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Now you can 
analyze CRT displays 

accurately ... 
anytime, anywhere! 
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Measunng the output of CATs or other 
displays used to be stnctly a laboratory 
JOb- at least 1f you wanted 1t to be accurate. 
But not anymore. 

Now you can analyze color, intensity. contrast. .. 
measure line width or spot size ... right on the production line. 
Without even stopping the line. And you can do it all 
own IBM PC (or equ1valent) combined w1th the Photo 
PR<!'-700 SpectraScan® Family of Self-Scanned Array Systems. 

The Photo Research 700 SpectraScan Fam1ly can perform 
photometric. radiometric. colorimetric and spatial analyses of 
any light source or sample. In near real time. 

Of course. if you demand laboratory control of your light measurements, 
you want the PR-1980B/USS-2 Pritchard® SpectraRadiometer. It is the definitive 
spectral/spatial color measurement system in the 1ndustry today. 

We have now adapted both of these remarkable systems to be controlled by 
your IBM PC (or equ1valent) personal computer. Or, if you prefer. they're available 
with a ded1cated control console. It's up to you. 

Find out how you can make your own display measurements anywhere you 
want. at any t1me. Call us at (818) 341-5151. Or wnte us at the address below. 

PHOTO RESEARCH. 
The Light Measurement People'" 
D1v1sion of KOLLM:ORGEN 

9330 DeSoto Avenue. Chatsworth. CA 91311 
(818) 341-5151 FAX: (818) 341-7070 TLX: 69-1427 Cable: SPECTRA 
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RGB Delay 

G) Full color graphics with programmable frequencies. 

® A disk full of "Instant Expert'"" test patterns that put 
the power of OPIX in your hands "right now" and cut 
hours off the learning curve. 

@ A user interface designed for monitor testing. 

@ Full text capability with fixed and proportional spacing. 

® 1.56-200 MHz pixel rate in monochrome and color. 

® Ultra fast precision analog outputs-256 levels. 

(i) Multiple outputs-differential TTL, ECL & analog. 

@ An palette of 16 million colors to choose from. 

® Custom images you can design, use and store. 

@ Terminal and system interfaces-RS232 & IEEE488. 

@ Mass storage on floppy disks. 

@ Four sync channels with programmable pixel time. 

@ Flexible units-pixels, frequency and time. 

CALL US FOR A FREE VI(JEO TAPE ON OPIX. 

We have an exciting video tape that demonstrates OPIX capabilities. 
Call for your copy and see how user-friendly a signal generator can be. 
You won't find a better signal generator anywhere! QUANTUM DATA, 
2111 Big Timber Road, Elgin, IL 60123. Phone: [312] 888-0450 
FAX: 888-2802 Telex 206725 
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''At lunch today, I learned to use 
this prograntntable video generator. 

And still had tinte to eat.'' 
While other RGB video generators 

take weeks to learn, ours take minutes. 
No digital training needed. No countless 
key combinations to learn. No need to 
use your PC unless you want to. Unlike 
other generators, Leader's have an inte
gral programmer (LVG-1604A and 
1603A) or are available with a program
mer unit (1601A). And you can get any 
of dozens of test patterns simply by 
touching one clearly 
marked key. 

All the 
functions 
you need. 

wide-band video transmission systems. 
Present or future. 

Analog, TTL and ECLoutputs. 125 
MHz. 64-color capability. Storage of up 
to 200 display formats. Wide range of 
raster architectures, and most common 
test patterns with both stock and user
designed characters. Ability to change 
format conditions. These features are 
easy to learn-but hard to beat. 

Now you 
can choose. 

You shouldn't pay 
for more functions 
than you need. So 
call us for a free 

The LVG-1604A 
lets you test even the 
most advanced high
resolution CRT's and Select a Leader VIdeo Generator 

with all the features you need. 

copy of our full-line 
catalog. Pick the 
video generator 
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that's right for you. Then, in just 30 min
utes, we'll show you how to use it. 
It'll be up and running before you finish 
your lunch. 

Call toll-free 

1 800 645--5104 
In NY State 

516 231 .. 6900 

Leader Instruments Corporation 
380 Oser Avenue, Hauppauge, New York 11788 

Regional Offices: 
Chicago, Dallas, Los Angeles, Boston, Atlanta 
In Canada call Omnitronix Ltd. 416 828-6221 

EADER 
FOR PROFESSIONALS WHO KNOW 

THE DIFFERENCE 



Cover: LCD panels 
have become quite common 

in heavy-truck instrument clusters. 
This one was made by AEG Corp. 

for Borg Instruments. 
(page 12) 
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INTERESTED IN A 
VIDEO GENERATOR? 

Take This ((Test'' To Make A Better Buying Decision. 

J. Do you want to display at least 100 levels Q[gmy scales simul/aneouso' 
a/ tbe top speed Q[your video generator? 

2. Do )'Ott want to display tbe seven color bm'S simultaneouso' at /be lop 
speed rfJ'our video genemtor? 

3. Do you want to set tbe analog level f!/.J'Our video output to+/ - 50% 
oj.7Vinto 750 ? 

4. Do you 11eed borizontal/ vertical timing setting accurate enougb to give you 
wbat you select - not just a ·goal"? 

5. Do you need complete6' independent dot-clock control.? 

6 Do you want to edil &store up to 100 progmms and selupsjinm lbe.finn/ 
panel f!fyourvideo generator wilbou/ C/11 e.r/emal disk drit1e? 

YES NO 

D 

D 

D 

D 

D 

D 

D 

D 

D 

0 

D 

D 

7. Doyou want individualpirel-by-pirel con/ro!forpattemsjivm lbe.fivn/ panel? 0 

D 

D 

D 8. Do you want to use your PC to control !be L'ideo genem!OJ; des1'gn your ou!n 
test routines and store it all on a floppy disk? 

... and if your answers are predominantly ((Jes}} one of the 
following Video Generators is the right choice: 

120MHz 200MHz 400MHz 
ASTRO VG-811 ASTRO VG-809S ASTRO VG-850 

Call (408)720-8877 - fora demo. Tl ~M 
---:::::--:-:---------------=-~systems 2934 Corvin Drive, Santa Clara, Califomia 9505l•Telephone ( 408) 720-8877 Test & Measurement Systems, Inc. 

0 19H7, 'lt'\t & MC'J.'Iourcmcru S)'Mcm~. l nc. Circle no_ 4 
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on who's doing what. 

Liquid-crystal displays are this month's 
featured topic, and we lead off by 
surveying the state of the liquid-crystal 
art. Manufacturers and industry watchers 
have been promising exciting develop
ments in this arena for some time now, 
but commercialization in many products 
has been slower than originally projected . 
In recent months, there has been a variety 
of scientific development and commercial 
advances . We try to bring you up to date 

Next, Dave Ross discusses the potential for LCDs in 
automobile instrument clusters and why, despite low market 
penetration, noncompetitive cost, and consumer resistance, 
virtually everybody agrees that automotive LCDs have a bright 
future . A sidebar takes a brief look at a growing niche market 
with fewer price pressures than those faced by passenger-car 
manufacturers . 

Finally, Laurie Allard reports on the third Eurodisplay 
conference, which was held in London last September. Our 
appreciation to Derek Washington for recruiting Laurie and 
getting his fine report to !D's editorial office precisely when due. 

Now, a statement of editorial intent. We plan to announce the 
introduction of new and updated software packages of interest 
to our readers, and to publish occasional software reviews, much 
as we do now for books. If you have any favorite packages 
whose identity you would like to share, or if there is a package 
you'd be interested in reviewing, please let us know. Similarly, 
please don't keep it a secret if you are a software publisher or 
developer working on programs that would help !D' s readers . 
However , please limit yourselves to programs that will run on 
personal computers or the more popular engineering 
workstations . 

-Kenneth I. Werner 
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The flowering of liquid-crystal 
technology 

BY KENNETH WERNER 

W HEN Mao Tse-tung decreed "May 
a thousand flowers bloom in the 
meadow," it is unlikely he was thinking 
of free enterprise in general or liquid
crystal displays in particular . But after a 
protracted evolution, liquid-crystal 
displays (LCDs) are blossoming both in 
the variety of technologies used and 
in the range of their application. 

In 1986, 845 million LCD units were 
manufactured-590Jo were wristwatch 
displays; 15% calculator displays; and 
26% were used in office equipment, ther
mometers, clocks, television sets, and 
other applications. The news was in the 
26% of production not used in calculators 
and watches. LCDs have dominated the 
two latter segments for some time, and 
their success in those relatively undemand
ing applications has paradoxically served 
to underscore the technology's traditional 
limitations- narrow operating tempera
ture range, poor overall ergonomics, small 
pixel array size, low brightness, and low 
contrast ratio. But new materials and 
enhanced electronics are extending LCDs 
into applications as diverse as high
performance numeric readouts for air
craft, hand-held color televisions, electro
optic CRT shutters for stereoscopic 

Kenneth Werner is the editor of Informa
tion Display. He would not have been 
able to write this article without the 
generous and extensive assistance of Larry 
Tannas, flat-panel display consultant and 
industry watcher and, incidentally, vice 
president of SID. Mr. Tannas supplied 
the data for the tables and many of the 
technical and historical insights on which 
the article is based. 
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displays, and large-screen projection light 
valves. These successful applications are 
reversing the tendency of the display in
dustry as a whole to underestimate the 
diversity of applications suitable for LC 
phenomena. In addition to benefitting 
from their expanding technical capabilities 
and a raised industry consciousness, 
LCDs remain the only solution when a 
combination of small profile, low power, 
'low cost , and sunlight readability is re
quired. Except for low cost, this is the 
general design profile for hand-held, out
door, and portable display-based 
products. 

It is only relatively recently that LC 
panels displaying full color have been 
fabricated for hand-held televisions. These 
panels give up the LC's traditional cost 
and power advantage, but are currently 
the only commercial technology for flat
panel color. The very large birefringence 
(n > 0.15) of the LC materials available 
today, coupled with their faster response 
and wider temperature range and with 
active-matrix electronics, promises a fur
ther blossoming of new LC products. 

The origins of LCDs 
When dynamic-scattering LCDs first 
emerged from the RCA Sarnoff 
Laboratories in 1968, there was guarded 
optimism that something would come of 
this technology. The 1969 discovery of a 
room-temperature eutectic mixture of 
MBBA and EBBA LC material made 
dynamic-scattering displays practical. In 
the early 1970s, Rockwell International 
and Sharp Corporation of Japan started 
manufacturing dynamic-scattering displays 
for calculators. But there was no signifi-

cant product application or production 
volume until the 1972 discovery of the 
lower-power higher-contrast twisted
nematic (TN} LC mode. Despite the im
provements offered by this technology, its 
impact was moderated by the continuing 
competition from light-emitting diodes 
(LEDs). 

LCDs were introduced into quartz 
watches in 1977 when it was realized that 
LEDs consumed too much power for that 
application. This was pivotal and provid
ed the emerging LCDs with the first 
market segment they could dominate, 
replacing the previously more successful 
LED. But in the late 1980s, the growth of 
the watch market is slowing as consumers 
rediscover their taste for analog watches. 

In diversity, strength 
While dominating the digital watch 
market and establishing a substantial 
share of the hand-held calculator market , 
LCDs were building a market base in a 
variety of applications. As the low cost, 
low-power requirement, thin profile, and 
sunlight readability of LCDs became more 
widely recognized, the devices found in
creasing industrial application in products 
such as gasoline pumps, fish finders, 
automobile instrument panels, small com
puters, multimeters, and medical in
struments. LCDs have never been as 
ergonomically pleasing as, for example, 
gas-discharge or LED displays, but they 
had no competition in direct sunlight. 

By the mid-1980s, multiplexability1 

reached 1: 128 and LCs could be used in 
personal computers to display graphics or 
a full half-page of text. Unfortunately, 
the stretch to 1:128 was too much to give 



------

Photo: Seiko-Epson 
Fig. 1: A 14-in.-diagonaf active-matrix color LCD made by Seiko Instruments, inc., of Chiba, Japan . It incorporates 640 sets of red, 
green, and blue column fines and 1140 row fines. The liquid oystaf operates in the TN mode and is driven by TFTs made of hydrogenated 
amorphous silicon. This development unit exhibits a jew evident defects. A nticipated production is several years away. 

the viewing angle, brightness, and con
trast most consumers demanded. For por
table applications, technologists are pur
suing newer approaches like the super
twisted birefringent effect (SBE or 
"supertwist"), active matrices, back
lighting, and experimental materials such 
as ferroelectrics. 

In desktop personal computers, 
cathode-ray tubes (CRTs) dominate and 
are not even threatened by any of the flat
panel technologies. The more exciting 
contest is for the portable personal
computer market, which makers of gas
discharge, electroluminescent (EL), and 
LC displays are all pursuing vigorously. 

Be fruitful and multiplex 
Shadowing the evolution of primary 
LCDs has been the active-matrix LCD. 
While TN LCDs offer low power con-

sumption, low cost, and sunlight 
readability, they suffer from low contrast 
and reduced viewing angle when matrix 
addressing is used. Combined with a 
general dimness, these factors result in an 
unappealing display that is barely func
tional, particularly when the multiplexing 
exceeds 1:64. An active matrix can 
eliminate the contrast and viewing-angle 
problems, and backlighting can eliminate 
the dimness, but at the sacrifice of liquid 
crystal's traditional power and cost 
advantages. 

Active matrices using thin-film tran
sistors (TFTs) were first proposed in the 
late 1960s at the RCA Sarnoff Labora
tories and at Westinghouse Research 
Laboratories.2 Shortly afterwards, Hughes 
Aircraft used metal-oxide-semiconductor 
(MOS) transistors on a silicon substrate. 
A variety of active-matrix LCDs has 

fo llowed using different materials for the 
transistors, including cadmium selenide, 
silicon, polysilicon, and amorphous 
silicon. The greatest enthusiasm for this 
approach has been in Japan. The growing 
Japanese excitement began in 1983 and 
has centered on amorphous TFTs and the 
TN LCD mode. The addition of ROB 
color-filter dots for a full-color display 
has resulted in television products from 
Seiko-Epson, Panasonic, and Sharp that 
are extremely impressive. Sixteen Japanese 
companies are doing extensive R&D on 
color LC television displays, and at least 
three U.S. companies, and several from 
Europe, are following suit. 

The peculiar LCD 
LCDs have become so ubiquitous that it 
is easy to forget how different they are 
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from the other common electronic display 
technologies. They are made of organic 
compounds that in themselves do not emit 
or absorb light. Polarizers or suspended 
dye molecules absorb light energy to 
create contrast in electronically selected 
areas defined by electrodes. 

In the "liquid crystal" states of the 
many compounds and mixtures used , the 
materials are highly birefringent, which 
leads to interesting electro-optic effects 
when the molecules are selectively rotated. 
The rotation is by electrostatic forces, and 
the molecules spring back to their initial 
wall-surface alignment when the elec
trostatic forces are removed. 

That LCDs do not emit light is the fun
damental reason they consume the least 
power, by far, of all commercial elec
tronic display types. (Exceptions, like 
electrochromics, are far from commercial 
viability.) This nonemissiveness also en
sures that the contrast ratio is unaffected 
by ambient illumination. But because they 
do not emit light, LCDs are always dim 
relative to thei.r surroundings. The 
polarizers or suspended dye molecules in 
LCDs inilially absorb more than 500Jo of 
the incident light and become darker in 
electronically selected areas. Despite high 
contrast ratios, the overall low brightness 
relative to room ambient makes the 
displays hard to read. The dimness is easi
ly overcome by adding a backlight, but 
this diminishes the LCD's advantage in 
power consumption, and may sacrifice it 
completely. When color dyes (in guest
host displays) or color filters (in TN 
color displays) are used, the display is 
unreadably dim under reflected light- a 
backlight is essential. 

Another basic LC characteristic in
volves the impact of temperature on the 
material's viscosity and speed of response. 
The position of the liquid crystal's 
molecules results from the balance of the 
rotating electrostatic forces and the restor
ing wall forces. The speed of response is 
proportional to these forces and inversely 
proportional to the material's viscosity. 
Viscosity is inversely proportional to an 
exponential power of temperature. As a 
result, when the LC material of a typical 
display cell is in the nematic temperature 
range, the material 's response time can be 
several seconds at the low end of its oper
ating temperature range and milli
seconds at the high end. There is no ex
pectation that LC materials will ever have 
as wide an operating temperature range as 
CRTs, EL, or LEOs. However, adding a 
heater to extend the low end of the 
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Photo: Yokogawa 
Fig. 2: A 5.13-in.-diagonal active-matrix color LCD made by Seiko-Epson and 
packaged by Yokogawa of Tokyo, Japan, for avionic applications. It has a resolution 
of 127 lines/ in . and self-contained lighting, which makes it suitable for nighttime as 
well as direct sunlight viewing. The LC is operated in the TN mode; the TFTs are ion
implanted polysilicon. 

operating temperature range and adjusting 
the material mixture to achieve the desired 
upper end is effective for most applica
tions and does not cost much in power or 
complexity. Liquid-crystal materials 
engineering now permits an operating 
temperature range differential of 120°C 
for directly addressed displays and 50°C 
for highly multiplexed matrix-addressed 
displays, without heating. 

Making personal computing portable 
The old personal-computer display stan
dard of 640 x 200 lines has been ha.rd to 
achieve with liquid crystals in a way that 
consumers will accept. The conventional 
TN mode with 1: 100 or 1: 128 multiplex
ing has been unsatisfactory due, primari
ly, to poor viewing angle. (Two hundred 
rows are addressed through 1: 100 multi
plexing by addressing half the rows from 
the top and half from the bottom.) A 
much better viewing angle and greatly im-

proved overall performance is provided by 
SBE, first reported by Scheffer and Nehr
ing in 1984 when they were at the Brown 
Boveri Research Center in Baden, 
Switzerland. A chiral-doped nematic layer 
with boundaries ti lted at 27° and a twist 
angle of up to 270° is used. (Conventional 
TN has a nominal tilt angle of 2° and a 
nominal twist angle of 90°). With SBE, 
high contrast inside a 45° viewing cone is 
achieved with fast response time. This 
technology is being developed by 
Tektronix. 

Displays using related approaches, with 
various angles of twist, are now in pro
duction by several Japanese manufac
turers . The overall luminance is still low 
relative to room ambient, and black-on
white images are not possible. As a result, 
most consumers are still not impressed 
when they see an SBE or super twisted 
nematic (STN) LCD next to a gas
discharge or EL display, despite SBE and 



Table 1: Liquid-Crystal Display Applications 

Application Sample Companies Mode Multiplexing Lighting Method Temperature Color Special Features 

Aircraft and EDS, Guest-host 1:1 Incandescent - 30°C to 90°C White on black 16: I contrast 
h igh-performance Polytronics, (no polarizer) backlight, without heater; background Wide viewing angle 
numerics General Electric transmissive mode, - 45 °C to 90°C Wide temp. range 

most common with heater Sunlight readable 

Fixed font (for Hamlin (custom), TN 1: 1 to 1: 16 Reflective mode ooc to 70°C, White on black, Low profile 
calculators, gas Hitachi (custom), most common usually nm black o n white Low COS! 

pumps, watches, Sharp, Toshiba, heated except Low power 
office and Stanley, San yo in outdoor Sunlight readable 
medical equip.) applications 

Automotive Stanley, Hitachi Guest-host with 1:2 (0 1:8 Incandescent - 45 °C to 90°C Red, yellow, Low cost 
instrument Sanyo, Sharp colored dyes; backlight , with heater green, white, Wide temp. range 
clusters, TN with colored transmissive mode, etc., in fixed Sunlight readable 
numerics and polarizers most common locations 
icons, custom 
designs 

Laptop computers Sharp, Hitachi, TN 1:64 10 1:28 Reflective mode ooc (0 80°C White on black, Low COS! 

with matrix- Toshiba without heater black on white Low power 
addressed arrays Sunlight readable 

Personal Sharp, Hitachi, SBE, STN, 1:128 Reflective mode 0°C to 55°C White on green, Low cost 
computers Toshiba, Tektronix, OM!, D-STN (SBE); without heater blue, or Low power 

Sanyo, Kyocera, Backlight yellow-green 
Seiko-Epson (OM!, D-STN) 

Portable Citizen, TN guest-host 1:64 Reflective mode 0 °C to 55°C Black-and-white Low cost 
monochrome TV Casio with polarizer without heater with gray Low power 

most common shades Low profile 
Sunlight readable 

Portable See Table 2 TN guest-host I :200 to I :400 Fluorescent ooc to 55°C Red, green, and Low profile 
color TV with polarizer Active-matrix backlight blue primaries Low cost 

most common TFT using required, selectively Low power 
a-Si most transmissive mode addressable, Sunlight read able 
common with gray scale 

Avionic primary Yokogawa, TN most Up to 1:500 Fluorescent - 40°C to 85 oc Red, green, and Wide viewing angle 
displays Ho neywell/ Sperry, common Active-matrix backlight with integral blue primaries Wide temp. range 

Bendix/King, TFT using required heater selectively Sunlight viewable 
Coll ins, a-Si most addressable 
Litton Canada, common 
General Electric 

Projection Seiko-Epson TN active-matrix N/ A Xenon lamp 0°C (0 55°C Red, green, and High resolution 
displays addressed most common typical blue displays 

poly-Si TFTs optically mixed 

Greyhawk Smectic, laser- for projection 

scanned 

Hughes Aircraf t Dynamic 
scattering, 
C RT projection 
addressed 

Shuuer for Tektronix, One-half wave None C RT image 0°C lO 55°C Broadband Electro-optic 
sequential color Stereographics retardation for transmission shutter up to 
from monochrome sequential C RT 19-in . diag. 
CRT; images {tunable 60-Hz rate 
Shutter for CRT birefringence) 
stereoscope 

30 glasses Tektronix, Tunable None CRT image 0°C to 55°C Broadband Eyeglasses 
Hitachi, Sharp birefringence transmission 30-Hz rate 

Electronic Taliq, Nematic encap- None Modulates light - 30°C to 70°C Broadband 
window shade Kent State Univ. sulated LC from transparent transmission or 
and large scau cring color absorption 
alphanumerics with pleochroic 

suspended dye 

NOTE : TN ; twisted nematic; SBE ; supertwisted b irefringent effect ("supertwist"); STN ; super twisted nematic; 0-STB = double super twisted nematic; 
OMI ; opt ical mode interference; a-Si ; amorphous silicon; poly-Si ; polysil icon ; TFT ; thin-fi lm transisto r 
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STN being a clear improvement over 
traditional TN material. A backHght strik
ingly improves the luminance at the cost 
of the liquid crystal's normally low power 
consumption. In sunlight, of course, the 
ergonomic situation is reversed, with SBE 
and STN dramatically better than emissive 
displays. 

Martin Schadt, one of the inventors of 
the TN mode, reported a new LC mode in 
the Applied Physics Letter of February 2, 

1987, and presented his findings at the 
1987 SID International Symposium in 
New Orleans, in his paper "Optical Mode 
Interference-OM I." OMI has a low tilt 
angle and less twist than SBE, which may 
make it more manufacturable. It has the 
additional advantage of having a trans
missive mode and the ability to present a 
black-and-white image, which many users 
find more appealing than the unsaturated 
color contrasts available in the SBE and 

Table 2: 
Active-Matrix Color Liquid-Crystal Display Companies 

COMPANY 

Sharp 
Nara, Japan 

Seiko Instruments 
Chiba , Japan 

Matsushita 
Osaka, Japan 

Mitsubishi 
Osaka, Japan 

Seiko-Epson 
Suwa City, Japan 

Toshiba 
Yokohama, Japan 

Stanley 
Osaka, Japan 

Hosiden 
Osaka, Japan 

San yo 
Osaka, Japan 

Hitachi 
Japan 

General Electric 
Wilmington , MA 

Ovonic Imaging Systems 
Troy, MI 

Alphasil 
Fremont, CA 

MAJOR ACTIVITY 

a-Si TFT, TN mode* 
3-in.-diag. product 
5-in.-diag. demonstrated 

a-Si TFT, TN mode 
14-in.-diag. in development 

a-Si TFT, TN mode 
3-in.-diag. product 
5-in.-diag. demonstrated 

a-Si TFT, TN mode 
5-in.- and I 0-in .-diag. 
demonstrated 

MIM switch, TN mode 
polysilicon TFT, TN mode 
5. 13-in. engineering sample 
available 

a-Si TFT, TN mode 
5-in.-diag. production 
startup 

a-Si TFT, TN mode 
Approx. 5-in.-diag. 
demonstrated 

a-Si TFT, TN mode 
Custom 1-in.-diag. and 
high resolution 

a-Si TFT, TN mode 
5-in .-diag. demonstrated 

a-Si TFT, TN mode 
6-in.-diag. demonstrated 

a-Si TFT, TN mode 
8-in.-diag. demonstrated 

a-Si diodes, TN mode 
in development 

a-Si TFT, TN mode 
in development 

•amorphous silicon thin-film transistor, twisted-nematic mode 
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MARKET INTEREST 

Consumer TV 

Consumer TV 

Consumer TV 

Industrial 

Consumer TV 

Consumer TV 

Automotive and 
avionics 

OEM component 
supplier 

Industrial 

Consumer TV 

Avionics 

Avionics 

Avionics and 
consumer products 

STN modes. An additional mode, double 
super twisted nematic (D-STN), has also 
evolved. D-STN, as developed by Sharp, 
Seiko-Epson, and other Japanese 
manufacturers, is much like STN except 
that there is a two-layer cell in which the 
layers have opposite rotation, with tilt 
angle of about 5° and nominal twist 
angles of from 180° to 240°. D-STN may 
be more manufacturable and have better 
overall ergonomics than SBE. SBE, STN, 
and OMI should all exhibit improved 
ergonomics and multiplexability over the 
original TN mode, but at higher manufac
turing cost because of the increased tilt 
and twist angles. 

"Look here, ump!" 
We've already seen outraged baseball 
managers showing umpires a network in
stant replay on a portable television set. 
Now, a portable color TV can be kept in 
the manager's hip pocket. LC technology 
is staking out new ground with the color 
backlit active-matrix video display. 

This concept is not new but the em
phasis is, and the Japanese display in
dustry is attacking the technology as if it 
could replace the CRT. The LC technol
ogy with the addition of backlighting, 
TFTs (or diodes or MIMs), and red, 
green, and blue color-dot filter triads (or 
quads, using two greens) working in con
cert is essentially that described in Albert 
G. Fischer's patent no. 3,840,695 issued 
October 8, 1974: "Liquid Crystal Image 
Display Panel with Integrated Addressing 
Circuitry." Unlike other LCD types, this 
one is not ergonomically marginal. It has 
the full television color range, with suffi
cient gray shades, viewing angle, contrast, 
and brightness, and is more resistant than 
are CRTs and other display types to 
washout in direct sunlight. There is a 
price to be paid- the cost and power con
sumption are now higher than for any 
other technology. But all other flat-panel 
color display technologies are stilJ in the 
laboratory, and a CRT won't fit in Tom
my LaSorda's pocket. LC color TV 
displays are truly flat and ideally suited 
for aircraft cockpits, primary flight in
struments, and tight locations like behind
the-seat inflight entertainment systems for 
commercial airlines. 

Through the looking glass 
LC applications are not limited to 
displays in the traditional sense, and two 
new electro-optic shutters have reached 
commercial realization. One developed at 
Tektronix uses a unique homeotropic 
alignment that allows high-speed switch-



ing from open to closed in less than 
3 msec. This is fast enough to switch at 
120 Hz for sequential two-color or se
quential left-right stereoscopic images 
with a flicker-free 60 Hz for each color or 
each stereo image. 

A second shutter, developed independ
ently at Taliq and Kent State University, 
uses an encapsulated nematic LC 
material. The nematic material is aligned 
in the capsule but the director is rotatable 
under a high electric field. The capsules 
are randomly oriented so that when at 
rest they collectively scatter the incident 
light in the forward direction like the old 
dynamic scattering mode. When the elec
tric field is applied, the director aligns 
with the field and the shutter becomes 
transparent. Dyes can be added to the LC 
material to provide absorption, much like 
the guest-host mode. The best application 
seems to be electric shutters for architec
tural designs and automobile windows. 

Notes 
1Multiplexability describes the number of 
rows in a row-column matrix array of 
pixels that can be commutated for 
refresh during one refresh cycle. The col
umns are typically addressed in parallel 
and the rows in series for what is often 
called "line-at-a-time" or "row-at-a
time" addressing. The somewhat linear 
response of LC material restricts matrix 
addressability, which was once thought 
to be limited to 1: 16. (" 1: 16" means that 
16 rows can be addressed in one refresh 
cycle with specified contrast and viewing 
angle.) New LC materials have increased 
the multiplexability of the TN mode to 
as high as 1:128, but with marginal per
formance. Adding internal transistors at 
each pixel makes the display so nonlinear 
that factors other than LC material 
linearity (such as line resistance and 
speed of response) become the limits of 
display array size. 

Matrix addressing itself reduces the 
number of external drivers to the sum of 
the number of rows plus the number of 
columns, as opposed to the product of 
the number of rows and columns, which 
is required in direct addressing. 

2"Active matrix" refers to the addition of 
transistors or diodes at each pixel to elec
tronically block the cross coupling that 
occurs when an array of pixels is matrix 
addressed by multiplexing the row 
lines. • 

Electro-Optical 
Engineers 

Hughes Support Systems in 
Long Beach has established a 
reputation for its superior 
engineering capabilities. Be a 
part of our exciting achievements. 
We currently have the following 
opportunities available: 

Display Optical Engineers 
You will coordinate design, 

manufacture, test functions and 
integrate wide angle projection 
lenses. We prefer 5-10 years ex
perience in optical engineering. 
Should be experienced in 
developing requirements for lens 
designers. Background in 
mechanical engineering and/or 
control systems highly desirable. 

Systems Engineers 
• You will perform system design 
and analysis for ATE and electro
optical (Laser and FUR) systems. 
Requires a 4-year technical 
degree. A minimum of 7-10 years 
experience in circuit and systems 
design preferred. ATE design and 
integration experience and a 
background in Laser and FLIR 
electro- optical system highly 
desirable. 

• Perform testing and tailoring of 
multitasking operating systems on 
multiple computer driven ATE 
systems. BSEE/BSCS required. 
MS preferred. A minimum of 2 
years related experience desired. 
Knowledge of UNIX, MATE con
trol and support software, Jovial, 
1750A assembly language, CASE 
and structured program design 
techniques highly desirable. 

Assistant Project Manager 
You will assist in new 

business development, proposal 
management, directing, staffing, 
organizing and controlling Flight 
Simulator Programs, taking the 
lead role in negotiating contracts 
and subcontracts. Also coordinate 
new product development programs. 

We prefer 15-20 years experience 
in Flight Simulation with special 
expertise in real-time visual and 
sensor simulation. Additionally, 
10 years program management 
experience in visual simulation, 
plus project management experi
ence with major visual simulator 
supplier and background in sub
contract management highly 
desirable. 

Optics Engineers/White Sands, 
NM 

Successful applicant will pro
vide engineering analysis and 
technical services on fluid cooled 
optics, low power optics and opti
cal beam diagnostic instrumenta
tion equipment for a high energy 
laser system. 

We offer an attractive salary 
and an outstanding benefits pack
age, including tax-deferred sav
ings; medical, dental and vision 
care coverage. 

Please send your resume to: 
Lowell Anderson, Hughes Aircraft 
Company, Support Systems, 
Dept. 01-288, PO. Box 9399, Long 
Beach, CA 90810-0463. Proof of 
U.S. Citizenship May Be Required. 
Equal Opportunity Employer. 

MODEM USERS: Access 
our on-line Career Center by 
computer for further information 
regarding our many job oppor
tunities. Call (a modem only) 
(213) 372-4050. Type GO HUGHES 
upon entry. 

Creativity 
America depends on. 

HUGHES 
AIRCRAFT COMPA N Y 

SUPPORT SYSTEMS 
Circle no. 5 
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Automotive LCDs 

BY DAVID A. Ross 

ELECTRONIC DISPLAYS have emerged in 
automobiles only within the past decade. 
Despite a temporary loss of momentum, 
their future is promising. The technical 
characteristics of liquid-crystal displays 
(LCDs), in particular, should enable them 
to command a steadily increasing share of 
the electronic portion of the automotive 
display market. 

The driver's need to know 
The need to convey information to an 
automobile's driver through instrumenta
tion was apparent even in the early years 
of automotive development. In Chevro
let's first year of production , 1912, its 
Classic Six model featured no Jess than 
two gauges and two odometers . All of 
these were, of course, mechanical. 

During the following decades the 
number of readouts increased, and they 
became segregated into what are now 
called primary and secondary displays. 
Primary displays are placed directly in 
front of the driver and present essential 
information: vehicle speed , engine 
parameters, and critical warnings. Secon
dary displays convey information of lesser 
importance, such as that relating to 
heating and air conditioning, the radio, 

David A . Ross is LCD products manager 
for Hitachi America, Ltd. , Schaumburg, 
Illinois. He was previously with Delco 
Electronics, where he worked on the 1984 
Corvette instrument panel and on the 
1986 Buick Riviera vacuum fluorescent 
instrument cluster. He earned his 
B.S.E.E. and M.B.A. degrees from the 
University of Michigan in 1979 and 1984, 
respectively. 
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and redundant or less important vehicle
parameter readouts. Secondary displays 
have typically been located in the dash 
near the car' s midline between the driver 
and front-seat passenger. 

As time went on, the increasing number 
of mechanical readouts were sup
plemented by electrical ones, such as 
resistive fuel-level gauges, but the first 
electronic display did not appear until the 
1978 Cadillac Seville. This vehicle 
featured three digital displays for the fuel 
gauge, speedometer, and trip computer, 
using gas-plasma technology (which was 
changed to vacuum-fluorescent technology 
soon after the vehicle was introduced). 

Liquid crystals were first utilized for a 
primary display in the 1984 Chevrolet 
Corvette. Three separate twisted-nematic 
LCDs were used for the speedometer, 
driver information center, and tachom
eter. Corvette designers based their selec
tion on the LC's design flexibility and col
or capability as well as its consistency 
with the high-tech theme of the newly 
redesigned Corvette. 

More recent milestones in the short 
history of electronic automotive displays 
are the red-green-blue CRT in the 1985 
Toyota Soarer (optionally available in 
Japan) and the first production use of a 
monochromatic CRT in the 1986 Buick 
Riviera. The Toyota's CRT was placed 
directly in front of the driver. The 
Riviera's was, and is, a combined second
ary display incorporating touch-screen 
controls. [See ID, January 1987 .] Like 
the Corvette, the Riviera was a newly 
redesigned vehicle, and the unusual in
strumentation helped create a unique im
age for it. 

But despite these well-known innova
tions and the scattering of American and 
Japanese models that utilize electronic 
displays as either standard or optional 
equipment , purely mechanical in
struments- those with pointer-and-dial 
readouts driven by flexible mechanical 
shafts-still make up 50o/o of the primary 
instrument clusters integrated into cars 
sold in the North American market. Elec
tromechanical instruments-pointer-and
dial readouts driven by electronic signals 
generated by transducers- constitute a 
further 32%, leaving only 14% of the 
market to be divided among all the purely 
electronic technologies. Of these, a signifi
cant majority are vacuum fluorescent. Li
quid crystal is next , followed by a small 
number of CRT and LED displays. Most 
of the electronic displays have been used 
as primary instrumentation-the readout 
has been placed directly in front of the 
driver. 

Singing in the rain 
The current status of automotive LCDs is 
dramatically punctuated by two facts: (1) 
consumers consistently express a prefer
ence for pointer-and-dial instruments 
over digital readouts; and (2) the current 
high value of the Japanese yen against the 

. American dollar makes LCDs, most of 
which are manufactured in Japan, more 
expensive for North American automobile 
assemblers than the mechanical instru-
ments now being used. Why, then, are au
tomakers and display manufacturers both 
highly optimistic about the future of LCDs? 

One reason is that North American 
automakers, including the makers of cars 
with Asian and European nameplates that 
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Photo: David A. Ross 
Fig. 1: The transition from discrete to integrated information display in automo1Jiles. 
as in this prototype navigation display, is expected to accelerate the move to electronic 
displays. 

are assembled on the North American 
continent, are striving to differentiate be
tween models and to increase the feature 
content of vehicles. The stylists, who are 
primarily responsible for the differentia
tion task and who must create instrumen
tation that is coordinated with their 
automobile's image, want full-color 
capability, no size limitation, no limita
tion of display pattern, and the freedom 
of a reconfigurable display. 

Another set of requirements is directed 
toward providing needed information to 
the driver in an easily understandable and 
cost-effective manner, while maintaining 
high reliability. These requirements shape 
the engineering side of the instrumenta
tion. The engineer wants high quality, 
high reliability (a lifetime of 10 years or 
100,000 miles), low cost, low generation 
of radio-frequency interference, high 
resistance to electromagnetic interference, 
flexible packaging, a straightforward elec
trical interface, and low-voltage and low
power requirements. 

Above and beyond these two sets of re
quirements are the environmental con
straints. To function fully in an auto
mobile, instruments must operate from 
- 40°C to + 85°C, have high shock and 
vibration resistance, and survive high 

humidity and sunloads. 
Aggressive research and development 

on the part of key display manufacturers 
had succeeded in meeting essential perfor
mance and quality targets and had at
tained parity in price with mechanical 
displays prior to the collapse of the dollar 
against the yen. Industry optimism is 
based in part on the success of LCDs in 
meeting these key demands and the con
viction that the price penalty is tem
porary. Increased volume and improved 
technology should reduce prices con
siderably even at the current exchange 
rate. At the same time, Japanese 
manufacturers are moving production to 
lower-cost manufacturing sites elsewhere 
in Asia. 

Position stacks the deck 
Three additional factors convert the op
timism about electronic displays to a con
viction among most people in the industry 
that their ascendency is inevitable. 

In the past, the information displayed 
in automobiles has been segmented: 
speed, fuel level, engine parameters, time. 
Increasingly in the future, information 
will consist of integrated and derived 
parameters presented in graphic form, as 
in navigation and fault diagnosis [Fig. 1]. 

The problem of limited dashboard 
"real estate" for displays and control~ is 
already a problem in today's vehicles. 
With more information to be displayed, 
reconfigurable displays will become all 
but a necessity, except in the simplest 
vehicles. 

Pointer-and-dial instruments work well 
for primary information. With their 
graphics capability and reconfigurability, 
electronic displays are particularly 
desirable for secondary displays. The 
trend, even in fairly basic automobiles, 
toward a growing ratio of secondary to 
primary display functions also favors the 
growth of electronics. 

Innovative locations for displays are 
under serious consideration at all major 
manufacturers. Head-up displays, displays 
in the steering-wheel hub, in the rear-view 
mirror, and in the headliner, as well as 
the now common placement in the dash 
and console, will frequently place a 
premium on thin packages, light weight, 
and low power. 

Integration, reconfigurability, the in
crease in secondary display functions, and 
innovative instrument placement favor 
electronic displays generally and LCDs in 
particular. This is hot to say that LCDs 
are likely to be the favored technology in 
all applications-many different display 
technologies will continue to grow and 
survive. But the capabilities of LCDs 
when compared to the automotive en
vironment, engineer's goals, and stylist's 
goals indicate a good "fit." 

New LCDs to come 
The ongoing improvements in LC fluids, 
polarizers, and production processes have 
increased contrast ratio;. reduced response 
time; and reduced the temperature de
pendence of optical parameters in exist
ing automotive LCDs; and continued im
provement is likely. But LCD technologies 
that are relatively new promise to make 
LCDs even more attractive in automotive 
instrument clusters. 

Presently, automotive LCDs are of the 
passive (twisted-nematic) type. Active
matrix LCDs using thin-film transistors 
(TFTs) are a major advance in LCD 
technology that offers automotive stylists 
the possibility of full color and total 
reconfigurability, while offering engineers 
the contrast ratio and viewing angle of a 
statically driven LCD. This combination 
of characteristics is made possible by 
depositing a TFT at each pixel location 
with processes similar to those used in 
traditional semiconductor fabrication. 1 
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Stalled in cars, LCDs keep on 
truckin' 

Sales of LCD instruments in North 
American passenger cars have yet to 
take off, but at least one small mobi le 
market is healthy and growing. 

Kenworth and Peterbilt trucks offer 
an LCD instrument option at $1300 
over the price of a bare-bones 
mechanical instrument cluster. The 
added expense is more than most 
buyers are willing to ante up. But , in 
1987, more than 5000 Kenworths and 
Peterbilts were sold with the LCD 
cluster installed. Glenn Barone, prod
uct manager for LCDs at AEG Cor
poration in Somerville, New Jersey, ex
pects that number to rise to well over 
10,000 in 1989. AEG makes the LCD 
subassemblies that the U.S. Gauge 
Division of Amatek, Inc., integrates 
into the complete instrument clusters 
they sell to Kenworth and Peterbilt. 

Kim Misenar, product manager for 
Kenworth, told Information Display 
that about 80Jo of Kenworth trucks 
were delivered with electronic instru
ment clusters in 1987, and that he an
ticipates that number to grow to be
tween 10 and 15% by the end of 1988. 
As diesel engines with increased elec
tronic controls enter the market-and 
they are being actively promoted by 
the three major engine manufacturers, 
Detroit Diesel, Cummins, and Cater
pillar-Misenar expects the use of elec
tronic instrumentation to increase even 
more. 

Ron Harris, vice president for sales 
and marketing at U.S. Gauge, believes 
that only Kenworth and Peterbilt 
among North American heavy-truck 
manufacturers are currently offering 
electronic instrument clusters, but elec
tronics are under consideration at most 
major manufacturers. Although the 
LCD clusters have proved their 
reliability in the Kenworth and Peter
hilt applications, other manufacturers 
are considering a variety of electronic 
technologies, Harris said. 
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The display subassembly AEG 
makes for U.S. Gauge uses statically 
driven twisted-nematic liquid crystals 
backed with a lransf/ector. A backlight 
added by U.S. Gauge is continually on 
when the vehicle is operating. In low 
ambient light the display works in a 
backlit transmissive mode, with the 
backlight shining through the semi
transparent transflector. In a bright 
ambient, light passes through the ac
tivated segments, reflects off the 
transflector, and returns through the 
display to deliver a typical 18: I con
trast ratio . 

AEG uses chip-on-glass mounting of 
its drivers for reliability and convenient 
interfacing, claiming a median ex
pected lifetime of 100,000 h. Each 
driver operates 40 display segments 

·and requires one 8-pin connection. 
Unlike Hitachi [see main article], 
which uses flip-chip technology for its 
chip-on-glass prototype displays, AEG 
uses tape-automated bonding. AEG's 
announced operating temperature 
range is from - 40°C to 85°C. The 
minimum operating temperature can be 
extended to - 54 oc with an optional 
integrated heater. 

The meaning of "operating" 
temperature requires some discussion. 
The panel survives these very low 
temperatures and functions after a 
fashion. But LC switching time at 
- 35°C is approximately 2 sec, while 
AEG's LC cell-drive frequency is be
tween 32 and 100 Hz. The incandes
cent backlight raises the panel 
temperature fairly quickly, though. 
And in any case, how many drivers 
would operate their vehicles for ex
tended periods at subfreezing 
temperatures without turning on the 
cab heater? 

-K. I. W. 

The transistors are driven at a high 
multiplex rate, but each liquid-crystal pix
el is driven by the TFT as a static 
element. 2•3 

Several Japanese manufacturers are 
developing "large" (more than 3-in.
diagonal) TFT displays for consumer ap
plications. Hitachi, for example, is work
ing on a 6.3-in. TFT module [see Table 
1]. The major stumbling block in develop
ing these displays for automotive applica
tion is the limited operating tempera ture 
range. Major efforts are being made to 
expand the range to the required - 40°C 
to + 85°C, as well as to offer larger-sized 
TFT displays. 

Another interesting approach, which 
can be used with both active-matrix and 
passive twisted-nematic displays, is chip
on-glass technology. Here, the integrated
circuit die containing LC drivers is bond
ed directly to the glass display panel using 
flip-chip technology. A specialized 
metallic film circuit line is used on the 
glass to ensure both good reliability and 
repairability [Fig. 2]. Hot-gas heating 
reflows the solder without damaging the 
LC tluid or subjecting the glass to ex
cessive thermal shock [Fig. 3]. This 
technology greatly reduces the number of 
connections between the LCD and the 
printed circuit board for greater system 
reliability. The additional glass required 
to mount the IC is minimal (13 mm max
imum), producing a system package that 
can be much smaller . 

Multicolor LCDs using internal color 
technology satisfy one of the stylists' ma
jor requirements. One approach is to con
struct the traditional seven-segment digit 
from alternating, finely spaced red, green, 
and blue lines. By activating the ap
propriate lines, the color of a segment can 
be changed. Previously, this was possible 
only in multilayer LCDs. Changing a seg
ment's color can be used, for example, to 
warn the driver of high coolant 
temperature or low fuel level. 

Finally, a technique that is already be
ing used on a limited basis is analog 
simulation- an LCD patterned to mimic a 
pointer and dial [Fig. 4]. This may, at 
first, seem ridiculous, but the LCD can 
present more information than a true 
analog gauge in the same amount of 
space. Stylists can achieve the analog look 
while offering the driver a multigauge op
tion in one display, scale expansion or 
reduction, flashing warning information, 
and color changes. It also takes care of 
the consumer preference for analog 
instruments. 
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Table 1: Hitachi 6.3-in. Color TFT Module 

Pixels 
Effective display size 
Pixel pitch 

200 X 3 (V) X 640 (H) 
96 mm (V) X 128 mm (H) 
160 J.lm (V) X 200 J.lm (H) 

Module dimensions 
Operating temperature range 

175 mm (V) X 195 mm (H) X 16 mm (Thick) 
ooc to 50°C 
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Fig. 2: The structure of Hitachi's prototype chip-on-glass LCD. 
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Fig. 3: Temperature distribution in hot-gas heating. 
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Used separately or in combination, 
these four technologies make LCDs ex
tremely attractive to automotive engineers 
and stylists. 

Coexisting technologies 
The next 5-10 years will see the phasing 
out of mechanical instruments and the 
coexistence of electromechanical and elec
tronic instrumentation in automobiles. 
Beyond 10 years, automotive instrumenta-

tion will be principally electronic. LCDs 
in general, and TFT-LCDs in particular, 
will almost certainly be a dominant 
technology, but not the only one. Display 
approaches will be sufficiently broad, and 
the inclinations of engineers and stylists 
sufficiently varied, so that the strengths of 
the different display technologies are all 
likely to be attractive in particular cases. 
But TFT-LCDs especially seem capable of 
offering the features important to auto 
designers: low cost, the ability to provide 

Fig. 4: A simulated analog display combines many benefits of the liquid-crystal and 
pointer-and-dial technologies. 

product differentiation, and high 
reliability. 

Cost will be a determining factor in the 
future of all display technologies. Costs 
will not fall as quickly as they should 
unless display suppliers and automakers 
cooperate. Suppliers need to bring down 
manufacturing costs, improve perfor
mance, and provide more features. 
Automakers need to take a total system 
view of automotive electronics to control 
cost and improve efficiency overall. 

Notes 
1 A good illustration with a caption giving 
a brief but clear description of the 
deposition process for TFTs made of 
amorphous silicon appears in • 'Amor
phous Silicon: From Promise to Prac
tice" by Arun Madan, IEEE Spectrum, 
September 1986-the illustration and 
caption are on page 43. 

2For a survey of active-matrix LCDs, see 
Larry Tannas ' article in this issue. 
3 Arthur Firester concisely described the 
operation of active matrices in LCDs 
and the performance requirements for 
TFTs in "Active-Matrix Addressing for 
TFT-LCDs," ID, November 1987. • 
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poration Industrial Meter Division, 101 Williams Drive, Ramsey, NJ 07446. 

Because, on balance, the more information you have the better. ONLY FROM 
THE MIND OF MINOLTA. 

TV-COLOR ANALYZER II 
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Conference report: Eurodisplay '87 

BY LAURIE s. ALLARD 

THE THIRD Eurodisplay conference 
was held in London , September 15-17, 
1987. It was the first to be held in the 
United Kingdom, the previous conferences 
having been in Germany (1976) and 
France (1981). 1 Of the 350 attendees, 800Jo 
came from 12 European countries in
cluding Poland, Hungary, and East Ger
many. The non-European contingent was 
divided equally between J apan and the 
United States. It was a surprise to some 
that the Americans came fourth in the 
list of presenters, with Japan second. 
Presenters from the United Kingdom were 
the most numerous. 

A keynote triad 
The keynote address was given by con
ference chairman Cyril Hilsum of GEC, 
who looked back over the addresses he 
had given to earlier display conferences. 
In 1976 the display industry was in the 
doldrums, but by 1981 the market had 
reached $1 billion. There was large pro
duction in the United States and Japan, 
and an obvious need for European 

Laurie Allard graduated from London 
University in 1943 and spent his working 
life on cathode-ray devices at GEC, first 
at the Research Laboratories and finally 
at Hammersmith. In 1980 he retired early 
and has spent the intervening time 
developing other interests, including scien
tific, educational, social, and church 
work-not forgetting family life and the 
garden. He has been a member of SID for 
many years and is a founding member of 
the SID U.K. & Ireland Chapter commit
tee, on which he still 'serves. 

cooperation in developing production 
capability. In 1987, Japan is increasing its 
command of the industry, but the 
marketplace is still not enthusiastic over 
LCD production in the United Kingdom. 
The remaining problems can be solved, 
given adequate time and money. 

While the future for LCDs did not look 
promising at one point, the devices now 
seem to have a very good possible de
mand. By 1995 the display could well 
become the complete instrument-much 
as solid-state circuits evolved from in
dividual circuits to VLSI in the 1960-1985 
period. A flat display panel could have all 
the circuits mounted to it so that the 
panel would be the complete instrument. 

Projecting an image 
In opening the conference, W. M. van 
Alphen of Philips Research Laboratories, 
The Netherlands, spoke about the 
" Implications for HDTV Displays," a 
display application that is bound to be 
with us during the next 10 years, but 
whose problems are not yet well defined . 
At present, the short-to-medium- term 
prospect is to use a direct-view shadow
mask tube, succeeded by a projection 
CRT, which would be succeeded, in turn , 
by a projection set with a color LCD. 
Ironically, the paper given at the end of 
the conference by J-N. Perbet of 
Thomson-CSF entitled " Projection 
Displays: CRT versus LCD" discussed t he 
use of an LCD when high brightness and 
high resolution are required. Both van 
Alphen and Perbet concluded that 
although projection CRTs will be used at 
first, projection LCDs will replace them. 

The remaining part of the morning ses
sion on emissive displays dealt with elec
troluminescent (EL) devices. Christopher 
N. King and his colleagues at Planar 
Systems described the design and fabrica
tion o f a 320 x 320 full-color display us
ing a patterned phosphor and improved 
electronics for full addressability. The 
authors commented that the 6-in.-diag
onal picture size usually associated with 
EL devices is governed mainly by the size 
of the vacuum equipment designed for the 
requirements of conventional solid-state 
circuit manufacturers! 

Other papers in this session, by 
Japanese and French authors, dealt with 
640 x 400 green-light-emitting TFEL 
displays and with higher efficiency SrS:Ce 
blue-green ACTFEL displays incorporat
ing rf sputtering and electron-beam 
evaporation techniques at lower substrate 
temperatures. 

Liquid crystals flow 
The afternoon sessions included some of 
the many papers on LCD devices. In fact , 
if one can draw any general conclusion 
about the state of display development 
from the conference, it is that work on 
LCD devices is flowing reliably at many 
research and production facilities 
throughout the world. 

W. A. Crossland of STC Technology 
outlined the work of hjs team and other 
collaborators on the prospects and prob
lems of fe rroelectric LCDs. The main 
conclusions were that the devices are like
ly to be used mainly for information 
display rather than TV and that very high 
resolution can be obtained. 
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Hearing a well-prepared and gracefully 
presented paper is one of the joys of at
tending conferences. Such a paper was B. 
M. Nicholas' description of work done at 
the GEC Hirst Research Centre at 
Wembly on thick bistable ferroelectr ic 
LCDs. The technique described results in 
very uniform alignment of the liquid 
crystal with none of the zig-zag defects 
that degrade the performance of conven
tional surface-stabilized devices. 

During the talk no reference was made 
to the material used in the device, which 
caused the session chairman, "Mino Green, 
to inquire for details of the material. 
Whether by accident or by design, much 
was said in the reply, but nothing that 
told the chairman what he wanted to 
know. This induced the chairman to com
ment that he wished he hadn't asked the 
question in the first place! It is a pity that 
Mino was not present at the last morning 
of the conference. He might have been 
encouraged to hear the several papers by 
different British authors treating the 
design of liquid-crystal materials having 
various properties particularly suited for 
display purposes. 

A detailed overview of the worldwide 
progress in active-matrix-addressing 

CRT-480 

LCDs-another well-presented paper
was given by P . Migliorato of the GEC 
Hirst Research Centre at Wembley. It 
would appear that displays up to 12 em 
could be incorporated into specialized 
avionics and military equipment during 
the next five years, followed by large-scale 
production of active-matrix displays up to 
25 em. 

7 Yz pounds (sterling) 
In the same session on active-matrix 
displays, a paper entitled "Active-Matrix
Addressed LC Television Using a-Si Thin
Film Transistors" was presented on 
behalf of what almost appeared to be the 
entire staff of the Philips Research 
Laboratories! They found that a key issue 
in these displays is the photoconductivity 
of the transistor, which leads to non
uniformity and fljcker of the display. 
Other sources of flicker can be eliminated 
completely by a line-inversion drive 
scheme in which the video signal is in
verted every line as well as every field. 
The success of the work described was 
amply demonstrated during the subse
quent author interview session with an 
operating TV display system. This paper 
was awarded the £100 (£7.70 per author!) 

Machine Vision for Automated Inspection 
and Alignment of CRT Displays 

CRT TEST SYSTEM 
• CRT Inspection/ Alignment 

• Brightness 

• Rotation /Tilt 

• Vertical / Horizontal Size 

• Centering 

• Pincushion/ Barrel Distortion 

• Linearity 

o Easy to Use 

• Interactive Graphics / Prompts 

• Fast ... Accurate 

o Color CRTs (Optional) 

CR Tecltnology l1as a proven system to save you time and mor1ey, 
improve product quality and increase operator consistency, accuracy and productiv ity. 

Call or write to have us study your needs. 

CR TECHNOLOGY 
23062 La Cadena. Laguna Hills, CA 92653 Telephon., (714) 859-4011 Fax: (714) 859-3214 
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prize presented by the SID U.K. & Ireland 
Chapter for the best oral paper at the 
conference. 

Cold cathodes warmed over 
The lead paper in the first session on 
display devices provided an example of 
old ideas arising in fresh forms that can 
have an impact on the marketplace. The 
particular item for discussion is the cold
cathode vacuum-fluorescent display 
described by a team from SRI Interna
tional. The team was led by lvor Brodie, 
a British expatriate who had undertaken 
field-emission work originally a~ the GEC 
Hirst Research Centre at Wembley under 
R. 0. Jenkins in the late 1950s. The cur
rent work succeeds where earlier efforts 
failed because C. A. Spindt, one of the 
current authors, has developed micro
fabr ication techniques similar to those us
ed in the manufacture of integrated cir
cuits and has applied them to the fabrica
tion of arrays of extremely small field
emission devices. These devices are well 
suited for matrix-addressed 
cathodoluminescent displays because they 
can operate with signals in the 50-150 V 
range, thereby ensuring that any ions 
formed in the device will have insufficient 
energy to sputter-erode the tip. This is the 
key to a long-life device, and color 
displays using color-stripe technology can 
easily be fabricated. Much work is still 
needed, but microfabrication may resur
rect field emission as a viable device 
technology. 

Bright, flat, and colorful 
One of the four invited speakers was M. 
Watanabe of the Matsushita Research 
Laboratories, who spoke on thin CRTs. 
He presented an overview of the work on 
all such displays, including the Matsushita 
matrix drive and deflection system (MDS) 
that was described at the 1985 SID Sym
posium and has since been life tested for 
10,000 h. The author stated that fuU-color 
thin CRTs of high resolution, high 
brightness, and good color quality were 
ready to leave the development laboratory 
and become practical devices. He 
predicted early availability, though initial
ly, screen sizes will be small. 

Color displays using 300-mm channel 
multipliers were described by J. R. 
Mansell and his colleagues from Philips 
Research Laboratories. These are the 
result of considerable work over the years 
on flat-faced channel multiplier CRTs. 

A 4-in. flat CRT was described by S. I. 
Kishimoto et al. from the Sanyo Electric 



THE ULTIMATE IN PRECISION 
SPUTTERED THIN FILMS 

The best quality films at the most economical price ... 
Reliable, professiona l service you can count on .. . Strict 
quality control and fu ll technica l support. In a word ... 
AND US. 

As the lead ing supplier of thin films - used in app li
cations ranging from flexible circuits to membrane 
switches to satell ite blankets to information storage 
we have earned a solid reputati on for producing high 
quality sputtered thin films. A reputation that is bu ilt 
upon a solid base of advanced technolog ies, such as 
magnetron sputtering and plasma-assisted deposition, 
and upon our state-of-the-art faci lities. 

The ANDUS approach to business does not mean 
just a superior product. We've posit ioned ourselves as 
your partner in the development and production of top
of-the-line custom-coated thin fi lms with performance 
characteristics that meet or exceed your requirements. 
In short, achieving customer sat isfaction is a way of life 
at ANDUS. 

AND US. The name to remember for custom thin fi lm 
coatings that meet your most stri ngent perfo rm ance 
requirements. Whether you need coatings that are 
transparent and conductive, that act as barrier layers, 
that provide radiation sh ielding, or that can be used in 
flexible circuits and membrane switch applications, 
think of ANDUS. 

ANDUS. The company you can rely on. Call us for 
your prototype and production needs. You'll be glad 
you did. 

ANDUS. ADDED VALUE WITHOUT ADDED COST. 

AND US 
ANDUS COR PORATION/ 21019 Osborne Street, Canoga Park, CA 91304/ Phone (818) 882-5744 Telex 182374 
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HOW DO YOU GET AJOB 
WITHOUT EXPERIENCE? 
AND HOW DO YOU GET 

EXPERIENCE 
WITHOUT AJOB? 

Most young people have 
one answer to this problem. 
They avoid it until they're out of 
college. But they could be get
ting solid work experience while 
they're still in college. With 
your company's help. And ours. 

We're Co-op Education. A 
nationwide program that helps 
college student:; get real jobs 
for real pay, while they're getting 
an education. 

But we can't do it without 
you. Those real jobs have to 

come from real companies. 
Like yours. 

For more information on 
how you can participate in 
this valuable program, write 
Co-op Education, Box 775E, 
Boston, MA 02115. 

Not only will you be giving 
students a chance to earn 
money and pick up the most 
valuable kind of knowledge, 
you 'II be giving yourselves 
a chance to pick up the most 
valuable kind of employee. 

Co-op E~ucation. 
r.t!'l You earn a fulure when you earn a degree. 

~~ A Public Service of This Publica lion Cl l987 Nalional Commission for Cooperalive Educalion 

Co. This tube, unlike the one from 
Philips, has the electron gun at the side of 
the screen rather than behind. The 
authors stated that the beam-index system 
used solves registration problems, and the 
absence of a shadow mask results in high 
beam efficiency. 

More liquid crystals 
The last three papers on liquid-crystal 
materials, which were presented in a 
second session on the conference's final 
day, thoroughly reviewed the materials 
research and development being carried 
out in the United Kingdom. It was ap
parent that this work has progressed 
satisfactorily as a result of considerable 
cooperation between physicists and 
chemists. 

The final paper of the active-matrix ses
sion, expertly presented by F. Morin, 
described an active-matrix-display image 
projector developed at the Centre Na
tional d'Etudes des Telecommunications. 
Mr. Morin was so confident of this 
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work's success that he used the apparatus 
to display the pictorial information his 
lecture required. The entire paper was so 
well received that the conference sponsors 
named it one of the best-presented 
papers-and awarded the authors with an 
extra £50 prize that was warmly acclaimed 
by those present. 

The last session of the conference 
treated various aspects of display systems. 
The invited paper was given .by G. M. 
Murch of Tektronix and dealt with the 
important aspects of human factors in 
displays. Much work has been done, and 
continues to be done, on such aspects as 
resolution, luminance and illuminance, 
contrast, flicker, glare, and polarity. The 
success of this work can only lead to bet
ter display systems in the future. 

J-N. Perbet of Thomson-CSF gave the 
conference's final paper, "Projection 
Displays: CRT versus LCD." This re
viewed the overall requirements for 
various projection systems, together with 
the possibilities and limitations of the two 
competing techniques. The CRT projec-

tion system is available now and can be 
used for medium-performance TV dis
plays and for graphic displays. However, 
when high definition and high brightness 
are required, LCD light valves are better 
because these two parameters are indepen
dent in the LCD technology. LCD light
valve projection should be suitable for a 
large range of applications in the not-too
distant future. 

Post it 
The organizers arranged poster and 
author sessions during the course of the 
conference, which enabled more papers to 
be presented and gave attendees the op
portunity to discuss various points of 
detail with the authors. A wide range of 
display activities was covered in these 
poster-session papers, and the organizers 
had established a prize of £100 for the 
best of them. After extensive deliberation, 
the prize was presented to Messrs. McAr
dle, Clark, and Haws from the GEC Hirst 
Research Centre at Wembley for their 
paper "Information Storage and Erasure 
Processes in Liquid-Crystal Polymer 
Films." The authors believe that LCPs 
have a future in the erasable analog 
storage and display market. 

One's concluding thoughts on a most 
successful conference are that the 
delegates attending the event should han
dle with great care their copies of the con
ference proceedings-there was a serious 
shortage. Perhaps they will become collec
tor 's items, like the American postage 
stamps with inverted centers so favored 
by the CIA. 

Notes 
'The third Eurodisplay was also the 
seventh International Display Research 
Conference, part of a series of annual 
conferences sponsored by SID that 
rotates among the United States, Japan, 
and Europe. The U.S. conferences are 
cosponsored by the IEEE. The next one 
will take place October 4-6, 1988, at 
the Hyatt Islandia in San Diego, 
California. • 
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IF D Thin Film Device Inc. 

QUALITY PRODUCES GROWTH 
Our business has tripled each year. We are expanding production 
capability to handle larger sizes and bigger quantities of the 
following products. 

STATE OF THE ART COATINGS 

• TRANSPARENT CONDUCTORS 
• EM!, RF SHIELDS 
• METALLIZED CERAMIC SUBSTRATES AND HYBRIDS 
• FLEXIBLE CIRCUITS AND SHIELDS 
• CHROME BLANKS AND PATTERN 
• OPTICAL FILTERS AND AR COATINGS 
• MUILTILAYERED METAL, SEMICONDUTOR, NITRIDE CAR

BIDE AND OXIDE. 

CUSTOM 
• THIN FILM EL (GREEN OR YELLOW) BACK LIGHTS FOR 

LCD'S 
• RF/ DC MAGNETRON AND DIODE SPUTTERING 
• ELECTRON-BEAM AND CVD PROCESSES 
• COMPREHENSIVE QUALITY CONTROL AND MEASURE

MENT TECHNIQUES ARE EMPLOYED. 

... CALL: 
THIN FILM DEVICE, INC. 

2021-F VIA BURTON STREET 
ANAHEIM, CALIFORNIA 92806 

(714) 535-1964 Telex: 215435 COLI 
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Read Between 
The Lines 

Otsolay 

L1ght Contro l Film, 
Louver spacmg = 005 or 010 

3M Light Control Film. 

Its closely spaced 
black microlouvers 
improve readability 
of electronic 
displays. 

3M Light Control 
Film's microlouvers 
prevent sunlight 

washout, enhance 
contrast and eliminate 
unwanted reflections. 
In addition, this film can 
be used to provide 
privacy viewing as well 
as to direct light to 
specific areas. 

Try 3M Light 
Control Film when you 
design in your next 
display. 

For a free sample 
and more information, 
call 612-733-4403. 
Industrial Optics 
Project/3M, Building 
223-?W-06, 3M Center, 
St. Paul, MN 55144. 

Circle no. 12 3M 
MAKE FAST, COMPREHENSIVE, AUTOMATIC CRT MEASUREMENTS 

WITH THE SUPERSPOT 100 FROM MICROVISION 

CRT MEASUREMENT 
SYSTEM 

FROM 
MICROVISION 

The SUPERSPOT 100 System coupled with the 
SPOTSEEKER II Posit ioning System (with 
Automatic Focus) allows fully automatic 
characterization of Color and Monochrome 
CRT Displays without operator intervention. 

Measures: 

~ --· 

- ..l_ 

~11=11111111111111111111. 
I'll ',',',',', ' ' ' ' ' ' . ' y' '\ ,· .,· '.' .· . ' .. ·' .' .· . : \ 

• Luminance (Footlamberts & Nits) • Line Width, Including Color Line Width (Gaussian Fit) (1 Second) 
• Color Misconvergence (2 Seconds) • Linearity, Pincushion and Focus • Line Jitter, Swim and Drift 
• Contour Maps of Spots, Lines or Characters (10 Seconds) • Beam Landing & Crowding 
• FFT for Discrete Frequency Spectra (1024 points in one second) • High Voltage Regulation Tests 
• Real Time Display of Beam Intensity Profile (20 Frames/Second Display) • Disk Data Logging • MTF 

Provides: 
• Pattern Generation for Tests • Adjustable Cursors for Feature Analysis 

MICROVISION • 591 West Hamilton Avenue, Suite 250, Campbell, CA 95008 • Tel: 408/374-3158 • FAX: 408/374·9394 
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Ad-Vance Magnetics, Inc. 
AEG Corp. 
Alphasil, Inc. 
Amuneal Manufacturing Corp. 
Applied Films Lab, Inc. 

Babcock Display Products 
Ball Electronic Systems Div. 
BDH Ltd. 
Bendix Corp. 

Cannon, Inc. 
Cardion Electronics 
CELCO 
Cherry Electrical Products Corp. 
C lif10n Precision/Special Devices 
Clinton Electronics Corp. 
Computing Devices Co. 
Connector Corp. 
Conrac Corp. 
Corning Glass Works 

Dale Electronics 
Data Images 
David Sarnoff Research Center, Inc. 
Digital Electronics Corp. 
Displays Inc. 
DISCOM/ Display Components, Inc. 

EEV, Inc. 
EG&G Gamma Scientific 
Electronic Display Systems, Inc. 
Electro-Plasma, Inc. 
Endicott Research Group, Inc. 

Ferranti-Packard Electronics, Ltd. 
Futaba Corp. 

GEC Avionics, Inc. 
General Atronics Corp. 
General Electric Co. 
GML Information Services 
GTE 

George D. Harris Assoc., Inc. 
Hartman Systems 
Hazeltine Corp. 
Hewlett-Packard Co. 
Hitachi, Ltd. 
F. Hoffman La-Roche & Co., Ltd. 
Hoya Optics, Inc. 
Hughes Aircraft Co. 
Hycom, Inc. 

IBM Corp. 
lmapro Corp./lmaprint Design, Inc. 
lncom, Inc. 
Industrial Electronic Engineers, Inc. 
lnfodex, Inc. 
Interstate Electronics Corp. 
Inter-technical Group, Inc. 
ISE Electronics Corp. 

K & R Engineering Sales Corp. 
Kollmo rgen Corp. Photo Research 

Div. 

Litton Panelvision Corp. 
Litton Systems Canada Ltd . 
Litton Systems, Inc. (2) 
Los Alamos National Laboratory 

Magnavox Government & Industrial 
Electronics Co . 

Magnetic Radiation Laboratories 
Microfield Graphics, Inc. 
Microphase Laboratories 
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Microvision 
Minolta Corp. 
Mitsubishi Chemical Industries 

America, Inc. 
Mitsubishi Electronics America, Inc. 
Monitronix Corp. 

NEC Electronics, Inc . 
NEC Home Electronics (USA), Inc. 
Norden Div. United Technologies 

Corp. 

OK! Electric Industry Co., Ltd. 
Optical Coating Lab. , Inc. 
Optical Radiation Corp. 
Orwin Associates, Inc. 
Ovonic Imaging Systems, Inc. 

Penn-Tran Corp. 
Philips Electronics, Ltd . 
Phosphor Products Co., Ltd. 
Photonics Technology 
Planar Systems, Inc. 
Plessey Naval Systems 
Precision Electronic Glass, l nc. 
PTK/ Rantec Div. Emerson Electric Co. 

Quantum Data Inc. 

Racal Microelectronic Systems 
Rank-Brimar, Ltd. 
Raytheon Co. 
The Report Store 
Ricoh Co., Ltd. 
Rogerson Kratos Corp. 

SAl Technology Co. 
Sanders Associates, Inc. 
Schott America-Glass & Scientific 

Products, Inc. 
Sigmatron Nova, Inc. 
Singer-Librascope 
Sony Corp. 
Stanford Resources, Inc. 
Supertex, Inc. 
Syntronic Instruments, Inc. 

Taliq Corp. 
Tektronix, Inc. 
Test & Measurement Systems, Inc. 
Texas Instruments, Inc. 
Thomas Electronics, Inc. 
Thomson Electron Tubes & Devices 

Corp. 

UCE Liquid Crystal Displays 
United Enclosures, Inc. 

Venus Scientific, Inc . 
Video Monitors, Inc. 
Villa Precision, Inc. 
Visual Information Institute, Inc. 

Westinghouse Electric Corp. 

Zenith Electronics Corp. 
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DEFLECTION AMPLIFIERS 
FOR PRECISE CRT BEAM CONTROL 

Contact: A Pletz 
Applications Engineer 

CITRONIX INC. 
Post Office Box 288 
Orangevale, Ca. 95662 
(916) 961-1398, TWX 9103506540 
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CITRONIX CD-100 SERIES 
DEFLECTION AMPLIFIERS 
Our X-Y deflection ampl ifiers can 
deliver up to + I- 20 amps with a 
+I- 60 volt power supply (that's 
1200 watts per axis). These amplifiers 
are also available with our PS-200 
series of regulated or unregulated 
power supplies. 

• Over 80 D.B. power supply ripple 
rejection. 

• 2MHZ closed loop bandwidth 
(with < 251-Lh yoke inductance). 

• Optional Voltage on Demand 
(up to 150 volts) for fast retrace time 
(less than 5J.LS). 

• Optional Resonance Fly Back 
Switch for fast retrace time 
(less than 21-Ls with 251-Lh yoke 
and 20 amps PP). 
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Compiled by HowARD L. FuNK 
IBM CoRP. 

U.S. Pat. No. 4,688,899; Issued 8125187 
Dual-Frequency Dielectric
Anisotropy Liquid-Crystal Display 
Inventors: KENZO ENDO, KOH 

FUJIMURA 
Assigned to: CASIO COMPUTER CO., 

LTD. 

A liquid-crystal apparatus having fir st and se
cond liquid-crystal substrates opposing each 
other is described. Segment electrodes are 
formed on the inner surface of the first 
substrate. Common electrodes are formed on 
the inner surface of the second substrate. Seal 
members seal a liquid-crystal composition in a 
predetermined region between the segment and 
common electrodes. Light shutters are formed 
by these electrodes-and the liquid-crystal com
position is sealed in between. In order to 
reduce the influence of a hysteresis effect in the 
liquid-crystal composition when a high
frequency electric field is applied, the liquid
crystal composition has a dielectric scattering 
phenomenon in which its dielectric anisotropy 
in response to a low-frequency electric field is 
larger than the absolute value of its dielectric 
anisotropy in response to a high-frequency elec
tric field. 

U.S. Pat. No. 4,694,348; Issued 9115/87 
Method of Driving Liquid-Crystal 
Display Panel of TV Receiver 
In ventors: KIYOSHI KAMIYA, AT-

SUSHI SHIRA ISHI, FUMINORI 
SUZUKI 

Assigned to: CITIZEN WATCH CO., 
LTD. 

A method of driving an LCD panel of a TV 
receiver is described whereby of each set of six 
scanning lines consisting of three successive 
lines of one field and three corresponding lines 
of the succeeding field, three lines are displayed 
by display elements driven by one scanning 
electrode and the remaining three lines by 
display elements driven by an immediately ad
jacent scanning electrode. One of the three 
lines to be displayed by the action of each elec
trode may be omitted. An increase in display 
resolution of approximately 4/3 is attained, by 
comparison with a simple prior art drive 
method. 

Used with permission of IF!/ Plenum Data Co. 
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U.S. Pat. No. 4,694,356; Issued 9/15187 
Modification of Color Component 
Video Signals to Compensate for 
Decreasing White Sensitivity of 
Photographic Element 
Inventor: DOUGLAS W. CONSTA BLE 
Assigned to: EASTMAN KODAK CO. 

A color video printer for producing a color 
photographic copy from a color video signal is 
described. A self-processing color photographic 
element is exposed to a sequence of six color 
field images constituting a full frame of a 
color video image. The printer includes a 
monochrome CRT and a rotatable color filter 
having red (R), green (G) and blue (B) filters 
which are sequentially moved into an optical 
path between the CRT and the photographic 
element positioned at an exposure station. A 
video signal circuit provides a color video 
signal including concurrent R, G, and B com
ponent signals which are modified with addi
tional gain in the near-white region to compen
sate for the drop-off in white sensitivity of the 

photographic element in this region. A gate is 
selectively actuated to apply one of the white
compensated color component signals to the 
CRT to effect exposure of the photographic 
element. Adjustable controls a re provided to 
adjust the relative amount of R, G , and B 
signal contributing to the photographic 
exposure. 

U.S. Pat. No. 4,694,347; Issued 9115187 
Television Receiver Having a Liquid
Crystal Display Device 
Inventor: KA TSU ITO 
Assigned to: CITIZEN WATCH CO., 

LTD. 

A television receiver is described having a 
receiving circuit for producing audio and video 
signals, an LCD panel, and a driving circuit 
responsive to the video signals for driving the 
LCD panel. The receiving and driving circuits 
include elements provided on a SOS substrate. • 

Circle no. 16 



1 

Pushing the leading edge of display technologies, the Supertex family of HVCMOS* drivers 
permit major breakthroughs In electroluminescent, gas plasma, LCD & vacuum fluorescent 
displays. This advanced smart power technology also opens up a wide range of applications In 
medical ultrasound Imaging, robotics, telecommunications, test systems, high performance 
printers, power supplies, motor controls and solid-state relays. 

The Supertex high density HVCMOS drivers, listed below, feature high speed w ith low 
power consumption to produce bright, high-resolution images. Investigate HVCMOS . . . a most 
attractive alternative to cumbersome boards or hybrids. 

For more Information or custom designs, write or call : Supertex, Inc., 1225 Bordeaux Drive, 
Sunnyvale, CA 94088; Tel. {408) 744- 0100; Telex 6839143 SUPTX and FAX f408) 734- 5247. 

HV03 & 05 220 & 300V 
HV04 & 06 60 & 80V 
HV08 .. 60V 
HV10 - 18 140 & 160V 
HV30 180V 
HV41 & 42, HV45 & 46 -220 & -300V 
HV51 & 52, HV55 & 56 220 & 300V 
HV53 & 54, HV57 & 58 60 & 80V 
HV500 & 501 100V 
HV6810 .. 80V 
AN01, AP01, HT01 160 to 400V 
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64 Channel, Serial to Parallel Converters with N-Channel Open Drain Outputs 
64 Channel. Serial to Parallel Converters with Push-Pull Outputs 
24 Channel, 16 Gray Shade Level Driver with Source Follower Outputs 
4 & 8 Channel Bilateral Analog Switches 
7 Segment Decoder with Open Drain Outputs 
32 Channel, Serial to Parallel Converters with P-Channel Open Drain Outputs 
32 Channel, Serial to Parallel Converters with N-Channel Open Drain Outputs 
32 Channel, Serial to Parallel Converters with Push-Pull Outputs 
32 Channel, AC Plasma Driver with Push-Pull Outputs 
10 Channel, Vacuum-Fluorescent Driver with Push-Pull Outputs 
3 Chip Set for 8 Channel Level Translation with Low Leakage Push-Pull Outputs 

*HVCMOS is a registered trademark of Supertex, Inc. 
••Available 2nd Quarter, 1988 



Deflection Components 
to maximize the 
peiformance of 
your display! 
As your displays become 
increasingly complex, 
Syntronic yokes del iver the 
sophistication you need. 
Whether your challenge is 
a min iature display, military 
cockpit display, or a high 
resolution display, Syntronic 
Instruments will help you 
attain optimum display 
performance. 

Syntronic is the largest 
custom designer and manu
facturer of CRT deflection 
components in the industry. 
These sophisticated 
components include 
deflection yokes, focus coils, 
beam alignment and beam 
shaping coils, micrometer
controlled alignment devices 
and related CRT mounting 
devices. Syntronic deflection 
components offer the 
sophistication you need. 

When you need ultimate 
performance from your 
display, sophisticated 
deflection components from 
Syntronic Instruments are 

the answer! 

1yntronic 
Syntronic Instruments, Inc. 
100 Industrial Road 
Addison, IL 60101 
Phone (312) 543-6444 
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