137
140
141

142

277
300

027
027
346

370
260

117

303
105
000
376
011
302
145
000
151

303
076
000
376
010
302
156
000
141

303
076

376
013
302
170
000
161

043
303
076

376
012
302
110
000
351

365
325

021
046
001
033

172

263
302
304
000
321
361

311

POINT D,

POINT E,

POINT F,

POINT G,

TIMOUT,

MORE,

RAL

RAL

ANT /MASK OUT LEAST
SIG. OCTAL DIGIT

370

ORAB  /OR IN NEW OCTAL
DIGIT

MOVCA  /PUT NEW DATA
BACK INTO BUFFER

JMP

POINT B

0

CPI

011 /"L" KEY

JNZ /JUMP IF NOT AN "L"

POINT E

0

MOVLC  /PUT BUFFER DATA
IN L

JMP

POINT A

0

CPI

010 /"H" KEY

JNZ /JUMP IF NOT AN "H"

POINT F

0

MOVHC  /PUT BUFFER DATA
IN H

JMP

POINT A

0

CPI

013 /"S" KEY

JNZ /JUMP IF NOT "S"

POINT G

0

MOVMC  /PUT TEMP. DATA
INTO MEMORY

INHX  /INCREMENT H & L

JMP

POINT A

0

CPI

012 /"G" KEY

JNZ /JUMP IF NOT "G"

POINT C

0

PCHL /GO EXECUTE PGM

POINTED TO BY
H&L

/THIS 10 MSEC DELAY
DISTURBS NO REGISTERS OR
FLAG

*Q00 277
PUSHPSW /SAVE REGISTERS
PUSHD

LXID /LOAD D & E WITH
VALUE TO BE
DECREMENTED

046

001

DCXD /JUMP IN THIS
LOOP UNTIL

MOVAD /D & E ARE BOTH
ZERO

ORAE

JNZ

MORE

0

POPD

POPPSW /RESTORE

: REGISTERS

RET

/THE KBRD ROUTINE
DEBOUNCES KEY CLOSURES
/AND TRANSLATES KEY CODES

Table 11 continues on page 89 (text continues on page 90)

MarkTen Electronic
Ignitions put
lightning under

=i

MAR

PCHALGE \'AN" N

It's like having a bolt of lightning under the hood of your
car when you feelit burst into action. And that’s not all you'll
feel with one of Delta’s threé HOT, HOT ignition systems.
You'll feel the contentment of kriowing your car will start
INSTANTLY no matter how hot or cold the weather,
the relief of fast, safe entry onto teaming freeways with
POWERFUL ACCELERATION, and the satisfaction of
pocketing all that money you'll save, not only from
INCREASED GAS MILEAGE, but from all the TUNE-UPS
you can forget about (at least 2 out of 3). And that's just
for starters. Send today for free, color brochure jam-packed
with helpful facts on how Delta’s Mark Ten, Mark Ten B and
Mark Ten C Capacitive Discharge Electronic Ignitions can
help make driving a better experience for you.

r—l want to know more about Mark Ten CDI's Send me complete no-

nonsense information on how they can improve the performance of my car.

l

[ Name -

I Address |
| City State Zip |
| DELTA PRODUGTS, IN |
| ’ [: |
I P.O. Box 1147, Grand Junction, Colo. 81501 |
L (803) 242-9000  Dept. RE _I
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.BUILD A COMPUTER
(continued from page 87)

segments have been set up as subrou-
tines and can be used in your software
and in the experiments. Each of these
subroutines may be started with a
CALL instruction, 315. The TIMOUT
subroutine does not affect any of the
registers or flags and it only serves to
delay the software flow by 10 ms.

An important distinction between
the 8008 and the 8080 processors is in
the use of subroutines. In the 8008, re-
turn-pointer addresses were stored in
the 8008 IC itself. In the 8080, these
return-pointer addresses are stored in
a portion of the R/W memory. This is
called a “stack’ area. Whenever a sub-
routine is used, we want to execute the
subroutine and then return back to the
normal program flow. These return ad-
dresses are very important to the com-
puter since they provide the only link
between the subroutine and the main
program. If we are to store them in a
portion of R/W memory, the computer
must know where this storage area is if
it is to be able to use the addresses
properly. In the KEX software, this is
preset to be the top of the R/W mem-
ory with instructions at locations 070,
071 and 072. The LXISP instruction

loads an internal 8080 stack-pointer
register to HI=004, LO=000. Since
the stack-pointer register is decre-
mented to point to a new location be-
fore anything is stored, the first stack
location will be HI=003, LO=377.
Check your 16” bit binary numbers if
this looks a little confusing.

You can use the stack as set up by
the KEX (generally a good idea) or
you can put your own stack anywhere
you want, just by using the LXISP in-
struction. Remember to avoid the stack
area when writing your programs. Re-
member, too, that you can’t put the
stack in an area of non-existent mem-
ory or in PROM.

You will use the stack area and you’ll
see how it can also be used to temporar-
ily store data. This will be covered in

the software modules. Let's see how
the TIMOUT and KBRD subroutines
can be used in our own software. We
will use the software stack already set
up in KEX.

Let’s input a keyboard character,
add a constant to the binary code for
that character and display the result.
We would first CALL the KRBD subrou-
tine to input a binary key-code, then
add the constant and display the result.
The software listed in Table III will do
this:

You can enter this with the KEX
program. Depress the R key and start
entering data. Enter 000 at location
003 004 so we'll first add zero to the
codes. This will let us check what val-

-ues are assigned to each key. Write
down the codes. Go back and restart

TABLE Il
HI LO INSTR MNEMONIC
003 000 315 CALL /Input keyboard character
003 001 315 KBRD /Subroutine’s LO address
003 002 000 0 /Subroutine’s Hl address
003 003 306 ADI /Add the following DATA to
003 004 ??2? DATA /the contents of register A
003 005 323 ouT /Output data from register A to
003 006 000 000 /device 000 (LEDs)
003 007 303 JMP /Jump back to program at
003 010 000 000 /LO address = 000
003 011 003 003 /HIl address = 003

r__-_-_-_ ge Qi i Rucaan |

New RCA DATABOOKS
now in two volumes.

power transistors,
rf/microwave
devices, thyristors
(SCRs, triacs),
silicon rectifiers,
high-reliability
types.

M

linear types,
MOS/FETs,
C0S/MOS digital
types, high-reli-
ability types,
memories . micro-
processors.

Easier to use. One book for Integrated Circuits. One
for Power Devices. Selection charts and cross ref-
erence guides. All in a more compact format.

and microprocessors. New COS/MOS B Series types.
New low price. The introductory price is $10.00 per set.
Postage & handling included.

Enclosed isa __ check,
pany PO for

___money order, _com-
set (s) of the new RCA DATABOOKS.

. NAME

COMPANY TITLE

ADDRESS

CITY STATE Al

MY DISTRIBUTORIS:

RCA Solid State
Box 3200 Somerville, NJ 08876

I More information. More devices, including memories

L---—_-_---_

BG']U battery-operated, fits in shirt pocket!

No AC plug in . .. automatic on & off with LED indica-
tor . . . fast, easy hook-up with coaxial cable.. .. all
essential patterns... e Low power consumption for ex-
tended battery life (Uses inexpensive 9 volt bat-
teries) ® Shuts off when not in use e Enclosed RF
cable compartment e Size: 5 1/2"” x 3" x 1 1/8". Only
12 ounces ® TV station type sync signals ¢ CMOS LSI
IC for all counting functions . . . no internal adjust-
ments ® RF outputon Ch. 3, 4 or 5. .

BG-10 (less battery) ...............ccu.... $89.50
CC-1 CarryingPouch . ........ .. ... . ... $.2.95

5810 N. Western Ave.,
Chicago, lllinois 60659
(312) 769-6262

See your distributor or write
‘ . LECTROTECH,INC.
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TABLE IV
Assume HI = 003 throughout this program
LO INSTR MNEMONIC
000 006 MVIB /Load register B with the following data
001 370 370 /Data; time constant
002 315 CALL /Call TIMOUT subroutine at
003 277 277 /LO address = 277
004 000 000 /HI address = 000
005 005 DECB /Decrement B by 1
006 302 JINZ /Jump if result is not zero to ; G
007 002 002 /LO address = 002
010 003 003 /HI address = 003 save on gas!
011 076 MVIA /Load register A with the following data /
012 377 377 /Data; all 1's save on tune-ups,
013 323 ouT /Output to device, .
014 000 000 /device 000 (LED’s) save on maintenance!
015 166 HLT /Stop once you reach here
Electronic ignition is “IN"”l So says

Detroit.
KEX and change the value in 003 004
' to, say, 005. This will add 5 to each
code. Restart your software and see if
this is the case. Congratulations, you
have just done your first software ex-
periment! The instructions at 003 003

program is started. Try it. Can you see
how the time delay might be shortened?
Can you see any use for programs like
this?

The keyboard

Update your car with either a TIGER
CD or a TIGER | breakerless system.

Enjoy the benefits of better gas mileage,
quicker starting, elimination of tune-ups,
50,000 miles on points and plugs, and

input Subroutine, reduced maintenance expenses.

KBRD, is called at address 000 315 and

TIGER MAX CD  $69.95
and 003 004 could be changed to do  the time delay subroutine, TIMOUT, _Tr:ggg 222_ ‘ég ig-gg
other things to the data. Can you sug- is called at address 000 277. SIMPLIKIT CD 31.95
gest one? Next month, this construction article con- TIGER 45.95

The 10 ms delay routine, TIMOUT,
can be useful when we want a software
delay that is in multiples of 10 ms. The
software routine listed in Table IV will
delay an output of all I's on ouTPUT
PORT O by about 2.5 seconds after the

cludes with a description of the 8080A
microprocessor and how the Dyna-Micro
works. This will include an explanation
of how the memory is accessed and how
the Dyna-Micro selects input/output de-
vices via software. R-E

Postpaid U.S.A. only.

Tri-Star Corporation

Dept. WW, P.O. Box 1727
Grand Junction, Colorado 81501

Circle 84 on reader service card

IS A

SPHERE

. Play E:omp iter games.

e Play word and math games.

Balance your check book. :
Complete payroll, financial statements. -

® Solve research assignments.
ile valuable magazine articles, etc.
Learn computer theory and operations.

FLEXIBLE ® EXPANDABLE ® VERSATILE |,
A SYSTEM FOR EVERY POCKETBOOK,’

=PHEHE

CORPORATION

P.O. BOX 213 BOUNTIRUL. UTAH 84010

Write for complete information

COMPUTER SYSTEM

Circle 83 on reader service card

Accuracy like a VTVM...
‘Convenience

NEW BATTERY-0

SOLID-STATE VOLT-OHMMETER =116

Easy-to-build KIT

$36.90 _116x

PERATED FET

Factory-Wired & Tested ,

$49.9° _ 16w

Now you can get all the benefits of a
VTVM (laboratory accuracy, stability and
wide range) but with its drawbacks gone:
no plugging into an AC outlet, no waiting
for warm-up, no bulkiness. New Field
Effect Transistor (FET) design makes
possible low loading, instant-on battery-
operation and small size. Excellent for
both bench and field work.

Compare these valuable features:

e High impedance low loading: 11 meg-
ohms input o DC, 1 megohm on AC e
500-times more sensitive than a standard
20,000 ohms-per-volt VOM e Wide-range
versatility: 4 P-P AC voltage ranges: 0-3.3,
33, 330, 1200V; 4 RMS AC voltage ranges:
0-1.2,12, 120, 1200V; 4 DC voltage ranges:
0-1.2,12, 120, 1200V; 4 Resistance ranges:
0-1K, 0-100K, 0-10 meg., 0-1000 meg.;
4DB ranges: —24. to -+56DB.

Sensitive easy-to-read 412’’ 200 micro-
amp meter. Zero center position avail-
able. Comprises FET transistor, 4 silicon
transistors, 2 diodes. Meter and tran-
sistors protected against burnout. Etched
fanel for durability. High-impact bake-
ite case with handle useable as instru-
ment stand. Kit has simplified step-by-
step assembly instructions. Both kit and
factory-wired versions shipped complete

with -batteries and test leads. 5Y4"H x

634"'W x 278"'D. 3 Ibs.

Send FREE catalog of complete EMC line
and name of nearest distributor.

ddress.

ame
i

City.

N
A
S

tate.

Zip.

EMC

"~ ELECTRONIC MEASUREMENTS CORP.

625 Broadway, New:York, N.Y. 10012 °
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The first two parts of this article (May
and June, 1976) described the Dyna-
Micro and presented the construction
details.

This third and concluding part of the
article discusses thc S8080A and de-
scribes how the Dyna-Micro works.

The 8080A microprocessor

The 8080A microprocessor is an
cight-bit parallel central processing
unit (CPU). Unlike the earlier 8008
and 8008-1, the 8080A is a more pow-
erful, easy to use device. The 3008 was
an 18-pin device and many things were
multiplexed on the same bus. The
8080A is a 40 pin package that offers
many advantages over the carlier de-
vices:

e A simplified bus that has separate
address (16 bits) and data (8 bits)
buses.

e Three state and TTL compatible
buses.

e Simplificd control.

o Improved interrupt and stack.

e More instructions.

While the power and clock require-
ments for the 8080A arc more complex
than for the 8008, they are casily met.

How the Dyna-Micro works

The Dyna-Micro uses the same basic
computer functions found in most
other computers, large or small. These
are:
e Central processing unit (CPU)

o Memory (R/W and PROM)
e Control Logic

o Input/Output Control

e Clock and power supplics

The SOS0A has 24 output-lines, 16
of which are used for address informa-
tion and cight of which arc a bi-direc-
tional data bus taking data to and from
the CPU. The data flow on the data bus
is controlled by the pBIN (Data Bus IN)
signal from the 8080A chip on pin 17.
Two bus buffers, Intel type 8216, arc
used to boost or bufler the data bus
outputs and to protect the 8080A’s in-
puts. The pBIN signal switches the 8216
- IC’s for either input or output of data
on the bus.

The system’s operation is controlled
by signals from thc 8030A at various
times as synchronized by the clock fre-
quency. An Intel 8224 clock chip with
a 6.75-MHz crystal is used to provide
the 750-kHz MOS clock levels to the
S8080A. These clocks are slightly out of
phase and do not overlap. While the
80S0A chip can operate at frequencies
up to 2 MHz, the Dyna-Micro’s clock

il an 8080
picrocompunter

has been set to 750 kHz so that it will
work with the relatively slow 1702A
type PROM’s. You can increase the
speed of the Dyna-Micro by using a
higher-frequency crystal. The 8224
chip divides the crystal’s frequency by
nine, so an 18 MHz crystal will give the
2 MHz output needed for the highest
operating speed.

The clock chip also synchronizes the

READY input with the clock so that sys-
tem can slow down for slow memories
and 1/0 devices. The RESET input from
the R key is also input to the 8224 1C
where it, too, is synchronized to the
clock and output to reset the 8080A.*

The S080A’s data bus will also con-
tain some STATUS information that is
used by the control logic section to syn-
chronize its control operations. The
sTATUs information is output and is
available when the syNc signal is out-
put from the 8080A. The 8224 clock
IC gates the syNc pulse from the
S080A with the main system clock to
provide a very short STSTB (Status
Strobe) signal that ‘catches’ the status
information in the SN74174 latch. The
status information indicates data out-
put, data input, halt condition, memory
rcad, memory write and a special con-
dition that signals the start of the next
instruction, M1. Four of these status
signals are gated with other system sig-
nals to provide the IN; OUT, Mw and MR
signals used throughout the Dyna-
Micro. These signals are used as indi-
cated below:

e TN and oUT—used to synchronize
data flow to (IN) and from (OUT)
the 80SOA CPU. They are used with
external devices for data transfer.

e MR and MW—uscd to indicate to the
memory that the computer is exe-
cuting a Memory Read or a Memory
Write.

e TNTA—indicates that the computer
has acknowledged an interrupt.

e uALT and ML—latched and provided
for the user. These are not used in
the Dyna-Micro, but arc described in
the experiment modules and are
available for your use.

When the 8080A addresses memory,
one and only one address must be spec-
ificd on the 16-bit address lines. Since
the 1702A and the 8111-2 memorics
only have eight lines to address their
256 locations, the remaining eight lines
must be used to select one and only one

“For more information about these signals
and IC’s, see the 8080 Microcomputer System
User's Manual, Sept. 1975 from Intel Corp.,
3065G Bowers Ave., Santa Clara, CA 95051.

of the memory blocks. We can select
from two blocks of PROM, two blocks
of R/W or possibly no blocks on the
Dyna-Micro if we have expapded the
memory off the PC board.

Address lines AO through A7 are ap-
plied directly to the memory IC’s on
the Dyna-Micro card. Address lines
A10 through A15 are gated in a six in-
put NOR gate IC13. When this gate’s
output is a logic 1, it indicates that we
are selecting one memory location
within the first 1024 locations. Address
lines A10—A15 are equal to logic O.
This would be one of the locations in
either R/W or PROM, since these are
located within the first 1024 locations.
If the NOR gate produces a logic 0, at
lcast one of the address inputs (A10-
A15) must be at a logic 1, indicating
that we are now addressing memory
outside the blocks on the Dyna-Micro.
Address bits A8 and A9 and the mem-
ory read signal (MR) are gated to-
gether in an SN74LS155 decoder to
sclect the proper block of the four pos-
sible on the Dyna-Micro card. The
8111-2 memories input the memory
read and memory write signals to con-
trol the flow of data from and to the
CPU. The 1702A PROM has only a
chip-select input, so the memory read
synchronizing signal is used in the
SN74LS155 to gate data from the
1702 A onto the bus at the correct time.
Table V shows the memory selection.

TABLE V—MEMORY SELECTION
NOR

Output A9 A8 MR  Memory
0 X X X NONE
1 0 0 0 PROM 0
1 0 1 0 PROM 1
1 0 0 1 NONE
1 0 1 1 NONE
1 1 0 X R/W 2*
1 1 1 X R/W 3*

*MR and MW applied independently
to the 8111-2 chips.

X — Don’t care condition, logic 0 or
logic 1.

Data flows to and from the memory
on the bidirectional data bus and the
16-bit address bus specifies each loca-
tion. This address bus is also used to
help control the flow of data to and
from external devices. The eight least-
significant or LO address bits can spec-.
ify one of 256 possible peripheral de-
vices. The address bits are decoded in,

(continued on page 85).




BUILD A COMPUTER
(continued from page 48)

the Dyna-Micro to select one of four
possible onboard devices. These are the
three groups of LED’s and the key-
board. Address bits A3—A7 are all
gated together in IC17, an OR gate
made from a series of open-collector
inverters in an SN74LS05 chip. If the
8-bit LO address specifies a value

TABLE VI-ON-BOARD 1/0
DEVICE DECODER
OR
Gate A2 A1 A0 Device
1 X X X NONE
0 0O 0 0 LEDPort,
Keyboard
0 0 O 1 LEDPortt
0 0 -1 0 _LEDPort2
o o 1 1
0o 1 0 O
0o 1 0 1 \“Available for user
0 1 1 0
o 1 1 1
X — Don’t care condition. Can be
either a logic 1 or a logic 0.

greater than seven, the OR gate’s output
becomes a logic 1. Address bits AO—A2
are used in IC18, an SN74L42 decoder
chip to provide a one-out-of-eight code
for devices 0 to 7. The OR gate’s output
is used to enable the decoder for the de-
vice coded 0—7, but to disable it for
other codes. The decoding scehme is
shown in Table VL.

You will notice that device-code O
selects both the LED PORT 0 and INPUT
porT O (the keyboard.) How can the
computer output and input data at the
same time. It can’t, and some means
must be used to distinguish between
them. The Control Logic section out-
puts two control signals, IN and oUT
that indicate whether data will be input
to the CPU or output to an external de-
vice. Both signals are exclusive, never
taking place at the same time. The
pulses are generated by the 8080A and
the Control Logic section under control
of the software. Only when we execute
all 1/0 type instruction will either of
these signals be generated. The device
codes for the SN7475 latches are gated
with the ouT signal in IC19, and the IN
signal is gated with the keyboard device
code in the DMB8095 buffer chip as-
sociated with the keyboard, IC31. Data
is input or output only when we have a
valid device code and the presence of
either the IN or OUT signals. R-E

RedCross.
The Good
Neighbor.

SUPER SIGNAL SOURCE!

SSTHEPTHELECTRONIX FUNCTION GENERAT

L-15 PULSE-SWEEP FUNCTION GENERATOR

$
55 Kl? 75ASSEMB LED (+$2.00 p&H)

FOR: Designers, Service Techs, anyone
working with electronics!

FEATURES: 1THz to 100KHz in 5 ranges, at
constant amplitude « Sine and triangle ad-
justable to 20vp-p into 600 ohms * Sine
distortion is .5% typical * Voltage control-
led sweep of sine and triangle waves * TTL
square wave has a fully adjustable pulse
and drives 600 ohms « Frequencies of
lower than 1Hz and greater than 100KHz
are obtainable ¢ short proof and guaran-
teed for 1 full year « Small, only 3" H x
6%'" W x 4'" D « State-of-the-art design!

DEALER INQUIRIES INVITED
HELECTRONIX

8100 St. Clair Ave.
N. Hollywood, CA 91605

(213) 767-5624
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MATHEMATICS
ELECTRONICS

ENGINEERING MATHEMATICS
ADVANCED MATHEMATICS

electronic engineering.

appreciate them!

it!

strings attached.

your outline of courses.

thing to gain!

The INDIANA

P.0.BOX 1189
PANAMA CITY, FLA 32401

These unusual courses are the result of
many years of study and thought by the
President of Indiana Home Study, who
has personally lectured in the classroom
to thousands of men, from all walks of
life, on mathematics, and electrical and

You will have to see the lessons to

NOW you can master mathematics
and electronics and actually enjoy doing

WE ARE THIS SURE:—you order
your lessons on a money-back guarantee.
Tn plain language, if you aren’t satis-
fied you don’t pay, and there are no

Write today for more information and

You have nothing to lose, and every-

HOME STUDY INSTITUTE
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Model AT6003 TRI-CAPSULE $9.95

When we designed our cartridge
holder, it wasn't uncommon for an
enthusiast to have several car-
tridges. Perhaps one for stereo,one
for four-channel, and maybe an
old favorite for special records.

But with our new UNIVERSAL car-
tridges, this handy little idea may
well be doomed. Because one
UNIVERSAL cartridge is just fine,
thank you, for both stereo and four-

]

UNIVERSAL

BEST FOR 1/2/4 CHANNEL

Our neat little cartridge
holder...it was a great

idea in its time.

channel. New records and old.

If you’re from the old school, ask
one of our dealers to show you our
holder. It can protect as many as
three cartridges in their shells,
while you play a fourth. But then
ask to hear one of our UNIVERSAL
models. There are four to choose
from. And any one of them may be
all you'll need to own for every
record in your library.

audio—technica,

INNOVATION o PRECISION o INTEGRITY

AUDIO-TECHNICA U.S.,INC., Dept. 76E, 33 Shiawassee Ave., Fairlawn, Ohio 44313
Avalilable in Canada from Superior Electronics, Inc.
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