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The microprocessor integrated circuit is
the real engine for your system. Now you
can replace that old engine with a real power
house, the new Z-80 (the Z-80 was de-
scribed in Burt Hashizume's Microprocessor
Update on page 34 of  August  1976 BYTE).
After init ially reading about this integrated
ci rcui t  in  ear ly '76,  I  just  had to get  one to
see how many of  the b lurbs were t rue ( l  g ive
safes advertisements a 1% credibil i ty on the
first pass).

Aside from a few typos, promised sup-
port chips that didn't show, and several
mistakes in the software documentation, it
was fabulous. The software flexibil i ty added
by this chip was a great addition to the
80801650216800 Digital Group stable. The
relative branch was very helpful for machine
language programming, and the abil ity to
test, set, and clear individual bits in a byte
has opened a new world of control applica-
tions. I saw a 2oo/o savings in memory
requirements even though I was sti l l  new to
much of the Z-80's special software.

The Z-80's hardware made good sense
too. Getting rid of the 18 MHz crystal
requirement of the 822418080 system and
using a 2.5 MHz crystal with a simple single
phase TTL clock made me happy. The
interrupt and DMA system has some neat
features. Sure gonna be hard to justify using
the old 8080/6502 or 6800 CPU boards any
more, thought l, as I set out to design the
circuit for Z-80s.

The circuit for Z-80s presented in this
article is the actual wiring used in the Digital
Group's Z-80 processor card. Not too un-
believably, we would just love to sell you the
whole system. The c i rcu i t  is  being publ ished
in complete detail for your information,
whether you choose to purchase it as part of
your system, or use it as a starting point for
your own custom design. The systems ap-

proach to microprocessors which I described
in the June 1976 BYTE [poge 321 is
reflected in the design of this central pro-
cessor circu it.

This  Z-80 c i rcu i t  is  shown in f igures 1 and
2. ln figure 1 you'l l f ind the central pro-
cessor integrated circuit (1C43, a Z-80 made
by Zilog or second source Mostek), and
miscel laneous dr ivers,  decoders and gates.  In
figure 2 you'l l f ind the wiring of 2 K bytes
of programmable memory along with a 256
byte 17O2A erasable read only memory
which can be used to store the bootstrap
programs for your system.

Ful l  d i rect  memory access (DMA) is  used
in th is  design.  What 's  DMA to you? Wel l  for
one th ing,  DMA permi ts  hand loading of  the
memory from a front panel which is com-
plete ly  independent  of  a par t icu lar  proces-
sor. lt permits future processor upgrading by
replac ing a s ingle board.  High speed data
devices,  such as some tape,  d isk,  and v ideo
systems which may operate too fast for most
processors, can directly load memory using
DMA. Final ly ,  for  the t ru ly  g igant ic  among
you,  mul t ip le processors can share common
memory wi th the addi t ion of  contro l  log ic .

Buffering is included on this processor
board design to permi t  dr iv ing a fu l l  memory
system (64 K bytes) and up to 256 lO ports.
Miscel laneous logical  funct ions such as
power on reset and single stepping are
provided.

The EROM bootstrap provides a con-
venient way to init ialize the system at power
on, by using a low cost cassette [poge 46,
luly 1976 BYfEl. We use an EROM in the
design in order to allow customized
init ialization by sophisticated users able to
program their own EROMs. Circuitry to
inhib i t  EROM select ion is  inc luded in order
to permit full use of "0 page" programmable
memory for user software.

Two K bytes of programmable random
access memory give sufficient storage for a
small operating system. The Digital Group
Z-80 system includes a cassette which loads
this area of programmable memory with a
system monitor which permits reading and

al
u l
(l
( r

)
U

n
f

cl

ir
1
D
la
tl

5(

al

pr

c(

p l

l i r
I t
t(
t i
n i

t i
o
6
p
p

z

p
i r
p
k
b
i r
Z
a
\r
a

I r

p
U

62



When inserting large integnted circuits into sockets,
avoid uneven stresses. ln extreme cases of uneven
insertion pressure, it is possible to crack the case of a
24 or 4O pin integrated circuit, rendering it useless.

writ ing other cassettes, keyboard entry of
data and programs, and TV display of
memory data,  a l l  14 regis ters,  ind ices,  and
f lags ( in  octa l  or  hexadecimal) .

The system used to interface this pro-
cessor to memory and lO exemplif ies the
"processor  independence" ideal  ment ioned
in my ar t ic le  in  the June BYTE. Two sets of
16 address l ines are brought  out  f rom each
Digi ta l  Group processor  card.  The 16 l ines
labeled "memory address" in figure 1 lead to
the memory boards;  the 16 l ines labeled
"port address" in figure 2 go to the lO port
select ing card(s) .  S imi lar ly ,  memory data to
and from the processor is separated, as is the
peripheral lO data to and from the pro-
ces50r.

The Z-80 DMA read,  wr i te  and lO l ines
are brought to decoding logic to derive your
universal  contro l  l ines,  ie :  memory read
(@, memory write (MIVR-), lO read
( IORD) ,  and  lO  wr i t e  ( IOWR) .

The major  oblect ive of  processor  inde-
pendency is  supported by provid ing th is
common set of 32 address l ines, 32 data
l ines,  and 4 contro l  l ines for  each processor .
I t  is  the responsib i l i ty  of  the processor  board
to prov ide the logical  der iVat ion of  these 68
l ines.  The complete l is t  o f  backplane con-
nect ions for  the system inc ludes a l l  68 logic
l ines and is  summarized in table 1.  The rest
of  the svstem is  in ter faced to th is  common
68 line system. Processor interchange is thus
part icu lar ly  s imple:  l t  is  achieved by
plugging in a different processor card.

Z-80 Processor Circuit

The logic  of  th is  Dig i ta l  Group Z-80
processor  c i rcu i t  may be logical ly  d iv ided
into s ix  in terre lated sect ions.  They are the
processor  i tse l f  and immediate "house-
keeping" logic ,  run contro l ,  DMA, in terrupt ,
buffering, and memory. The processor and
immediate housekeeping consists  of  the
Z-80, a 7400 single phase crystal controlled
clock generator, and decoders for read,
write, memory and lO operations. These are
al l  found in f igure 1.

A power on reset function is provided by
lC38d, one section of a 4010 CMOS buffer.
An external switch is attached to the back-
plane assembly for a remote "reset and go"
operation after power has been applied.

A 7442, 1C48, decodes lO states of the
processor :  memory reading,  memory
wr i t ing,  input  por t  reading,  and output  por t
wr i t ing.  Each of  these s ignals occurs at  the
proper time as determined by the processor.

Run contro l  log ic  permi ts  s ingle stepping
through a program if a front panel readout is
provided for  v iewing the resul t ing inst ruc-
t ion sequencing.  ln  addi t ion,  wai t  s tates for
slow external memory and the EROM access
delay are prov ided.  The wai t  l ine input  of
the Z-80 is  ut i l ized to contro l  execut ion.  A
feature of  th is  Z-80 c i rcu i t  is  the abi l i ty  to
jumper select  e i ther  "s ingle step"  or  "s tep
on inst ruct ion."  The jumper ing for  "s ingle
steps"  permi ts  s tepping wi th in an inst ruct ion
cycle in  the same manner as the 8080.  "Step
on inst ruct ion"  wi l l  d isp lay only the f i rs t
byte of  each s ingle or  mul t ibyte inst ruct ion.
Normal  processor  running mode is  unaf-
fected by which stepping mode is  se lected.

Two sections of a 7402, lC28a and
lc28b,  are used as a run la tch.  When the step
swi tch is  act ivated,  the run la tch is  reset ,  and
the one shot  (74123,  lc37b) f i res a 50 ms
pulse to debounce the sw. i tch.  The resul tant
pulse is  held in  a 7474 latch sect ion,
lC29a,  for  a very shor t  t ime unt i l  synchro-
nized by the Z-80 and acknowledged
through the second oneshot  sect ion of  1C37.
The 7402 NOR gate lC28c passes either the
cont inuous run or  the step pulse depending
on the mode selected.  lc28d wi l l  then drop
the ready l ine i f  e i ther  no run command
exists  (cont inous or  s tep) ,  or  the "wai t "
command l ine goes h igh.  l f  no "s ingle step"
operation is to be used, pin 43 of the
backplane is  t ied to +5 V external ly .

Direct Memory Access

The Z-80 has built- in features for direct
memory access.  The DMA logic  support ing
the processor consists of sections of 1C44,
lC29 and 1C49. DMA is designed as an
external request for control of memory and
the granting of this request as soon as the
processor can safely suspend its operations
wi thout  los ing current  data.  A DMA request
is  entered whenever e i ther  p in 8 or  9 of
lC44c goes h igh.  This wi l l  set  a la tch,  lc29b,
br inging down the Z-80's  bus request  l ine.

Contrary to some grape-
vine rumors, you cantt
simply unplug your 8080
integrated circuit and plug
in a Z-80. A glance at
figure 1 and comparison of
lC43's Z-80 pinouts with
an 8080 specification will
shoot that rumor down.
Once you have a Z-80
wired, ,however, the in-
struction set is a superset
of the 8080 instruction set
which provides a better
general purpose processing

architecture.

Text continued on page 68



Figure 1 : The centrol processor of the Z-80 circuit, See also figure 2 for the bolance of the logic found in the Digital Group Z-80
lentrol processor cord. This figurc contoins the processor integrated circuit, 1C43, ond oncilliary logic of the system clock, bufferc,
run control, interrupts ond direct memory access control. A summary of back plane connections is found in table I occompanying
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this article. The complete list of power connections for both figures 1 ond 2 is found in toble 2, This schemotic was redrawn to fit
the constraints of the magazine page. A complete schemotic in its original form, drown on one poge, is included with the
documentation of the Digitol Group Z-80 centrol processor kit,
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Toble l: A Generalized Processor lndependent Bus Structure. This toble lists connector pin identificztion; signol name, DMA
occess properties, primory signal direction relotive to the processor card, and description. This is the bus definition used in the
Digitol Group systems.
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Description

+5 V power bus
System ground bus
Spare voltage bus
-5 V power bus (not used by
z-801.

lnput data f rom memory

Output  data to memory

Memory read data strobe

Memory address l ines

Memorv wr i te data strobe
Refresh l ine (Z-80) for  dynamic
memories
DMA Request  #1
DMA Gran t
DMA end  s i gna l
Run  i f  l og i c  1 ,  s t op  o r  s t ep  i f  0
S top  i f  0  and  F IUN =  0 ;  s i ng le  s t ep
each 1 pulse.
Wait  request ,  f rom external  s low
memories
Memory request
Reset s ignal
ROM on processor board is
enabled;  do not  decode page 0.
+ l 2 V p o w e r b u s
-12 V power bus

A
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D _

Description

+5 V power bus
System ground bus
Spare voltage bus
-E V power bus (not used by
z-80l,

Input  data f rom per ipherals

Output  data to per ipherals

Per ipheral  read data strobe

Per ipheral  address,  low order,
ident ical  to A0 through A7 in
Z€0 processor.

Per ipheral  address,  h igh order,
wired to ground ( logical  0|  in
Z€0 processor.

Per ipheral  wr i te data strobe
Interrupt  request  l ine

Cassette bootstrap:  Data output
Output  port  1 b i t  0
Casset te bootstrap:  Data input
I npu t  po r t  1  b i t  0
Non maskable interrupt  input

Bootstrap ROM disable

DMA Request  #2
u n useo
Val id memory address (6800,
6502 systems)
+12 V power bus
-12 V power bus
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NOTES:

"G" in the "DMA G?" column indicates that
the signal is in a high impedance stat€ when the
DMAG signal  is  logical  1.  This means that  the l ine
in question can be driven by an alternate three
state driver during a DMA operation. lf the signal is
not  d isabled by DMAG, thon th is column is b lank.

In the "Name" column, i f  the name is fo l lowed
by a minus s ign as in "MRD-",  then the s ignal  is
active low. This is indicated in the logic diagram by
a bar over the name in question.

in the name.column indicates a s ignal
which is not defin€d by the processor circuit of
figures 1 and 2 in this article.

"ln or Out?" is relative to the central processor
card.

Figure 2: The Digitol Group Z-80 processor czrd also includes this memory
subsystem. Memory bonks 0 ond 1 ore progrqmmoble user memory typicqlly
decoded to oddresses at split octol locqtions 0001000 to 0071377, hexo-
decimal 0000 to 07FF. The progrommzble iumpers JA13, JA14 ond JA15 in
this diagram nre used to pick the bose address for these memory bonks, and
ollow the lower two 1 K blocks of lny of the eight 8 K blocks in the Z-80's
64 K memory address space, The read only memory, 1C20, is enobled during
bootstrap, During bootstrnp, since the ROM oddresses overlzp the pro-
gr7mmable mggwtddresses ot locotions 0 to 377 octql (0 to FF hexo-
decimal) the ROMCE line is used to disoble ony progrommoble memory ref-
erences to plge 0. After bootstropping the progrommlble memory exclusive
of poge 0, the ROM becomes invisible to the system when the ROMDIS line is
in a high stote. (This line should be controlled by a monual switch,)+
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One way to trst out a
newly constructed circuit
(not necessarily the best
way) is the traditional
"smoke test": Turn on
power and see if the
circuit burns up. A far
better method is to do a
little thinking and careful
inspection first.

Text continued from page 63

When the Z-80 is f inished with any needed
housekeeping, it issues .the bus acknowledge
signal, granting the request. Further Z-80
operations are suspended and the various
buffers, lC31 , 1C32, 1C33, lC41 , lC42 and
1C47, go to a high impedance state, and the
external circuitry making the request is
allowed full control over memory using the
backolane bus.

DMA request and grant is ended by any
of three methods. A reset operation wil l
a lways end any current  DMA operat ion.  A
jumper at  p in 9 of  lC29b a l lows select ing
one of the other two DMA ending opera-
tions. lf the jumper is connected from pin 9
to pin 10 of lC29b, then the DMA operation
will be ended whenever both DMA request
l ines return low. lf the jumper is connected
from pin 9 of lC29b to the l ine labeled DMA
end, then a latched DMA operation results.
One or more positive going pulses at either
DMA Request  l ine wi l l  in i t ia te DMA. One or
more positive going pulses at the DMA end
l ine wi l l  end the DMA.

Interru pts

The Z-80 has extended interrupt pro6ess-
ing capabil it ies, and sufficient hardware is
included on the Digital Group Z-80 board to
support the three Z-80 interrupt modes.
Mode 0 is the same as the 80804, generally
considered as the eight restart instructions
which are placed on the data bus upon an
interrupt acknowledge signal from the pro-
cessor. Mode 1 is an automatic interrupt to
address 000070. Mode 2 is an extremely
powerful vectored interrupt system which is
new with the Z-8O. A new register, called the
I register, is used as a high order portion of
the vector address. When an interrupt is
encountered and acknowledged, the data
placed on the data bus becomes the low
order portion of the interrupt vector ad-
dress. lnterrupt processing thus starts at an
arbitrary 16 bit address formed from the I
register and a variable input. Another inter-
rupt system provided by the Z-80 is called
non maskable in terrupt  (NMl) .  This  in ter-
rupt  wi l l  occur  anyt ime the Z-80's  p in 17 is
brought low, and is intended for highest
priority operations l ike responding to a
power failure before the power supply
capacitors bleed down.

1C50, 1C44, 1C36, 1C35, lC34 and lC27
provide the needed interrupt processing
interfaces. The 74125s of lC34 and lC35
provide three state buffering for the inter-
rupt address vectoring required by Z-80
interrupt modes 0 and 2. The 7442, 1C27,

produces an interrupt honored acknowledge-
ment signal (if required) for use in mode0.
The INT input  at  t ! ' te  Z-8O pin 16 wi l l  be
forced low whenever any interrupt input,
except NMl, is brought low. lnterrupts are
interfaced using a 16 pin DIP socket.

Buffering

The Digital Group processor circuits are
designed to drive a full complement of
memory and lO. In addition, the processors
are designed to operate under direct memory
access as mentioned previously, and three
state buffers permit isolating the processor
card from its own (see figure 2) and auxil-
iary memory.

Sections of 8T97s 1C41, lC42 and lC47
provide buffered address outputs from the
Z-80 processor with each section capable of
each driving 30 standard TTL loads. These
drivers handle both memory and lO port
addressing. DMA grant is connected to these
drivers so that when a DMA is in process, the
external device is given full control of the
address lines since the processor's drivers are
in a high impedance state.

The 8T97 sections used for data output,
fC31 and 1C32, provide the abil ity to drive
as many as seven Digital Group lO boards
(28 ports) without further buffering.

Data input to the processor is placed onto
the internal bidirectional bus by two types
of circuits. A pair of 74125s provides a three
state noninverted buffering of memory input
f rom a backplane bus (p ins 5 to 12)  which
has noninverted data. A pair of open col-
lector 7403s, lC4O and 1C46, provide an
inverted open collector drive of the same
bus, a requirement since the Digithl Group
peripherals put data onto the backplane in
inverted form. Notice, however, that the pin
connections of the7403 are compatible with
the 74126 circuit, so if you desire to use this
design with noninverting peripherals simply
repf ace the 7403s with 74126s to change the
sense of the data on the outputs of the
receivers.

Memory (see figure 2) in this Z-80 proc-
essor circuit is of two types, EROM and
programmable memory. The EROM is a
single chip preprogrammed by the Digital
Group to simplify system operation of
our kits. lf you roll your own software, a
customized bootstrap EROM could also be
used. When power is applied to the system, a
"power on reset" function results, which
starts the processor running at address
000 000. lC29 and lC25 decode the lowest
256 bytes of memory, resulting in a EROM
chip enable condition. The EROM proceeds
through its programming to clear the screen,
display a message, init ialize some program-
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mable memory addresses, and control init ial
cassette reading.

Two K of programmable memory allows
an extensive operating system to be entered
from cassette. Sixteen 2102s are arranged as
two banks of 8 integrated circuits. Which of
the two banks selected (if either) is a
function of decoding by 1C23, lC24 and
1C25, as well as the three jumper settings.
The 7442 wil l assign the two banks of 2102s
as the bottom 2 K of any one of eight 8 K
blocks in memory address space.

The three jumpers permit assigning the
processor's 2 K programmable memory to
addresses other than the bottom 2 K. When
a user wishes to add one or more Digital
Group 8 K boards to his or her system, the
processor's 2K may be moved to fall above
the highest address of the supplemental 8 K
board. Example: A user has two Digital
Group 8 K memory boards on his system.
By assigning the processor  c i rcu i t 's  2K to
the address range of 16 K to 18 K, one
memory board to 0 to 8 K, and the other to
8 K to 16 K,  an 18 K system resul ts ,  wi th a l l
active memory in the low address range.

The EROM used for bootstrapping is a
relatively slow device, so the processor must
be forced to wait for its data access. A
74121 provides a 475 ns delaying pulse to
the processor when either the processor
EROM is accessed or an external slow
memory access is required. Since the Digital
Group programmable memory cards are
built using 500 ns access time (or faster)
2102 static memories, the processor nor-
mal ly  runs at  fu l l  speed.

Some Notes on Construction

While the circuit diagrams of f igures 1
and 2 provide the information needed to
wire wrap or hand wire your own Z-80
processor ,  l ' l l  bet  you' l l  f ind the Dig i ta l
Group processor board in our kit to be a

worthwhile time saver. This Z-80 processor
card is manufactured using two sided FR-10
printed circuit board material and measures
12 inches wide by 5 inches h igh (30.5 cm
wide by 12.7 cm high) .  l t  has a dual  50 p in
(100 terminals in  a l l )  connector  to  the
backplane assembly. The definit ion of sig-
nals at  the connector  is  prov ided in table 1.

The Dig i ta l  Group board is  not  "Al ta i r
compatible" due to two ma.ior system con-
straints: processor independency and use of
a single fully protected external power
supply.  These design goals ru led out  the bus
structure supported by MITS and indepen-
dent  suppl iers of  per ipherals  for  M ITS
systems.  Exper ienced designers wi l l  un-
doubtedly interface the Z-80 to the "Altair
bus" but the processor dependency problem
wi l l  remain.  Some exper imenters may wish
to custom design this Z-80 into their own
system. The circuit of f igures 1 and 2 should
provide sufficient details of the Z-80's opera-
tion to assist you and provide a starting
point. Further detailed information on the
Z-80 chip and its specifications is of course
available from its manufacturer, Zilog lnc.

Testing

Af ter  bui ld ing the processor  c i rcu i t ,  but
before inserting any of your (socketed)
integrated circuits, try a l itt le preliminary
testing with an ohmmeter. Check for a short
between backplane terminals 1 and 2,2 and
50, and 1 and 50. 1 and 2 should show an
init ial momentary low resistance and then
approach infinity as power supply bypass
capacitors charge up. 2 and 50 wil l show
some resistance due to the zener, and to
ohmmeter  polar i ty ,  but  not  a shor t .

Two techniques are possib le at  th is  point .
One way (referred to in the fine print of
traditional l i terature as the "smoke test") is
to plug in all integrated circuits and insert
the card in a backplane assembly wired for

On ly  $59 .95
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Tested
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Number

tc0
t c1
tc2
tc3
tc4
tc5
rc6
tc7
rc10
r c 1 1
tc12
tc13
tc14
t c 1 5
rc16
lc17
rc20

tc21
tc22
tc23
tc24
rc25
tc26
tc27
tc28
tc29
tc30
tc31
tc32
tc33
tc34
tc35
tc36
rc37
tc38
rc39
rc40
tc41
tc42
1C43
tc44
rc45
tc46
tc47
tc48
rc49
rc50

- 9 V

rc,zq

Toble 2: Power connections for the Z-80
processor circuit shown in figures 1 and 2.
Note thot IC8 and lcg, lC18 ond IC19 ore
omitted from the numbering sequence.

power. Another way is to insert only one or
two integrated circuits at a time, function by
function, and test as you go. The Digital
Group has found a compromise which seems
to work best when building kits, namely to
plug in all but most crit ical or expensive
integrated circuits, then test. This approach
is opt imal  when using pr inted c i rcu i t  wi r ing
since the probabil ity of a disastrous wiring
error is in general low, assuming a fully
debugged printed circuit board. Then if OK
so far, plug them in and go ahead.

So, proceeding with this approach, insert
all integrated circuits except the Z-80, the
1702A, and the 2102s. Note that all inte-
grated circuits except 21O2s in the Digital
Group Z-80 board have their keyway or dot
indicating the pin 1 end oriented away from
the connector.

Measure the resistance at the backplane
voltage supply pins again. In particular, note
the lower resistance value between back-
plane pins 1 and 2. Reverse the ohmmeter
and remeasure. A shorted reading now indi-
cates a bad integrated circuit, and near equal
readings indicate a reversed integrated circuit
somewhere. Now insert the crystal into its
holder .  ln  our  Dig i ta l  Group k i ts  th is  is  done
by snapping in the body of the crystal
(gently), then pushing forward to contact
the pins.

Before inserting the processor card into
its backplane connector, measure the volt-
ages at the connector. A single wrong voltage
may cost you a board's worth of lCs.

Measure these backplane pins against
grou nd:

P i n  1 - + 5 V t s %
P i n  2  -  0 V
Pin 50 -  -12Y !1oo/o

(The backplane pin 1 end is marked on the
Digital Group Z-80 processor card. lf you
use a homebrew assembly, use the equivalent
test before proceed ing. )

Make a final inspection of the processor.
Check for shorts between components on
the top and l ines running underneath.  In  k i t
systems, look for any solder bridges. Check
the proper pin 1 orientation of all your
integrated circuits. lf you use the printed
circuit, sight down the rows of pins for
missing solder points. Missed solder points
typically seem to occur at the end pins of
integrated circuit sockets, and one side of
resistors or capacitors.

After all this preliminary checking you
can insert the processor board into its
connector.

Apply power to the system and again
measure voltages at the processor card as
noted previously.

Type +5 V GND
2102 10 I
2102 10 I
2102 10 I
2102 10 I
2102 10 I
2102 10 9
2102 10 I
2102 10 I
2102 10 9
2102 10 9
2102 10 9
2102 10 I
2102 10 9
2102 10 I
2102 10 9
2102 10 9
1702A 12,13,

15,22,
23

74121 14 7
7400 14 7
7442 16 I
7404 14 7
7420 14 7
7430 14 7
7442 16. 8
7402 14 7
7474 14 7
8T97 16 8
8T97 16 8
8T97 16 I
7404 14 7
74125 14 7
74125 14 7
7430 14 7
74123 16 8
4010 16,1 I
74125 14 7
7403 14 7
8T97 16 8
8T97 16 8
z-80 11 n
74LSO2 14 7
74125 14 7
7403 14 7
8T97 16 8
7442 16 8
7440 14 7
7400 14 7

Figure 3: Centrol processor clock timing
woveform. To verify the frequency of oscil-
lotion with a colibroted oscilloscope, meo-
sure the total time intervql for two cyctis of
the clock waveform, This interual should be
800 ns if the correct crystol is used ond it is
oscillating at its fundamentol frequency, A
frequency counter would show 2.5 MHz os
the frequency,



Checki ng Your Waveforms

Connect a calibrated triggered sweep
osci l loscope to p in 6 of  the 7400 lC50b.  Set
the triggering to occur on the positive edge,
and the sweep set t ing to 100 ns per  d iv is ion.
Look for a two cycle time of 800 ns seconds
as shown in f igure 3.  l f  your  osc i l loscope
does not sweep as fast as 1 00 ns/div, then a
slower sweep can be used; but be absolutely
sure that the two cycle time is exactly 800
nanoseconds as shown in figure 3.

A frequency counter may also be at-
tached to p in 6 of  lC50b.  The desi red
frequency is  2.5 MHz.  Any appreciable error
indicates either a defective crvstal, a bad
7400,  or  an over tone osci l la t ion (one way to
correct this last case is by using 74L00 for
rcso).

Measure the vol tage at  the fo l lowing p ins
(before expensive in tegrated c i rcu i ts  have
been inser ted) .  Correct  any d iscrepancy.

Z-80 (1C43) : Pin 29 = 0 V

P i n 1 1 = + 5 V

1 7 0 2 A  ( 1 C 2 0 )  :  p i n s 2 4  &  1 6  =  - 9  V
p ins  12 ,13 ,15 ,22
a n d 2 3 = + 5 V

Any 2102 RAM: pin 9 = 0 V
o i n  1 0  =  + 5  V

Carefully insert the Z-80, the 1702A, and
the 2102s. With the large Z-80 and 1702
ci rcui ts ,  inser t ion should be done evenly
without allowing excessive stress. Packages
have been known to crack into two parts
dur ing inser t ion.  Make sure that  p in 1
( indicated by e i ther  a dot  or  a 1 on these
ci rcui ts)  is  proper ly  or iented.  Recheck the
processor  c i rcu i t  asembly for  or ientat ion,
lead shor ts ,  so lder  shor ts ,  and miss ing solder
jo ints .  Think courageous thoughts.  Plug in
the processor board. Bravely turn on power.

Using the Z-80 Processor Card

Several operational systems structures
(see my June 1976 BYTE ar t ic le)  are con-
s is tent  wi th th is  processor  c i rcu i t  design.
This Z-80 c i rcu i t  can be used wi th a min imal
amount  of  addi t ional  hardware (a PIA and
UART, a Teletype machine,  and a sui tably
programmed EROM) as if i t were an "evalLr-
ation board" that maintains system de-
pendency so that different processor
integrated circuits may be compared.

Preferably, this board becomes the key
component  in  a much larger  general  purpose
system. A specia l  EROM is prov ided in the
Digital Group Z-80 kit which interfaces this
Z-80 board to our audio cassette and TV
based system structure. A cassette of pro-
gramming is  prov ided wi th our  k i t  vers ion,
which loads programmable memory wi th an

! BankAmericard Exp. lCashier's Check
I Mrter Charge No. EMoney Order

Personal Check (allow 6-8 weeks for personal check to clear.l
Delivery 60 to 90 days after Roc€ipt Of Order

Name

Address

City State _ Zip

Ask for our OEM discounts on customized vesion.

operating system for reading and writ ing
casset tes,  and bui ld ing and d isplay ing
proSrams.

Conclusion

The Z-80 is a neat chip to use. Contrary
to some grapevine rumors,  you can' t  s imply
unplug your  8080 integrated c i rcu i t  and p lug
in the Z-80;  but  i t  is  an archi tectura l ly
s imple chip to design wi th.  I  hope th is  design
excites you as much as the Z-80 excited me.
Enioy.r

S.T.M. SYSTEMS
Presents Fully Tested

BABY!

A complete microcomputer in an attache case.
The unit uses the MCS 6502 I Bit Microprocessor.
Up to 4K RAM fully buffered * Slot for 4K ROM
(2708 type)
DMA, Video Interface (composite video) sixteen 32
character l ines.
Audio cassette Interface (data rate approximately 1200
BPS load & dump).
l/o ports with 1 PIA 6820, 6520 type.
Typewriter type 63 key keyboard, (upper and lower
case plus Greek with control key).
Power supply 120 VAC to 5 volt 3 amp fully regulated.
Speaker, two (2) LEDs, DMA, 60 Hz real t ime clock,
video on and off keyboard and audio cassefie dump
and load format all under program control.
The first 200 systems sold wil l have a frosted Plexiglas
case! Standard unit wil l have molded plastic case,
Plexiglas case wil l become an option.
Audio cassette tape supplied with dump program, text
editor, games of Shooting Stars, Life and Ticktack Toe,
Music Program (self generated computer music and
user generated from keyboard).
+Basic unit with 2K RAM and 512 Byte bootstrap
loader and monitor in firmware (PROM) . . . $ 850.00
Unit with 4K RAM . . $1000.00
Remember it 's not a kit, i t 's fully tested and ready to
go. Just plug BABY! in hook up your video monitor,
load your auto cassette with the programs we supply
and you're off and running.
O p t i o n a l  V i d e o M o n i t o r . . . . .  $ 1 5 0 . 0 0

Be the first person on your block to have this unique,
completely portable system.

ORDER TODAY:
S. T. M. SYSTEMS

P.O. Box 248
Mont Vernon, N.H. 03057

7 1


