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China poised for 'great leap' 
into the forefront of science 
Swedish engineer-diplomat reports strong technological progress, 

but says pace of production lags far behind scientific achievements 

The natural habitat of the China­
watcher is Hong Kong, but the 
species can be found in almost 
any capital in the world. Stock­
hblm, for instance, is the present 
headquarters of Jon Sigurdson, an 
electronics engineer who's been an 
observer of Chinese science ever 
since he served at Sweden's em­
bassy in Peking in the mid-sixties. 

Sigurdson last month had much 
good to say about Red Chinese 
science. In a report published by 
Sweden's prestigious Royal Acad­
emy of Sciences, he predicted that 
China would move up into the 
"front line of science within the 
foreseeable future." But he noted 
that a place in the forefront of 
scientific progress does not insure 
a place among the leaders in indus­
trial production. 

Sigurdson hammers home. that 
point with some facts about com­
puters. "A breakthrough was scored 
in large, fast models around 1965," 
Sigurdson says, "and the computer 
industry in China is now, at most, 
five years behind that of Western 
countries." But he guesses that pro­
duction is perhaps only a dozen 
machines a year-although precise 
figures can't be had. 

Inference. Little is known about 
the counh·y' s most modern ma­
chine, except that it's a transistor­
ized digital computer and presum­
ably represents a real advance over 
the earlier Chinese computers, 
which were versions of Russian­
designed analog machines. Even 
more significant, Sigurdson points 
out, is the fact that the latest com­
puter indicates a Chinese compo­
nents industry sophisticated enough 
to produce quality hardware. 

The machine's transistors are 
germanium, the material most com-
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monly used for semiconductors in 
China. But the Chinese are up on 
their silicon technology, too. When 
Sigurdson wrote his report last 
year, he noted that production of 
integrated circuits had not yet 
begun. But he now believes the 
Chinese have started turning out 
re's. 

In fact, Sigurdson's view is that 
the minions of Mao can produce 

almost anything. He says the Chi­
nese will "definitely" be able to 
launch a satellite within a decade. 
But again he points out that the 
ability to build one unit doesn't 
mean the builders can organize 
series production. 

Factories first. At the moment, 
Sigurdson says, the emphasis in 
China is on developing process­
control equipment for chemical and 

Teacher's helpers. "Acting in accordance with the teachings 
of Chairman Mao" (with some additional tutoring by scientists 
from the University of Sydney, Australia), Chinese technicians are building 
a 40·dish radiotelescope that stretches 1.9 miles. 
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petrochemical plants. And there's 
a push to get electronic controls 
into the metal-working industries; 
but this effort, Sigurdson says, is 
"still in its beginning stages." 

Another sector that's been get­
ting particular attention is telecom­
munications, and Chinese elech·on­
ics engineers have been having a 
fling at instrumentation. One no­
table achievement: an electron mi­
croscope with a magnification of 
200,000. 

And the Chinese have under con­
struction what Sigurdson says is 
"one of the best" radiotelescopes 
anywhere. Made up of a 1.9-mile­
long chain of 40 antenna dishes 
with diameters between 20 feet and 
30 feet, the telescope will be able 
to track celestial bodies over a 12-
hour period. 

The Chinese are getting some 
help on the radiotelescope from 
scientists from Aush·alia's Univer­
sity of Sydney. But dependence on 
outsiders has been on the wane 
since the onset of the Cultural 
Revolution in 1966. For all the 
havoc the still-continuing revolu­
tion has wreaked on the country's 
economy, it has also brought new 
respect for Chinese scientific 
achievements and has forced for­
eign-trained scientists to concede 
that Chinese-made hardware has 
some worth, Sigurdson feels. 

Looking out. Despite the stress 
on home-grown technology, Peking 
keeps a close watch on develop­
ments abroad. At the city's Insti­
tute of Scientific and Technical 
Information, there's a special sec­
tion that collects catalogs of foreign 
manufachirers. In addition, the in­
stitute gets more than 7,000 foreign 
technical and scientific publica­
tions, and a great deal of this ma­
terial is translated and distributed 
to the Chinese technological com­
munity. In 1965, for example, the 
Chinese published 262 books on 
electronics, and 40 on automation. 

The Chinese still import many 
advanced instruments-particularly 
from Japan and West Germany. 
And despite American efforts, some 
U.S.-made equipment slips into 
China. 

This bootleg instrument business 
is on the decline, Sigurdson thinks. 
Over the past 18 months, Japan's 
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Minish-y of International Trade and 
Industry has been squeezing the 
flow, presumably at the behest of 
·washington. Because of this, how­
ever, there's been a switch in 
Japan toward exports of know-how, 
and small groups of Japanese ex­
perts have been going to China 
recently to train engineers and 
technicians there. 

Great Britain 

Schools systems 

Pity the poor Loch Ness monster. 
It may be on the way to dropping 
in status from an infamous mystery 
to just another unusual sea crea­
ture. 

If it does, much of the credit­
or blame-will go to a research team 
at Birmingham University and the 
digital sonar it has develooed. In 
initial tests, the sonar picked up in 
the deep Scottish lake targets too 
big and too fast to be ordinary fish. 
One, for example, checked out as 
several yards long and was moving 
18 miles an hour along the range 
axis-all the while diving at about 
450 feet a minute. 

And if the Birmingham sonar 
could be bad news for the Loch 
Ness monster, it should be even 
worse for herring and other fish 
that school relatively near the sur­
face. The sonar was conceived 
mainly to ferret them out; most 
fish-finding sonars search straight 
down to the bottom. 

The researchers worked out their 
digital-sonar scheme to get around 
the expensive analog circuitry re­
quired for "within pulse" sonars. 
In these types-the first sonars with 
a wide, out-front scan fast enough 
to detect schools of fish-the outgo­
ing beam is as wide (say 60°) as 
the sector to be scanned. Echoes 
are picked up on an array of trans­
ducers, and the phase of signals 
from each element is shifted rap­
idly to determine the bearings of 
the sound echoes. The entire sector 
covered by the beam can thus be 
scanned electronically during the 
reh1rn-pulse duration. 

The Birmingham researchers, led 
by David Creasey, worked their 

variation on this basic scheme by 
putting into hardware an idea of 
Donald Nairn, now with the Admi­
ralty: use digital computing tech­
niques, rather than phase shifting, 
to figure the bearing of echoes 
picked up on an array. After the 
successful tests in the Loch Ness, 
the experimental system has been 
taken out to sea for further tryouts . 
Along with possible monsters, the 
sonar resolved in bearing and range 
a I-inch sohere at 50 yards and a 
7-inch sphere at more than 200 
yards. At the same time, the sonar 
picked up the edge of the loch, 
more than 2 miles away. Creasey 
says no conventional sonar can 
match this performance. 

Half-dozen. The Birmingham so­
nar operates at 47.5 kilohertz and 
scans a 60° sector with seven trans­
ducers spaced about one wave­
length apart. Phase differences be­
tween echoes arriving at adjacent 
transducers are measured and the 
six measurements used to make 
sure the incoming signal is valid 
and to determine its bearing. 

Signals from the transducers are 
first amplified and then applied to 
gates. The positive-going zero­
crossing of the amplifier output for 
transducer number one, for exam­
ple, opens gate number one, and 
the same condition at amplifier 
number two closes it. Thus the six 
gates are switched on and off suc­
cessively as the echo moves along 
the array. · 

How long each gate stays open 
depends upon the phase difference 
between signals at adjacent trans­
ducers. A count of the time a gate 
stays open is made by means of a 
6.08-megahertz clock pulse used to 
quantize the time into one of 128 
levels. The level is fed to a digital 
counter, which stores it. 

On the average. To make the va­
lidity check, each set of six quan­
tized gate samples stored in the 
counters is averaged and each sam­
ple compared to the average. If the 
sum of the deviations lies below a 
preset threshold, the set is ac­
cepted. When three successive sets 
are accepted, the value-whose 
magnitude depends on the bearing 
of the incoming signals-is fed to a 
cathode-ray tube display. It takes 
about 250 microseconds to process 
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three sets of samples, so the dura­
tion of the sonar pulse must be at 
least this long. 

The digital technique, Creasey 
concedes, has a major drawback 
compared with an analog "within 
pulse" system. Only the target re­
turning the strongest echo is dis­
played by the digital sonar, but 
analog systems can pinpoint sev­
eral targets within their scan sec­
tors. But Creasey is certain that 
the system's potentially lower 
cost-the components for its digi­
tal circuits cost less than $500-
more than offsets the drawback. 
The cost of logic packages is drop­
ping so fast, he points out, that 
the digital sonar one day could be 
built for a price fishermen will pay. 

West Germany 

A lighter contact 

Once they're up in orbit, the solar 
cells that power satellites are rid­
ing dry as well as high, making 
any protection against ground 
humidity just wasted weight. 

Most cells do, in fact, pack some 
spare avoirdupoids: a layer of 
solder to protect the contacts-a 
layer of titanium and a layer of 
silver deposited on the photo­
voltaic silicon-against electro­
chemical corrosion that can occur 
when the silver and titanium are 
next to one another in a humid 
atmosphere. 

To be sure, solderless cells are 
fabricated and stored for long 
periods in relatively dry areas like 
Southern California. But if the cells 
are destined for a satellite slated 
for a Cape Kennedy launch, they 
need elaborate safeguards against 
the moisture-laden sea breezes 
until the satellite is up and away. 

A new and simple safeguard 
against humidity, however, has 
been worked out by AEG-Tele­
funken at the behest of the Euro­
pean Space Research and Tech­
nology Center (Estee) at Noord­
wijk, the Netherlands, where it's 
damp. Telefunken's technique: put 
down a layer of palladium between 
the titanium and silver layers. The 
palladium layer shifts the electFo-
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chemical potential between the 
titanium and silver layers to a 
range where the titanium, which 
ordinarily corrodes, doesn't. 

Hot and cold. In laboratory tests, 
the new solderless cells have 
worked without losing any effic­
iency for 600 hours at temperatures 
to 90°C and humidities up to 
100%. Furthermore, the cells still 
can convert photons into electrons 
after exposure to temperatures of 
400°C. This suits them particularly 
for deep-space missions, where 
temperatures are higher than for 
earth orbits. Cycling between 
-196°C and +150°C doesn't faze 
the cells. 

What's more, thermocompres­
sion bonds or resistance welds can 
be made on the new contacts; 
both are better than soldering. In 
the solderless cells, a tear strength 
greater than 700 grams is achieved 
for a bond area measuring only 
one-third millimeter square. This 
small bonding area greatly reduces 
the temperature stresses in solar­
cell contacts. Better still, the bonds 
or welds point to considerable sav­
ings in fabrication costs, compared 
with soldering, although Tele-
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funken still hasn't figured out how 
much the savings might be. 

One, two, three. A typical 
solderless solar-cell contact is 
made by successively depositing 
onto the cell's silicon surface a 
350-angstrom film of titanium, a 
50- to 200-angstrom layer of pal­
ladium, and finally a 5-micron 
layer of silver. These three layers 
are put down in one evaporation 
run with the silicon substrates at 
temperatures near 150°C. No 
special equipment or techniques 
are needed for the palladium, so 
the advantages of this trio of layers 
can be had using equipment that's 
already around. 

Japan 

On the square 

There's long been a need for a 
simple device that can square or 
cube an analog input function, and 
a way to meet this need has been 
found by the Denki Onkyo Co. 

What Denki has done is build 
a sort of functional integrated cir-

\ 

Cell block. Technician at AEG·Telefunken checks connections 
on plates of solar cells made with solderless contacts. 
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cu it-a slice of single-crystal indium 
antimonide on a very thin glass 
substrate. The InSb is shaped to 
form a multiple Hall element, and 
the interaction of the Hall currents 
and voltages in effect multiplies by 
itself the value of the input, a mag­
netic field. 

Straightforward. Unlike most new 
bulk semiconductor de,·iccs, Dcn­
ki's functional IC is easy to under­
stand. The square-law ,·ersion com­
bines a pair of Hall elements at 
right angles to one another [see 
diagram]. One is fed with a con­
stant-current power supply and 
thus generates a Hall voltage when 
there's a magnetic field applied. 
This Hall voltage drives current 
through the second Hall generator. 
But it, too, lies in the magnetic 
field, so its output voltage is pro­
portional to the square of the ap­
plied field. 

Higher-order functions can be 
had by repeating the process. 
Denki already has cubic-law cir­
cuits, obtained by using the output 
of the second Hall generator to 
drive current through a third. The 
precision of the squaring units is 
about 0.2% if the magnetic field 
is kept below .3 kilogauss. For cub­
ing units, the figure is 0.2% with 
the same proviso. And Denki thinks 
satisfactory levels of precision are 
possible with higher-power units. 

To fabricate the functional IC, 
Denki cements a 6-micron-thick 
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magnetic field. 

slice of single-crystal InSb to a 
glass substrate 100 microns thick. 
The Hall-generator pattern is then 
etched into the InSb using conven­
tional photoresist techniques. 

Small gap. The thin glass sub­
strate keeps the air gap in the mag­
netic circuit small and thus helps 
~olve one problem that pops up 
" ·hen the devices are put to work 
in practical circuits-getting ade­
quate sensitivity. The narrowness 
of the air gap between the lnSb 
and magnetic field partly compen­
sates for the loss in sensitivity that 
goes with a large load resistance. 
The over-all circuit needs this re­
sistance to make negligible the 
changes in resistance caused by 
the magnetosh·ictive effect of the 
Hall elements upon one another. 

Another source of trouble is the 
voltage imbalance that develops if 
the voltage takeoff contacts aren't 
directly opposite one another. 
Denki zeroes this out by means of 
a split contact with a tapped re­
sistance across it. 

Gunn for hire 

Many of the world's major semi­
conductor producers have an­
nounced with considerable fanfare 
during the past year that they 
were ready to sell "commercial" 
Gunn-effect diodes. But there are 
conspicuous absentees from the 

list of Gunn-oscillator houses; 
until last month Hitach; Ltd. 
seemed to be one of them. 

The company should, however, 
have been on the list long ago. 
While its competitors were ready­
ing themselves to peddle Gunn 
diodes, Hitachi was using them as 
local oscillators in television-relay 
links built for :'\ippon Hoso Kyo­
kai, the Japan Broadcasting Corp. 
Hitachi says the diodes have 
operated continuously for 8,500 
hours at 13 gigahertz. Rated power 
output is 50 milliwatts. 

Achievers. The company's engi­
neers say the diodes have an edge 
over reflex klystrons, the tubes 
generally used for the local oscil­
lators in K-band microwave links. 
The freqcncy deviation of the 
diodes caused by changes in tem­
perature, for example, is only 160 
kilohertz per degree Centigrade at 
13 Ghz. 

They also show better linearity 
for frequency modulation than the 
reflex klystrons , whose frequency 
swing is usually 20 megahertz per 
volt. vVith a varactor diode biased 
at 4 volts modulating the Gunn di­
ode, this sensitivity is 30 Ml1Z/volt. 
It's even better with a diode bias 
of 6 volts. 

The Gunn-diode local oscillators 
are fabricated from gallium arsen­
ide with impurity levels of about 
1015 atoms per cubic centimeter. 
This makes electron mobility in 
the GaAs crystal 8,000 cm2/v-sec, 
close to the theoretical limit. 
Hitachi worked out the method for 
purifying GaAs crystals to this 
level in a joint program with the 
Electrical Communication Lab­
oratory of the Nippon Telegraph 
and Telephone Public Corp., the 
state-owned communications car­
rier. 

Outgoing. Hitachi also plans to 
develop transmitter oscillators 
using Gunn diodes. In tests so far, 
the oscillators have been run at 
8.7 Ghz with output power of 400 
milliwatts. Much higher frequen­
cies can be had at the usual pen­
alty-a drop in output power that 
approximates the l/f2 power fre­
quency relationship predicted by 
theory. At 25.3 Ghz, for example, 
the diode's output goes down to 
51 mw. 
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The Inside Story of 
Handling Current at High 
Speeds 
Now, RCA introduces the multiple-emitter chip, a concept 
using RCA "overlay" techniques, in 2N5038 and 2N5039-
multi-epitaxial silicon transistors for high-speed switching @ 
circuits. On the inside is the pellet with 12 discrete emitter • 
sites, interconnected by a 12-pronged heat-conducting • : 

1 
copper slug. The use of individual emitter sites provides 1 1 
the excellent 20-ampere current handling capabilities of ~ : 1

1 these devices by increasing the emitter periphery. The cop- ~ 
per slug assures good temperature and voltage distribution 1 I Emitterconnector 

among the emitter sites across the pellet, and further con- : : : 
tributes to the current handling, while adding significantly to l @I solder Ring 

the forward second break- 1 1 

down capability of the ~ 1 1 1 

device. These concepts . , ..R. - - - - - - - - - - - .!. -~ Emitters1u9 
(discrete emitters and cop- · ~ : ; 1 
per slug) eliminate the non-uniform current injection nor- 1 
mally associated with high 1 1 1 
current interdigitated - - - - - - - - - - -1

1
-~1 1 

Pellet 

transistor structures. 
Forthedesignengineer,2N5038 : 1 

: 

and 2N5039 represent the right combination of mechanical 1 
structure and performance characteristics. They have low 1 

saturation voltage (1.0 volt max. at 12 A for 2N5038 and at 1 

10 A for 2N5039) and fast saturated switching times (turn-on 
less than 0.5 µsand turn-off less than 2 µs). 

Available in production quantities, 2N5038 and 2N5039 
are useful in a wide variety of applications including: 
de-to-de converters (at 25 KHz, 250 watts and 85% eff. 
may be achieved) and high frequency switching 
regulators (up to 50 KHz, 700 watts output, with 95% 
eff.). Both units make good linear amplifiers at fre­
quencies up to 5 MHz. 

Call your RCA representative today for more in­
formation or see your RCA Distributor. For technical 
data, write: RCA Electronic Components, Commercial 
Engineering, Section No. lN·l·l, Harrison, N. J. 07029. 
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YOU CAN'T OUT-SHOUT THE FACTS. WE'RE NO. 1 

IN THE FIELD, AND HERE'S WHY .. . 

We offer the most. And best. And you cannot gainsay that truth. 
The most in designs, types, sizes, and reliability-via the industry's 
standard for excellence . . . Elco Varicon• Connectors and Contacts. For the 
most basic to most highly exotic electrical/mechanical requirem nts. 
Plugs, receptacles , and contacts without insulators. With tails for wire wrap, 
crimp, taper tab, solder . From 2 to 25,000 contacts, depending 
on model or size of metal plate, at .050", .100", 
.125" , .150" , .156", .200" spacing. For contact-to-contact, 
or contact-to-printed-circuitry applications. Write, wire, 
call or TWX us for our Printed Circuit Connector 
literature. It speaks quietly in a voice everyone 
can hear. Elco Corporation , Willow Grove, Pa . 19090; 
215-659-7000; TWX 510-665-5573 . 

• TRADE-MA RK 

ELCO 
Corporation 

~/ 

P.S.-FREE SAMPLE? Let us know after you read our literature. 
We' ll be delighted to send you one. 

Circle 258 on reader service card 

j ~· SEE US AT NEPCON BOOTHS 351-353 
C _ FEBRUARY 11-12-13 
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Darcy Industries, Behlman Division, meets 414 
power supply requirements with one Dale HL style 

" In our OM power supplies, we use Dale HLT 
resistors to assure balance between power 
transistors and to help provide long-term stabil­
ity in the series regulator circuit. With 414 
models in this DC silicon module design, we 
needed to standardize on a single resistor type. 
Dale responded quickly to our design needs for 
a specific tapped resistor and has met our qual­
ity and delivery requirements - a total combi­
nation difficult to find in a single vendor." 

Darcy Industries, Behlman Division 
Santa Monica, California 

DALE INDUSTRIAL WIREWOUNDS 

Tubular Silicone coated lug (HL), tapped 
(HLT), adjustable (HLA) and lug with lead (HLW) 
styles. Meet MI L-R-26 and MI L-R-l 9365C. 
5-225 watts, .1 ohm to 1.3 megohms. Tolerance 
::!:5%, ::!:10%. Non-inductive styles avai lab le. 

Flat Silicone coated standard (HU and 
miniature (HLM) styles. Meet MIL-R-26. 
10-95 watts, .1 ohm to 150K ohms. Tolerance 
::!:5%, ::!: 10%. Miniature size has paten ted 
mounting for limited space, high vibration areas. 

Axial Lead (CW) Silicone coated. 1.25-13 watts, 
.1 ohm to 273K oh ms. Tolerance ::!:5%, ::!:10%. For appl icat ions 
requiri ng near precision performance at low cost. 

For faster response to your industrial resistor needs, call Dale ... 402-564-3131 
F o r R esistor Catalog A , Circ le 181 

tor optimum value in industrial resistors 
DALE ELECTRONICS, INC., 1300 28th Ave., Columbus, Nebraska 68601 

Printed in U.S.A. 



New! Multi-Color 
Performance from 
RCA Single-Gun CRT's 
How many colors do you want in CRT read-out? RCA can give you 
two, and the shades between, from a single-gun CRT. What's more 
you have a choice of tube size for the display of all types of visual 
information -waveforms, alphanumeric, pictorial or any combina­
tion of these three. 

Here's your answer to air-traffic control systems, military IFF 
systems, stock market quotation displays, airline and other trans­
portation status boards. Utilize RCA's new capability in teaching 
machines, electronic test instruments, computer read-out equip­
ment-anywhere a multi-color display makes understanding easier. 

The RCA multi-color CRT is made with two phosphor layers. The 
multi-color performance is obtained through the application of 
different anode voltages. 

Whatever your choice of colors and display, the read-out is as 
sharp-amt bright as black and white. And the single electron gun 
means simple back-up circuitry. 

For more information on RCA multi-color CRT's and other RCA 
Display Devices, see your RCA Representative. For technical data, 
write: RCA Electronic Components, Commercial Engineering , 
Section No. A-19Q·2, Harrison, N. J. 07029. 

RCJI 


