




























































































Electronics review

contact areas to form platinum sili-
cide, Finally, titanium and platinum
layers are sputtered sequentially on
the wafer surface.

The silicon-nitride passivation
and the titanium-platinum-gold
metalization system used in the pro-
cessing of the hermetic ICs is similar
to that developed by Bell Labora-
tories for beam-lead wafer tech-
nology. The RCA device, however,
uses a second layer of silicon diox-
ide glass for device passivation. and
mechanical protection.

Standard photoresist techniques
are used to define the interconnect

pattern in the platinum layer. Gold
interconnect runs are electrolytically
plated on the platinum. The tita-
nium enhances adherence to the sili-
con nitride, and the platinum is a
barrier layer between the titanium
and the gold conductor. Vop-
derschmitt admits that RCA is ab-
sorbing most costs of developing
the new process and generating
reliability data to develop a market
for hermetic-in-plastic ICs. He
points out, however, that the
precious metals are used in such
small quantities that they add negli-
gibly to device cost.

Packaging & production

Thick-film, large-scale hybrids shrink
digital logic circuitry to small size

Thick-film hybrids are generally
considered best for fitting analog
signal-processing circuitry into a
small space. And now a Syosset,
N.Y., design house has produced
computer-aided design programs
that facilitate the fabrication of
complex digital systems in compact,
hybrid packages. And component
density is unusually high.

“We can offer the low weight and
volume of custom monolithic LS},
and we can produce a design in
much, much less time,” asserts Jeff
Waxweiler, a vice president at Algo-
rex Data Corp. Users of these large-

scale digital hybrids, as Waxweiler
calls them, are exclusively military
and aerospace customers requiring
extremely small packages for tough
environments. Moreover, different
logic families and integrated-circuit
technologies can readily be com-
bined to achieve high performance
in a single package.

Mariner to Jupiter, Saturn. The
latest example of this is the memory
being built by Algorex for the flight
data system aboard a Mariner
spacecraft. Jet Propulsion Labora-
tory is prime contractor for the
Mariner, which will be launched in

Large scale. Memory module with 32,768 bits squeezes 128 C-MOS 256-by-1-bit devices
plus 12 driver chips on a multllayer thick-film hybrid circuit measuring only 3 by 3 inches.

1977 for a rendezvous with the plan-
ets Jupiter and Saturn. It was only
last month that JpL chose the thick-
film hybrid design over a conven-
tional one that would have used flat
packs attached to multilayer
printed-circuit boards. The memory
for the Mariner will consist of four
3-by-3-inch four-layer hybrid
“boards,” each containing 2,048 16-
bit words or a total of 32,768 bits.

There are 140 chips on each hy-
brid—128 complementary metal-ox-
ide-semiconductor memory chips
and a dozen driver chips, as shown
in the photograph, below left. The
C-MOs chips are RCA Corp.’s
CD4061 type, a 256-by-1-bit static
random-access device. According to
Waxweiler, the four hybrids do the
job of a pair of multilayer circuit
boards measuring 7 by 14 inches
each. He also points out that it took
only three months to go from a logic
diagram to hardware that could be
tested by JPL, and that the cost of
the memory, which is in the low
hundred-thousand-dollar range, is
half that of the conventional ap-
proach.

Another system being built with
the digital hybrids is a high-speed
20-megahertz-clock-time, 16-bit
central processing unit going aboard
a missile system, which Waxweiler
declines to name.

Packing. The CpPU is made up of
75 digital ICs plus 25 discrete active
and passive chips. They fit on a 10-
layer, 2-inch-square ceramic sub-
strate that’s 0.2 in. thick. This
amounts to an IC density of 25 chips
per square inch. Densities to 30
chips per in2 can be fabricated.

How does Algorex pack the cir-
cuitry on the small boards? The an-
swer is its computer-aided design
scheme. Conductor routings are cal-
culated automatically, taking into
account such parameters as circuit
speed, capacitive loadings, and the
need for isolating signal and clock
lines. Making these calculations
without what Algorex calls its Auto-
mated Integrated Design and Engi-
neering System would take a pro-
hibitive amount of time. The system
even takes into account tolerances
of the manufacturing process, ad-
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justing line widths and thicknesses
accordingly.

Algorex starts with a customer’s
logic diagram and the desired vol-
ume of the finished circuit. The pro-
gram first checks the design against
a set of standard design rules, indi-
cating where changes must be
made. Once the logic is correct, the
program then will generate the sub-
strate drawings and the documents,
including parts lists and assembly
information.

Next, a computer-controlled plot-
ter creates the masks needed for the
screening and firing of the various
substrate layers. Algorex doesn’t do
any manufacturing itself but sends
the documents, masks, and tested
chips to an outside hybrid manufac-
turer for assembly. It then tests the
completed unit itself. O

Measurement

Laser, silicon team
in super-fast switch

A semiconductor switch that oper-
ates in 10 picoseconds, or 10
trillionths of a second—10 to 100
times faster than conventional junc-
tion semiconductor switches—has
been developed at Bell Labora-
tories, Murray Hill, N.J.

Bell Labs believes the new switch,
which uses laser beams to start and
stop an electrical signal, is the first
use of picosecond optical pulses for
switching electrical currents. Ac-
cording to David H. Auston, a
member of the solid-state spectro-
scopy research department that de-
signed the switch, electrical signals
up to 100 volts can be switched by
only a few microjoules of optical
energy.

Laser beam. Laser light focused
on a piece of light-sensitive semi-
conductor material causes the
switching action, says Auston. In his
experiments, a pulse in the green
wavelength turns the switch on, an-
other in the infrared turns it off. A
solid-state laser produces the in-
frared pulse, with part of it con-
verted to the green wavelength in a
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Switcher. Bell Labs’ David Auston examines
experimental setup that switches silicon in
10 picoseconds. The system could be made
to work as fastas 1 ps, he says.

frequency-doubling crystal. The
green pulse is focused through a
narrow gap between two aluminum
conductors atop the switch onto a
thin slice of electrically charged sili-
con. The pulse makes the surface of
the silicon highly conducting, clos-
ing the electrical gap in the alumi-
num and turning the switch on.

Next, the infrared pulse pene-
trates the silicon, producing a con-
ducting region that short-circuits the
current to turn the switch off. The
timing of the pulse pairs is con-
trolled within a few picoseconds by
manipulating a system of lenses and
reflectors to vary the distances the
infrared and green pulses travel be-
fore reaching the high-resistivity
silicon, valued at 10* chm-cm.

“The device should work as fast
as | picosecond, or less,” says Aus-
ton. “The speeds we’ve attained are
limited by the duration of the op-
tical pulses,” generated by a mode-
locked neodymium glass laser.

Initial applications of the switch
will probably be limited to scientific
uses such as the study of electrical
properties of semiconductor mate-
nials, and the evaluation of conven-
tional high-speed electronic devices.
In the future, however, the switch-
ing technique may find broader ap-
plications in such things as high-
speed electronic measuring instru-
ments and short-pulse microwave
radar and transmission systems.

Because there is no conventional
instrument capable of measuring
electronic switching times of a few
picoseconds, it was necessary to de-
vise a special technique to deter-

mine just how fast the switching oc-
curs. To do this, Auston uses two
switches connected in tandem, the
second one being used to measure
the electrical signal produced by the
first. The results of this experiment,
Auston believes, so far represent the
fastest electronic measurement any-
where, although he points out that
the National Bureau of Standards is
conducting experiments similar to
those at Bell Labs. O

Computers

Japan won't choose
used U.S. computers

Image-conscious Japanese computer
users are unlikely to import used
U.S. computers in quantity follow-
ing the scheduled liberalization of
import quotas in December, accord-
ing to a report to the U.S. State De-
partment from its Tokyo embassy in
April. Since old computers appear
to lack status in Japanese eyes, the
Tokyo Government has no immedi-
ate plans to slap stiff tariffs on such
imports, letting them come in in-
stead at the same duty rate as new
data-processing hardware.

The option of higher tariffs is
probably being held open, however,
since the Ministry of International
Trade and Industry would neither
confirm nor deny to the U.S. that
such a plan existed, according to the
report. Even though “several U.S.
companies see a potential market in
Japan for used equipment, espe-
cially IBM 360 systems,” the U.S.
study sees such sales unlikely.

The embassy observes that “the
computer in Japan still carries an
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We put a lot of
time and money into
the development and
production of reliable
Delco Electronics
semiconductor devices
for a wide range of
industrial, military
and automotive
applications.

So, understand-
ably, we don’t fool
around when it comes
to selecting our Delco
semiconductor
distributors.

We handpick
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them for their excel-
lence in customer
service.

We insist that
they give us—and you
—their best distribu-
tion services.

Delco Electronics
semiconductor dis-
tributors are strate-
gically located across
the country in locations
that make fast service
practical.

The people you’ll
find listed on the
facing page are front-
line members of our
sales force. They
handle our entire line .
of Delco Electronics
semiconductor devices.
They know how to get
immediate assistance
and advice from our
factory personnel. =

Next time you
need a reliable power
semiconductor, get it
from a reliable semi-
conductor distributor.

Your Delco Elec- «
tronics distributor.
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tronics and Boeing on propulsion—
were not being properly coordi-
nated. Stopping at stations and
braking controls got intertwined,
and Boeing felt it would be difficult
to coordinate two contractors,” he
says.

Boeing’s Musil says the change
was “principally due to cost. We felt
we could get a better product for the
money,” he says. Herringer and
GAO say that Boeing spent $3 mil-
lion of its own funds to redesign the
control system. Boeing was allowed
to claim proprietary rights to the
new system, although it must license
it to royalty-paying users, he says.

Boeing has yet to fully test the
electronics. The hard-wired colli-
sion-avoidance system, which auto-
matically stops a car if it approaches
a stalled vehicle, has been aug-
mented by a software shut-down
program at the control station, Mu-
sil says. Car tests began last month,
although full-scale operation will
begin next fall, according to the
original plan, he notes.

Samy Elias, representative of the
university, says that UMTA offered the
university the right to refuse the
project. But an “agreement in prin-
ciple” has been made, Elias says, to
accept the system. The present sys-
tem is not what he envisioned eight
years ago, though. “We really didn’t
want such a sophisticated project,”
he says. But, says Herringer, the
“sophisticated project’ accom-
plished its national mission to dem-
onstrate a new technology.

It also taught the aerospace in-
dustry a lot, say Boeing and Bendix
engineers. Bendix’s Hutton points
out, “we learned a lot on safety
areas. Safety in [ground] trans-
portation is the opposite of an air-
plane. In the aerospace industry,
you put redundancy in to keep the
plane going at all costs. The whole
design philosophy is to keep it go-
ing. But in transportation, a differ-
ent kind of safety is needed. If
something fails, you don’t want the
vehicle to keep going, you want the
vehicle to stop.” Boeing knew that it
needed more redundancy when PRT
was first designed, but, Musil says
they didn’t realize how much would
be needed. “We can’t plead total ig-
norance {of what would be needed],
but we did learn a lot.” O

Electronlcs/May 1, 1975

?

YES. And with on-chip scanning to provide serial output on a
single pin. The 64 sensors of the R0O-64 are each 0.1 mm x 0.1 mm
in size and are uniformly spaced on a 2 mm diameter circle. The array can be
operated at scan rates as low as 30 scans per second or as high as 40,000 scans per
second. The device is paclunged in a 16 lead ceramic DIP and sealed with an optical
quality quartz window. The R0-64 is designed for applications in tracking, automatic
alignment, automatic focusing, pattern recognition and many others.
RETICON also continues to offer the most complete line of standard linear and matrix
arrays in the industry. Our “C” series linear arrays provide from 128 through 1024
elements of resolution on a single monolithic chip and are considered the standard in
facsimile, OCR, and industrial control applications.
Custom devices have been developed for a wide variety of applications from
point-of-sale to spectroscopy.
In solid state image sensing, our technical leadership backed by over
60 salesmen and 14 distributors over the world makes RETICON
the most viable source.
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put those in most of the Navy bases
where they have P-3 stations. We
are now moving into the carrier
fleet. Our plan is to work with the
Navy to move it into submarines so
the submarine commander will have
a real-time visual display. Also,
we're Bell’s team-member on the
2,000-ton surface-effect ship for
ships control.

Q: What about other than the mili-
tary?

A: Computerized fingerprint read-
ers are going to be a tremendous
business for us. There will be small
terminals which would be able to
tap into the bigger centers. It would
enable an arresting officer to rapidly
identify whether he has John Dil-
linger or John Q. Public.

Q: How long have you been working
on this?

A: Four or five years, and we now
have a contract—some $5 to $10 mil-
lion—to build some of the major
ones for the FBI. There are other ap-
plications—for example, identi-
fication for secure-access areas.

Q: How are things going in Micro-
electronics?

A: I wish I could say they are going
as well as in Collins and Autonetics.
I think they are going better now.
We've done many things to make
them better. In July of last year we
went into an unstable period in the
device business. There were ups and
downs, and it was very difficult for
us, but it was good for us too. Up
until July we were what I call a sili-
con-stuffing plant: you want more,
you stuff in more silicon. After July
we became a productivity-, a yield-
improvement plant. Everything we
have done since then has been ad-
dressed to improving productivity,
improving yield, establishing more
standardization among the devices,
so we can have bigger runs of a
common thing. In the last two to
three months we have been turning
around.

Q: What areas dropped?

A: Primarily devices for calculators.
Other devices. such as parallel proc-
essing systems, grow. We're doing
well in automotive.

Q: What parts of the auto market?
A: We've been working for some
time on a contract with General
Motors on Lsi devices for various
applications. We stayed out of seat
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belts. That was not large enough in-
tegration. The main system we're
selling today is the antiskid device.
We're working on hydraulic antiskid
with another company.

Q: Do you see the placing of a con-
troller under the hood of a car?

A: | think it has to be there. The car
has to have a microprocessor.

Q: When do you see this happening?
A: I think it’s evolutionary rather
than revolutionary, but I think the
energy situation will force lighter
and smaller cars, and better use of
fuel. This is going to have to lead to
a microprocessor under the hood.
And when they’'ve got that micro-
processor, I think they’ve got a tre-
mendous number of additional
things that will soon come about.

Q: Do you have an advantage as a
member of the Rockwell operation?
A: I think so. The people who are
somewhat concerned about automo-
tive electronics know that Rockwell
does a substantial amount of au-
tomotive business, and if anything
goes wrong electronicaily they can
come over and conk Rockwell and
get a response. If they go to any of
our friendly competitors, like AMI or
T1, or Fairchild, and it isn’t working,
the competitor might say, “Well
Jack, it just doesn’t work—we've
done our best.” With us they've got
a million clubs hanging over our
head and they know it.

Q: What about the device business?
A: The big areas of device sales in
the future are going to be in micro-
processors. The whole memory
thing is going to be up for grabs
again as you come up with things
faster and cheaper. That’s one that
we believe is an opportunity for us.
The calculator device market, par-
ticularly the hand-held device mar-
ket, is going to be characterized by
substantially more devices. But the
total revenue isn’t going to be any
higher.

Q: Is Rockwell firmly convinced it
wants to be in the microelectronics
business?

A: The answer to that is yes. Our
chairman of the board has said,
without equivocation, “I want to
build this company for one third
Government, one third commercial-
industrial, one third consumer.”
Both he and the president have en-
couraged me on a continuing basis

to do the right thing, nor have they
ever denied me any resource [ asked
for—even when I built two plants I
didn’t need.

Q: How do you see the watch busi-
ness?

A: In the watch business the distri-
bution channels were set by the
Swiss watchmakers. As a result I
don’t see a break in the distribution
channels as there was in calculators.
And 1 don’t really believe liquid
crystals or LED displays will be the
final answer.

Q: What type of displays do you fore-
cast?

A: I think electrochromics is coming
along. We're working on it—it looks
good. The rise and fall time isn’t as
good as we'd like it, and we don’t
know what kind of life it has. Other
people are working on it, too. I
think electrochromic technology
offers the best chance for a good-
looking display that the public will
accept almost as much as it will the
analog type.

Q: How will you participate in the
watch business?

A: We believe that the jewelry end
of it is not really our bag, although
we are keeping our options open.
We have designed a device. We'll
sell it, or the module, and we’ll do
assembly work. We'll do develop-
ment work on the electrochromic
displays and see where it goes.

Q: What about S0S? Do you see this
as a viable technology?

A: Yes. It’s going to be here. It’s go-
ing to be here for certain appli-
cations.

Q: What about planning? Are you
satisfied with the setup you now have
in Collins, Autonetics, and Micro-
electronics?

A: I said in 1970 my goal was a $1
billion organization in electronics
and we're essentially there. I said
my goal was to build a broad-based,
or reasonably broad-based, elec-
tronics concern. For the next few
years we'll be digesting and codify-
ing what we’ve got. Whenever you
bring a group of people together,
adjustments have to be made. We’re
still working them out.

Q: For the foreseeable future, is
growth going to be from within?

A: Near term, I think that’s right,
because the capital situation is not
very good at the moment. 0O
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internal to the analyzer, it operates asynchronously to
data.

Because the acquired signal is available in the instru-
ment in digital form, it can easily be stored in memory.
The data can then undergo further processing, if re-
quired. For example, the analyzer may generate dis-
plays other than the conventional curve of level versus
time. And since events that occurred before the trigger
can be stored in memory, the events leading up to a
malfunction may be displayed and analyzed for prob-
able causes of error.

Data registration—finding a unique point within a
long data stream to establish the reference for a mean-
ingful measurement—is a complex problem. Several re-
quirements exist: a unique starting point must be recog-
nized; a scanning area, or search window, as well as a
display window, must be defined; if the scanning area is
not adjacent to the starting point, a means must be pro-
vided for indexing the display with respect to the start-
ing point, and a stopping point must be established.

In time-domain equipment, oscilloscope triggering
and sweep circuits provide these functions. The starting
point is determined by the slope, coupling, and thres-
hold controls. The scanning area or display window is
set by the sweep-time control. Indexing is commonly

provided by a delaying sweep, which sets a time-inter-
val holdoff between the starting pulse and the scanning
area. The stopping point is provided by the sweep-hold-
off circuit, which allows all circuits to reset to their ini-
tial conditions after the sweep-time circuit has finished
its traverse.

The data domain offers an analogous situation. The
starting point, which may be termed a Boolean or word-
pattern trigger, occurs at a certain time in the form of a
unique word pattern. An indexing capability may be
provided in whatever indexing parameter is convenient
for the equipment under test—bits, words, time, frames,
or blocks. A scanning area is defined by memory size or
word-boundary conditions. And a stopping point may
be determined, either by a filled memory or the recogni-
tion of another unique word pattern.

Instrument solutions

Data-domain test instruments that make use of these
concepts are divided into three classes: logic-state
analyzers, logic-timing analyzers, and logic triggers for
oscilloscopes (Table 2).

Logic-state analyzers display binary data in a word-
versus-event format. Because they concentrate on word
sequences, they are useful in examining the functional

4. High density. Because digital systems are so densely packaged, data-domain test instruments must use innovative approaches to probing
points under test. Small probes make it easy to connect these instruments to closely spaced test points.
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behavior of digital systems. They may provide an out-
put suitable for triggering au oscilloscope for voltage-
versus-time displays when electrical analysis is required.
The logic-state analyzer may also provide facilities for
some correlation analyses, such as displaying a mathe-
matical combination of two different data fields.

A logic-timing analyzer, on the other hand, displays
binary data in a word-versus-time format, or it may re-
construct the original voltage waveform and display it
in a pseudo-voltage-versus-time mode. Because these
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§. Counter dispiay. The output of a two-
decade counter can be displayed by either a
logic-timing analyzer (top) or a logic-state
analyzer (bottom). The logic-timing analyzer
display yields more information about the
timing relationships between signals, but the
logic-state analyzer display is more easily
read, and so is more useful when informa-
tion about logic levels is all that is required.

instruments display bit sequences, they are most useful
in examining the functional behavior of subsystems and
components. Some capability to analyze electrical pa-
rameters is usually included in a logic-timing analyzer
so that glitches, rise times, or pulse-ringing can be de-
tected.

Logic-trigger generators, designed for use with oscil-
loscopes, are simpler instruments. They may be as
simple as four-input AND gates connected to scope trig-
ger inputs to synchronize the scope with the occurrence
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set/reset capability, and a data (D) type.

The MODEL subheading contains the user-defined
name for the model, as well as a keyword that indicates
the type of device being modeled. Suppose the user
wishes to model a two-input NAND gate. His entry
would be:

LOGIC DESCRIPTION

MODEL TWO INPUT NAND GATE (NAND)

where the user-defined name is TWO INPUT NAND GATE,
and the parenthetical keyword NAND is the type of de-
vice.

If no additional information is supplied by the user,
all of the model parameters will be set to the default
values shown in the table. For instance, the two-input
NAND gate will have a high output voltage of 1, a low
output voltage of 0, an input switching threshold volt-
age of 0.5 v, and a propagation delay of 0.

Any of these present parameter values can be over-
ridden by using appropriate keyword specifications,
which are also listed in the table. These keyword expres-
sions can be entered in any order following the proper
MODEL statement. For example, to describe a NAND
gate that has four inputs, complementary outputs, an
input threshold voltage of 3.2 v, and a propagation de-
lay of 10 nanoseconds, an acceptable entry would be:
LOGIC DESCRIPTION
MODEL FOUR INPUT NAND GATE (NAND)

IN = 4(38)
OUT = 2(4,3.2)
DELAY = 10E-9

The FUNCTION keyword is associated with the spe-
cial-function gate, whose single output is determined
from a user-supplied combinational logic expression.
The inputs of this gate are represented by letters, while
the FUNCTION keyword is used to define the logic ex-
pression. If an exclusive-OR gate were modeled as a spe-
cial function, the program entry would be:

LOGIC DESCRIPTION

MODEL EXCLUSIVE OR (SPECIAL FUNCTION)

FUNCTION = (A.AND.(NOT.B.))
.OR.((.NOT.A.).AND.B)

Any of the models specified under LOGIC DESCRIP-
TION are connected to other models and elements under
a CIRCUIT DESCRIPTION heading. To do this, all the
nodes of the network must first be numbered, and then
the nodes of each model must be called out in proper
sequence—input nodes first, output nodes next, and the
reference (ground) node last.

For most applications, the input impedance of a logic
device can be regarded as being very large, and the out-
put impedance as being very small. Because of this, Su-
per-Sceptre employs zero-valued current sources for in-
puts and variable voltage sources for outputs.
Effectively, input impedance is taken to be infinite, and
output impedance zero, thereby minimizing model
complexity. A finite input impedance or a nonzero out-
put impedance can be obtained by means of a simple
model modification. The voltage at any model input
and any model output can be requested directly as a
program output.

Logic models can be stored in the program’s model li-
brary for later use. A stored model is retrieved by just
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inserting a CALL statement, which contains the appro-
priate model name, anywhere under the LOGIC DE-
SCRIPTION heading.

Simulating a logic network

A sample listing will help to illustrate how the pro-
gram language works and how simply even a relatively
complex logic network can be simulated. Figure 1
shows a four-bit serial adder and its Super-Sceptre list-
ing. Briefly, a four-bit word can be entered into the up-
per and lower flip-flop string through inputs EA and
EB, respectively. Input EADD serves as an enable line:
when it is low, the flip-flop chains can be loaded; and
when it is high, the numbers present in each chain are
added together in the next four clock cycles. The upper
flip-flop string acts as the accumulator register, while
the lower flip-flop string is the input register. The two-
bit full adder (FA) and the carry flip-flop (CFF) circu-
late each new sum back to the accumulator register.

In Super-Sceptre, the dimensional units of time are
assigned by the user. Here, for example, the clock first
goes high after 0.5 time units (START = .5). It remains
high for 0.5 time units (T1 = .5), and then goes low for
0.5 time units (T2 = .5).

The three inputs—EADD, EA, and EB—are described
by TABLEI, TABLEZ2, and TABLE3, respectively, under the
FUNCTIONS heading. Each pair of numbers in a TABLE
listing indicates the logic level of the signal at a particu-
lar point in time. The left-hand number is the time-unit
factor, while the right-hand number is the logic level.
TABLEI, for instance, decribes input EADD as being
low initially, going high after four time units, and re-
maining high up to and beyond 10 time units.

With the OUTPUTS statement, plots are being re-
quested of the three input signals, the four output lines
(EQAO, EQAL, EQA2, and EQA3) of the circuit, the
output (ESFA) of the two-bit full adder, the output
(EQCFF) of the carry flip-flop, and the output
(EQCLK) of the clock. Under the RUN CONTROLS list-
ing, the simulation time is limited (STOP TIME = 10), as
is the number of printed solution points (MAXIMUM
PRINT POINTS = 50).

Solving an electromechanical problem

In addition to logic devices, Super-Sceptre can be
used to simulate transfer functions and one-dimensional
mechanical systems. Such inputs are entered under a
TRANSFER FUNCTION DESCRIPTION heading or a ME-
CHANICAL DESCRIPTION heading, in the same manner
that circuit-description information is listed.

Figure 2 shows a tachometer system that involves all
four of the simulations possible with Super-Sceptre. It
contains electrical and mechanical elements, as well as a
digital logic device and a transfer-function block. Only
the positive half-cycles of the sinusoidal input pass
through the one-shot to the two-pole low-pass filter,
which drives a d’Arsonval-movement dc voltmeter.

In the Super-Sceptre listing. which is also given in
Fig. 2, the one-shot is modeled by means of the MONO
STABLE keyword. The one-shot has an input threshold
of 0.8 v, a low output voltage level of 0.2 v, a high out-
put voltage level of 34 v, and an output pulse width of
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New products

cal versions. And while the electrical
life of the flatpacks—50,000 to a few
million operations at rated loads
from 1 to 10 amperes—doesn’t ap-
proach that of reeds, some low-pro-
file versions achieve up to 100 mil-
lion operations when switching
lower currents, comments Jerry
Tuite, relay-marketing manager at
Siemens.

Critical. Height of the device is
critical; all available units (see table
on p. 113) will fit pc cards with a
center-to-center spacing of 0.6 or
0.625 inch, but only certain de-
vices—from C.P. Clare, Midtex, and
P&B—will unquestionably fit boards
on half-inch centers, and none of
those devices has alternate sources.
For, besides the seated height of the
relay, users must take into account
the thickness of the pc card, usually
0.0625 inch, as well as room for sol-
der lands and component tails on
the back of the board. These can be
shaved or milled easily down to 0.06
or 0.08 inch, a p&B official says,
avoiding further risks of gouging the
board.

Electrical specifications on the de-
vices are surprisingly similar; differ-
ences crop up in claims of imper-
viousness to flux and solvents used
in pc-board soldering and cleaning
operations. Clare and Guardian
mold the package bottom around
the pins to avoid “wicking” of fluids
into the relay by capillary action
[Electronics, March 6, p. 38]. Others
force pins through a premolded
housing. Most, however, recom-
mend spraying solvents instead of
dipping during cleaning. The excep-
tion is the Matsushita relay, mar-
keted here by Arrow-M Corp,,
which claims a hermetic epoxy seal
[Electronics, Feb. 6, p. 127].

Other innovations, which more
manufacturers plan to adopt as the
products mature, include latching
versions, available from American
Zettler now and C.P. Clare in the
near future, and more sensitive coil
voltages. If a relay can fit on a board
with logic, why not make it logic-
compatible? P&B and Sigma, for ex-
ample, have sensitive versions of
their 5-v dc relays that require 50
milliamperes to energize, instead of

Circle 114 on reader service card

the 90 mA required for standard
models. While that’s not compatible
with TTL shift registers, counters, or
gates, it can be switched by TTL
drivers.

There’s also a move toward more
contact configurations and mate-
rials. All the devices come with con-
tacts of silver-cadmium-oxide or
gold-flashed-silver, appropriate for
their rated currents;, some feature
optional contacts of gold, palla-
dium, and platinum alloys for
switching down to dry-circuit levels.

C.P. Clare has dropped its series
311 general-purpose flatpack [Elec-
tronics, June 7, 1973, p. 145] in favor
of its new 511 telephone-type relay,
being introduced this month, which
comes only with the permissive-
make, precious-metal, bifurcated
contacts used in the telephone in-
dustry. These series 511 units can be
supplied in either two-pole or four-
pole versions, with either Form C or
Form D contact arrangements. The
two-pole devices measure 0.35 by
1.32 by 1.22 inches, while the four-
pole devices are 0.35 by 1.32 by 1.52
in. Life expectancy is 100,000 oper-
ations at rated load, increasing to 50
million operations for 0.1 A at 48
volts dc. Price ranges from $3.30 to
$7.15, depending on the model and
quantity. Delivery is from stock.

Two versions. Sigma is also intro-
ducing a series of low-profile relays.
Both general-purpose and high-sen-
sitivity versions are available. Con-
tact rating for the sensitive series 60
devices is 1 A at 28 v dc or 0.5 A at
120 v ac. At full rated load, electrical
life is 500,000 operations for the gen-
eral-purpose models and 1 million
operations for the sensitive models.
In quantities of 1,000, price ranges
from $1.50 to $2.20. All are availa-
ble from stock.

At least two manufacturers are
planning to announce additional
new low-profile relays. Electrical
specifications for the upcoming
series 512 units from C.P. Clare are
expected to be the same as those for
the company’s new 511 series. By
July or August, Guardian will be re-
leasing a four-pole double-throw
device with a package height be-
tween 0.38 and 0.4 in. O
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New products

Data handling

Computers for
first-time users

Line of small systems
is designed for scientific,
educational, industrial jobs

Someone who has never before used
a computer system usually wants a
small, relatively low-cost machine,
one that’s simple to operate, and de-
signed for use with off-the-shelf
software packages.

These requirements are met by a
linc of small systems developed by
Wang Laboratories and aimed at
the first-time user in business, sc-
ence, education, and a variety of in-
dustrial applications.

The Wang Computer Systems all
use a binary parallel byte-oriented
central processor with an 8-bit byte
and a cycle time of 1.6 micro-
seconds. The main memory uses
2,048-byte metal-oxide-semicon-
ductor random-access memories
and the system is driven by read-
only memories of 512 10-bit bytes
that contain the interpretive Basic
language and input/output se-
quences. The ROMs increase pro-
cessing throughput by allowing ma-
jor segments of software to remain
in the main memory, Wang says.
The company also simplified the

basic verb structure so that up to 32
special functions can' be keyed in
one stroke each.

At the low end of the new family
is the WCS/10 (at left, below),
which costs $5,700 and is intended
primarily for education markets.
The CPU has 4,096 bytes of RAM, ex-
pandable to 32 kilobytes in 4-
kilobyte increments, and 24 kilo-
bytes of ROM. The system also in-
cludes a console with keyboard and
1,024-character cathode-ray-tube
display and a single tape cassette for
auxiliary data storage with a capac-
ity of 78 kilobytes.

In the mid-range is the $10,000
WCS/20, which has a larger, more
powerful CPU with 8,192 bytes of
RAM, expandable to 32-k, plus 42.5
bytes of ROM, and includes the key-
board and a larger CRT. It also has a
single flexible disk drive, expan-
dable to three drives, with a capac-
ity of 262,144 bytes per disk, an
access time averaging 401 millisec-
onds, and a transfer rate of 31,000
bytes per second. With an optional
binary synchronous communica-
tions capability, it can be used as a
remote batch-processing system in
networks of Wang and other proces-
sors.

The WCS-30 is the largest of the
new systems. To the CPU, console,
and fiexible disk drive it adds a disk
drive with two disks, one fixed and
one removable. Capacity is 2.50
megabytes per disk (single density)
with an access time of 21 millisec-
onds and a transfer rate of 195
kilobytes per second. A double den-
sity disk holds 5.01 megabytes, has
an access time of 38 milliseconds,
and a transfer rate of 312,5 kilobytes
per second. In the larger configura-
tion 10 million bytes of storage are
available, or more than in IBM’s sys-
tem/32, the company says.

A basic WCS/30 at $29,100 in-
cludes 16,384 bytes of RAM, expan-
dable to 32 kilobytes, 42.5 kilobytes
of ROM, and Wang's new model
21W line printer. (The 2IW is an
impact typing, serial matrix printer,
with a speed of 200 characters per
second, or 65 lines of 132 columns

r minute; unbundled, it costs
$5,600.) Aimed at the commercial

market, the WCS/30 can operate in
interactive and on-line modes for
teleprocessing applications, and can
support data entry stations and
Wang'’s 1200 family of word proces-
sors.

All the processors can support a
number of peripheral devices, in-
cluding the 21W line printer, and
Wang can provide software.

Wang Laboratories Inc,, 836 North Street,
Tewksbury, Mass. 01876 [361)

New model quadruples
PDP-15 memory capacity

With the price of memory going
down, the Digital Equipment Corp.
has introduced a new version of its
18-bit PDP-15 computer called the
XVM that, for the first time, can use
all 18 bits under program control for
indirect address. This allows a single
program to address 131,068 words
of memory rather than the previous
limit of 32,786 words.

The basic unit is the XVM-100,
which includes a slightly modified
PDP-15 model 5 central processing
unit with a 750-nanosecond cycle
time, 32,768 words of core memory
expandable to 96-k words, or 128-k
words with an expander cabinet, a
high-speed paper tape reader and
punch, hardware multig:ly/divide, a
real-time clock, an LA36 DECwriter
II keyboard printer, and a memory
processor.

Using Schottky TTL and multi-
layer circuit boards, the memory
processor combines a number of
functions previously handled by
separate devices. It has an auto-
matic priority-interrupt unit, a
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