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nets is sufficient for static vertical
convergence, which is maintained
over the full height of the tube. An-
other pair of permanent magnets
provides static horizontal conver-
gence. Only a single assembly is
needed for static convergence in
vertical and horizontal directions
and for horizontal dynamic conver-
gence, the correction needed when
the beams are out towards the sides
of the tube.

France

French solar battery test
awaits Russian launch

With an admirable display of pa-
tience. French space scientists and
solar cell experts are about to enter
their eighth month of waiting for
the Russians to launch SRET-1. The
piggyback launch, when it comes,
will mark a new stage in Franco-So-
viet space cooperation and, if suc-
cessful, will provide important new
data on the rate of deterioration of
cadmium sulfide and cadmium tell-
uride thin film solar batteries.

The French show no sign of con-
cern over the long delay. but they
conceded that they are anxious to
get SRET into orbit so they can see
how their two panels of CdS and
two panels of CdTe hold up in
space. Their anxiety is doubled by
the fact that their last thin-film test
project plunged into the sea aboard
the ill-fated Diamant-B French
rocket launched last December
[Electronics, International News-
letter, Dec. 20.].

Panels. SRET, a space experiment
agreed upon in 1969 by Soviet and
French specialists, is an eight-panel
craft, four of which power the coder,
converter, and radio transsmitter
aboard. The other four carry thin
film batteries developed by two
French firms—CdTe elements from
La Radiotechnique-Compelec (RTC)
and CdS devices from Sté.
Anonyme de Té¢lécommunications
(SAT)

The 34-pound satellite was deliv-
ered in Moscow last June for
launch, under terms of the agree-

ment, as a free ride with a Molniya,
which means lightning, communi-
cations satellite. Due to the Rus-
sians’ passion for secrecy. the
French had to agree to leave the sat-
ellite at the Moscow offices of the
Academy of Sciences and trust the
Russians to check it out and mount
it on a rocket at some unspecified
date at an unspecified launch site in
the USSR. No French technicians
are allowed to help or even witness
the launch.

“We have given them a control
valise to check out the satellite’s
electrical systems on a go/no-go
basis.” says project supervisor Jean-
Claude Evrard of CNES the French
space agency. “We had to assume
that the checkout might be done by
a technician who doesn’t under-
stand all the workings of the satel-
lite.”

Anxiety. The electronic interface
and weight-size values were worked
out in four meetings between
French and Soviet experts about a
year ago. SRET will be totally inert
during the launch, but its nickel
cadmium batteries must be charged
by the Russians to ensure proper
automatic separation once Molniya
reaches orbit.

The French are understandably
anxious to see whether their halting
cooperation with the Russians can
work in such a complex piggyback
project. Previous Franco-Soviet
space efforts have involved only
French accessories or subsystems on
Russian satellites—such as the
French laser reflector on the Lunok-
hod-1 moon rover and the current
stereo solar flare experiment aboard
Mars-3. SRET will mark the first
time the Russians have launched a
satellite for any foreign country.

“We have had to learn to work to-
gether.” says Evrard. “They just
don’t think like us.” The Russians
were sometimes excruciatingly slow
in providing the French with techni-
cal details necessary to mesh Mol-
niya and SRET. One key element the
Russians hung onto until the last
moment was the time sequence re-
quired for separation of Molniya
from its last rocket stage and the
separation of SRET from Molniya.
“Actually when we finally extracted

Up in the air. France's experiment in CdS
and CdTe solar cells awaits flight

this fact. it was too late, and we had
to set our timer quickly as best we
could” says Evrard.

The french are using their politi-
cally-inspired cooperation program
with the Russians to exploit, and
hopefully commercialize. the lead
they already have in the production
of CdTe and especially CdS thin
film solar cells. “These batteries will
probably be the power source of the
future in the new generation of un-
manned spacecraft that require
three-axis stabilization to keep the
panels continuously oriented toward
the sun,” says Wolfgang Palz. man-
ager of the electric power branch at
CNES, just south of Paris. He be-
lieves CdS batteries will be suited
for any craft, such as communi-
cations satellites, that need a kilo-
watt of power.

Packing. Palz says serious re-
search on CdS has been abandoned
in most countries, but it has re-
mained a promising energy source
in French labs. While CdS batteries
produce 30-50% less power per
square centimeter than the standard
silicon batteries, they put out twice
as much per kilogram.

Palz says he is hoping SRET’s ex-
perimental batteries will only drop
from 6% efficiency to 5% after six
months. Standard silicon cells,
which have about 10% efficiency,
also will fall to 5% in the same pe-
riod—a 50% power loss in silicon
compared with expected thin-film
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loss of only 17%. SRET’s lifespan will
be about one year.

CNES’ technicians will monitor
SRET’s phase modulation trans-
missions coded in pulse shift keying.
The results will be shared with the
Russians in return for the free
piggy-back ride into orbit. The
French and Russians already have
agreed to go ahead with SRET-2. due
tentatively for launching at the end
of 1974, and within the next six
months negotiations will begin on a
possible SRET-3 launch for 1975.

The Netherlands

Philips circuitry opens door
for moonlight photography

Imagine an automatic camera with
photo circuitry so sensitive that pic-
tures can be taken at a light level
much lower than that of the moon.
Although the circuit is not yet on
the market. a trio of researchers at
Philips in the Netherlands has come
through with an experimental ver-
sion that makes moonlight photo-
graphy a snap.

Developed by Cor Mulder, Leen
Willemsen. and Albert ter Riet at
the company’s Eindhoven Research
Labs, the camera circuit is a combi-
nation of a silicon photodiode and a
silicon chip that contains the mea-
suring circuitry.

Short circuit. In contrast to con-
ventional exposure time control de-
vices. which are based on measuring
the photodiode’s open-circuit volt-
age. the Philips combination uses
the diode’s short-circuit current.
This design not only accounts for
higher light sensitivity, but also for
greater temperature stability, a fea-
ture which assures reliable circuit
operation even when ambient tem-
peratures vary.

For a photodiode to provide suf-
ficient light sensitivity, it must have
a surface area several square mil-
limeters in size. Such a relatively
large area. however, results in two
major drawbacks for a silicon
photodiode. For one thing, the leak-
age current limits the open-circuit
voltage produced under illumina-
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tion. This, in turn. reduces sensi-
tivity.

In addition, the value of the leak-
age current, and therefore the value
of the open-circuit voltage. is closely
related to the ambient temperature.
and this hampers consistent circuit
operation. In conventional designs.
such temperature dependence is
largely eliminated by mounting the
photodiode and the measuring cir-
cuitry on the same substrate. But
that puts certain restrictions on cir-
cuit layout.

Short-circuit current. The new
Philips combination overcomes
these drawbacks by using the photo-
diode’s short-circuit current as the
input to the measuring circuitry. Be-
cause the voltage difference across
the diode. even under illumination,
then becomes negligibly small, re-
duced sensitivity as a result of leak-
age current is no longer a problem.

What's more, with the short-cir-
cuit current being practically inde-
pendent of the ambient tempera-
ture, the photodiode need not be
mounted on the same substrate as
the measuring circuitry. This means
each circuit portion can be installed
at the most suitable spot in the
camera.

With a 3-square-millimeter pho-
todiode surface, the minimum light
level that the Philips researchers
found still usable for circuit oper-
ation was 0.01 lux—a level 25 times
less than that of a full moon in a
clear night sky. Effects of tempera-
ture and supply voltage variations
are negligible. Philips men say.

In the automatic exposure control
circuit, the photocurrent is applied
directly to the measuring circuitry,
consisting of a converter, a dc am-
plifier, an integrator capacitor, and
a voltage stabilizer. The converter
keeps the voltage across the photo-
diode practically at 0 volt, regard-
less of the photocurrent value, and
feeds a proportional current to the
dc amplifier. The gain of this ampli-
fier is adjustable from the outside in
13 steps to a value appropriate for
the lens opening chosen and the
speed of the film used.

Exposure timed. As soon as the
shutter opens, the amplified current
begins to charge the capacitor.

When it reaches a certain reference
value, a trigger circuit energizes the
shutter coil and causes the shutter to
close again. Thus. the exposure is
automatically determined. The en-
tire circuit requires 4 to 6 V. Its total
current consumption is about 10
milliamperes.

In more complex reflex cameras.
the value of light intensity must be
determined by illuminating the
photodiode by way of the camera’s
hinged mirror. This means that light
is shut off from the diode while the
mirror moves away during expo-
sure. This problem is solved by con-
necting a memory circuit, built
around an external capacitor. to the
dc amplifier. Illumination informa-
tion obtained while focusing is tem-
porarily stored in the memory cir-
cuit and fed to the amplifier.

Great Britain

Ferranti redesigns 1600B
computer with MSI/TTL

For several years the Digital Sys-
tems division of Ferranti Ltd. has
built warship fire control and action
information systems. which use its
own computer. A special archi-
tecture has been developed to cope
with the special requirements, par-
ticularly fast interrupt response in a
real time system.

Now the original FM-1600B com-
puter has been joined by the FM-
1600D. which uses new technology.
particularly MSI/TTL, to rearrange
the architecture for better cost effec-
tiveness. Further, with an eye on the
avionics and land mobile military
systems market, the 1600D has been
made more modular so that small
versions can be built. The division is
also considering a much bigger.
more powerful variant using a
Schottky TTL processor.

Interrupts. A military action con-
trol, real-time computer system
must respond very quickly to an
alarm situation. If a radar picks up a
plane or a missile, the computer
must work on the extracted data im-
mediately, not 5 seconds later. Thus,
the 1600B has a complex interrupt




Electronics international

controller between peripherals and
processor. Instead of scanning the
peripherals looking for one that
wants to come in, the initiative is
vested in the peripherals, which sig-
nal when they want to come in.
They are allowed in immediately or
delayed according to a pre- -deter-
mined priority rating. For instance.
radar sensors rate higher than dis-
play controllers, which rate higher
than teletypewriters. Further, data
interrupts always have priority over
program interrupts.

Logic. To make this system work
in the 1600B, each peripheral is con-
trolled directly from the interrupt
equipment, so that when the radar
control line wakes up. everything
else is stopped to let the radar in.
Data travels from the peripherals to
the processor over a common 25-
line parallel highway—24 bits plus
parity bit. The interrupt controller
has to sort out the channel priorities
and the consequent data flows,
which involves a lot of logic.

The logic used is Ferranti’s own,
very fast—9 nanoseconds—DTL,
which is not cheap. Ferranti claims
the maximum waiting time for data
interrupt on the hlohest priority
channel is 2.3 microseconds with a
650-nanosecond store.

To get most of the performance of

the 1600B using simpler, cheaper
methods, Ferranti has designed the
1600D to make use of MSI/TTL. In-
stead of a single entry port the store
now has multiple ports, built around
TTL multi-bit staticizers. This means
that peripherals passing large quan-
tities of data at a fairly high rate. for
instance display control stations, can
have their own dedicated store
block and parallel data highway.
This reduces the load on the inter-
rupt controller. which can be sim-
pler. and on the remaining data
highways which are serial links with
TTL serial-parallel registers, mul-
tiplexers, and demultiplexers at the
ends. The processor uses bipolar
stores as working registers. and its
controllers make much use of data
selectors and multiplexers.

One third. The redesign has cut
the size of the processor to less than
one-third of the 1600B processor.
Keith Dixon, a Digital Systems divi-

sion sales executive, says a 1600D
system is about the same size as cur-
rent single-address. 16-bit small
computers, but packs three-address
instructions into one 24-bit word.
with a code of 325 instructions, and
very much greater input/output ca-
pability.

Special boards. For the 1600D.
Ferranti has developed the multi-
layer epoxy resin boards used in the
1600B so that there are now no in-
terconnects at all on the outer faces
on the boards. This is achieved by
making through-hole connections
on internal layers of the board. sub-
sequently covered over as the outer
layers are built on. So far, internal
through-holes penetrate only one
internal layer, though there are
plans to penetrate more. These
holes are drilled 15 mils in diameter
and plated down to 10 mils. The
outside of the board is plain except
for holes to take component pins.
The thickest board used in the
1600D is a motherboard of 22 lay-
ers.

Though Ferranti expects most
1600Ds will be sold for military pur-
poses, a civil version will be offered.
All versions will use the same Mil-
Spec casing and mountings and
multilayer boards, but the compo-
nents can be military grade or com-
mercial grade.

Microwave data link
for nearby computers

Sometimes two computers only a
stone’s throw apart can’t be linked
because the cost of building a land
line is too high. This can easily hap-
pen in a city center. or when a pe-
ripheral computer temporarily con-
trolling an experiment might not be
on the job long enough to justify
building a costly link to a large ma-
chine.

To deal with these situations, re-
searchers at the Royal Radar Estab-
lishment are developing a portable,
short range, line-of-sight microwave
data-link system. It works by gener-
ating a stable, continuous signal in
Q-band and turning it into pulses by
passing it or blocking it in a Q-band

Gunn diode. which is switched on
and off by the data coder.

In the on state—biased above
threshold voltage—the Gunn switch
locks onto the input signal and pro-
vides about 2.5-decibels amplifica-
tion. In the off state it gives about 21
dB attenuation. Steve Gibbs, who is
in charge of the project, says that
this difference is sufficient, using a
100-milliwatt generator and a 5-
inch, 5°-beamwidth dish antenna. to
produce a 100-megahertz pulse
stream that can be received up to 2
miles away in heavy rain with error
rates inside standard limits. In good
weather, the range of the system ex-
tends over 5 miles.

Absorption. Q-band was chosen
partly to keep antenna size small for
easy portability and partly because
it contains sectors in which absorp-
tion by water vapor and oxygen in
the atmosphere is very low. In the
prototype. using 33.5 gigahertz one
way and 34.5 GHz the other way. at-
mospheric absorption is low enough
to be ignored, though rain absorp-
tion is significant.

The prototype transmitter/re-
ceiver system is in a cylindrical pod
2 feet long by 11 inches in diameter,
weighing about 10 pounds, with the
separate transmitting and receiving
antennas in one end. Gibbs says it’s
simpler to use separate antennas
than to try to achieve the necessary
90-dB isolation in a single antenna.
Hence the need to keep antenna size
down. He says future systems will
be much smaller, essentially two an-
tenna diameters wide, one antenna
diameter high, and 2-3 in. thick.
Power consumption is 30 watts.

Locks. For 100-mW output, an
Impatt diode generator is used.
However, if the range required is no
more than about 1 mile and low-
voltage batteries are essential, a
Gunn-diode generator of 5 or 10
mW could be used. The generator is
stabilized by locking it onto a crys-
tal-controlled source working at 127
megahertz and multiplied up.

The receiver signal is mixed with
a local oscillator signal from a sepa-
rate stabilized Gunn-diode source,
and amplified at a frequency of 100
MHz. Radio frequency noise is 11 dB
over the 33-35 GHz band.
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¥ uatter introductory offer to new members of the

107/971

286/515

ELECTRONIC INTEGRATED
E:IRYCSIIJ&SL CIRCUITS:
PRINCIPLES Injegrated A Basic Course
: Srcuits for Engineers
Ggé\ll.gﬁls AND and Technicians

by R. G. Hibberd
Pub. price, $9.95
Club price, $8.45

by P. M. Chirlian
Pub. price, $15.50
Club price, $13.25
637/458 PPN 57765

DESIGNING ELECTRONIC

WITH TTL SWITCHING,
INTEGRATED TIMING AND
CIRCUITS PULSE CIRCUITS
by Texas 2/e
Instruments

by Pettit &
Inc. McWhorter

Pub. price, $18.50 i Pub. price, $12.50
Club price, $13.50 [ EEs Club price, $8.95

313/059

404/437

§ Nl sourcesoox g
? mmxm&iﬁ-ﬁtﬂ ; OF ELECTRONIC CONDUCTOR
g5 B0 CIRCUITS
i 7 Uit ELECTRONICS,

3/e

by P. Hunter
Pub. price, $27.50
Club price, $21.50

308/470
ACTIVE FILTERS:

Pub. price, $19.75
Club price, $14.75

259/607

COMMUNICA- . LUMPED,
TION SYSTEM DISTRIBUTED,
ENGINEERING ! INTEGRATED,
HANDBOOK § DIGITAL &

PARAMETRIC
by

L. P. Huelsman
Pub. price, $16.50
Club price, $13.95

by

D. H. Hamsher
Pub. price, $29.50
Club price, $22.50

158/215 HANDBOOK 124/035
AN of HANDBOOK OF
INTRODUCTION PHYSICS PHYSICS, 2/¢

TO ELECTRONIC
COMPUTERS, 2/¢e
by G. B. Davis
Pub. price, $12.50
Club price, $9.30

by Condon and
Odishaw

Pub. price, $34.75
Club price, $14.95

Save time and money by joining the

Electronics and Control Engineers’ Book Club Ll

ERE is a professional club designed specifically to meet your
day-to-day engineering needs by providing practical books
in your field on a regular basis at below publisher prices.

How the Club operates: Basic to the Club’s service is its publi-
cation, the Electronics and Control Engineers’ Book Club
Bulletin, which brings you news of books in your field. Sent to
members without cost, it announces and describes in detail the
Club’s featured book of the month as well as alternate selections
which are available at special members’ prices.

When you want to examine the Club’s feature of the month,
you do nothing. The book will be mailed to you as a regular part
of your Club service. If you prefer one of the alternate selec-
tions—or if you want no book at all for that month—you notify
the Club by returning the convenient card enclosed with each
Bulletin.

As a Club member, you agree only to the purchase of four
books over a two-year period. Considering the many books pub-
lished annually in your field, there will surely be at least four
that you would want to own anyway. By joining the Club, you
save both money and the trouble of searching for the best books.
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ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB

Special $1.00 bonus book
comes to you with your
first club selection

621/616
WAVE
GENERATION
AND SHAPING,
2/e

by L. Strauss

Pub. price, $16.50
Club price, $13.95

494/754
ENGINEERING
MANUAL, 2/e
by R. H. Perry
Pub. price, $12.50
Club price, $9.95

209/731
STANDARD

654/301

ENGINEERING HANDBOOK FOR
MATHEMATICS ELECTRICAL
HANDBOOK ENGINEERS,

by J. J. Tuma 10/8

Pub. price, $9.95 pLrnkand

Club price, $8.45 Pub. price, $32.50

Club price, $24.95

MAIL ATTACHED POSTPAID CARD

(If card removed, send coupon below)

ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB
582 Princeton Road, Hightstown, N.J. 08520

Please enroll me as a member of the Electronics and Control Engi-
neers’ Book Club and send me the two books indicated below. I am
to receive the bonus for just $1.00, and my first selection at the
special Club price shown. These books are to be shipped on ap-
proval, and I may return them both without cost or further obliga-
tion. If T decide to keep the books, I agree to purchase as few
as four books during the next two years at special Club prices (at
least 159 below list).

Write Code No. of Write Code No. of
bonus book first selection
here here
Nafors ol et e
Address ] = T == e
City__ —_— —
State_ - Zip

e Ol e e s SR B L

Circle 142 on reader service card
D3



MONOLITHICS:

Specifying tips

: The next time you order

ul monolithics, here’s a help-
ful hint. It's usually best to specify
attenuation boundaries rather than
bandwidth, since these are easily re-
lated to information transmission and
selectivity requirements. We have a
sheet filled with all the details that's
yours for the asking. We'll also be
glad to discuss design trade-offs.

Our new 21.4's

We've just come up with an
off-the-shelf line of low
cost monolithic and tandem mono-
lithic crystal filters at 21.4 MHz.
Here's the story — twenty-one stand-
ard models in 2, 4, 6 and 8 poles
with 13, 15 and 30 kHz bandwidths.
Available in flatpack or upright pack-
ages. We'll be happy to mail you our
new data sheets with all the specs.

The Bare Essentials

A lot for a little — that's
the idea behind the do-it-
yourself approach to tandem mono-
lithics. Take a set of our tandem
monolithics. Mount them on your cir-
cuit board. Add two or three fixed
capacitors and voila, you've got a 6-
or 8-pole filter. Why bother? To save
space, save money and gain layout
flexibility. Whatever your filter prob-
lem, we can help reduce it to the
bare essentials. Write us.

Like more information on mono-
lithics? Drop us a line or call us.

Piezo Technology Inc.
2400 Diversified Way

Orlando, Florida 32804

305-425-1574

The standard in monolithic
crystal filters.

D4 Circle 131 onreader service card
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Six months before Reliance Electric
opened in Georgia, 90% of its future

employees thought a circuit board was
something a telephone operator worked at.

prteYererees

Reliance Electric 1s a major nternational
manufacturer of automation equ1pment

A while back, they decided to build a highly
complex operatlon In Georgla 1nvolvmg the latest meta]-
workmg> and electronic assembgr equipment available.

“In Georgia?” people sai

scratching their heads,

They shouldn’t have been surprised.
Georgia’s technical training program is among the
finest anywhere. Students are highly motivated. Dropouts

are rare.

According to Reliance’s management “T'he workers

have a éreat ablll(i’ to leam Complex \kllls And an

outstanding attitu

They couldn’t wait to get started”

The Georgia startup was one of the most successful in

Reliance’s 63 year history.

One of the least
expensive, too.

Yousee, what's really
surprising about Georgia's
sophisticated technical
tralnmg program 1s that
Georgia picks up the hill.

o R R T e ™ S v e s

I Georgia Department of Industry & Trade &)
Industry Division, Dept. EL- 9, PO. Box 38097, I
| Atlanta, Georgia 30334, |
I Please send me details on how Georgia will train my |
I tmp|mee\ at no cost to me |

Name ditle=Rael 1O |
I Company I
| Address l
| City State —Zip |
| Georgia, the unspoiled. |
| Georgia, the unspoiled. |
f———————— e ——————_——_ &
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RCA leads the way—
with 8 new emitter-ballasted

Type Frequency
(GHz)

2N6267 2.0
2N6266 2.0
2N6265 2.0
2N6269 23
2N6268 23
40898 23
40899 23
40909* 2.0

microwave transistors

Power Out
(W) Min,

Supply Voltage
)

10.0 28
5.0 28
2.0 28
6.5 22
2.0 22
2.0 22
6.0 22
2.0 25

*Oscillator

RCA’s microwave transistor line keeps growing!
Led by state-of-the-art types spec’'d at 2.3 GHz
and 22 V, these new transistors broaden a total
high-power, high-frequency capability designed
to meet expanding individual requirements.

Evaluate these new emitter-site ballasted tran-
sistors for your circuit. Their unique structure re-
duces ‘“‘hot spots,’” improves safe operating area,
and effectively minimizes transistor failure under
high VSWR conditions.

At the same time, look over the full range of
other RCA devices by getting the complete RCA

‘microwave story. Write for your copy of RCA’s

Microwave Data Package, 2L1205, which includes

a new Microwave Transistor Brochure describing
major design features, device selection criteria,
typical circuit designs, and performance data. The
package also includes technical data bulletins
and a complete price list on all commercially-
available RCA microwave power transistors.

For more information see your local RCA Rep-
resentative or your RCA Distributor. For a copy of
the data package, write: RCA, Solid State Division,
Section 70A-31/-UF16, Box 3200, Somerville, N. J.
08876. International:- RCA, Sunbury-on-Thames,
UK., or P.O. Box 112, Hong Kong. In Canada:
RCA Limited, Ste. Anne de Bellevue, 810 Quebec.

“c" Solid State

products that make products pay off
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