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Introduction

A few years ago, when microprocessors were first introduced, computer enthusiasts
and electrical engineers were one and the same. Those of us who lived only to solder
kluge after kluge basked in our glory. Now, however, the prices of completely assem-
bled and packaged systems have plummeted. Today anyone with an interest, almost
regardless of technical capabilities, can own and operate a computer. Buying a com-
puter is now similar to purchasing a television set and the ranks of computer en-
thusiasts have swelled accordingly.

With any popular movement, the available literature reflects the concerns of a ma-
jority of the followers. And, consistent with the popularization of computer science,
the technical emphasis on computer bookshelves has shifted away from hardware
design. Other than introductory texts called, say, How Logic Gates Work, most com-
puter books either treat microcomputer hardware simplistically or attempt to be
”catch-all” cookbooks, sometimes omitting tasty ingredients. Often, the only alter-
natives are engineering texts and trade journals, tedious reading at best.

For a number of years, I have been writing a column for BYTE magazine, and reader
response has shown that there still exists a great deal of interest in hardware design and
do-it-yourself projects. At the same time, I've been painfully aware of the lack of
materials for such people. Most queries come from technical or high school students
who have read all the descriptions and studied the block diagrams, but who crave prac-
tical answers and system examples. Unfortunately, there are very few books I can sug-
gest.

Build Your Own Z80 Computer is a book written for technically minded individuals
who are interested in knowing what is inside a microcomputer. It is for persons who,
already possessing a basic understanding of electronics, want to build rather than pur-
chase a computer. It is not an introductory electronics handbook that starts by describ-
ing logic gates nor on the other hand is it a text written only for engineering students.
While serving to educate the curious, the objective of this book is to present a practical,
step-by-step analysis of digital computer architecture, and the construction details of a
complete and functional microcomputer.

The computer to be constructed is called a Z80 Applications Processor—ZAP com-
puter for short. It is based on the industry standard Zilog 280 microprocessor chip.
This chip was chosen on the basis of its availability and low cost, as were the other
components for ZAP. To further help the homebrew enthusiast, and for those ex-
perimenters who prefer to start a book at the back, I have listed in Appendix A a com-
pany that supplies parts and programmed EPROMs (erasable-programmable read-only
memory).

I have structured the book as a logical sequence of construction milestones in-
terspersed by practical discussions on the theory of operation. My purpose is twofold:
to help a potential builder gain confidence, and to make the material more palatable
through concrete examples.

Though this is basically a construction manual, considerable effort is given to the
“why’s” and ”how’s" of computer design. The reader is exposed to various subjects, in-
cluding: the internal architectures of selected microprocessors, memory mapping,
input/output interfacing, power supplies, peripheral communication, and program-
ming. All discussions try to make the reader aware of each individual component's ef-
fect on the total system. Even though I have documented the specific details of the ZAP
computer, it is my intention (and the premise of the book) that the reader will be able
to configure a custom computer. ZAP is an experimental tool that can be expanded to
meet a variety of applications.

vii
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ZAP is constructed as a series of subsystems that can be checked and exercised in-
dependently. The first item to be built is the power supply. This is a good way to test
ability and provide immediate positive reinforcement from successful construction.
The three-voltage supply is both overvoltage and overtemperature protected and has
adequate current for an expanded ZAP system.

Next, the reader learns why the 280 was chosen for ZAP and the architectural con-
siderations that affect component selection on the other subsystems. A full chapter is
devoted to the Z80 chip. Each control signal is explained in detail and each instruction
is carefully documented.

The hardware construction proceeds in stages with intermediate testing in order to
ensure success. The basic elements of the computer are assembled first and then
checked out. The reader selects which peripherals are to be added. The book contains
sections on the construction of a hexadecimal display, keyboard, EPROM program-
mer, RS-232C serial interface, cassette mass storage system, and fully functional CRT
terminal. In addition, a chapter addresses interfacing the ZAP to analog signals. I pro-
vide specific circuits that can convert ZAP into a digital speech synthesizer or a data ac-
quisition system and data logger.

A special 1 K (1024 bytes) software monitor coordinates the activities of the basic
computer system and the peripherals. Software is explained through flow diagrams and
annotated listings. With this monitor as an integral component, ZAP can function as a
computer terminal, a dedicated controller, or a software development system.

Build Your Own Z80 Computer is a book for hardware people. It cuts through the
theoretical presentations on microcomputers and presents a real ”How-to” analysis
suitable for the reader with some electronics experience or for the novice who can call
someone for supervision. From the power supply to the central processor, this book is
written for people who want to understand what they build.

Steve Ciarcia
May 1981
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CHAPTER 1
POWER SUPPLY

It’s not enough to build a central processor card with a little input/output (I/O) and
memory, and call it a computer. From the time you walk over to the computer and flip
the switch, the system is completely dependent upon the proper operation of its power
supply. A book concerned with building a computer system from scratch would be
completely inadequate without a description of how to construct an appropriate power
supply.

Much has been written on the subject of direct current (DC) power supplies. There
are DC to DC and AC (alternating current) to DC converters, switching and shunt
regulators, constant voltage transformers, and so on. It’s not my intention to make a
power supply expert out of everyone. Instead, I will outline the design of the specific
DC power supply which we will use to power the Z80 Applications Processor (ZAP).

In large computers, the DC supplies convert enormous amounts of power to run
thousands of logic chips; by necessity, manufacturers choose the most efficient
methods of power conversion. These state of the art methods would be expensive and
difficult for the hobbyist to build in prototype form. Fortunately, the power demands
for ZAP are much less than those of the large computers; we can take advantage of
established design methods while incorporating the latest advances in regulator
technology. Figure 1.1 is a block diagram of the power supply for ZAP.

Each of the three DC supplies necessary to power ZAP consists of three basic
modules: a transformer section to reduce the 120 VAC line voltage to the lower voltage
used by the computer; an input rectifier/ filter to convert AC to low ripple DC; and a
regulator which stabilizes the output at a fixed voltage level. Overvoltage protection
circuitry will be discussed separately.

WAR 5 AMP
FUSE FUSE

o—J\p— ._.__._4 +5 VOLTS

RECTIFIER OVERVOLTAGE @ “MPS
120 VOLTs AC TRANSFORMER A53 SERIES PROTECTION

'NDUT REGULATOR CIRCUITRY
FILTER

9—— CIRCUIT GND

I AMP
FUSE POSITIVE OVERVOLTAGE

—d'v>-—— SERIES PROTECTION +12 VOLTs
REGULATOR CIRCUITRY (a) 1 AMP

RECTIFIER
AND
INPUT
FILTER UMP

FUSE NEGATIVE OVERVOLTAGE —————o —1 v T
SERIES PROTECTION 2 0L 5
REGULATOR ClRCUlTRY @ 1AMP

Figure 1.1 A block diagram of the basic power supply for the Z80 Applications Processor (ZAP).
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The proper specification of the transformer and input filter is often neglected by hob-
byists who overlook the consequences of a poorly designed filter. This is caused, in
part, by the abundant technical information circulated by semiconductor manufac-
turers extolling the virtues of their regulator circuits. One can easily conclude from this
“publicity gap" that the regulation section of the power supply is the only component
worthy of consideration; and in fact, advances in regulator design and the advent of
high-power, three-terminal regulators have reduced the need for the analog designer in
the application. In the past, 25-0dd components and considerable calculations were
necessary to produce an adequate voltage regulator. Now, however, the majority of
applications can be accommodated with a single, compact device. Even so, an input
filter section should not be taken lightly and still requires thorough consideration and a
modest amount of computation for each application.

There are three supply voltages necessary to operate ZAP. Each supply incorporates
an input filter section. Because the +5 V supply is the most important, it receives the
most attention. For the purposes of this discussion, we will divide the supply into two
sections: transformer/input filter, and output regulator.

A standard input filter block diagram is shown in figure 1.2. In its simplest form, it
consists of three components that function as follows:
0 A transformer that isolates the supply from the power line and reduces the 120 VAC

input to usable, low-voltage AC.
0 A bridge rectifier that converts AC to full-wave DC and satisfies the charging cur-

rent demands of the filter capacitor.
0 A filter capacitor that maintains a sufficient level between charging cycles to satisfy

the regulator input voltage limitations.

Photo 1.1 720 VAC HMS Photo 1.2 Rectifier waveform. Photo 1.3 Ripple waveform at
input/output waveform of a various loads.
saturated transformer.

TRANSFORMER f/FlER CAPACITOR PM 75/?

>-a s I120 VOLT c, c:
mes? E H § . T ””138 gggJBR-ron

n_ Lu
(0

I I
I

I
I
I
I
I
I
IIIAvila 43$m ::

PRIMARY INPUT VOLTAGE SURGE CURRENT SURGE CURRENT RATING
SECONDARY OUTPUT VOLTAGE CAPABILITY VOLTAGE RATING
CONTINUOUS CURRENT OUTPUT VOLTAGE DROP RIPPLE VOLTAGE
SECONDARY IMPEDANCE CONTINUOUS CURRENT

RATING

Figure 1.2 A block diagram of a standard input filter.
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DESIGNING AN INPUT FILTER
You would think that specifying the transformer would be the first consideration

when designing a power supply. Yes and no. The approximate output voltage can be
determined by rule of thumb, but the exact requirements are deduced only by a
thorough analysis that proceeds from the desired output voltage back. In practice, the
difference between a reasonable guess and a laborious analysis will be important only
to a person capable of manufacturing his own transformer. In most instances, the hob-
byist will have to rely upon readily acquired transformers with standard output
voltages. For this reason, my approach is predicated on the practical aspects of power
supply design rather than on the minute engineering details that have no real bearing
on the outcome.

A 120 VAC RMS (root mean square) sine wave is applied to the primary of the
transformer. Figure 1.2 illustrates the waveforms anticipated at selected points through
the filter section. Photo 1.1 shows that 120 VAC is actually 340 V peak to peak; care
should be used in the insulation and mounting of components.

The secondary output of the transformer will be a similar sine wave, reduced in
voltage. It is then applied to a full-wave bridge and the waveform will appear as in
photo 1.2. You’ll notice a slight flat spot between “humps." As a result of dealing with
actual electronic components rather than mathematical models, we should be aware of
certain peculiarities. Silicon diodes exhibit threshold characteristics and, in fact, have a
voltage drop of approximately 1 V across each diode. This voltage drop becomes
significant in full-wave bridge designs and, as figures 1.3a, 1.3b, and photo 1.2 il-
lustrate, can accumulate as diodes are added in series. The 2 V loss in the bridge is an
important consideration and should be reflected in the calculations.

The voltage regulator requires a certain minimum DC level to maintain a constant
output voltage. Should the applied voltage dip below this point, output stability is

a) b)

Figure 1.3 The direction of the current flow through the full-wave bridge.
a) During the positive half of the AC cycle, current flow is through D. and 0;; D1 and D4

are not conducting. VD, + VD. z 2 volts.
b) During the negative half of the AC cycle, current flow is through Dz and Di; Di and D3

are not conducting. Vm + VD. z 2 volts.
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4 POWER SUPPLY

severely degraded. Thus, a filter capacitor is used to smooth out the “bumps” in the
rectified sine wave. When the diodes are conducting, the capacitor stores enough charge
to maintain the minimum voltage required until the next charge cycle. (In practice, we
wouldn’t want to cut it that close.) The input to the transformer is 60 Hz, but because
of the characteristics of full-wave rectification, the charging cycles occur at 120 Hz.
The capacitor charges up during one 8.3 ms cycle, and, as the regulator draws power
from it to satisfy the load demands, it must continue to provide at least the highest
minimum input voltage required by the regulator until the next charge cycle, 8.3 ms
later. This periodic charge/discharge phenomenon is shown in photo 1.3. The
magnitude of the voltage fluctuation between the two peaks of the cycle is referred to
as ripple. The highest magnitude of the waveform including the ripple is designated as
peak voltage. Both are important to remember and are shown in figure 1.4.

VRIPPLE W/Y

VPEAK Vc

o vous
VPEAK=VR1PPLE+VC

Figure 1.4 Output voltage as a combination of a certain steady-state voltage (Vc) plus a ripple voltage

Given a basic understanding of the individual components at this stage, we can pro-
ceed to the case at hand: a 5 V, 5 A power supply. For reasons we’ll discuss later, the
5 V regulator section of this supply will require an absolute minimum of 8.5 V for
proper operation. This means that whatever the magnitude of VPEAK and Vmpnz, the
final Vc level must not go below 8.5 V, or the regulator will not work. By giving
ourselves some leeway, say Vc = 10 V, we can take a little more poetic license with
the calculations and still produce a good design. Going much above 10 V, while still
satisfying the input criteria, would increase power dissipation and possibly destroy the
regulator. There is an answer to this Vicious circle and that’s to be conservative. Ex-
perience shows that adding a little insurance is worthwhile.

Now that 10 V is the goal, we can appropriately select the other filter components to
meet it. Figure 1.5 is the filter circuit of our 5 V supply. R5 is the resistance of the sec-
ondary winding of the transformer. For a 5 to 8 A transformer, it will average about
0.1 ohms. The first values to recognize follow:

VC = VREGULATOR MINIMUM INPUT VOLTAGE = 10 V
Iour = IREGULATOR LOAD = 5 A

R5 = RTRANSFORMER SECONDARY RESISTANCE = 0-1 Ohms

VPEAK can be any voltage up to the maximum input for which the regulator is rated.
However, this will increase the circuit power dissipation. The rule of thumb I use when
designing supplies of this type is that VPEAK should be approximately 25% higher than
Vc. In this way, the capacitor value will be kept within reasonable limits. The ratio of
Vc to (VPEAK — Vc) is referred to as the ripple factor of the filter capacitor.

_ VPEAK _ Vc __ 12.5 — 10 __
YF _ VC ‘— 10 "' 25%

A ripple factor of 25 % at 5 A will fall well within the acceptable capacitor ripple cur—
rent ratings and eliminate the need for the hobbyist to dig into manufacturers’ specifi-
cations of capacitors. This ripple factor is arbitrary, but it is best to keep it as low as
possible. ‘



Rs Ac FULL-WAVE
BRIDGE

TRANSFORMER
SECONDARY

—‘ :2 RL Vc
REGULA-
TOR
LOAD

> o \I l o

Figure 1.5 The input filter circuit of the 5 V power supply.

SIZING THE CAPACITOR
We now know that the capacitor must sustain 10 V from a peak input of 12.5 V.

VPEAK = 12.5 V

Vc = 10 V } Vc = VPEAK "‘ VRIPPLE

VRIPPLE = 2-5 V

The next consideration is to choose a capacitor that will accomplish this goal. Another
rule of thumb calculation that saves considerable labor is

_ iC — dv I

where C = capacitor value in farads = 7
I = maximum regulator current = 5 A

dt charging time of capacitor = 8.3 ms (120 Hz)
dv allowable ripple voltage = 2.5 V

Plugging in the values of our circuit,

(5)(8.3><10‘3)(2.5) = 16.6)(10'3 faradsC:

or,

C = 16,600 microfarads (,uF)

Generally available commercial electrolytic capacitors have a tolerance of +50 and
—20%. To be on the safe side and to make it easier to find a standard stock compo-
nent, a value of 20,000 [LP is better. The added 3,400 [LF reduces the ripple by another
0.4 V and gives us a little “insurance.” The only other item to consider with the capaci-
tor is operating voltage. Because the design dictates that VPEAK is 12.5 V, this should
be a satisfactory rating. However, experience shows that transformers end up running
at higher output voltages than labeled and that 12.5 V at 115 VAC hits 13.6 V when
the line voltage goes up to 125 VAC. A capacitor voltage of 15 VDC would appear to
satisfy the requirement, but I recommend using the next increased standard value of
20 VDC.

The capacitor is therefore 20,000 [LF at 20 VDC. The rectifier can be a monolithic
full-wave bridge, or it can be four discrete diodes. Note that because a bridge is usual-
ly encapsulated, the four terminals are labeled instead of showing the polarity mark—
ings of the individual diodes. The designations for the four terminals are two AC input
terminals, and a + and — output terminal.

POWER SUPPLY 5



6 POWER SUPPLY

THE RECTIFIER
There are three considerations when choosing a rectifier: surge current rating, con-

tinuous current, and PIV (peak inverse voltage) rating. These choices are not inconse-
‘ quential and must be considered carefully.

When a power supply is first turned on, the capacitor is totally discharged. In fact, it
will instantaneously appear to be a 0 ohm impedance to the voltage source. The only
aspect of the circuit that limits the initial current flow is the resistance of the secondary
transformer windings and the connecting wiring; designers often add a series resistance
to limit surge current.

The surge current in this circuit is

VPEAK 12 .5
1ISURGE = Rs = —0. = 125 A

and the time constant of the capacitor is

T E R; X C E (0.1)(20X10‘3) = 2 ms

As a rule of thumb, the surge current will cause no damage to the diode if ISURGE is less
than the surge current rating of the diode and if

7' < 8.3 ms (which it is)

We can't check surge rating until after we choose a diode bridge, but the other two
parameters can be defined.

The bridge can be either of the following:

Motorola MDA 980-21 ICONT = 12 A, ISURGE = 300 A, PIV = 100 V

Motorola MDA 990-2: Icozvr = 27 A, ISURGE = 300 A, PIV = 100 V

Both of the above bridges have a surge current rating of 300 A, so our surge require-
ment is also satisfied.

PIV
PIV (peak inverse voltage) is the maximum voltage that may appear across the diode

before it self-destructs. Diodes, unlike capacitors, are unforgiving; transients will wipe
them out. It is not unusual to have 400 V transients on the 115 VAC input line. This
causes our 12.5 V to shoot up momentarily to 43 V! The bridge rectifier should there-
fore have a minimum PIV rating of 50 V. For a few pennies more, you can get a bridge
rated for 100 PIV. Remember, insurance costs less than computers.

CONTINUOUS CURRENT
The last consideration is continuous current rating. Whereas the regulator may be

designed for a 5 A output, the particular regulator I have chosen will draw 7 A if
shorted. This is not standard operating procedure, but it can happen. The suggested
standard component would be a 12 A, 50 PIV bridge. A preferred component would be
one rated for 12 A at 100 PIV or, for an additional 15% cost premium, a 27 A at 100
PIV. This last design choice is strictly brute force, but it saves the diode bridge should
the capacitor ever short-out accidentally. A 6 A transformer might put out more than
12 A in a short-circuit mode, but it’s unlikely that it would be capable of 27 A. Either
choice will satisfy the design, but only one saves the design from the builder.

THE TRANSFORMER
Now let’s consider the transformer. We have determined the voltage drops‘across the

various components. The values are used to calculate the required RMS (root mean



square) secondary voltage in the following way:

V + V + V
ncams, =W ncr = Voltage drop across each diode—

(approximately 1 V per diode)
_ 10 + 2.5 + 2.0
_ 1.414

= 10.25 V

In practice, a 10 V, 6 A standard value transformer will be close enough.
The components of the + and —12 V supplies are chosen in a similar manner, with

the exception that required current is only 1 A, and a 200 PIV bridge is recommended
because of the particular rectifier configuration. The finished schematic of the trans-
former and filter section of our computer is illustrated in figure 1.6.

MDA 990-2
AC

|=5 was
vc =10 VOLTS
VRIPPLE =2.5VOLTS

10 VAC
@ 6 AMPS

20,000,;
T20 voc

- GROUND
120 VAC

MDA 970-3

30 VOLT
CENTER TAP
@ 2 AMPS
or.

AC

|=1 LVD

‘—" Vc=15 VOLTS
VRIPPLE= 4 VOLTS

4.
2000yF
25VDC

|=1AMP
. ‘———‘— Vc=—mv0Lrs

VRiPPLE = —4VOLTs

Figure 1.6 A schematic diagram of a transformer and input filter section.

VOLTAGE REGULATORS
The voltage regulator section of our power supply is the next consideration. All

voltage regulators perform the same task: they convert a given DC input voltage into a
specific, stable DC output voltage and maintain this setpoint over wide variations of
input voltage and output load. The typical voltage regulator, as shown in figure 1.7,
consists of the following:

o a reference element that provides a known stable reference voltage
0 a voltage translation element that samples the output voltage level
0 a comparator element that compares the reference and output level to produce an

error signal
0 a control element that can utilize this error signal to provide translation of the input

voltage to produce the desired output

The control element depends on the design of the regulator and varies widely. The
control determines the classification of the voltage regulator: series, shunt, or switch-

POWER SUPPLY 7



8 POWER SUPPLY

ing. For the series regulator, the control element regulates the output voltage by
modulating the series element, usually a transistor, and causes it to act as a variable
resistor (figure 1.8). As the input voltage increases, the series resistance R; also in-

creases, causing a larger voltage drop across it. In this way, the output voltage (Vow) is
maintained at a constant level.

UNREGULATED INPUT SERIES OUTPUT REGULATED
INPUT = CONTROL OUTPUT
VOLTAGE ELEMENT VOLTAGE

“CONTROL

VOLTAGE
raANsEA
TOR

VOLTAGE VREF COMPARATOR
REFERENCE

,7, ,L
Figure 1.7 A block diagram of a typical voltage regulator.

a) b)

ILOAD
———O

l—_______7 F“"“"'"‘
l l lVINo———~y¢———cvom VIN I c VOUT
: Rs i l

I
L.__._._____l L.

-————-—F

ILOAD

Vour= VIN-(l‘l'Lvl) VOUT=VlN—VcE
WHERE VcE=ilL0Aas

Figure 1.8 A series control element in the voltage regulator.
a) The series control element acts as a variable resistance, Rs.
b) The series element is most often a transistor.

To accomplish this closed-loop control, a reference comparison and feedback system
is incorporated into the hardware. A fixed and stabilized reference voltage is easily pro-
duced by a zener diode. The current produced is low, however; the device could not

serve as a power regulator by itself.
The voltage translator connected to the output of the series control element produces

a feedback signal that is proportional to the output voltage. In its simplest form, the
voltage translator is a resistor-divider network. The two signals, reference and feed-

back, provide the necessary information to the voltage comparator for closed loop
feedback to occur (figure 1.9). The output of the comparator effectively drives the base
of the series pass transistor so that the voltage drop across the transistor will be main-
tained at a stabilized preset value when subtracted from the input voltage.

Modern power supply designers can still use individual components to construct the
modular elements of a series voltage regulator, but most reserve this laborious
endeavor for specialized applications. The ZAP computer system outlined here re-
quires +5 V, +12 V, and ~—12. V. The combined temperature, stability, and drift



tolerances cannot exceeu i5% on any of the three set points. The easiest way to
minimize risk is to reduce the number of circuit components to the bare minimum.
Other designers had the same idea and thus the three-terminal regulator was invented.
Figure 1.10 is the block diagram of such a device.

VCE

————————— | AD[- Rs . } LO

WN ‘ 1 c ‘ VOUT
I

R L— ————————— R1 R1= __ vVou‘r 1+< R2)( REF)

VREF

VZ R2
COMPARATOR

VOUT =VIN —VCE THIS IF YOU THINK OFIT AS A TRANSISTOR
AND

VCE ‘ ILOAoll

VOUT = VIN «Mono (Rsi) THIS IF YOU THINK OF IT As A SERIES
RESISTANCE

Figure 1.9 A schematic diagram of a series voltage regulator.

r_____ __

. iI l
SERlEs-DASS |

uNSEGULATEDl TRANs.5T0R | REGULATED
"[7 i VOUT

i i
I CURRENT l

CURRENT| LIM‘T SOURCE R1 |

| z ‘ :
o ______l E g

| E
| E SAFE
l OPERATING l
I g AREA l

l—W ,

| 3‘5 .
I g; ————-—— V :2 l

“0 ERROR 'VOLTAGE l: gggagm WWW REFERENCE 3

i | ‘ ‘l - l
ll |

|_.__________ _____________ .l

CRouND

Figure 1.10 A block diagram of a three-terminal voltage regulator.

Basically, a three-terminal regulator incorporates all the individual transistors,
resistors, and diodes into a single integrated circuit. While simple to use, these devices
have a far more complicated internal structure than the series regulator of figure 1.9.
Only three terminals are necessary in applications where the fixed output is a standard
value such as: i5 V, i6 V, :8 V, i12 V, i15 V or :24 V. The three connections
are unregulated DC from our input filter, a ground reference, and finally, regulated DC
output.

POWER SUPPLY 9
6
/.



In a three-terminal regulator, the voltage reference is the mOSt important part
because any abnormality or perturbation will be reflected in the output. Therefore, the
reference must be stable and free from noise or drift. More advanced designs use band-
gap reference circuits rather than zener diodes. Because of its complexity, such an ap-
proach is practical only in the integrated circuit (IC) environment. Essentially, a band-
gap reference voltage is derived from the predictable temperature, current, and voltage
relationships of a transistor base-emitter junction.

Another advantage of the three-terminal regulator is that in monolithic circuits,
stable current sources can easily be realized by taking advantage of the good matching
and tracking capability of monolithic components. Also, as in the previous case, the
designer can add as many active devices as necessary without significantly increasing
the IC circuit area. Operation of the reference circuit at a constant current level reduces
fluctuations due to line-voltage variation. Thus, the output has increased stability. The
error amplifier is also operated at a constant current to reduce line-voltage influence.

The most important consideration for the hobbyist is that these chips incorporate
protective circuitry, guarding the regulator from certain types of overloads. They pro-
tect the regulator against short-circuit conditions (current limit); excessive input/out-
put differential condition (safe operating area); and excessive junction temperatures
(thermal limit). Of course, all this circuitry is designed to protect the regulator, not the
computer.

CHOOSING A REGULATOR
The 5 A uA78I—IOS hybrid voltage regulator has all the inherent characteristics of the

monolithic three—terminal regulator (ie: full protective circuitry). Each hermetically-
sealed TO-3 package contains a pA78M05 monolithic regulator chip driving a discrete
series-pass transistor Q1 and two short-circuit-detection transistors Q2 and Q3 (see
figure 1.11). The pass transistor is mounted on the same beryllium oxide substrate as
the regulator chip, thus insuring nearly ideal thermal transfer between Q1 and the tem-
perature-sensing circuit of the 78M05.
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Figure 1.11 A block diagram of a 5A pA78H05
and M78HGOS hybrid voltage regulator.
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l5.95

Build Your Own 280 Computer:
Design Guidelines and Application Notes

”There is a major need for a book such as this. The information is not readily
available elsewhere. Or anywhere. There are dozens (hundreds?) of microprocessor
books. but nearly all deal with software and treat hardware as abstractions or block
diagrams. Ciarcia's book is literally lled with very useful and practical "hands-on"
hardware advice. tips and techniques....The book will do for the reader what no
other microprocessor book or manufacturer's literature I know of does: It will
enable a person to actually buy individual parts and assemble them into a working
microcomputer—with peripherals and options! That's very important. Too bad we
couldn't have had such a book years ago."

—Forrest Mims, III
Contributing Editor of POPULAR ELECTRONICS

"To my knowledge the material covered in this book is not available elsewhere.
There is sufficient detail to enable an individual with previous experience to assemble
a working ZBO-based microcomputer from the component level. The design trade-
offs. the circuits, the software. and the test circuits and procedures are discussed at
a level sufficient for the book to have educational value even if one did not actually
construct a ZSO—based system."

—joseph Nichols
Digital Analysis Corporation

About the Author
Steve is a computer consultant. eleCtrical engineer. author of BYTE magazine's most popular column.
"Ciarcia's Circuit Cellar," and a “national technological treasure."

Is'BN 0-01-0l0962-I
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