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IC firm makes 
solid state 
brake control 
Japanese company uses 

sensors and modulator to 

provide continuous anti-skid 

control for vehicle braking 

Preventing automobiles from 
changing direction during emer­
gency braking represents a change 
of direction for a small Japanese 
semiconductor manufacturer. Ky­
odo Electronics Laboratories Ltd., 
set up primarily to make ICs [Elec­
tronics, June 27, 1966, p. 195], now 
is concentrating on hybrid circuits 
and discrete semiconductors. It did 
not make a go of standard mono­
lithic digital units because the firm 
is too small to crank out the large 
numbers needed to be price-com­
petitive. Kyodo' s antiskid braking 
control is the company's first try 
at making not just the hybrid ICs 
but an entire control unit. 

The control's operation is based 
on sensing wheel deceleration. Sen­
sors for tire speed indication are 
mounted on both rear wheels, as 
opposed to the single sensor a't the 
transmission used in earlier sys­
tems, such as developed by Toyota 
and Nippon Denso. In another de­
parture, the new system uses a 
modulator to provide continuous 
control of braking pressure, rather 
than an on-off control-Kyodo en­
gineers feel modulated braking is 
much smoother. Solenoids driven 
by power transistors operate valves 
in the modulator, but from 
the engine intake manifold pro­
vides the power needed to modu­
late braking force. 
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Kyodo's control consists of a 
small box with two printed circuit 
boards which contain hybrid ICs 
and discrete components, and a 
heat sink with power transistors . 
Also added to the vehicle are a 
single modulator to handle hy­
draulic pressure to the two rear 
brakes, and the rear-wheel speed 
sensors. 

For most applications a single 
modulator is sufficient, with the 
same hydraulic pressure fed to the 
two rear brakes. But individual 
sensors are needed because the 
vehicle's differential allows the two 
rear tires to turn at different speeds, 
and one may start to lock before 
the other. Thus, outputs from the 
two sensors pass through individ­
ual frequency-to-voltage convert­
ers, and then the two are fed to 
a circuit that selects the lower of 
the two speeds, indicating the 
tire closer to locking. Output of 
the speed comparator circuit is 
differentiated to give decelera­
tion. The deceleration signal rises 
sharply as tire slip increases and 

the wheel speed rapidly decreases. 
vVith the deceleration signal as 

a basic input, logic circuits develop 
drive signals for the power tran­
sistors that drive the solenoids that 
operate the valves. Also applied 
to the logic circuits is a reference 
signal. Inputs determining refer­
ence are vehicle speed and an op­
tional road condition unit, which 
comes from an accelerometer that 
determines whether the road has 
a high or low friction surface. 
Among the differences between this 
control and others is a provision 
in the logic for different control 
conditions for the first operation 
cycle and subsequent control 
cycles. 

Kyodo engineers say there is an 
optimum value of wheel slip for 
maximum braking for low friction 
surfaces generally running in the 
range between 10 and 20%-vehicle 
speed is about 15% greater than 
wheel speed. The decrease in tire 
speed as well as the increase in 
tire deceleration is somewhat 
greater on the first cycle than on 

Applying the brakes. System developed by Kyodo Electronics Laboratories 
provides continuous modulation of braking force rather than on-off control. 
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the second and subsequent cycles. 
As with any antiskid system, this 

one is designed for fail-safe opera­
tion. These functions include ignor­
ing fast-moving signals caused by 
wheel bounce on rough roads , cut­
ting out the electronic unit for nor­
mal control during low speed when 
unit isn' t needed, or when no pres­
sure is applied to brakes. Auto­
matic cutout is applied for such 
conditions as low power-supply 
voltage, low control voltage, no 
vacuum, and when a valve control 
wire is cut or a valve inoperative. 

New functions made possible by 
the control include a speed warning 
alarm, which produces different 
audio outputs for each 10 kilo­
meters per hour above a preset 
maximum speed. Another is an indi­
cation of brake shoe wear. A third 
is warning when the brake fluid 
level is low. 

Kyodo designed and is building 
the controls for Akebono Brake In­
dustry Co., an independent manu­
facturer of automotive brakes. 

France 

Atom ic clock 

takes wing 

Telling the time with hair-splitting 
accuracy is an essential require­
ment in the aircraft collision-avoid­
ance sys tems being developed on 
both sides of the Atlantic. France's 
Thomson-CSF has come up with a 
new atomic clock which it feels is 
the perfect timekeeper for the job 
-it's highly precise, as well as light, 
compact, and sturdy enough to 
keep its accuracy in the air. 

The new clock, which the com­
pany calls the third generation of 
atomic timepieces, uses an optically 
pumped rubidium-gas frequency 
standard. The principle of such 
clocks was discovered years ago 
by France's Nobel prize winning 
physicist, Alfred Kastler. 

The higher accuracy of cesium 
clocks has kept rubidium in the 
background until recently. But 
cesium clocks are sensitive and 
difficult to adapt to tough environ­
mental situations. So Hewlett-

Packard and Tracor in the U.S. and 
Thomson-CSF in France, among 
other companies, have turned to 
rubidium for aerospace uses. 

Thomson-CSF's new clock weighs 
only 26.5 pounds and takes up only 
0.35 cubic feet. It is so insensitive 
to shock that vibrations of 15 g and 
continuous acceleration of 30 g­
such as found in rockets-don't faze 
it. In fact, at a French airport test 
ground, the $13,000 instrument ac­
cidentally fell off a moving truck 
and tumbled along the asphalt 
apron. But it went on ticking with 
no loss of accuracy. 

The French clock can stand tem­
peratures from -20° C to + 70° C. 
Its American competitors can take 
heat of only 45° C, say Thomson­
CSF engineers-who also claim 
their clodk's precision is an order 
of magnitude b etter than the 10- 10 

per year of the American units. 
Like all rubidium clocks, the 

French unit uses a quartz pilot to 
produce a primary frequency. A 
resonance cell containing vaporized 
rubidium metal and an absorption 
stripe of a second frequency ab­
sorbs the first frequency. Detecting 
the absorption through an optical 
pumping system produces an error 
signal that can regulate the pilot 
frequency via a servomechanism. 
The resonance cell's design is the 
key to clock accuracy-and Thom­
son-CSF' s design is a company 
secret. 

The clock's electronic circuitry 
is standard, but components and 
soldering techniques are said to 
be of the highes t reliability. Out­
side of power circuitry, everything 
possible has been integrated, says 
Henri Brun, a member of the engi­
neering team that designed the 
clock. 

The clock consumes only 20 
watts . It runs on 27-volt de current 
but optionally can be had to ru~ 
on llO or 220 V ac or on internal 
batteries, which keep it ticking for 
two hours . Output frequencies are 
5 megahertz, 1 MHz and 100 kilo­
hertz. 

The French Government's Di­
rection des Recherches et Moyens 
d'Essai funded the clock's develop­
ment and has given a contract to 

Societe Crouzet of Valence to de­
sign a civil aircraft anti-collision 
system around it. McDonnell Doug­
las is developing a similar system 
in the U.S. using a Hewlett-Pack­
ard clock. 

Though Thomson-CSF doubts 
that its clock will be able to pene­
trate the U.S. market, sales officials 
see a b'ig market on the Continent, 
in the U.K., and in Russia. The 
company is aiming to sell "at least 
100" clocks in coming years. 

Aside from air navigation use, 
the clock should !find scientific and 
space applications, according to 
Thomson-CSF. The proposed U.S.­
European space shuttle, with its 
complex time problems connected 
with navigation, could be an early 
customer. And France's state tele­
vision network may order some of 
the clocks as synchronization gen­
erators for mobile tv networks. 

Japan 

Adding alumina gives 

2,048-bit ROM chip 

Further developing its MAOS FET 
technique, Hitachi's Central Re­
search Laboratory has fabricated 
a prototype 2,048-bit read-only 
memory chip. The n-channel 
enhancement-type driver FETs 
[Electronics, Oct. 13, 1969, p . 208] 
have gate insulation of alumina 
overlying silicon dioxide. They fea­
ture low values of threshold voltage 
for bipolar compatibility, high 
speed, and low power consumption. 

Depletion type FETs are not 
often used in ICs because they re­
quire isolation from each other, 
while enhancement FETs do not. 
Also, when the same gate insula­
tion is used for enhancement and 
depletion devices, it may be tricky 
to obtain the required values of 
channel resis tivity for both types 
on the same chip. In Hitachi's 
approach, alumina directly overlies 
the surface around the depletion 
FETs, with no oxide under the 
alumina at this point. The alumina 
thus provides isolation without 
requiring an isolation diffusion or 
other difficult and area consuming 
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Alumina insula tion. Researchers at Hitachi's Central Research Laboratory 
use alumina for gate insulation in n-channel enhancement-type FETs. 

processes. Thus, overlying the sur­
face of the silicon at the gates of 
enhancement FETs are silicon 
dioxide and alumina. Overlying the 
gates of the depletion FETs is 
silicon dioxide only, while alumina 
overlies the surface around them. 
One important consideration is that, 
unlike diffusion isolation, alumina 
does not spread and increase in 
area. 

In Hitach i's memory, the alumina 
layer is omitted under the gates of 
the load FETs, and inversion of the 
surface layer of the p-type sub­
strates gives n-channel depletion­
mode operation. Depletion-type 
FETs used as loads give faster 
circuit operation than either resis­
tors or the commonly used 
enhancement-type devices. Further­
more, since the gates of depletion­
type load FETs are connected to 
their own source rather than to a 
clock signal bus, there is a signifi­
cant saving in chip real estate 
because the bus can be eliminated. 

Suitable fabrication of oxide and 
alumina layers give transistor­
transistor logic compatible mem­
ories with a threshold voltage of 1 
volt. Access time of the experi­
mental memories is about 300 nan­
oseconds, including address de­
coder, dissipation is 50 microwatts 
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per bit, and the power supply is 
5 V for compatibility with TTL. 

A Hitachi worker says that while 
more depositions are needed than 
in conventional MOS, development 
of selective etching processes 
allows the overlying layer to be 
used as a mask, resulting in 
the same number of fabrication 
steps as for standard MOS. Depend­
ing on the temperature at which the 
alumina is deposited, the ease with 
which it can be etched varies. By 
selecting the right temperatures 
technicians can produce an alu­
mina that either will or will not be 
etched by silicon dioxide etchants. 

Great Britain 

On some research 

into pcm converters 

If all goes well on development 
work, it's likely that within a 
decade Britain will have a skeleton 
network 0f transmission links capa­
ble of 100 megabits per second or 
more. Capacities of this order offer 
the possibility of transmitting 625-
line color television pictures in 
pulse code modulated form. 

The British Broadcasting Corp. , 
which is interested primarily in 

program generation, and GEC-AEI 
Telecommunications Research Lab­
oratory, which is interes ted pri­
marily in transmission equipment, 
are building and experimenting 
with coding and conversion equip­
ment with the aim of establishing 
the technical parameters for opera­
tional coders and decoders. 

The BBC'·s gear was completed 
only this summer, and is built 
entirely from !Cs except for the 
analog sections. GEC-AEI's equip ­
ment, which was built first, con­
sists mainly of discrete components. 
But since GEC-AEI also has in mind 
conversion of signals for frequency 
division multiplex telephony, where 
the linearity and quantizing re­
quirements are stricter than for 
TV, its equipment is capable of 
greater accuracy: it can code to 
nine bits, whereas the BBC can 
code to only eight. 

The main parameter to be de­
termined is the number of bits per 
word. Both c0mpanies, therefore, 
code the samples of the video wave 
into words of different bit length 
on demand so that the effects can 
be studied. Using ordinary color 
program material carried on short 
lengths of test waveguide, both 
systems indicate that eight bits at 
a sample rate of around 13 mega­
hertz-2.33 times the 5.5 MHz stan­
dard video bandwidth-produces 
no perceptible degradation. But 
operational program links may well 
contain a number of analog-digital­
analog conversion stages that would 
progress ively degrade signal qual­
ity, and Vic Devereux, designer of 
BBC's converter, acknowledges that 
nine bits may prove necessary. 

Besides being around the mini­
mum theoretical acceptable sampl­
ing rate, 13 MHz is also slightly 
below three times the color sub­
carrier frequency. In both systems 
it's possible to take advantage of 
this by locking one frequency to 
the other, giving a 13.3-MHz sampl­
ing rate. But, Devereux points out 
it may not b e possible to use the 
coincidence because it may not fit 
in with the effective line bit rate, 
which will have to accommodate 
other data forms besides TV signals. 
One reasons the BBC is building 
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conversion equipment now, while 
the transmission link technology 
is still in its infancy, is so that it 
can work out what bit rate it would 
prefer to see adopted as the inter­
national standard. 

Devereux's design carries out 
the analog to eight-1bit digital con­
version in two stages, the first pro­
viding the four most significant and 
the second the four leas t s'ignificant 
bits. Output of the first four bits 
is delayed slightly to time it 
properly in relation to the last four. 
By using two stages, Devereux 
needs only 30 level comparators 
compared to 255 in simultaneous 
parallel conversion, and he claims 
there is no real disadvantage. 

The sampled video signal is fed 
to the 15 parallel-connected com­
parators, which are supplied with 
reference voltages equally spaced 
over the conversion range. Accord­
ing to Devereux, the extra clarity 
obtained by using the optimum 
non-linear quantizing law is not 
worth the extra complications. The 
comparator output signal has two 
stable states, one for when the 
video sample is above the reference, 
the other for when it's below the 
reference. A logic network follow­
ing the comparators is able to 
distinguish 16 levels which it con­
verts into a four-digit binary num­
ber. To obtain the four leas t sig­
nificant bits , this four b'it number 
is decoded into a quantized volt­
age and subtracted from a delayed 
portion of the original video sam­
ple. The difference signal is fed 
to 15 further level comparators and 
a logic network that operates in the 
same way as the first stage. A 
digit synchronizer retimes the com­
pleted number. 

The sample-and-hold circuit 
which supplies the video sample 
is basically a four-diode gate and 
storage capacitor. The wave is 
sampled for '25 nanoseconds and its 
value at cutoff is held for 50 ns. 
These two period together provide 
the 13.3-MHz frequency. All the 
digital logic is built from readily 
available TTL integrated circuits. 

Devereux says that theoretically 
the BBC's equipment is capable of 
providing a video signal-to-quantiz-

ing-noise ratio of 50 decibels, using 
the eight-bit word and encoding 
the full signal, including the sync 
pulse. In fact, he claims, it provides 
58 dB nns. Video analog main links 
presently provide a signal-to-noise 
ratio approaching 50 dB, so that the 
unit equals present standards. 

West Germany 

Pulley-replacing frequency 

display shown at Electronica 

Though a sickly infant in its first 
year, Electronica, the biennial Mun­
ich fair, has grown in the past six 
years into an important showcase 
of electronics progress. This year's 
show will house 750 companies, 
display wares from 24 countries, 
and host 40,000 visitors. No wonder 
more and more companies are 
planning to show off their latest 
developments-even if not finished 
products-at the show. Texas In­
struments GmbH, for example, 
plans to exhibit a new approach 
for indicating the frequency to 
which a radio is tuned. The system 
uses an optoelectronic display and 
completely replaces the pulleys and 
strings now used with radio tuners. 

As most radio owners know, it's 
tough to get an accurate indication 
of received frequencies with the 
usual pulley-based indicators. In 
the medium-wave band the differ­
ence is usually several kilohertz, 
and in the short-wave range it's 
several tens of kilohertz even on 
expanded scales. These deviations 
make accurate station identification 
difficu lt, if not impossible. 

These deficiencies are about to 
be remedied, says Eilhard Haseloff, 
an engineer with the German sub­
sidiary of the Dallas firm . Using 
microelectronics and optoelectronic 
devices Haseloff and his coworker 
Erich Ellbogen have designed a 
digital frequency-indicating system. 
The system, built into an ordinary 
Grundig type RTV 650 receiver, 
will be one of the star attractions 
at Tl's stands during Electronica. 

The frequency to be indicated is 
measured at the receiver's hetero­
dyning oscillator, instead of di-

rectly at the rf stages, because the 
antenna voltages are far too small. 

If, however, the frequency of 
the he terodyne oscillator is deter­
mined, addition of the i-f frequency 
accurately identifies the transmit­
ting station. And the indication 
always is reproducible. In the me­
dium- and short-wave ranges, 
where channels are spaced several 
kilohertz apart, the input frequency 
is indicated to within 1 kHz. and 
in the ultra-short-wave range, with 
a channel separation of 100 kHz, 
the frequency indication is accurate 
to within 100 kHz too. 

The key unit in the system is a 
five-decade counter whose content 
is displayed by the optoelectronic 
semiconductor devices. The sys­
tem's other component parts are 
pulse shaping and control logic 
circuits, several frequency dividers, 
and a 100-kHz quartz oscillator, 
which serves as a time standard. 

The signals coming from the re­
ceiver's a-m or fm oscillator first 
are amplified and then shaped into 
pulses suitable for processing by 
the digital circuitry. Next, in the 
case of fm , the signal frequencies 
are reduced in a 20-to-l dividing 
network. In a-m operation, fre­
quency division takes place at a 
2-to-l ratio. Depending on the posi­
tion of the receiver's range switch, 
either the a-m or f-m pulses are 
sent to a 5-to-l divider. 

The time standard 's output fre­
quency is cut down by a 10,000-
to- l divider and then is applied to 
the control logic circuit. Every 100 
milliseconds this circuit delivers a 
10-ms gate pulse to the 5-to-l di­
vider, allowing the signals to enter 
the decade counter. Initiating the 
counting process in the five-decade 
counter is a 30-nanosecond pulse 
coming from the control logic cir­
cuit. To prevent the frequency in­
dication from flickering during the 
counting operation, a 10-ms blank­
ing pulse, also coming from the 
control logic circuit, keeps the in­
dication cut off. At the end of the 
counting process the counter's con­
tent is decoded and finally dis­
played by the optoelectronic de­
vices. These are TI type DISlO 
seven-segment numerical displays. 
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NEV# 
PHASE 
METER 

• 0.1 ° Resolution 
• 5 Hz to 2.0 MHz 
• 0.0025V to 5.0 volts (66dB) 
• Accepts AC Waves and 

DC Pulses 
• Voltmeter from 0.000 to 

9.999 volts 

SANKEN Packs 
50 Watts into 

COMBINED PHASE METER ANO DC DIGITAL VOLT METER 
The VIC 933A Phase Meter measures the phase displacement between two signa ls over 

the range of 5 Hz to 2 MHz with a resolution of 0.1 degree and an accuracy of 0.5°. The phase 
is indicated on a digital display unit which also includes BCD logic printer output capability. 

A separate de analog of phase (10 mV / degree) is provided on a BNC output jack. 
Both 0 to 360.0° and 0 to ± 180 .0 ° are provided . 

This unit can be either ac or de coupled with an offset de adjustment to facilitate operation 
with pulse type inputs. A unique feature of this unit allows, for example, a sine wave t o be 

measured against a digital pulse signal, and either the leading edge or trailing edg e of 
the pulse can be used as the phase reference point. 

A special feature is its capability of being·used directly as a de digital volt meter with 
0 .05 % full scale accuracy. 

The VIC 933A makes use of the latest IC circuitry and requires no adjustments, warm-up time, 

NOISY SIGNALS1 If the signals to be 
measured are noisy, a VIC 235DS 
Dual Channel Trackinl! Filter (Analyzer) 
with phase matched filters may be 
used to filter the Si!Jnals. It can also be 
used for Transmiss1bility 
measurements, and Mechanical 
Impedance measurements. 

or calibration. 

V IBRATION INSTRUMENTS C O . 
1614 Orangethorpe Way, Anaheim, California 92801 

(714) 879-6085 

Circle 178 on reader service card 

SI- I 0 20A ( 25W ) 

A Hybrid Audio Amplifier! 

SI- I 000 Series Hybrid Power Amplifiers are designed 

and manufactured for a high power Hi-Fi stereophonic 

system. With the simple addition of power supply and a 

coupling capacitor to a speaker one has an IC audio am­

plifier of the highest quality. 

OUTSTANDING FEATURES : 
*Single-ended push- pull circuit 

*Provided with temperature compensating element 

*Can withstand a 5-second short-circuit in the output ter m i­

nals due to special single-diffused power transistors 

*Harmonic distortion of less than 0.5% at full power level 

Sl-1020A Sl-1050A 

Power supply voltage 48V 62V 

Max. continuous output 
power (distortion < 0 .5 %) 

25W 50W 

Voltage gain 30dB typ. 

Frequency range 
(output l W ) 

20Hz - lOOkHz 

Input impedance 7ok n typ . 

Output impedance o .2n typ . 

S/ N ratio 90dB typ. 

Idling current 30mA typ. 

® Write for further information to : 

'on Ken SANK EN ELECTRIC co.' LTD . 
1-22-8, Nishi-lkebukuro, Toshima-ku, Tokyo 
Cable : SANKELE TOKYO Phone : 986-6151 
Telex: 0272-2323 SANKE LE TOK 
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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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