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be used for lowering the threshold 
voltage this would probably be 
done either after the etching step 
or after the reoxidation step. This 
implantation would have no effect 
on the source and drain regions be­
cause an even igher density of the 
same impurities would later be 
implanted in these regions. But if 
some of the . 10S transistors were 
to receive channel ion implantation 
to convert them to depletion types, 
the chann ls of transis tors to re­
main enhancement types would 
have to be masked during this 
process, probably by thick oxide. 

Next a layer of polycrys talline 
silicon heavily doped with boron 
is deposited at about 800°C from 
SiH4 and B2Ha with H 2 as the 
carrier gas. ResistivitY of the poly­
crystalline silicon is about 2 x 10- 3 

ohm-centimeters. Polycrys talline 
silicon is etched away except where 
required as gates or as a cross­
under connector. Boron ions with 
an energy of about 100,000 elech·on­
volts are then implanted in the 
source and drain regions at room 
tempera ture to a concentration of 
about 1 x 1015 per square centi­
meter. Chemical vapor deposition 
of silicon oxide follows . 

The wafers are annealed at 900°C 
for 10 minutes. Then the silicon 
dioxide is etched for contact holes, 
aluminum ·is evaporated over the 
entire surface, and the aluminum 
is etched for interconnections . 

For MOS transistors fabricated 
on 1-0-0 silicon, threshold voltages 
are about 1 volt. For a silicon di­
oxide thickness of about 8,000 A 
in regions other than under the 
gate, the threshold voltage of para­
sitic MOS transistors is a:bout 15 V. 
The sheet resistance of the im­
planted layer is about 100 ohms 
per square, about an order of 
magnitude lower than for units 
annealed at 550°C. Threshold volt­
age and hole mobility of the units 
annealed at the higher temperature 
are identical with units annealed 
at temperatures as low as 400°C. 
Yet low frequency noise character­
istics, compared with those of 
units fabricated by diffusion, are 
two thirds that of units annealed 
at 550°C. 
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France 

Computer for the lycee 

teaches computing classes 

Philips turned up with a $3,000 
minicomputer. International Busi­
ness Machines was on hand with 
its new 370 series . Then there 
were Honeywell-Bull, Univac, 
Italy's Olivetti, W est Germany's 
Siemens, Britain's ICL, and all 
the others. With such a lineup at 
the annaul Paris Sicob office ma­
chines and computers show, it's 
hard to imagine there are chinks 
in the spech·um of data processing 
machines on the French market. 

Electronique Marcel Dassault, 
though, thinks it's spotted a gap 
and has moved fast to fill it. EMD 
unveiled at the show a minicom­
puter that's designed mainly to 
give students at the lycee, the 
American equivalent of junior high 
and high school, their first fling 
with computers. Although the new 
minicomputer can be programed 
to teach subjects like math and 
grammar, its main purpose is to 
develop students' skills in carrying 
on dialogues with computers 
through a terminal. So EMD en­
visions that students will try their 
hand at simplified models of real­
life data-process ing problems, such 
as cheoking out business decisions 
or studying auto traffic at night­
marish intersections like Paris' 
Etoile, where 11 major avenues 
merge in a ring surrounding the 
Arc de Triomphe. 

EMD calls its teaching computer 
by the acronym E sope, which, not 
coincidentally, is the French name 
for the Greek story-teller Aesop. 
The system is based on a mini­
computer, the EMD 7000, and can 
handle up to 64 terminals , although 
EMD executive Jean Louis Michel 
figures that 10 terminals would be 
the typical lycee installation. 

In performance, Michel says, the 
7000 compares with the Sigma 2 
of Xerox Data Systems. The French 
computer's characteris tics: 131 in­
structions, a memory cycle of 0.95 
microseconds, an add time of 2 p.s, 

multiplication time of 8 p.s, and a 
basic memory of 4 kilowords of 
16 bits each, expandable to 16 
kilowords. Although run of the mill 
in calculating speed and memory­
cycle time, the machine has a mul­
tiplexed input-output channel that 
needs no program control. 

This channel interrogates each 
terminal in sequence, sending 01 

receiving one seven-bit character 
to a terminal at a time. The cycle 
rate is 1 p.s/bit. In addition to the 
multiplex channel, which is con­
trolled by hardware, there are a 
programed channel and a channel 
for direct access to the memory. 

So far EMD has no firm orders 
for Esope. But Michel has high 
hopes. The market could run to 
100 sys tems during the next five 
years, he figures, and at the moment 
no other company in France has 
quite the same equipment. And 
Michel thinks the price is right­
between $37,000 and $55,000-for 
a system with 10 or so terminals. 
That works out to a cost per stu­
dent of $11 a year, equivalent to 
two or three textbooks, Michel 
points out, given a five-year amor­
tization for a 10-terminal sys tem 
installed in a 1,000-student school 
with each student getting 15 hours 
of terminal use each year. 

West Germany 

Op amps aim at 

consumer product jobs 

As far as vVes t Germany's Siemens 
AG is concerned, operational am­
plifiers are good for many more 
uses than their present applica­
tions , which are primarily in auto­
matic control equipment and in 
analog computer systems. 

Because they can be integrated 
easily and are well suited as low­
drift de amplifiers or as boosters 
for frequencies up to 30 kilohertz, 
op amps can find jobs in auto­
motive electronic sys tems, in low­
frequency devices and in such con­
sumer products as washing ma­
chines, refrigerators and in air­
conditioners , the company feels. 

A new integrated op amp from 
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Siemens has been developed for 
just such uses . D esignated the TAA 
861, the new device is now b egin­
ning to hit the market. To make 
the circuit attractive for wide­
spread consumer applications, ver­
satility and cost-savings considera­
tions have been prime factors in its 
des ign. The TAA 861 uses only six 
resistors and eight transistors­
much less than other IC op amps 
built so far-all packed on a l-by-1-
millimeter chip .. It sells for between 
75 cents and $1. 

Despite its small number of com­
ponents, the TAA 861, Siemens 
says, has the characteristics of the 
standard 709 class of op amps de­
veloped in the U.S. On top of that 
it has some significant advantages. 
One is the circuit's large common­
mode range. Since this range is al­
most as wide as the supply voltage 
range, th e possibility of latch-up is 
practically eliminated. Further­
more, its supply voltage can b e as 
low as ± 2 volts , and this allows 
the device to operate off batteries . 
Also, to achieve circuit stability 
through frequency compensation, 
all that's needed is a sin gle external 
capacitor. Still another extra is the 
circuit's relatively high output cur­
rent, which can drive relays and 
voltage regulators directly. 

The fir st stage, made up of tran­
sistors, Ql and Q2, is a difference 
amplifier. The output stage, com­
prising Q7 and Q8, is a single­
ended amplifier in a Darlington 

confi guration. To keep the sum cur­
rents of the difference amplifier 
cons tant, a transistor-Q3-is used 
instead of a resis tor. This also 
holds the de voltage fall-off in the 
circuit to a small value at high dy­
namic res istances. Furthermore, an 
integrated transistor requires less 
space than a res istor. 

Transistor Q5 supplies the refer­
ence voltage-about 700 millivolts­
for Q3, the constant current source 
for the difference amplifier. These 
two transistors, together with emit­
ter follower Q4, form a control loop 
which stabilizes the circuit's op­
erating points. The pnp transistor 
Q6 is used to transfer the potential 
from the input to the output. 

To limit second stage drift, the 
gain of the first stage must b e as 
high as possible. This is insured 
by the manner in which Q6 couples 
the two stages . The same signal 
appears between its emitter and 
base as is present b etween the col­
lectors of the input transistors Ql 
and Q2. The whole signal swing 
produced by the first stage can b e 
used for amplification, and since 
res istor RS is large, gain is high. 

This high gain and the high im­
pedance at the b ase of Q7, eases 
frequency compensation. A single 
ex ternal capacitor causes the fre­
quency response curve to fall off 
at a constant 6 decibels per octave. 
The compensa ting capacitor is not 
integrated because at 45 picofarads 
it takes up too much chip space. 

Situation wanted. Aimed at consumer markets, Siemens' new op amp has w ide 
common-mode range and output current high enough to drive relays directly. 
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JAPAN 

Low-di slocat ion process 

promises low-noise devices 

Toshiba engineers have found a 
way to reduce noise in transistors 
and integrated circuits. They start 
with extremely high quality sub­
strates-with fewer than 500 dislo­
ca tions per square centimeter-and 
make sure no dislocations are in­
troduced during device fabrication. 
By comparison, ordinary wafers 
have several thousand to more than 
10,000 dislocations per cm3. 

Another advantage of the proc­
ess-and one that may be even 
more crucial to its successor or 
failure-is that, according to To­
shiba, it does not infringe on Fair­
child's planar patents in Japan: 
Toshiba company engineers call 
their discovery PCT, for perfect 
crystal technology. 

In conventional processes, the 
extremely high surface concentra­
tions of dopants prior to diffusing 
and the thick glass on the surface 
of th e wafer multiply the number 
of disloactions in the active regions 
of the wafer. The latter does so b e­
cause it has a different temperature 
coefficient of expansion than sili­
con. The former does so because 
the lattice size of commonly u sed 
dopants like phosphorus and boron 
differs from that of silicon. High 
concenh·ations may also cause ab­
normal precipitation of dopants. 

The PCT process is based on low 
temperature deposition of doped 
glass, followed by high tempera­
ture diffusion from the glass into 
the crys tal. Since the glass acts as 
a source of dopants, it is never nec­
ess ary to have a very high concen­
tration of dopan ts on the surface. 

For regions that require rela­
tively high densities of impurities, 
such as the emitters of transis tors 
and the buried collector layer in 
ICs, two dopants are used. A small 
amount of arsenic is added to phos­
phorus. The theory is that the 
phosphorus atom may cause dislo­
cations b ecause it is small com­
pared with silicon, and a few of the 

171 



Electronics international 

larger arsenic atoms compensate in 
some way to prevent dislocations. 
The use of another two-element 
dopant containing boron and a 
small amount of arsenic prevents 
defects in emitters of pnp tran­
sistors, although the arsenic makes 
a bit more boron necessary. 

Aside from lower noise, there are 
other advantages to this process . 
Because dislocations are not gen­
erated in the PCT process , the part 
of the base under the emitter is not 
driven furth er into the wafer dur­
ing theemitter diffusion. And, be­
cause the buried layer under the 
collector does not cause disloca­
tions in the substrate, it is pos ible 
to grow dislocation-free epitaxial 
111at~rial over the buried layer. 

Moreover, Toshiba al o antici­
pates higher yields. One engineer 
says that with present processes 
devices must be designed with suf­
fi cient margin to offset the effects 
of dislocations and other crystal 
imperfections-a margin that can 
now be traded for higher yield . The 
new process should also permit de­
velopment of improved devices for 
operation at high frequencies, high 
switching speeds, and high volt­
ages, and Toshiba intends to use it 
for high-voltage devices such as 
silicon controlled rec tifiers. 

The use of an "island" rather 
than a mask diffusion process for 
the base of th e transistor differen­
tiates the new method from Fair­
child's planar patents. A thin 
boron-doped oxide is deposited 
over the entire surface of the wafer, 
and then removed by a photomask­
ing process from all regions except 
over the base; a thin layer of oxide 
is next grown over the entire wafer; 
and the tempera ture is raised to 
diffuse boron from the doped oxide 
into the wafer to form the tran­
sistor base. Toshiba points out that 
the initial oxide layer is mos tly re­
moved and, where it does remain, 
is used as a source of do pan ts 
rather than as a mask in the planar 
process . 

The company claims that it can 
now make integrated circuits with 
lower noise than the bes t low noise 
transistors it could previously 
make, and discrete transistors with 
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still lower noise. Two transistors 
and two integrated circuits using 
this process have been developed. 
Sales of the first of these devices 
will start this month, and all four 
will be ready by early next year. 

Diagram reading robot 

figures out assembly steps 

Hitachi has given eyes and a hand 
to a computer, producing a some­
what intelligent decision-making 
robot. Reading an assembly dia­
gram and figuring out how to 
assemble components in accord­
ance with the diagram are among 
the feats in the robot's irepertoire. 
The Hitachi visual image process­
ing robot Mark-I, a prototype for 
R&D work on commercial units, 
was built in the company's Central 
Research Laboratory. 

The robot has two vidicon cam­
eras for eyes. One reads a three­
view drawing and, in conjunction 
with computer progrnms, recog­
nizes the overall spatial configura­
tion of the object shown in the 
drawing, as well as the number 
and shape of the components that 
make up the object. What's more, 
the programs enable the robot to 
recognize not only the way these 
components are assembled to make 
up the drawing, but also the order 
of assembly. 

The second vidicon views the 
components and, with the aid of 
computer control, is able to recog­
nize their shape, size, position, and 
attitude-and determine which are 
needed to assemble the completed 
object and which should be 
ignored. Then the computer deter­
mines how the components must 
be transposed and rotated to bring 
them together correctly. 

The Hitachi robot is equipped 
with handling facilities , including 
an articulated hand, that is oper­
ated by electrical servos, and a 
handling conh·ol unit. The hand has 
seven de~rees of motion: h·ansla­
tion along three axes, rotation about 
three axes, and gripping. The view­
ing and handling sections are con­
nected to a Hitac 7250 control 
computer, which has 32 kilowords 

of core memory and 384 kilowords 
of drum memory. 

The cameras operate at 60 
frames per second, and 240 effec­
tive lines per frame. Each line is 
divided on a time basis into 320 
picture elements, which gives a 
total of 76,800 picture elements in 
a frame. Each picture element is 
digitally coded with five bits , which 
give 32 brightness levels. 

Software provides three levels 
of precision. Initially the entire 
field is scanned to detect the pres­
ence or absence of objects and their 
position. Then the effective window 
is reduced to single out an object, 
so that its shape and attitude is 
picked up in more detail. For 
study purposes, the computer can 
set an arbitrary clipping point at 
which to divide the image into 
two brightness levels, a method 
which converts images into outline 
drawings. But the ordinary method 
of finding the outlines is more com­
plex, including searches for indivi­
dual edges. If there is noise in the 
image the same edge may be rep­
resented by several crossing lines 
with an angle of only several de­
grees between them, or corners 
may not coincide. If so, the com­
puter performs further processing 
to make the outline agree with 
shape expected from the drawing. 

Even if dotted lines are omitted 
the views, the computer can fill in 
the missing information. However, 
the robot is blind to curves. In 
general, multifaceted objects of the 
type that can be fabricated on mill­
ing machines and have up to eight 
surfaces can be recognized. 

The software used in this robot 
represents a big advance in the 
techniques for processing informa­
tion on objects, which has been 
considered very difficult. An im­
portant step forward is the method 
of describing and entering in.to 
computer memory the relationship s 
between objects. This capability 
should ease the way to pattern rec­
ognition computers and toward 
artilicial eyes for industrial use. 
The next generation of machines 
might, for example, be able to spot 
such things as scratches, soiling 
and cracks. 
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Electronics in 
Medicine 
Conference 

April 13-15, 1971 
Boston 

CALL FOR PAPERS 

Prospective speakers are invited to 

submit 100 word abstracts of 

papers to be considered for the 

Third Annual Conference and 

Exposition on Electronics in 

Medicine. 

Five copies of the abstract, along 

with biographical information and 

a list of illustrations, should be 

submitted by October 31, 1970. 

Submission date for full 
manuscripts from invited speakers 

is January 31, 1971. 

Presentations should be specific 

and follow a case history format if 

possible. Suggested topics are: 

information processing and small 

computers in the hospital, 

laboratory automation, patient 

monitoring, automated history 

taking, design of prosthetics, and 

buying and evaluating medical 

electronics equipment. 

Send all material to: Dr. John Truxal 

Polytechnic Institute of Brooklyn 

333 Jay Street 
Brooklyn, New York 11201 

Conference sponsors are four 

McGraw-Hill, Inc., publications: 

Electronics, Medical World News, 

Modern Hospital and 

Postgraduate Medicine. 
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WE SPEAK YOUR LANGUAGE! 
We speak English and Japanese, and we 
speak your language when it comes to 
cutting costs, maintaining quality. Eco­
nomical, precision -m ade parts direct 
from a fast-growing manufacturer and 
exporter. Sub -assemblies, components, 
contract manufacturing-whatever your 
needs-we can meet your most exacting 
specifications. Which translates into 
big savings for you, because anything 
you can do we can do for less. And as 
well. Write today! Vice President 

Orient Electronics, Ltd. 
Yoyogi P.O. Box 38, 
Tokyo 151 , Japan 

ORIENT ELECTRONICS, LTD. 
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Your 
Heart Fund 
Fights 

HEART ATTACK 

STROKE 

HIGH BLOOD 
PRESSURE 

INBORN HEART 
DEFECTS 

Electronics J October 12, 1970 
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E= 2(C+ EDP)X 

Last year, Electronics 
magazine contained twice as 
much information on computers 
and electronic data processing 
as the next leading electronic 
publication. 

If the cover of this magazine 
has your name and address 
on it, there is no better formula 
for keeping yourself abreast 
of the industry's technology. 

Electronics J October 12, 1970 

FREE 
TA'S Instrument Case 
Engineering Manual 
0 
~ ·~+ 

' J 
t/ 

~ 

I 
• 

Makes you a packaging expert! 
Th is one-o f-a-kind booklet contains everyth ing you need know to select the 
proper case for your particular packaging requirements. • Save money for 
your .firm by selecting one of TA 's standard cases rather than going to the 
expense of designing a custom case to package your product. • Huge 
wa rehouse stock for fast delivery at low prices ... no tooling charges. All 
TA cases are designed to su rpass Mil-Spec requirements . .. comp letely 
dust and waterproof. Free vellum service and panel temp lates. • Write or 
phone for a quotation and let us put our staff of case engineers to work 
fo r you today. Se nd for your free case manu al now. 

TA MFG CORP 
4607 Alger Street, Los Angeles, California 90039 • Phone 213-245-3748/ 
TWX 910-497-2065 L. A./WUX CAT L. A. , Calif. 
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Find out how to 
solve heat transter 
problems with OE's 
desk-top expert I 

Send us this coupon for complete details on 
GE 's 2-volume easy-to-use working databooks 
for quick solutions to the growing number of 
heat transfer problems facing electronic engi­
neers. Detailed , accurate and regularly updated 
with new information evaluated by experts in 
the field, they are not textbooks, but work books 
for everyday use. 

Hundreds are already in use throughout in­
dustry. 

• RESEARCH AND DEVELOPMENT CENTER • 

: GENERAL.ELECTRIC I 
Bldg. 5-315, 1 River Road I 

I Schenectady, N. Y. 12305 I 
I Please send details, index and subscription details I I of the Heat Transfer and Fluid Flow Databooks. I 
I NAME I 

COMPANY~~~~~~~~~~~ 

I ADDRESS I 

L
I CITY STATE ZIP I 
______________ ... 
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The newest, 
fastest and easiest 

way to specify 
indicator lights, 

.push button switches 
and readouts. 

176 

Dialco's new 56-page product 
selector guide helps you select 

from over 1,500,000 visual indicators 
This book is the resu lt of an all-out effort to 
provide you with fingertip data on al l Dia light 
components and to make it very easy for you 
to locate the detailed specs and information 
you desire. Designers and engineers will fi nd 
the "Product Selector Guide" invaluable in 
their work. Send for your copy today. Dia light 
Corp. 60 Stewart Ave ., Brooklyn , N. Y.11237. 

~ 
DIAL/GI-IT 
A North American Philips Company 
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New 
insulate 
An exclusive design improvement for insulated feed­
thru terminal blocks. Available in a variety of terminal 
pin and hardware configurations. 
This is one of the many new products Kulka has for en­
gineers who innovate. Kulka keeps up to date with new 
terminal block concepts, new designs, and new mate­
rials to meet every requirement. Send for the latest 
Kulka catalog. Kulka Electric Corp., 520 So. Fulton 
Ave., Mount Vernon , N.Y. 10551 or call (914) 664-4024. 

A North American 
Philips Company 
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The power supply 
you plan to build 

is built! .... ..e.-~ ' 
,,,..~ 

OTHER MODELS 3 to 50 V available 

It's on the shelf, ready for immediate delivery from Electrostatics. 
With specs proven in service. Low cost. 
Brief specs on our Model 200: 

• SV 15A DC Power Supply • Ripple: 500 ILV max. 
• Input 105-125V, 47-420 Hz • Temp: - 20 to +7l°C 
• Regulation : Line 0.01 % • Foldback current limiting 

Load 0.1 % • Size: 5.5" W x 5" H x 10.8" L 
($114 with overvoltage protection) 

For full information call Robert McCartney, Manager of Application 
Engineering, (714) 279-1414. Or circle the number below for our 
latest data sheet. 

8leotr11statiGS .. DITOffiL 
7718 Clairemont Mesa Blvd., San Diego, California 92111 om "' 
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