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Are your batteries languishing evaluate each candidate on its
on a shelf, while you pin down own merits, and heavily derate
specs? Little wonder. Common nominal amp-hr ratings. Primary
wisdoms about battery properties  batteries or secondaries? For a
aren't always true. You have to full charge of info, reach to p. 88.
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A New Dawn
In Trimmer /Resistor
Technology...

: rmet trimmers and fixed resnstors into a single pr
“packaged circuit. A consolidation of functions has been designed into 2
new product line of cost-effective DIP components.

All trimmer apphcatlons require a fixed resistor to either divide a val,
or limit a current. The nine MFT trimmer models will functionally sansfy
almost any trimmer application.

S SPACE — MFT trimmers drastically reduce PC board space
the peripheral components of a linear IC.

SAVES TIME — MFT trimmers re-
duce the time and cost of designing
IR, circuits. It also saves production
T time as MFT trimmers are compati- -
i ble with DIP automatic insertion
equnpment And, ther ar

cE — Temperature tracking is better than dis-
s...50 ppm/°C. Trimmers/Resistors are manufactured
‘on a common substrate. MFT trimmers are more reliable
f pre-tested circuitry and reduction of connections.

’ led multi function trimmers are available in nine configurations
multiple trimmer and network combinations. Call or write today
or your MFT trimmer catalog.

TRIMPOT PRODUCTS DIVISION, BOURNS, INC., 1200 Columbia Avenue,
ide, CA 92507. Phone: 714 781-5204. TWX: 910 332-1252.
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The only other professional
quality sweepers in our price
range that we know about make a
loud noise and are constantly
needing their bags emptied.

So if you're more interested in
clean sweeps than clean floors,
we recommend our Model 1061. It
sweeps from 1MHz to 400MHz at

line frequency, with excellent
signal quality. Output flatness is
+ 0.25dB, sweep linearity 2%.

The calibrated outputis +10 to
-60 dBm and you have a choice of
either 50-ohm or 75-ohm output
impedance.

All for $675.
But if anyone else tries to sell

you a sweeper with a three-digit
price tag, watch out. You may be
getting sucked in.

Wavetek Indiana, Inc. 66 N.
First Ave., P.O. Box 190, Beech
Grove, Indiana 46107. Telephone
(317) 783-3221, TWX 810-341-3226

WAVE TEK:

Without Wavetek's
Model 1061,
the under *700
sweeper market

would
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The only Double-Balanced

with a 2-YEAR GUARANTE
featuring Hi-Rel tested diodes

Introduced in 1971 at $7.95...

still only
i . (500 pieces)

$9.95 (1-49)

ixers

*including diodes! e
e F——
Yes, a two-year guarantee for hermetically sealed To earn your continuing support, we are now
DBM's is now a reality . . . made possible by an ac- employing HTRB Hi-Rel testing for every diode
celerated-life diode screening program adopted at used in the SRA-1, at no increase in cost to you.
Mini-Circuits. So, for the same low price of $7.95, you can
Each Schottky diode used in Mini-Circuits’ purchase our SRA-1, with a two-year guarantee,
SRA-1 mixers is now preconditioned by the HTRB including diodes.
(High Temperature Reverse Bias) technique, pre- To ensure highest system reliability demand
viously reserved almost exclusively for semicon- highest quality diodes on your source-control
ductors assigned to space applications. With drawings and purchase orders. Specify SRA-1
HTRB testing, each diode is operated for 168 hours mixers, with HTRB tested diodes from Mini- Cir-
at 150°C with one volt reverse bias applied. cuits!.. where low price now goes hand-in-hand
To screen out “infant mortality”, the diodes are with unmatched quanty
deliberately stressed to accelerate aging and to y
force time-related failure modes to take their toll. MODEL SRA-1
In conventional testing or ‘‘baking’’, the diode does Freq. range (MH?) LO - 0.5-500. RF 0.5-500. IF dc-500
not experience anywhere near the stress encoun- goqversmn l?ss \dtB) ter [T]ypv
tered with the HTRB program. Hence, the ability e -
at Mini-Circuits’ to locate the potentially-unreliable Isolation (dB) Typ.
diodes before they are assembled into SRA-1 units Lower band edge to LO-RF 50
And, with double-balanced mixers, the overall re- one decade higher LO-RF 45
liability hinges almost entirely on the diodes used. Mjdigange tg_',ﬂr' i
Yes, the HTRB procedure costs us more and Upper band edge to LO-RF 35
screens out more devices. But our goal is to one octave lower LO-F 30
improve reliability to a level unmatched for off-the- Min. Electronic attenuation (20 mA) 3 dB
shelf DBM’'s at no increase in cost to our cus- Signal, 1 dB compression level 4 | dBm
tomers. You — our customers by your overwhelm- Impedance ali ports 50 ohms
ing confidence in our product line have made us
the number one supplier of DBM’s in the world.
=) an-Curcults
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 “ "| c|Rcu“-s LABORATORV
Domestic and International Telex 125460 International Telex 620156 1 Scientit npone
International Representatives: () AFRICA: Afitra (PTY) Ltd P O Box 9813 Johannesburg 2000 S 0 NORWAY: Datamatik AS Ostensjoveien 62 Oslo 6 Norway [0 SINGAPORE & MALAYSIA
Africa O AUSTRALIA: General Electronic Services. 99 Alexander Street. New South Wales Electronics Tradi Co (PTE) Ltda 87 Bukit Timah Road Singapore 9 Malay Peninsula
Australia 2065 0O ENGLAND: Dale Electronics. Dale House, Whar!t Road. Frimley Green [0 SWEDEN: Inteqerad Electronik AB Box 43 S-18251 Djursho!m Sweden
Camberley Surrey O EASTERN CANADA: B D Hummel. 2224 Maynard Avenue. Utica. NY 13502
(315) 736-7821 O FRANCE: SCIE - DIMES 31 Rue George - Sand 91120 Palaiseau U.S. Distributors: 1 NORTHERN CALIFORNIA: PENN-STOCK Co  Foothill Office Center 105
France O GERMANY, AUSTRIA, SWITZERLAND, DENMARK: Industrial Electronics GMBH 6000 Fremont Avenue Los Altos CA 9402 948-6533 O SOUYHERN CALIFORNIA. ARIZONA
Frankfurt/Main Kluberstrasse 14 West Germany [ INDIA: Gaekwar Enterprise, Kama Mahal M L Crown Electronics 11440 Colli Hollywood CA 91601 (213) 877-3550
Dananukar Marg. Bombay 400 026, India. O ISRAEL: Vectronics. Ltd . 69 Gordon Street. Tel-Aviv NEW YORK: MICROWAVE DISTRIBUTO PANY
Israel O NETHERLANDS, BELGIUM, LUXEMBOURG: Coimex Veldweqg Il Hattem Holland 61 Mall Drive. Commack N.Y 11725 516 543-4
R 16/Rev/E
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49 News Scope

54  Z 8000 16-bit ».C family will challenge minis.

60 In-circuit tests find more faults on PC boards.

64  Faster, denser static RAMs push into new designs.
76 Lower-cost fixed discs will fill in the gaps.

81 Washington Report
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88 Focus on batteries: Battery specs are expressed in a special \fs!;_'*ﬁl‘:
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104 Pick theright dc/dc converterfor your switch-mode power supply Different
circuit types determine the characteristics of the magnetic components.

112 Protect yourrechargeable battery. Put hysteresis into the discharge-sensing
circuitso thatthe load stays removed—even as battery-voltage rebounds.

116 Develop cooperative uP subroutines that exchange information without
hogging memory. The clue: a routine based on register-controlled stacking.

122 Reduce your ;C system’s overhead. With a system-monitor analysis of the
system'’s operations, you can spot possible bottlenecks in program execution.

128 Puttestability into PC boards during the design stage. You'll make it easier
todiagnose and isolate faults automatically, and you'll cut the cost of repair.

134 Test your charge-pump phase detectors. Pinpoint the nonlinearities so you
can operate your detectors in the good part of their characteristics.

140 George Bugliarello of Polytechnic Institute of New York speaks on expanding
your research capabilities.

144 Ideas for Design:
Sample-and-holds and asumming amplifier form ananalog memory unit.
Quad comparator provides two functions—Ilevel shiftingand time delays.
Turn a car's side marker lamps into ‘turn’ signals with a CMOS gate.

152 International Technology
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155 ICs & Semiconductors: PROM family is fastest and densest—and
plugs rightinto expandability.

162 Micro/Mini Computing: Alphanumeric and graphic boards include
microprocessor software.

188 DataProcessing: Computers family get high speed from hardware arithmetic
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Watch this space for a whole new N ‘ | ‘
family of microprocessor components '
designed by Advanced Micro Devices. DMA WITH

Theyre built from your side of the EVERYTHING ON IT.
board. Theyre microprocessor-based Advanced Micro Devices new
solutions from a system viewpoint. Am9517. It’s a multimode DMA controller

For example: that lets you transfer information directly

MOS
MICROPROCESSING:

WE RE ON
YOUR SIDE.
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from your peripheral controller to your
system memory at blinding speeds of up
to 2 million words per second. And
that’s just the beginning.

The Am9517 is a 40-pin, 5V only,
N-channel, silicon-gate device that imple-
ments four fully independent DMA
channels and includes provision for
unlimited expansion.

Software control provides automatic
reinitialization of all channels upon
completion or external termination of a
DMA transfer.

It’s got everything: Memory-to-memory
transfer, address increment or decrement
and software DMA request capability
offer powerful data manipulation options.
Software control of the polarity of DMA
request and acknowledge signals—plus

a simple interface—provide easy inter-
tacing with a great variety of micro-
processor systems. And, as always,
MIL-STD-883 for free.

(For those designs that don’t need
everything, we supply the Am8257, a
plug-in replacement for the Intel 8257.)

If youre looking for a DMA controll-
er that looks at microprocessing the
way you do, call us.

Advanced
Micro Devices
.

Multiple technologies. One product: excellence.
901 Thompson Place, Sunnyvale, California 94086
Telephone (408) 732-2400

CIRCLE NUMBER 4

ELECTRONIC DESIGN 12, June 7, 1978



Our customers just plug in our power supplies and
forget about them. Fortunately, these same customers
don’t forget about us. Whithrhelps to explain why we are
now the world’s largest mapufacturer of SCR supplies.

In a word: dependability. In another word: reliability.

One- and three-phase rack-mounted power supplies from 500 to
10,000 watts. Call TOLL FREE 800-631-4298 for complete informa-
tion and prices, or write for our catalog.

ELECTRONIC MEASUREMENTS INC.

E/ 405 Essex Road, Neptune, N.J. 07753
M Phone: (New Jersey) 201-922-9300. TOLL FREE 800-631-4298

Specialists in Power Conversion Equipment
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Across the desh

Magic circuit
Texas Instruments seems to have
performed some magic if it can “Put
BIFETs into your Linear Circuits”
(Dale Pippenger and Dave May, ED No.
1, Jan. 4, 1978, p. 104). The instrumen-
tation amplifier of Fig. 2 (p. 106) could
care less whether a 741 or a TLO81 is
in the circuit, as far as input impedance
is concerned. The 100-kQ resistors de-
termine the input impedance in either
case. Also, the 100-kQ resistors may
look nice in Figs. 1 and 2 at room
temperature, but look out for that bias
current doubling every 8 to 10 C at
elevated temperatures. Here a good
bipolar amplifier may well produce less
error!
Barry Baril
Design Engineer
Burr-Brown
International Airport Industrial Park
P.O. Box 11400
Tueson, AZ 85734

Dale Pippenger replies

In response to Mr. Baril of Burr-
Brown:

Obviously, the purpose of having
100-kQ input resistors on the circuits
shown in Figs. 2 and 3 was merely to
demonstrate that you can operate from
very large source impedances with
BIFET inputs and their low-input-bias
currents.

Moreover, a typical bipolar amplifier
may be very stable on input bias cur-
rent compared to BIFETSs, but only on
a percentage value. For example, a 741
input-bias current changes only about
60% from 0 C to 70 C, while a TL071
would change 100% (or double) every
10°. But look at the actual numbers.
The typical A I;; for the 741 going from
0 to 70° is 75 nanoamps. The A I for
a TLO71 would be less than 7 A under
the same conditions.

Mr. Baril is correct, though, in that
there are some good bipolar amplifiers
that will produce less error—for a
price.

Lots of snow

While sitting out “The Blizzard of
78,” I came across an even bigger snow
job in the January 4 issue of ELEC-
TRONIC DESIGN.

“Put BIFETs into your Linear
Circuits” includes a section (“BIFETSs
hold down the noise,” p. 106) that
doesn’t belong between the covers of
ELECTRONIC DESIGN. For starters, the
authors categorize noise as “burst,
broadband and root hertz.” Burst and
broadband noise are indeed well recog-
nized, but “root-hertz noise” can only
be a corruption of the unit volts (or
more typically nanovolts) per root
hertz. This unit is not a category for
noise but rather the dimension of noise
spectral density. Noise spectral density
is, in turn, the usual form of meas-
urement for broadband noise, one of
the authors’ other two categories for
noise.

In the second paragraph, burst noise
is described in terms of “rail-to-rail
jolts.” Now perhaps this is a metaphor
referring to the choo-choos of old. But,
if it refers to power rails, the rails at
TI must be a lot closer together than
they are at other places, or TI must
have record popcorn noise in its bipolar
amplifiers.

In the next paragraph, the authors
equate broadband and 1/f noise, which
are generally categorized as two dif-
ferent regions in the noise spectrum.
At low frequencies, 1/f noise domi-
nates, but the spectral density falls
with increasing frequency (hence, the
term 1/f noise) until it approaches,
asymptotically, the wide-band noise.

(continued on page 44)

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine's editorial columns. Address letters to Managing Editor,
Electronic Design, 50 Essex St., Rochelle Park, NJ 07662. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld upon request.
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JANGO
ROTARY
SWITCHES

offer SIMPLE
solutions to complex

switching problems!

P-C
Rotary
Switches

“THE MIGHTY MINIATURE”

i i Features
imum simplicity! F
%g‘rsrguphisucatec‘i (s:":l?ntrhyeo;da—
i u

o swnfcr; gealed rotary . - -
diamelerfanii3
mounting face

mf the pin termi-
is simpler! Wir-
Avallable in 8,
1" diameter 1S
24 positions.

and it’'s on

5" deep ("0

to the base O

nals). Mountm%
g is simpler:

10, 12 positions.

available in up t0

PUSH-BY
Rotary SWI';'(.':I?SN

Unique in desi
4 i
Virtue of theirggirtr)w-
phcny,these Janco
frotary Switches also
unction accurat 24
and quickly in thee'y
J mo
ggv!.ronment‘al condit?ér?gvg:e
denSigganged together for higfr:
y packagimdg. Available in
I-directiona| g
;ng-dlrectipnal innt;1
, 12, 16 Positions
with codes galore!

Rofary Selector Switches

tor
dard rotary s'e!ec
Siathes: power, mlsle
icro-miniature,
r;tg:éo keylock, momentary, ettcch
Janco has the rotary sfwils o
tor your application. Prooimary
the usage! Almost everyhm‘ fas
and commercial craft t arotary
has been using Janco _—
switches for over 30 years:

CORPORATION

3111 Winona Ave., Burbank, CA. 91504
Phone 213-845-7473 « TWX 910-498-2701
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_Intel delivers the
8-bit microcomputer,

Our newest 8085A selection is, quite simply, the world’s fastest 8-bit
microcomputer. It’s the 8085A-2, with a 5 MHz clock rate—66% faster than a
standard 3 MHz 8085A. Now you can achieve a new level of system performance
using the world’s best selling and best supported microcomputer family.
There’s a surprising measure of economy

that goes along with the 8085A-2’ startling

performance. Its superior bus architecture
enables you to use
relatively slow, low cost
standard memories.
You don’t need the costly, high speed memories

that other high performance microcomputers
demand. In fact, at any clock rate, MCS-85™ CPUs
operate with 25% slower memories than even the
most efficient competitive microcomputers.

The 8085A-2 faster clock rate sets a perfor-
mance trend all MCS-85 components will follow.
That gives you the design option of 5 MHz or
3 MHz operation within the same family.

Of course the 8085A is fully
compatible with the 8085, and
offers the same growing selection
of memories, programmable
peripheral interfaces and
support circuitry.

- * -
> e
e 3
¢ 2 i
- gl
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world’s fastest

the newest SO85A.

Join the Majority. Since its introduction, more major companies have
chosen the 8085A than all other microcomputers combined. Almost overnight,
the 8085A became the new industry standard.

Full software and bus compatibility with the familiar 8080 is one reason why.
Designers have found they have a head start in implementing new MCS-85-based
designs. And, the 8085A is your bridge to compatibility with upcoming Intel
microcomputer advances.

#1 in Support. Choosing the right microcomputer means more than

evaluating CPU performance. When you choose MCS-85, you get the highest

performance CPU, plus a full family of compatible memories and peripherals,

and access to our fast growing software library. Making Intel your micro-
computer supplier unlocks the door to the industry’s most comprehensive
development support, too.

Our Intellec® and new Intellec® Series II, Microcomputer Development
System speeds your product to market. It’s the only development system
with two high level languages, PL/M and FORTRAN. It’s the only develop-
ment system that gives you symbolic debugging, using ICE-85™ in-circuit
emulation. And it’s the only development system you’ll need for today’s
leading microcomputers, and tomorrow’s, too.

Intel further supports our microcomputers worldwide with on-site FAE
applications assistance, training classes and design seminars.
The quickest way to get started is to order MCS-85 components
from your nearest Intel distributor. Or, for a new 8085A-2 data sheet,
contact your local Intel sales office or write: Intel Corporation,
3065 Bowers Avenue, Santa Clara, CA 95051.
Telephone: (408) 987-8080.

intal delivers.

Europe: Intel International, Rue du Moulin a Papier, 51-Boite 1, B-1160, Brussels, Belgium. Telex 24814.
Japan: Intel Japan, K.K., Flower Hill-Shinmachi East Bldg. 1-23-9, Shinmachi, Setagaya-ku, Tokyo 154.
Telex 781-28426.

Distributors: Almac/Stroum, Component Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial
Components, Pioneer, Sheridan, Wyle/Elmar, Wyle/Liberty, L.A. Varah or Zentronics.
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The smallest member
of this emergency team
does 15 jobs.

It's Mostek's single-chip
i -industry’s choicefor
electrocardiographs,
fish finders, and more.




ytes of ROM, 32 1/0 lines,
gle +5 Volt power supply,
ne 3870 simplifies system design
and lowers cost.

That’s why it was chosen for use

in Cambridge Instruments’ Model
3038/2 Electrocardiograph. The

3870 receives 12 different electrode

inputs, monitors the keyboard
input, and controls the chart re-
corder pens and driver. [ g
Shakespeare Marine
Electronics designed
the 3870 into their chart
printing depth finder,
the Ultimate 1™. It reads
and charts the number
and size of fish at depths
from 6 inches to 400
feet. With the 3870 as a
control center, the

listic parar

the 3870's"

requirements, the

unit runs on flashlight

batteries making it

ideal for outdoor use.
Computer Auto-

mation used Mostek’s 3870 inalow

cost programmer's console for their

Naked Mini 4 computer. The result:
a control and dis-
play panel that
facilitates initial
start-up, program
debugging, and
troubleshooting.

Bell and Howell

designed a micro-
film recorder, the
ABR System 100™,
with a 3870. They

Ultimate 1 offers more features than chose single-chip technology for

its competitors.

Oehler Research developed a
bullet speedometer called the
Chronotach 33™. Using a Mostek
3870, it computes bullet velocity,

its design simplicity, low cost, and
enhanced serviceability. The 3870
met those requirements while
allowing additional features.
These are just some of the proven

CIRCLE NUMBER 8

4K bytes of ROM and In-
Socket Expandability
(ISE-1)™ for easy system
upgrade.

For more mformatlon

about Mostek’s

3870 family,
contact Mostek,
1215 West Crosby
Road, Carrollton,
Texas 75006;
phone (214)
242-0444.
In Europe: Mostek
GmbH, West
German phone
0711 701045.

MOSTEK

© 1978 Mostek Corporation
Photo courtesy of Pleasant Grove Hospital, Pleasant
Grove, Texas




POWER AUDIO AMPS

The power audio leaders

are sounding off

Fairchild didn't get to be the largest
manufacturer of power audio
amplifiers in the United States by
resting on its laurels. So here we
go again.

The low-down on low.

Our new pA7307 is, modesty
aside, simply the best low-cost amp
for battery operation available
today. Particularly at low voltage.

It's constructed on a single
silicon chip using Fairchild's patent-
ed Planar process. And fo save
space, it's packaged in a plastic
8-pin mini-DIP with copper frame.

Power supply voltages range
from 3.5 to 12 V. Power output
from 0.22 to 1.6 W. Speaker
impedance is 4 Q . And minimum
working voltage is 3 V.

The low-down on high.

Our new uA783is a high
voltage monolithic integrated
circuit in a 12-pin power package.

It's designed for use as an
audio frequency Class B power
amplifier and for 8and 16 Q
applications.

With 24 V of power supply
voltage, you get 9 W of power
output using an 8 Q speaker.

The uA783 also has a wide
supply voltage range from 4-30 V.

Applications are primarily line
operated TV and audio.

A powerful

Our new TDA2002/2002A's
are 10 W audio power amps in
5-pin TO-220 power type packages.

The specs are powerful, too:
Power supply voltage
16 V. Power output 10 W.
Speaker impedance 2.

Features include
thermal shutdown,
overvoltage protection
(on the TDA2002
only) and short-circuit
protection.

TDA2002/2002A's
are perfect for auto and
mobile radios and CB's.

All-purpose,

all-American amp.
Our new TBA820 is

an integrated monolithic

audio amplifier in

a 14-pin plastic power

package. It's constructed

on a single silicon

chip, using Fairchild's

Planar process.
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AUDIO POWER AMPLIFIERS
Power Supply Voltage
Device Speaker Impedance Package Features/Mkt. Area
Power Output
TDA2002 16V,20,10W 5-pin 2-4Q loads
TDA2002A 144V,20,8W TO-220 type Thermal shutdown
144V, 40,5W Power package Overvoltage protection
Short-circuit protection
Auto radio, CB, Mobile Radio
pA783P3 24V,80,9W 12-pin Batwing Thermal shutdown
uA783P4 Operation 4-30V
Line operated TV & Audio
TBA810DS 144V, 40,6 W 12-pin Batwing Thermal shutdown
TBAB10DAS Overvoltage protection
Auto radio, CB, Mobile Radio
TBAB810S 144V, 40,6 W 12-pin Batwing Thermal shutdown
TBAB10AS General purpose audio
pA706BPC 14V, 40,55W 14-pin dual in-line Not recommended for new
power pkg. w/bracket designs
TBA80O 24V, 160,5W 12-pin Batwing Suitable for 24 V supply
TBABOOA operation, e.g., TV and
line operated radio
TBA641B11 14V, 40,45W 14-pin quad in-line Not recommended for new
power pkg. w/bracket designs
wA706APC |9V, 40,22W 14-pin dual in-line Not recommended for new
power package designs
TBA641A12 [(9V.40,22W 14-pin dual in-line Not recommended for new
power package designs
TBA820 12Vv,80,2W 14-pin DIP Low power supply operation
TBA820L 9v.8q0,1.2W Suitable for battery operation
6V, 40,075W
35V,40,022W
nA7307TC 9V.4q,1.6W 8-pin mini-DIP Low cost
9Vv,80,12W low voltage-battery
6V, 40,075W operation
35V,40,022W

The TBA820 is an inexpensive,
all-purpose amplifier used primarily
as a low frequency Class B amp.

It operates over a wide supply
voltage range of 3-16 V. And it's
capable of providing up to 2 W of

output power.

The low quiescent current in
TBA820's make them extremely
useful in battery operated portable

applications.

hello
Is:ysomeoldhvoliles.

Fairchild has the broadest and
most complete power audio line
inthe US. for use in TV, radio, hi-fi,

CB and industrial applications.

It covers the entire range from 3.0
to 30 V of power supply.
And from less than 1to T0W of
power output.
In short, we've got your amp.
For details on our power

audio products, or for your own

power audio line card, just
contact your Fairchild sales office,
distributor or representative
today. Or use the direct line at the

bottom of this ad to reach our

Linear Division. Fairchild Camera

and Instrument Corporation,

464 Ellis Street, Mountain View,

California 94042.
Telephone: (415) 962-4903.
TWX: 910-379-6435.
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When the
chips are down,
GE's DataSentry keeps

nickel-cadmium battery

the me nory up!




GE's exclusive winning
combination: rechargeable standby
power in a DIP.

GE’'s new DataSentry © nickel-cad-
mium batteries are Dual Inline Packaged—
they mount right on the card in standard
pin sockets. There's no costly auxiliary
mounting hardware or interconnect-
irg wiring. And, the multi-pin design and
rugged plastic case insure mechanical
integrity. Keep in mind too that the
compact size and DIP configuration make
the DataSentry ® standby power modules
highly compatible with microelectronic
P.C. board design.

Two of a Kind, and any
combination wins.

DataSentry ® modules are available
in two voltages: 2.4 and 3.6 volts. Multiples
of these two sizes give you the versatility
to custom match standby power to the
design requirements of your system. For
example, if you need 6.0v, simply
combine one 2.4v module and one 3.6v
module. A 4.8v design means two 2.4v
modules. And so on. Now you can match
system requirements by simply combining
inexpensive standard components.

The backing you need to cover
your bits.

with DataSentry® modules, not only
can you “build-up” the right voltage for
your system, but you can also “back-up” a
wide range of memory requirements. For
example, these 10000
versatile modules
will typically support
a small memory
drawing 10 micro-
amps for almost
three months, or a
larger memory
drawing one half
amp for more than ‘
five minutes. B et

GE's standby power lowers your
ante . .. again.

You already know you can create a
non-volatile RAM through the addition of
standby power. And you also know the
COst savings are considerable. Now with
DataSentry ® modules, you can save even
more. The DIP configuration means you
can take full advantage of standardized
board manufacturing techniques as well
as high volume soldering and cleaning
processes. And that means less production
time. And cost.

i g s e |

SRS RS - S——( T i

1 WEEK
o . . \ ‘ |
'

1

DAY

REQUIRED HOLD-UP TIME (HOURS)
3

e

You can bet your bits it's a
consistent winner.

DataSentry ©® modules provide
proven application reliability, backed up
by GE's reputation as a world leader in
rechargeable battery technology. Take a
look at the hand DataSentry ©® modules
hold:

« NO Maintenance

« continuous overcharge capability

« the versatility of both high and low
discharge rate capability

e flat discharge voltage profile

* resealable safety vent

Now it’'s your deal.

You can always deal yourself
winning cards when you back your chips
with DataSentry © standby power modules.
For a first hand look at your ace on the
board, simply fill out the reply card below
and mail to:

DataSentry®
General Electric Battery Department
P.O. Box 922 /Gainesville, FL. 32601

GENERAL @3 ELECTRIC

A world leader in rechargeable battery technology.

REPLY CARD

Name:

Title:

company:

Address:

City: State:

Phone Number:

Application:

Requirements:

OPlease have a Sales Engineer contact me immediately.

@ Trademark of the General Electric Company

CIRCLE NUMBER 10



Here’s your latest edition
of the Gl Microelectronics
1978 Product Guide...

Quick...Tear it out!

lfyouwant
more information

please use this coupon.

I-[] AMERICA

General Instrument Corporation
Microelectronics

600 West John Street

Hicksville, New York, U.S.A. 11802

[
I [] EUROPE

|
[]ASIA
i

1
L

General Instrument
Microelectronics, Ltd.

Regency House, 1/4 Warwick Street,
London, W1R 5WB

General Instrument
International Corp.
Fukide Bldg., 8th Floor
1-3 Toranomon 4-Chome
Minato-ku, Tokyo 105

Gl MICROELECTRONICS 1978 PRODUCT GUIDE:

I:I I'm impressed. Please send me more information re:

|:| I’'m very impressed. Please call me re:

I’d like to be impressed, but your guide
has been removed. Please send me a copy.

NAME: TITLE:
COMPANY:

ADDRESS:

CITY: STATE/COUNTRY:
ZIP: TELEPHONE:

e e e e

GENERAL INSTRUMENT CORPORATION

MICROELECTRONICS

CIRCLE NUMBER 11
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HOW TO PROFIT FROM
YOUR PERSONAL
COMPUTER:

Professional, Business, and
Home Applications

By T. G. Lewis. Describes how to
put the computer to work for you.
#5761-X, paper, 256 pp., $7.95

HOME COMPUTER
SYSTEMS HANDBOOK
By Sol Libes. A technical look at
personal computers.

#5678-8, paper, $8.45

THE FIRST BOOK

OF KIM
By Jim Butterfield, Stan Ockers,
and Eric Rehnke. How to write

KIM programs, with illustrations.

#5119-0, paper, 176 pp., $8.95

FORTRAN WITH STYLE:

Programming Proverbs

By Henry F. Ledgard and Louis J.

Chmura. Programming style
guide that conforms to the new

definition of standard FORTRAN.

#5682-6, paper, 176 pp.,
Available May, 1978

BASIC BASIC,

Second Edition

By James S. Coan. Fundamentals
of BASIC programming.

#5106-9, paper, $8.95; #5107-7,
cloth, 288 pp., $9.95

HOW TO BUILD A
COMPUTER-
CONTROLLED ROBOT
By Tod Loofbourrow. Provides an
application of a microprocessor
and hands-on experience with
robotics. #5681-8, paper, $7.95

Catalog No. Title

15-DAY FREE EXAMINATION!

Price

Name

Title

Company

Address

|
|
|
|
|
|

City

State Zip

| Sendto: HAYDEN BOOK COMPANY, INC.

50 Essex Street, Rochelle Park, N.J. 07662

[] Rush me the book(s) listed on 15-da;]
FREE examination. At the end of that
time, | will send payment, plus postage,
or return the book(s) and owe nothing.

[] Payment enclosed, Publisher pays post- |
age. Same return guarantee,

Prices are subject to change without
notice. Offer good in U.S.A. and Canada
only.

Payment must accompany orders from
P.O. Box numbers. Name of individual
ordering must be filled in.
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Introducing the Data General microNOVA
Board Computer, MBC/1. The smallest,
most functional 16-bit single board micro-
computer you can buy. More power and
capability in less space than any other.
It’s a full 16-bit processing unit. And it has
multiply/divide, stack architecture, data
channel (DMA) and 16-level priority inter-
rupt, 2K bytes static RAM, sockets for
up to 4K bytes of PROM. It also has async
interface, 32-line digital I/O, optional con-
sole debug software and self-test diag-
nostics. All in a space of 7.5 x 9.5 inches.

It’s all supported by our MBC/M
real-time multi-tasking monitor and moni-
tor emulator that lets you develop soft-
ware under Data General’'s AOS, RDOS
and DOS operating systems for execution
on MBC/1.

To go along with all of this, there’s
a full array of compatible interfaces, design
interface support, compatible software
and excellent program development tools.
If you want more board in less room,
reserve a Data General MBC/1 micro-
NOVA Board Computer. For more infor-

w\i\\ WJ’ ’ﬂ /// ' ,I mation, mail the coupon, call Data General

or your nearest full service industrial
distributor: Schweber or Wyle (Elmar/
Liberty). Or call your local dealer.

*Single unit price. Quantity discounts available.

i | ///‘m :

14
|

b QP) ) ;‘- Al ss _/-k.‘.
) E! T & :
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———————————___ﬂ

Mail to: microNOVA PRODUCT INFORMATION
DATA GENERAL CORPORATION,
WESTBORO, MA 01581

Address
City State Zip

Data General Cnrpurzniun, Wes!hnro. MA 01581, (617) 366-8911. Data General (Canada) Ltd.,

Ontario. Data General Europe, 61 rue de Courcelles, Paris, France, 766.51.78. Data General

Australia, (03)8)(!{% I)t ( sneral Ltda., Sao Paulo, Banlwﬂ(llix Data General Middle
East, Ath ens, Greece, 952-0557. (© Data (-tnLralL yrporation, 1978.

|
\<L I !ii i‘; 7, ‘ 3 - I Name Title
| ; r 737 I B I Company Tel. No.
: ;
|
|

microNOVA is glt red trademark of Data General C rporau E I)(
L____—_—__———__

16-bit microNOVA. ' - DataGeneral

We make computers that make sense.
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Across the desk

(continued from page 7)

Next, we are given an expression for
“broadband-noise spectral density,”
which is related to reciprocal frequen-
cy. I don’t know where the authors dug
up this expression, which they purport
to relate to equivalent input noise. It
looks suspiciously like the equation
that describes excess noise (above
Johnson or thermal noise) for a resistor
under bias. In any case, it could hardly
be the expression for spectral density,
since it is dimensionally incorrect. Re-
member that spectral density should
be V/\/ Hz.

The last paragraph in the section, a
discussion of “root-hertz noise,” ap-
pears to be a garbled description of 1/f
noise.

A. Paul Brokaw
Director of Product Planning
Analog Devices Inc.
Semiconductor Div.
829 Woburn St.
Wilmington, MA 01887

Dale Pippenger replies

A few comments relative to “The
Blizzard of '78,” the January BIFET
article and Paul Brokaw’s comments:

1. Although the term of “nanovolt
per root hertz” is a narrow-bandwidth
measurement of noise density, it is
often referred to as root-hertz noise
and is used as a meaningful test for
noise. Even the popular Analog low-
noise device AD504 specifies noise at
100 Hz and 1 kHz in nanovolts per root
hertz. It’s not exactly broadband noise
—it’s the noise density over a 1-Hz
bandwidth at the frequencies tested.

2. The rail-to-rail jolt at the output
of an op amp during burst noise is well
known when used as transducer
amplifiers operating at high gain. This
burst of noise, or jolt, could swing the
output from rail to rail even with 1-
mV input burst, if the amplifier were
operating at a gain of, say, 10,000. The
resulting 10-V burst on the output is
what is referred to as “popcorn noise”
due to its high energy level. Though 1
mV of input burst noise is a lot, it is
not uncommon in older general-
purpose bipolar amplifiers.

3. The 1/f noise and broadband-

noise measurements are definitely sep-
arate techniques. While broadband
noise is an average level of the total
noise over some bandwidth (frequently
10 Hz to 10 kHz for op amps), 1/f noise
is, as stated, spot noise—over a narrow
1-Hz bandwidth measured at frequen-
cies of typically 10 Hz, 100 Hz, 1 kHz,
10 kHz and 100 kHz.

4. Regarding amplifier input im-
pedances, we did not intend the values
mentioned to be the result of external
circuit techniques that yield high val-
ues. The 741 4-MQ input impedance
mentioned is actually higher than the
data-sheet specification for a typical
value.

I do hope the snow storms are over
for this winter.

Incredible

The TI BIFET article in your Janu-
ary 4 issue raises several questions of
credibility:

1. The chip photos, claimed to be the
same scale, are stated to show that the
TI chip is “about the same size” as the
741 chip, but the National LF355 is
“twice as large.” Simple measurement
of the photos reveals that the TLO81

Time Delay Relays

contact arrangements. Save
design time by selecting a standard
P.B time delay relay. Or,
we’ll make a special for you if
your application
demands it. All built
to PB’s high stand-
ards of quality and
performance. Potter
_ & Brumfield Division
: B | ' > AMF Incorporated,
a B 200 Rlchland Creek Dr., Prince-
'y ' ton, IN 47671. 812/386-1000.

CIRCLE NUMBER 98 _—
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is 1.97 times the 741 area, and the
LF355 is 1.90 times the TLO81 area.

It appears to me that TI has shown
what we have been claiming all along:
Even the most simple BIFET op amp
chip is larger than a 741 and has an
extra two ion-implant steps. Therefore,
it must cost more to produce than a 741.
If priced below a 741, the only valid
reason is to buy market share.

2. Comparing the TL081 with the
LF355 isn’t cricket anyway. Com-
parison should have been made with
the LF351, National’s equivalent to the
TLO081. The LF355 (now LFT355), like
the PMI OP15, is a precision op amp,
against which neither the TLO81 nor
LF351 can compete in performance.

3. Although the virtues of BIFETs
are considerably extolled, I believe that
one must evaluate the advantages on
a sound engineering basis:

a) Noise in a BIFET circuit is a
function of a lot more than just the ion-
implant process characteristics. In an
LF355 circuit it comes primarily from
the current noise in the second stage
reflected by the gm of the first-stage
FETs to the inputs. In fact, evaluating
units from several sources have even
shown popcorn noise. The best BIFET

amplifiers have yet to meet the noise
performance of the best bipolar
amplifiers.

b) Warm-up drift of IB and its
change over even the 0 to 70-C range
was not discussed. Since the input bias
current is junction leakage current on
the FETs, this will approximately
double every 10 C. Therefore, warmed
up at 70 C, the input current is equal
to or greater than a number of bipolar-
amplifier families.

Daniel J. Dooley
VP, Engineering
Precision Monolithics Inc.
1500 Space Park Dr.
Santa Clara, CA 95050.

Ooops!

Those of you who read our special
report on data converters (ED No. 12,
April 12, 1978, p. 38) and who know
Russell Apfel, manager of LIC systems
at Advanced Micro Devices, may get
the idea that he changed his last name
to Aptel. He hasn’t. We did it for him,
accidently. For that we apologize to
Russell and promise to write 1000
timesz “f not't. f not t, L not't ... .”

Misplaced Caption Dept.

So that's what an overloaded
power transformer smells like.

Sorry. That Franz Xavier Messer-
schmidt’s “A Rascal,” asculpture in the
Osterreichische Galerie in Vienna.

...and other solutions to your :
tough design problems are found in
P.Bs growing product line.

NEW low-cost S87R
industrial relay. UL
recognized. Contacts rated
to 20 amps, 277V AC, 50,000
operations at rated load.
Contact forms to 2C. Ideal
for vending machines,
HVAC, home appliances
and machine tool controls.
CIRCLE NUMBER 156

NEW T10 PC Board Relay.
Now sealed for flow
soldering and immersion
cleaning. Only .425" high
allowing 0.6” center-to-
center spacing. Ideal for

high density applications.

Choice of 2,4 and 6
Form C contacts for 0.1
to 3 amp switching

@ 28V DC.
CIRCLE NUMBER 157

W58 thermal circuit breaker.
Positive snap action
switching up to 35 amps for
under $1.00 in quantity.
Exclusive blade design.
Pressure actually increases
until contactsopen...witha
“snap’” Trip times at 200%
of rated load—1 to 4 amp
models 10 to 45 seconds,

5 to 35 amp models, 6 to
30 seconds.

CIRCLE NUMBER 158

Potter & Brumfield

NEW EAX solid state AC
relay. Thyristor controlled
and isolated by pulse
transformer circuit. Can be
driven directly by logic
circuits such as TTL, MOS
and HTL. Terminals for 0.1”
grid printed circuit board
mounting. Rated 1.2 amps,
120V AC.

CIRCLE NUMBER 159




ROLM hasitalltogether
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Concept

y uration you need. While your system is in design & development, your °
any | pec computer system with large software can be developed on one of the ROLM standard
rformance requirements, you can start with the ROLM® AN/UYK-19 processors. Since all ROLM modules are
odel 5605 microprocessor. This high speed, single module  interchangeable and compatible, processors such as ;
processor can address 64K of memory and as many as the ROLM 1602A can be used for programming, test and
61 devices. maintenance—without modification!
It uses our semi-conductor or core memory modules. And your flexibility of selection doesn’t stop with
Like the CPU, they’re Mil-Spec components ready for se- hardware. At no added cost you have your pick of extensive,
vere environments. updated, upward compatible software with your program-
Select from a full line of ROLM interfaces ranging from ming station.
standard I/O buffers to NTDS and communications interfaces. We call this the “micro-modular” approach to de-
Tie the whole system together with a custom, or stan- signing a Mil-Spec computer system. It puts it all together
dard, motherboard ready for an enclosure of your design or  in a way that makes sense; just the way you want it.
the ROLM Mil-Spec Half ATR chassis.

That's Why We're #1in Mil-Spec Computer Systems

MIL-SPEC
Computers

4900 Old Ironsides Drive, Santa Clara, CA 95050. (408) 988-2900. TWX 910-338-7350.
In Europe: 645 Hanau, Muehistrasse 19, Germany, 06181 15011, TWX 418-4170.
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You can use our complete
NRZI Magnetic Tape System with your
PDP-Il or Nova for under $5250-

or, you can pay 20-100% more to other
independent peripheral suppliers

like Pertec Wangco, Kennedy...

and even to DEC and Data General.

Then try to justify it.

Unless your firm likes giving money away, Digi-Data is the only
recommendation that makes sense.

And whether you need compatibility with PDP-11 or NOVA, Eclipse
oreven HP21MX; it's not just our price advantage that gives
you the edge.

B |t's the product reliability that results
from our ultra-simplistic design.
Thousands of field installations have
verified that reliability.

B |t's the confidence that our 16-year
record of corporate stability assures.

® |t's our 30-day ARO delivery for
most standard configurations.

B |t's our long-term
record of responsible
service.

B And it’s the perform-
ance, serviceability and
economy realized by us-
ing common designs for
the many different
configura-

tions avail- =

able in our
Minidek, '1
Mididek and )
Maxidek tape
transport models.

And after all what really
counts is the overall value that
Digi-Data provides. Whether you
need stand-alone tape drives, formatted
systems or minicomputer mag tape systems,
Digi-Data is First in Value. Call or write today
for details.

DIGI-DATA
CORPORATION

8580 Dorsey Run Road, Jessup, MD 20794
‘ (301) 498-0200

I o. .. First In Value
CIRCLE NUMBER 14

*Single quantity price.
Substantial volume discounts available.



You're looking at the state-of-the-art in discrete film
resistor technology. MEPCO/ELECTRA'S SPR 5000 Y—the only
resistor that gives you everything you need for all your
1%, 100 PPM applications . .. in one size, one style.
Whether you're building automotive, instrumentation or
communications equipment, with all the tight space requirements
high power handling capabilities, and broad range of values these
applications require, you'll find what you need in SPR 5000 Y ...
with this big plus—reduced resistor inventory.
MEPCO/ELECTRA SPR 5000 Y:

DUAL RATED—1/4W & 1/2W.

One resistor can be used in both 1/4 and 1/2W applications,
which means dual power handling capability in the smallest
possible size.

BROADER RESISTANCE RANGE—10() to 22.1M ()
Widest resistance range for any resistor
with comparable tolerance and T.C.’s.

REPLACES RN55, RN60 and RN65—

Perfect replacement for these MIL styles
with the added plus of a broader resistance range,
dual rated ... and at a better price.

CWV—350V Max.

STANDARD TOLERANCE—1 %

STANDARD T.C.—+100 PPM (=50PPM available)

In the market for a standard precision resistor that
offers better than standard specs? Find out about
SPR 5000 Y. For more information ... “Call M/E”
at (817) 325-7871. Or write MEPCO/ELECTRA Inc.,
P. O. Box 760, Mineral Wells, Texas 76067.

MEPCO/ELECTRA, INC.

A NORTH AMERICAN PHILIPS commny

CIRCLE NUMBER 15




News scope

June 7, 1978

Computer model improves
fiber-optic communications

Working from a new computer mod-
eling program to predict performance
of a fiber-optics communications sys-
tem, engineers at Harris Corp. (Mel-
bourne, FL) have developed a 7.8-kilo-
meter link for a cable-television system
in London, Ontario, Canada. The sys-
tem transmits at 322 megabits per
second, and has two repeaters spaced
2.6 km apart.

Rather than set up rise-time budgets
and add up the rise times of each
system element to see if the over-all
system goals are met, the Harris group
uses computer models for each of the
system elements—transmitter, optical
waveguide, receiver, noise filter and
equalizer—and, with the computer, ap-
plies a pseudorandom word to the
cascaded models. The output is an
“eye” diagram which shows the result-
ing distortion and jitter.

In comparing the computed and
measured results, a Harris spokesman
says, “If you lay one on top of the other,
you can’t tell the difference. Most peo-
ple have been too scientific,” he adds,
“and not approached the problem in a
practical way.”

The system is described in a paper
at this week’s International Com-

Fiber-optic transmitter (left) and
Corp. handles 322 megabits per second. First installation will be in a cable TV
system in Canada.
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munications Conference in Toronto,
Canada. Author C. Richard Patispaul
notes that a number of approaches
have been taken for calculating error
rates in avalanche photodetector re-
ceivers, including an exact solution,
Monte Carlo Simulation, Chernoff
bounding, and Gaussian approxima-
tions. The Gaussian approach is the
most convenient, says Patispaul, al-
though it cannot accurately predict
optimum avalanche gain and the de-
cision threshold. Patispaul notes that
such factors are rarely encountered in
practical receivers. Optimum gain can-
not be achieved because it generally
exceeds the maximum rating of the
device, while decision thresholds are
unimportant since the data waveform
must be symmetrically limited prior to
retransmission to prevent excessive
pulse-width distortion.

Thus, with the Gaussian approach,
he can compute noise effects and then
calculate the intersymbol interference
and the jitter.

Jitter comes in two forms: random
and systematic. Random jitter is esti-
mated using an approximation based
on signal slope and signal-to-noise ra-
tio, whereas systematic jitter is taken

receiver (right) developed by Harris

from the waveform simulations. With
nonregenerative receivers, the random
jitter grows as the square root of the
number of receivers, while systematic
jitter increases linearly with the
number of receivers. All taken, the
degradation due to jitter was found to
be about 2 dB.

The signals are transmitted over the
7.8-km link using injection-laser diode
transmitters, low-loss, graded-index
optical fibers and avalanche photo-
diode receivers (see photo).

The response time of the diode trans-
mitter is minimized by biasing the
diode above the lasing threshold and
modulating the drive current around
the bias point in binary fashion, with
operation always in the lasing region.
Average optical power output coupled
from the laser to an integral fiber
pigtail is more than 1 milliwatt.

The fiber pigtail is coupled to the
trunk cable with a single-fiber optical
connector with a maximum insertion
loss of 2 dB, and the cable fibers have
attenuations less than 8.5dB/km at the
operating wavelength of 850 nm. A
total of eight fibers are incorporated in
the cable; six are used for two-way
video signals and two are reserved for
spares and future expansion.

The receiver comprises the ava-
lanche photodiode and a wideband
amplifier, providing a modulation
bandwidth greater than 500 mega-
hertz.

MSI beats uPs and
custom LSI—sometimes

Off-the-shelf Schottky TTL can
make a better computer CPU than can
custom logic or bit-slice micro-
processors, says Carlton G. Amdahl,
executive vice-president of Magnuson
Systems Corp. (Santa Clara, CA).
That’s why Amdahl chose MSI over
LSI for Magnuson’s M80 Series of IBM-
compatible central processors.

“Bit-slice microprocessors are too re-
strictive to provide the performance
levels we want,” says Amdahl, who
claims the Magnuson processor is 1.2
to 2 times faster than the equivalent
IBM 360 and 370 units. The greatest
advantage is in business data process-
ing applications using Cobol, and the
smallest advantage in scientific ap-
plications using Fortran.

There are microprocessors in the
$200,000-and-up computer’s control
console, though, and the CPU architec-
ture is designed so that higher technol-
ogy devices, when they become eco-

49



nomical, can replace TTL boards easi-
ly.

The modular approach to computer
architecture allows changes and up-
grades in software and hardware to
follow any new developments from
IBM, as well as allow compatibility
with Honeywell, Burroughs, and other
manufacturers’ machines. Emulating
IBM CPUs is becoming a favorite pas-
time: Two Pi Company Inc. (Sun-
nyvale, CA) with its V32 (ED 10, May
10, p. 36) and National Semiconductor
Corp. (Santa Clara, CA) with its
System/400 (ED 11, May 24, p. 37).

DMM responds to rms,
average and peak ac

Digital-multimeter users no longer
have to be concerned if their meters
respond to ac signals with average,
rms, or peak readings—or carry
around three different instruments to
cover all needs. The Model 3030A from
Ballantine Laboratories Inc. (Boonton,
NJ) has switch-selectable ac response,
as well as a decibel range with an
adjustable reference and high sensi-
tivity on ac and de ranges.

In audio-equipment testing, for ex-
ample, average response can check si-
nusoidal signals, rms response can
check distorted signals, and peak re-
sponse can check sound waveforms and
power-supply noise. In addition, the
3030A can make a gross check for
distortion in sinusoidal signals: a clean
sinusoid has a peak value 1.414 times
its rms value.

In the decibel mode, the 3030A has
rms response from 20 Hz to 50 kHz,
with a reference adjustable from over
1000 Q to less than 50 @ at 1 mW. Range
is more than 60 dB.

In voltage and current modes, full-
scale ranges are from 20 mV to 1200
V and from 20 pA to 2 A in both ac
and dc¢ modes—unlike some DMMs,
which are less sensitive on ac signals.
Resistance ranges are 20 Q to 2 MQ.

The 3030A responds from 20 Hz to
50 kHz in the rms mode, to 110 kHz
in the average mode, and to 20 kHz in
the peak mode. In rms, crest factor is
10 at 650 counts and 3 at full scale of
1999 counts.

The tradeoff is cost. At $365, the
3030A is twice the price of some aver-
age or rms-only 3%-digit instruments.
And the instrument’s 90-day delivery
is rather long for a DMM.

CIRCLE NO. 315
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Sensing thermal gradients
raises peak IC currents

Peak currents twice as large as any
previously allowed can now be handled
safely in linear power devices. A
temperature-gradient sensing system
built into National Semiconductor’s
LM-138 three-terminal 5-A voltage
regulator permits the chip to pass 10-
A pulses as often as every 2 ms.

Even with the sensitive system, the
LM-138’s die size is no larger than a
conventional 5-A voltage regulator
whose internal-protection circuits
would cause the output to collapse
instantly at such a transient. Of the
three protection modes usually built
into voltage regulators—current limit-
ing, safe-area protection, and thermal
shutdown—the new method affects
only the current-limit mechanism.

“Such a sophisticated thermal con-
trol technique will be widely used, both
for protection and for optimizing per-
formance,” predicts Bob Dobkin, direc-
tor of advanced circuit development at
National Semiconductor (Santa Clara,
CA).

The gradient-sensing system makes
the LM-138 adjustable-voltage regu-
lator very useful for driving switched
loads with high start-up or surge-cur-
rent demands.

But the spike could come from the
power line as well as the load, Dobkin
points out. No matter. The new tech-
nique uses thermal time-constants
within the chip to “time” the overload
and permit high transients, but safely
shuts the regulator down if the over-
current persists for more than a few
milliseconds.

In high-power outputs for audio or
motor-control amplifiers, shutdown
can be delayed without external com-
ponents. The amount of delay can be
controlled by deciding how close the
gradient-sensing devices will be to the
chip’s primary heat sources, the power
transistors.

Two flexible disc drives
introduced at NCC

Both single and double-density re-
cording are possible with two new in-
telligent flexible disc drives shown at
the National Computer Conference.

Both machines, the RFS 1200 and

RFS 2400 from Ex-Cell-O’s Remex Div.

(Irvine, CA), contain integral for-
matters and Motorola 6800 micro-
processor controllers.

The RFS 2400 double-density ma-

chine is one of the first floppy discs to
be directly compatible with IBM’s
double-density format, introduced last
November.

The single-density Remex unit, the
RFS 1200, can record 256-kbytes while
the RFS 2400 holds 512 k. The 1200 uses
FM recording, while the 2400 employs
a modified FM system that doubles the
information capacity without doubling
the number of flux reversals in the disc.

Both the 1200 and 2400 machines
respond to a macrocommand, as op-
posed to the standard single-command
structures. The macrocommand is an
8-bit word that tells the dise systems
to perform the complete recording op-
eration while the controlling central
processing unit attends to other com-
puting tasks.

Self-correcting memory
can cut service costs

The error-correcting features built
into a new 65 kbyte uC memory board
not only eliminates most data errors,
but also speeds repair by pinpointing
the faulty IC among the 52 dynamic
RAM chips on the board.

The board’s error-correction logic
corrects all single-bit errors and de-
tects all double-bit errors in each 8-bit
word.

Board-edge LEDs show which IC
produced the error. And the service
technician can judge the frequency and
severity of the fault by manually reset-
ting the error-status LEDs and watch-
ing for the occurrence of another fault.

The fault-locating design, the
MBC-064C from Mupro of Sunnyvale,
CA, may cut field service costs by
reducing the costly field inventory of
complete replacement boards.

Raster-matrix printer
charts new speeds

At 600 lines per minute, the P600
matrix printer is invading the speed
territory held by full-font band and
drum machines.

Introduced at the National Com-
puter Conference in Anaheim, CA, the
Printronix (Irvine, CA) printer uses a
raster-matrix technique that is faster
than the conventional dot-matrix. The
P600 lays down a line of overlapping
dots one row at a time rather than form
characters serially and one at a time
in, say, a 5 X 9 or 7 X 9 format.

The raster technique is also found in
printers from Tally (Kent, WA) and
Okidata (Mt. Laurel, NJ).

ELEcTRONIC DESIGN 12, June 7, 1978



Advertisement

P Dralogue

Notes and observations from IBM that may prove of interest to the engineering community

To increase the power available to customers in Fridley, Minn., a Northern States Power Co. construction crew is
converting a single-phase 13,800-volt line to three-phase service.

Northern States Builds with*Compatible Units’

Northern States Power Company is
saving about $1 million a year in con-
struction costs with computer manage-
ment of standardized equipment as-
semblies and construction procedures,
called “compatible units.” The Minne-
apolis-based utility spends about $35
million a year to expand and maintain
the distribution network that carries
electric power from substations out to its
residential and commercial customers.

“Power distribution is a huge,
permanent construction program,” says
G.A. Breyer, superintendent of
distribution performance. “We dispatch
crews on more than 15,000 separate
projects a year, to meet growing
customer needs and repair storm
damage. Just planning the materials
needs of 700 people in 250 crews is a

massive job. Work can be held up while
material is assembled or because a vital
part is lacking. To avoid this, we
occasionally sent excessive material out
with a crew—a costly solution.”

“A typical compatible unit,” explains
Les Drager, manager of business
systems, “is a pole crossarm assembly,
with its attaching hardware. The unit
also includes standard labor hours and
materials.”

To specify a project, the designer
selects the compatible units to be
installed at each point along the
construction site. The computer then
explodes this input into a complete list of
parts, which are drawn from stock and
assembled for the crew.

“On 70 percent of our projects,”
Breyer points out, “the system can now

automatically ‘classify’ — that is, allocate
— the costs of the work.

“Compatible units are entered di-
rectly into the System/370 Model 165.
We have measured time savings for de-
signers of 26 percent.

“A major basis for allowing us our rate
of return is the investment in our physi-
cal system. With more than a million
poles in place, just maintaining an accu-
rate field inventory has been expensive;
our last count took six years. In the fu-
ture, we expect the computer to keep a
perpetual inventory.

“The system created a discipline for
us, standardizing parts to cut down on
inventory. And it has refocused our de-
signers’ attention away from bookkeep-
ing and onto the integrity of the distribu-
tion system.”



T
Marine Biologist Chick

Ga

ddy on Caper’s Island, east of Charleston, South Carolina.

Preserving the Heritage
of the Palmetto State

In a program to preserve its irre-
placeable natural resources, the state of
South Carolina has collected data on
more than 400 sites, ranging from the
breeding grounds of the rare loggerhead
sea turtle to stands of timber more than
400 years old.

“In South Carolina, we are very
proud of the beauty and heritage of our
state,” says Dr. Wayne Beam of the Wild-
life and Marine Resources Department,
“and we want to preserve it for future
generations. Now we can make recom-

mendations on land use permitting de-
velopment compatible with conserva-
tion of natural resources.

“The value of the program is in rapid
pinpointing of needed information,”
Beam continues. “We generate
hundreds of thousands of characters of
new data each month in our field survey
work. There is no way to handle a
state-wide assessment like this and have
it do anything but sit in the files unless it
is automated.”

Areas surveyed contain rare or

endangered species of plants or wildlife,
unique and outstanding natural features,
historical sites and buildings. Complete
information for each location is entered
into an IBM System/370 at the
University of South Carolina. The goal is
to provide the data that planners need to
assess the impact of future development.

Accumulated details on animals of
special ecological significance include all
their feeding and habitat requirements,
their geographical distribution, the
environmental limits they tolerate and
their breeding and nursery areas.

The program is called Heritage Trust
and was developed in collaboration with
The Nature Conservancy, a privately
tunded organization based in Arlington,
Virginia, which is working with other
states on similar programs.

Beam adds: “By doing keyword
searches we can quickly compile a list of
all locations where the gopher tortoise
has been sighted, or other such extracts.
And using the computer we can do
analytical work—correlating such factors
as size and fecundity, to help improve
commercial fish harvests.

“We recognize that we are a growing
and developing state and must make the
most effective use of our land from an
economic as well as an ecological stand-
point. The computer will give us the
capability to compare sites, assess their
relative importance and decide which
areas contain unique values that should
be preserved.”

What is Computing Worth?

Computer services availa-
ble today offer a range of inter-
action and responsiveness.
Which is the right choice for
an engineering or scientific
group? How much should the
service cost? How can it be jus-
tified and evaluated? Even
though many vital contribu-
tions of the computer are intan-
gible (who can put a dollar
value on a computer simula-
tion that reveals a weakness in
a structural design?), an ap-
proach to potential cost-benefit
analysis has evolved that is ap-
plicable across most industries
and disciplines.

One emerging technique sets intan-
gible benefits aside, and defines a con-
cept of relative value, based on cost
avoidance. The costs of completing each
task by alternate methods are deter-
mined and compared, including differ-
ent levels of service from the computer.
One cost that can be quantified is man-

The abacus, perhaps the first computing
instrument, has been relatively
unchanged for over 5,000 years.

By contrast, a wide range of operating
modes and services have been developed
for modern computers. The concept of
relative value helps users select the
service best suited to their needs.

hours lost waiting for “turn-
around.” Where workers can
do other things while waiting
for results, this cost is low. If
the next step depends on com-
pletion of the previous one by
the computer, the cost may be
substantial. And productivity
may be closely correlated to the
response time of the system.

Studies of engineering pro-
ductivity led one major aero-
space company to create a dual
scheduling system for batch
work: This offers standard ser-
vice or rapid turnaround (less
than two hours) at a slightly
higher internal charge. For en-
gineers whose work is closely tied to the
computer, the company found, the
added productivity justifies the higher
charges to the project.

Another quantifiable cost is the time
spent formulating a problem for the
computer and writing a program. Today
this time can be greatly shortened with



Before building a prototype, engineers at Weber Aircraft use an IBM System/370 to test the structural design of
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Weber Products arelested Before They’re Built

airliner seats like these. One result is a seat that is both stronger and lighter.

“To determine the structural capabil-
ities of a new design for an airliner seat,
we could build a prototype, attach in-
struments, and physically apply loads in
a test fixture,” says Gordon P. Cress of
Weber Aircraft. “Then, if it didn’t pass
muster, we'd have to repeat the entire
cycle of construction and test, which can

the aid of such options as interactive
computing.

A third cost is the losses when a proj-
ect is delayed. The scheduled time of
many “downstream” events, such as tool-
ing and the availability of manufacturing
facilities, are tightly linked to the sched-
ule of R&D. Often, delivery commit-
ments have been made. And delays in
R&D tend to be magnified later.

To make a comparison, the cost of
computation is calculated as a function of
a service parameter, such as turnaround
time. Then the relative productivity of
specific professional groups is plotted
against that cost variable.

Finally, the intangible factors can be
brought back into the analysis: the new
approaches to problems, the further
alternatives explored, the improved
professional environment that attracts
better people and encourages more
effective research. These make relative
value a very conservative approach that
promises to become extremely useful
in data processing resource management.

take many weeks. Now we can get better
and much faster results by analyzing a
model of the seat using the computer.”

Cress is chief of structures and test
for the Burbank, California, maker of in-
terior equipment — such as galleys and
passenger seats — for commercial air-
craft. “We face stringent FAA require-
ments on the g forces our products must
withstand,” he adds. “At the same time,
it is vital to save every possible ounce of
weight. Without the computer, we
would face the alternatives of putting ex-
cess structure — and hence weight — into
the product, or of building and structur-
ally testing an entire series of prototypes
to produce a single design.”

Weber, a division of Walter Kidde &
Company, uses an IBM System/370 to
analyze a tentative design. For each sec-
tion of a structure, a stress program us-
ing input data such as cross-sectional
area, moment of inertia, and fixity, calcu-
lates the forces and moments on all three
axes.

“With this program,” Cress notes,
“we can arrive at the most structurally
efficient design. It tells us which compo-
nent is critical under each load. It gives
us the data we need to select materials,
decide the thickness or gauge required,
and then determine the number and
sizes of attachments. If one of a pair of
units —say, two galleys back to back —will
lean on the other under g forces, the
analysis shows us this and indicates the
force it will exert.

“I can instruct the computer to apply
9¢ forward, 4%g upward and 3g to one
side and print out the load imparted by
the acceleration on every element in the

design. The printout tells me what the
stresses are at all attachment points.”

Since the simulation answers ques-
tions overnight instead of taking several
weeks, the design cycle is greatly short-
ened. When a structure must be revised,
Weber engineers discover it early in
product development.

Customers often ask for modifica-
tions — changing the location of the coffee
unit or tray section in a galley, for exam-
ple — which shift some weight or change
the gross weight. When this happens, a
computer analysis reveals immediately
the impact of the change; for example,
whether structural modifications are re-
quired.

“We end up with a product that meets
strength and safety factor standards
without adding unnecessary material,”
Cress adds. “As a demonstration of com-
pliance with its standards, the FAA now
accepts a structural analysis using com-
puter-generated loads and stresses in
lieu of a physical test of a prototype.”

DP Engineering Dialogue is designed to
provide you with useful information
about data processing applications,
concepts and techniques. For more
information about IBM products or
services, contact your local IBM branch
office, or write Editor, DP Dialogue, IBM
Data Processing Division, White Plains,
N.Y. 10604.

Data Processing Division



News

Minis, look out: Here comes a
powerful family of 16-bit uC chips

A new family of 16-bit micro-
computer chips can outperform many
minicomputers. That’'s what Zilog
Corp. (Cupertino, CA) is claiming
about its Z8000 series of MOS devices.

The 78000 family members add up
to quite a range of capabilities:

s A 16-bit general-purpose CPU,
which runs at a 4-MHz clock rate and
can directly address up to 8 Mbytes of
main memory.

= A programmable, interrupt-driv-
en parallel I/0 interface and counter-
timer circuit (CIO), which provides a
TTL-compatible interface with the
CPU. The CIO also can operate under
DMA control and can be used in a
polling operation.

= A programmable serial 1/0 (SIO)
interface with two independent full-
duplex channels.

= A memory manager unit (MMU)
provides segment relocatability and
memory protection.

s A three-channel, dual-address di-
rect-memory-access (DMA) controller.

s Four memory chips—a 4-k X 8
quasistatic RAM with self-refresh and
200-ns access time, a 16-k X 1 dynamic
RAM with 150 to 250-ns access time,
a 4-k X 1 static RAM with 100-ns
access, and a 256 X 8 bidirectional
buffer chip.

Built with standard n-channel,
silicon-gate depletion-load technology,
most chips require just a single 5-V
power supply and a single-phase TTL-
level clock.

The CPU, organized around sixteen
16-bit general-purpose registers, has
several other 16-bit registers serving
such special functions as flag control,
program counter, memory-segment
number and refresh control. In addi-
tion, eight of the 16 general-purpose
registers may be halved into 8-bit
blocks to handle single-byte opera-
tions.

Stephen E. Scrupski
Senior Editor
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Z8000 functions

The segmented version of the
78000 CPU is housed in a 48-pin
package. Pin functions are as fol-
lows:

AD,;-AD,—Address/Data (inputs/
outputs, active high, three-state);
multiplexed address/data lines
used both for I/0 and to address
memory.

AS—Address Strobe (output, active
low, three-state) indicated ad-
dresses are valid.

BUSAK—Bus Acknowledge (out-
put, active low). A low on this line
indicates the CPU has relinquished
the bus.

BUSRQ—Bus Request (input, ac-
tive low). This line must be driven

low to request the bus from the
CPU.

DS—Data Strobe (output, active
low, three-state). This line times the
data in and out of the CPU.
MREQ—Memory Request (output,
active low, three-state, a timing sig-
nal that eases the interface to
dynamic memories.
ul—Multi-micro In (input, active
low) tests for the state of the multi-
microprocessor request.
wO—Multi-micro Out (output, ac-
tive low).

NMI—Nonmaskable Interrupt (in-
put, active low).
NVI—Nonvectored Interrupt (in-
put, active low).

$&—System clock, a TTL-level clock
input.

RESET—Reset (input, active low)
resets the CPU.
R/W_—_Read/Write (output, low-
Write, three-state) provides early
status information for a read or
write cycle.

SA-SA,—Segment Number (out-
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puts, active high, three-state).

SEGT—Segmentation Trap (input,
negative-edge triggered).

ST,-ST—Status (outputs, active
high). These lines specify the follow-
ing statuses: memory request, stack
pointer request, instruction fetch
first word, instruction fetch subse-
quent words, internal operation or
halt, VI acknowledge, NVI acknowl-
edge, NMI acknowledge, 1/0 refer-
ence, refresh, segmentation 1/0, set
bootstrap, reset bootstrap.
STOP—Stop (input, active low)
single-steps instruction execution.
VI—Vector Interrupt (input, active
low).

WAIT—Wait (input, active low) in-
dicates to the CPU that the memory
or I/0 device is not ready for data
transfer.

W/B—Word/Byte reference (out-
put).

N/S—Normal/System Mode (out-
put).
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Good news:

up to 2/3 smaller.

Surprise:

and generally less expensive:

New Metallized Polyester Capacitors

TRW Thin Gauge X659F
.022 MFD. 400V DC

TRW  —

ACTUAL SIZE

We call the X659F “‘the new dimension capacitor’. It's
the smallest possible size—at the smallest possible price.
The advanced design of the new TRW X659F utilizes very
thin gauges of metallized polyester with design high-
lights such as capacitance values to 20.0 MFD, dissipa-
tion factors less than 1.0%. Electrically, the new X659F
is interchangeable with our X663F. Same rugged dura-
bility and long stable life.

The new X659F can help you solve many packaging prob-
lems. Oval shape allows either vertical or flat, horizontal
board-hugging mounting. Where minimum space and
weight are required, X659F is the answer. It's ideally
suited to small portable equipment for commercial and
instrument grade products.

For complete specifications and applications informa-
tion, send for our new X659F Capacitor spec sheet. Call
or write: TRW Capacitors, 301 West “O” St., Ogallala,
Nebraska 69153.Tel: (308) 284-3611.

*100V DC, 200V DC, 400V DC are priced lower; 50V DC higher.

TR w CAPACITORS

ANOTHER PRODUCT OF A COMPANY CALLED TRW

CIRCLE NUMBER 119
Errctronic DEsIGN 12, June 7, 1978 55



Three types of interrupts—mask-
able, nonvectored, and vectored—can
be handled by the CPU, which reduces
interrupt-response times by automati-
cally saving the program status.

Although the Z8000 CPU is similar
to the Z80 processor, it is also architec-
turally advanced. The Z8000 provides
more instructions, more data element
types and addressing modes, greater
power per instruction, and a larger
addressing space. Moreover, programs
written for the Z80 can be easily trans-
lated into Z8000 code.

The Z8000 CPU is five to 10 times
faster than any 8-bit microprocessor,
says Zilog, including its own Z80A, and
two to five times faster than modern
16-bit minicomputers such as the PDP
11/45.

Citing some benchmark comparisons
between the Z8000 and the PDP-11/45,
Zilog notes that, for example, the Z8000
performs its five main addressing
modes—register, indirect register, di-
rect address, indexed and immediate—
faster than the 11/45 performs similar
operations. The Z8000 ranges from 0.75
to 2.50 us, while the 11/45 ranges from
0.90 to 2.78 us. In addition, the Z8000
performs an add operation in about
2.25 to 3.75 us for various word lengths,
while the 11/45 ranges from 3.68 to
6.46 us.

Interfacing the CPU

The CPU interfaces to such peripher-
als as line printers, paper-tape readers
and punches, card readers and key-
boards via the CIO chip, which also
serves as a counter-timer circuit for
real-timeoperations. Built to work with
the uC system’s daisy-chain interrupt
structure, the chip provides automatic
interrupt vectoring without extra
hardware.

The CIO has three independently
programmable channels for counting
and timing, each of which can be indi-
vidually nested for priority-interrupt
control. The chip also can generate
system clocks and baud rates as well
as count external events for realtime
controls.

Handshake and pattern-recognition
logic comes from two independent, 8-
bit bidirectional ports on the CIO;
moreover, the two ports can be linked
to form one 16-bit I/0 port. The chip
also has a special-purpose 4-bit port.

The counter-timer section consists of
a 16-bit down counter, a 16-bit time-
constant register and a 16-bit current-
count register, each of which can be

56

The 8086’s growing family

Already available for 16-bit de-
signs is the 8086 family centered on
the 16-bit, 5-MHz MOS device (or 8-
MHz with selected parts). It can
address 1 Mbyte of memory with its
20 address bits. What’s more, the
8086’s throughput is 10 times that
of the Santa Clara company’s 8-bit
8080A.

At the same time, Intel is provid-
ing a family of bipolar peripheral
chips to work with the 8086. All the
peripheral devices operate from a
single 5-V supply and are housed in
20-pin packages:

m The 8284 clock generator uses
a crystal or TTL signal as a frequen-
cy source and provides, along with
the 8086 system clock, three extra
TTL clocks for the 8288 bus con-
troller.

m The 8282/8283 octal latch de-
livers three-state outputs, either
noninverting (8282) or inverting
(8283). So does the 8286/8287 octal
transceiver, with the noninverting
8286 or inverting 8287.

® The 8288 bus controller pro-
vides decoded command signals for
the 8086 and generates command
signals for Intel’s Multibus.

The 8086 CPU is built with Intel’s
HMOS scaled n-channel, depletion-
load silicon-gate process and con-
sists of about 20,000 transistors.
Also requiring only a single 5-V
supply, it has four 16-bit registers,
which can be addressed also as eight
8-bit registers; two 16-bit pointer
and two 16-bit index registers; and
four 16-bit segment registers to al-
low extended addressing.

The 8086 actually comes in two
pin configurations, each in a 40-pin
package—one for small systems
(minimum-mode device) and for
large systems using the 8288 bus
controller (maximum-mode). The
change is made by connecting one

pin either to Ve or ground, which

causes seven of the other pins to
change functions.

Typical instruction execution
times for the 8086 include two clock
cycles, or 0.4 us at 5 MHz for a
register increment or decrement;
three clock cycles or 0.6 us for
register-to-register operations; and
nine clock cycles plus the effective-
address calculation time, or a total
of about 3.4 us, for a memory-to-
register transfer.

The internal functions of the 8086
are partitioned logically into two
processing units—the Bus Interface
Unit (BIU) and the Execution and
Control Unit (ECU).

Both the BIU and the ECU can
interact, but will usually perform as
separate, asynchronous operational
processors. The BIU provides func-
tions related to instruction fetching
and queuing, operand fetch and
store, and address relocation, as
well as basic bus control. The ECU
receives prefetched instructions
from the BIU queue and provides
nonrelocated operand addresses to
the BIU. Memory operands are
passed through the BIU for process-
ing by the ECU, which returns re-
sults to the BIU for storage.

Another key feature is the 8086’s
interrupt-handling capability. In-
terrupt operations are software or
hardware-initiated. Software-initi-
ated interrupts are, of course, con-
trolled by the specific program.
Hardware interrupts, on the other
hand, are either nonmaskable or
maskable.

The 8086 processor provides a sin-
gle nonmaskable interrupt pin,
which has higher priority than the
maskable interrupt-request pin.
The interrupt input is edge-trig-
gered on a low-to-high transition. In
addition, the 8086 provides a single
interrupt-request input, which can
be masked internally by software.

programmed to serve as either counter
or timer. The section also includes two
8-bit control and status registers.

To handle serial data communica-
tions, the SIO chip supports all com-
mon protocols—Bi-Syne, SDLC, and
HDLC—with eyclie-redundancy char-
acter generation and checking. Data
rates range up to 880 kbits/s at the 4-
MHz system clock rate.

In asynchronous operation, the SIO’s
character length can be programmed
from 5 to 8 bits. Its stop bits are also
programmable.

Meanwhile, unaided by the CPU, the
DMA chip controls block transfers for

high-speed direct data transfer be-
tween memory and I/0. The chip can
transfer and/or byte-search at up to
1.25 Mbytes/s. What’s more, with dual-
address, three-channel operation, the
DMA features programmable starting
addresses, block lengths and port tim-
ings.

To address up to 8 Mbytes of memory
directly, the 48-pin CPU has 16 address
lines plus seven memory-segment lines
to work with. In addition, it can use
its status lines to designate separate
address spaces for code, data, and stack
information for both the system and
normal modes.
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TONES FOR PHONES.

Low distortion.
Lower voltage.
Lowest cost.

INTERSIL’S ICM7206 CMOS
TOUCH TONE® ENCODER.

This device generates pairs of sine wave tones suitable for use
in a telephone handset or portable tone generator. The tone
pairs are selected from a total of 8 frequencies, making this
monolithic solid-state circuit suitable for use witha4x3or4x4
matrix single-contact keyboard. ICM7206A and ICM7206B are
standard options for use with keyboards having two contacts
per key. The ICM7206A is used where the common line is
connected to a positive supply and the ICM7206B where the
common line is connected to a negative supply.

Distortion of output tones is only 2 to 3%, with simple filter-
ing, decreasing in value at ascending harmonic frequencies.

LOWEST SYSTEM COST,
MINIMUM PARTS COUNT.

The ICM7206 operates at supply voltages down to 3V, and
dissipates less than 5.5mW at 5.5V. Packaged in a 16-pin plastic
DIP, it uses a 3.57MHz standard color TV crystal and requires
only nine additional components for a minimum-parts, low cost
tone generator.

Since it contains an on-chip zener diode, a single external
resistor makes the circuit “latch-up” proof, and therefore resist-
ant to high voltage transients, etc. The device is guaranteed
to operate from —40 to +85°C. It is available in quantity from
Intersil stocking distributors, priced at $3.41 in 100 piece lots.
For larger-quantity prices, consult the local sales office. Send
for complete data.

CUSTOM CIRCUITS
ALSO AVAILABLE.

We also develop custom CMOS LSI circuits for your special

telephone and telecommunications applications. Call your local
sales office for information, or, return the coupon below.

INTERSIL FRANCHISED DISTRIBUTORS: Advent/
Indiana ¢ Alliance Electronics * Arrow Electronics + CESCO
Century Electronics * Component Specialties * Components
Plus * Diplomat/IPC * Diplomat/Southland ¢ Elmar Electronics
Harvey/Binghamton * Intermark Electronics * Kierulff Elec-

tronics * LCOMP - Liberty Electronics °

R.A.E. Ind. Elect.

Ltd. - RESCO -« Schweber Electronics * Sheridan * Zentronics.

INTERSIL SALES OFFICES: CALIFORNIA: Sunnyvale
(408) 744-0618, Carson (213) 532-3544 - COLLORADO: Denver
(303) 750-7004 + FLORIDA: Fort Lauderdale (305) 772-4122
ILLINOIS: Hinsdale (312) 986-5303 - MASSACHUSETTS:
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The Z8000 family of MOS microcomputer chips can be built into a powerful
16-bit processing unit that can control conventional computer-peripheral
devices as well as access up to 48 Mbytes of main memory.

But since each address space can hold
8 Mbytes, a single Z8000 can actually
address up to 48 Mbytes. A 40-pin
version of the Z8000 is also available
(it lacks the seven segment pins and
segment-control pin) for directly ad-
dressing up to the conventional 64
kbytes or, with the status lines, up to
384 kbytes.

The key to the CPU’s extended mem-
ory addressing is the MMU chip.
Housed in a 48-pin package, it takes
inputs from the CPU, the segment
lines, the upper eight bits of the ad-
dress, and the status information via
four status bits. (The lower eight ad-
dress bits go directly to the memory.)
The MMU transforms its inputs into
16 bits that, when combined with the
lower-order eight bits, form a 24-bit
address.

With the help of another memory
chip, the buffer unit, one Z8000 can
interface with another or to any other
Zilog Z-Bus-compatible device acting
as a slave processor-for example, a
peripheral controller. The 256 X 8-bit,
bidirectional buffer unit has simulta-
neous read and write, programmable
block length, and 12 programmable
operating modes. The device is particu-
larly useful for interfacing to fast pe-
ripheral devices. Or, a direct-memory
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access chip can be used to control a fast
data transfer to the buffer unit, where
a second processor will draw the data
out.

Dynamic-RAM refresh cycles are au-
tomatically controlled at a program-
mable rate by a CPU refresh row
counter. Sequential RAM rows may be
refreshed at intervals from 1 to 64 us
(with a 4-MHz clock). Moreover, the
refresh row counter is nine bits wide
to allow for future high-density memo-
ries (present 16-k dynamic RAMs have
128 rows). And, with a clock rate of 4
MHz, the counter can use slower,
lower-cost, dynamic RAMs.

Interrupts and traps are handled by
the CPU in similar ways. Typical inter-
rupts are triggered asynchronously by
peripherals that need attention from
the CPU. Traps—synchronous events
that result from executing specific in-
structions—occur each time an in-
struction is executed with the same set
of data.

Changing status

When either an interrupt or a trap
occurs, the old program status is
pushed onto the system stack, along
with an extra word that indicates why.
A new program status is then fetched

from an area in the main memory
pointed to by the new-program-status
area pointer, a register consisting of a
7-bit segment number and an 8-bit
offset value.

Not surprisingly, the Z8000 CPU has
a formidable instruction set—about
110 different instructions, each of
which can use the device’s five main
addressing modes. In addition, signed-
multiply and signed-divide instruc-
tions can be implemented in hardware
for both 16-bit and 32-bit data.

The instructions can operate on sev-
eral types of data: bits, binary-coded
decimal digits (4-bits), bytes (8-bits),
words (16-bits), long words (32 bits),
byte strings and word strings. Bits can
be set, reset and tested. Digits are used
in BCD arithmetic operations, bytes
for character or small-integer values.
Words are used for larger-interger val-
ues, instructions and nonsegmented
addresses, and long words for long-
integer values and segmented ad-
dresses.

For bits and digits, the memory ad-
dress of a data type designates the byte
that contains it. For data types 16 bits
or longer, the address designates the
left-most (high-order) byte.

A byte-data type is addressed by
specifying a byte address that can
range between 0 and 8,388,607 (or
65,535 for the nonsegmented version).

A bit-data type can be addressed by
specifying a byte address and the bit
number within the designated byte, or
by specifying a word address and bit
number within the designated word.
The bits in a byte or word are num-
bered consecutively from right to left
(least to most significant), 0 to 7 or 0
to 15. A word-data type can be ad-
dressed by specifying the byte address
of its left-most, or high-order, byte.

In memory as well as word registers,
the high-order byte is the most signifi-
cant byte of the word, which allows a
mixture of numeric and character data
to be sorted together correctly. A
double-word data element can be ad-
dressed by specifying the left-most
byte of its left-most word. Quadruple
words are only addressed in registers
as quadruple-register groups.

As capable as the Z8000 is, it requires
development support from such aids as
translators for PLZ (assembly and sys-
tems languages), Basie, Cobol and For-
tran. In addition, an automatic trans-
lator will help Z80 users to convert to
the Z8000. Since both processors are
register-oriented, the addressing
modes of the Z80 are now a subset of
the Z8000.mm
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5 thru 120 Volt lamps, all in @
single socket. Now that’s a system!

Sylvania Mix 'n Match. The
only system that offers you the
universal parts flexibility built
around two series of T-2 slide
base lamps. The first is our Pilot
Lamp series spanning 5 to
120 volts. The second is our
Indicator Lamp series from
4 to 48 vols.

All the lamps in each series
are physically identical. So
sockets and lenses are fully
compatible. And in a number
of instances, lenses and caps
are even inferchangeable
between series.

Asyou can see, oursystem is
, calculated fo make life a lot
) easier for everyone.

@ _From the guy who builds the
prototypes, fo the guy
awwho does the purchasing,
fo the guy who controls

SYST EM _peroduction inventory. To

find out just how easy, clip
the coupon and send for our
handsome 17" x 22" wall chart
that graphically highlights the
universal parts compatibility of
the Sylvania Mix'n Match System.

GTE Sylvania

Miniature Lighting Products

West Main Street

Hillsboro, N.H. 03244

Tel: 603-464-5533
Why should | have ro change the
socket and the lens whenever | V%,
change the lamp voltage? Send i
» me your FREE wall chart on the
system that's calculated ro make
" life easier for everyone.
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In-circuit testing is losing its label
as a lower-cost but weaker alternative
to functionally testing printed-circuit
boards for final checkout. Instead, in-
circuit testing has become an impor-
tant part of the production process—
after all, it screens out the work-
manship errors that account for 90%
of the board failures at functional test.

In-circuit testing—which checks in-
dividual components on a PC board to
determine if the proper components
are mounted in the correct locations,
and which checks for short and open

Andy Santoni
Associate Editor
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circuits on the board—is becoming so
popular that the two “old timers” in the
business, Faultfinders and Zehntel, are
expanding their product offerings. And
in just the past six months, three of
the largest makers of functional test
systems, Computer Automation, Gen-
Rad, and Teradyne, have introduced in-
circuit systems. What’s more, Hewlett-
Packard Co. (Palo Alto, CA), by far the
largest test-equipment supplier, is said
to be planning to introduce an in-
circuit tester this summer.

Test each node

An in-circuit tester generally has a
“bed-of-nails” fixture with a large

In-circuittests
find more faults
on PC boards |

number of test pins—one for each node
on the board. Unlike functional testers,
which usually rely on the board’s edge
connector for input and output, the in-
circuit tester does not require that
power be applied to the board during
the test. This allows a board to be
checked quickly, and without the com-
mon “smoke test.” The bed-of-nails
fixture, which can cost as much as
$1000, is much more expensive than the
$100-or-so card-edge interface of the
functional tester, but the tester itself
is usually much less expensive—
$30,000 to $100,000 for an in-circuit
tester compared to $150,000 or more for
a functional unit.

The functional unit, though, offers
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a higher level of confidence that the
board has no faults and works as de-
signed—95% or better compared to
T70% to 90% at best for in-circuit sys-
tems. In-circuit test-system vendors
agree, then, that in-circuit testers are
best used together with functional
testers.

With just a functional tester, it may
take minutes to test and isolate failures
on a very complex board. But since the
workmanship errors uncovered by in-
circuit testers can account for as many
as 90% of the faults found on PC
boards, prescreening with an in-circuit
tester can remove many boards with
these faults from the time-consuming
task of fault isolation on the functional
tester. So mostly good boards or boards
with difficult-to-diagnose problems
would have to go through fault isola-
tion.

Indeed, the latest in-circuit tester
has some functional-test capability of
its own. Using signature analysis, the
Troubleshooter 800 from Zehntel Inc.
(Concord, CA) can inspect medium and
large-scale integrated circuits, as well
as discrete components. The tester gen-
erates stimuli and learns the output
signatures of such devices as memo-
ries, synchronous and asynchronous
receiver/transmitters, and microproc-
essors, and sets acceptance criteria for
individual ICs. The cyclic-redundancy-
check signature analysis technique is
licensed from Hewlett-Packard.

Controlled by an SBC 80/20 single-
board computer, the Troubleshooter
800 has full on-line editing so that
programs can be changed during the
test procedure. Programs are stored on
a dual floppy-disc drive. The standard
tester can handle as many as 1024
points, and is priced from $50,000 to
$100,000 depending on the number of
test points and other options.

Costs cut even lower

Less expensive, but no less capable,
is Computer Automation Inc.’s Mica in-
circuit tester. The $30,000 to $70,000
price tag results from the Irvine, CA,
firm’s vertical integration, explains
Doug Cutsforth, who heads the In-
dustrial Produects Division’s in-circuit-
tester operation. The Mica uses Com-
puter Automation’s own peripherals,
as well as its Naked Mini computer and
the same operating system as the
company’s Capable series of functional
testers.

The advantage of the in-circuit tester
and the functional tester using similar
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Medium and large-scale integrated circuits can be tested using signature
analysis on Zehntel's Troubleshooter 800 in-circuit tester.

N

Four-line scanning increases the accuracy of GenRad's 2270 in-circuit tester.

Bar-graph displays on the CRT ease potentiometer presetting and trimming.

operating systems is that all the func-
tional tests possible with the Capable
series are also possible on the Mica
tester, within the frequency limits of
the fixture, says Cutsforth. The
Capable series includes an IEEE-488
instrument bus driver to simplify add-
ing instruments to the basic system—
and this extra is extended to the Mica
system. In addition, programming is
simplified—the user only enters a

parts list, and the computer handles
the conversion to specific test pro-
cedures.

Software is a problem

Writing software for an in-circuit
tester is easier than writing software
for a functional tester, but still isn’t as
easy as it could be, says Al Morford,
Eastern marketing coordinator for
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Rubber-tipped pressure rods hold PC boards in place on Teradyne's L529 tester.

The system screens out workmanship errors before functional testing.

Faultfinders Inc. (Latham, NY). By
simply entering a parts list and nodal
points, then using a known good board
to check out the program and fixture,
“we can generate a good program to
about 85% or 90% effectiveness,” says
Morford, whose company is working on
ways to simplify programming fur-
ther, as well as on new hardware to
lower testing costs. Within the next
quarter, Faultfinders expects to in-
troduce a universal test fixture with
pins on 0.1-in. centers and low-cost
personality cards that select the right
pins for each board type to be tested.

Other changes are already taking
place in in-circuit tester fixtures. In
earlier designs, the spring-loaded pins
that make contact with the board un-
der test are wired to a multi-pin con-
nector on the edge of the fixture via
a patch panel, called a Virginia panel,
that is similar to the patch panels that
used to be common on analog com-
puters. The patch panel made it easier
to install and change pins on the fixture
by eliminating the need to solder
directly to the interface connector, but
Virginia panels aren’t very dense—a
major consideration in systems with
hundreds of pins.

Instead, tester makers and inde-
pendent fixture suppliers such as
Everett/Charles Inc. (Pomona, CA) are
wiring from the test probes to interface
receptacles. The receptacles are per-
manently wired to the test-system in-
terface connector.

There is a unique fixture on
Teradyne Inc.’s L529 in-circuit tester.
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The lowest-cost in-circuit tester using
a bed-of-nails fixture is Computer
Automation’s Mica 5000 system. Its
price, as low as $30,000, is less than
half that of some competitors.
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An IEEE-488 interface and 19 pro-
gramming and control card slots help
expand the Faultfinders FF303 in-
circuit tester into a functional test
system as well.

Instead of holding the board in place
with 