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SMPTE RP-133 

Color Temperature 

Text with Cir cle 

The OPIX" Imager: 
• 200 MHz analog 
• 256 colors or gray scales 
• Standard or user-defined patterns 
• Battery backed-up memory 

Color Bars 

Cross Talk 256 Level Gamma Pattern 

RGB Delay Timing 

The OPIX'" Imager carries 56 built-in Instant-Expert'" test patterns 
that allow anyone to perform sophisticated diagnostic and correlation 
tests from day one. It's the only signal generator on the market that 
offers this capability. And you can design your own tests. Or build off 
the Instant-Expert patterns by copying a test pattern on disk and modi
fying it. 
The possibilities are endless. The results as exacting as your video 
parameters require. Oo "what if" experiments. Precision test your 
monitor specifications when hardware logic is still weeks away. Store 
and recall design specifications that hav9 been out of production for 
years. You can do it all with the OPIX Imager. Why settle for less? Get 
the OPIX Imager and bring your video testing to a point of performance 
you can trust. 

For technical data, or a hands-on demonstration contact: QUANTUM 
DATA, 2111 Big Timber Road, Elgin, IL 60123. Phone: (312] 888-0450 
FAX: (312] 888-2802 Telex 206725 
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Panasonic 
Delivers ... 

The DC Advantage. 
Panasonic® DC 
Plasma Displays 
For small-footprint designs where 
uniform image and construction qual
ity are important, consider the ad
vantages of Panasonic DC plasma 
panel technology. 

The fixed matrix DC design pro
duces crisp, clear images with uni
form brightness and edge-to-edge 
consistency. Our panels deliver high 
resolution on a super-thin profile, flat 
screen. And the ergonomic design 
eases strain on the eyes. 

Design flexibility 
Your design options expand imme
diately with Panasonic DC plasma 

panels. Simple DC construction of
fers reliable performance, so you 
can confidently specify our panels 
for the most sensitive medical or en
gineering systems. 

In fact, you can design them into 
virtually any system where compact, 
light-weight and durable construc
tion is vital. 

Many DC formats 
Right now you can choose from a 
growing family of full- and half-page 
configurations. 

Our popular 400 x 640 models of
fer viewing aspect ratios of 5:8 and 
3:4. Both are available with either 
two-level or four-level gray scale ca
pability. Our half-page 200 x 640 has 
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two-level gray scale with a 3:8 view
ing aspect ratio. And the new 12" 
diagonal 350 x ·no features a 3:4 
ratio and two- orfour-level gray scale. 

DC plasma technology is avail
able now and Panasonic is ready to 
deliver OEM quantities. For more in
formation, contact: Panasonic In
dustrial Company, Custom Com
ponents Division, Two Panasonic 
Way, Secaucus, NJ 07094. 
(201) 392-4710. 

Panasonic 
Industrial Company 



aiiCRTs 
are created equal. 

Equality is an appealing concept. 
But not in CRTs. 
Because in certain demanding 

applications, most notably in photo
recording, an ordinary CRT often 
will not be able to meet the required 
specifications. 

That's when you'll want the 
enhanced performance of a Litton 
tube. And the freedom it gives you 
from typical CRT problems. 

Freedom from blemishes. 
In medical imagery, a blemish or 
false shadow can be a life or death 
matter. To produce the most blemish
free screens available, we do all 
fabrication in a total clean room 
environment using exclusive phos
phor deposition techniques. 

Freedom from uneven color 
distribution. In color recording and 
film scanning, evenness of color is 
crucial. Litton is the only CRT man
ufacturer to develop a homogeneous, 
broad-band phosphor mix. This 
creates an absolutely even, full-color 
image without color hot spots. 

Freedom from poor resolution. In typesetting, equipment has been built that can project 
an entire magazine page from a 7-inch tube onto a magazine-sized piece of film with razor sharp 
resolution. That's because our monochrome screens are finer grained than the typical CRT. .. 

and because we offer the smallest spot size available. 
We offer fiber optic face plate CRTs with high optical 

coupling efficiency. 
And a real tour de force-a multi-beam gun technol

ogy capable of extremely high data recording rates and 
display density. 

Our full line of recording CRTs ranges from a palm
sized l-inch tube to a full14 inches and more. We can 

also design a CRT to your particular application. 
All this together makes a powerful statement. 
And it explains why so many builders of high-performance systems carry the torch for 

Litton CRTs. 
If you have an application where resolution, 

cleanliness, throughput and uniformity of color are Ll.tiDn 
critical, contact Litton Electron Devices, 1215 
south 52nd st., Tempe, AZ 85281. (602) 968-4471. Elect~on Devl·ces 
TWX: 910-950-0149. I I 
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Cover: Rolls of 
thermal-transfer ribbon 
combine the three basic 

printing colors of 
cyan, yellow, and magenta. 

(page 23) 
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Ever wish your 
CRT screen was just 

C ~~-~E~~Eii;:;~:: gi~ little larger? ~~~;;!;~~=~~i~~~d . 
you all the advantages of the popular You gain the flexibility of using 
14-inch CRT and more! It gives you 18 % Clinton's new 15-inch CRT for low-cost 
more useful screen area! data display, and a standard 15-inch 

The new 15-inch CRT utilizes the same 
mechanical mounting and faceplate 
dimensions as a standard 15-inch CRT. 

0 18% More Live Screen Area 

CRT for high-resolution graphics ... 
without retooling the terminal housing 
or front bezel. 

Clinton's new 15-inch CRT uses 20 mm 
deflection components, so it uses less 
power and costs less than a standard 
15-inch CRT. And it can be driven by 
the same electronics in your 14-inch 
display. The new 15-inch CRT is 
available in your choice of regular or 
fl at profile faceplates. 

Tl 
~ I ~ 

'\! " '\ 

'n 

A /, 
./ .....-1 

Flat Profile Standard Profile 

Clinton Electronics is a pioneer in the 
development of high-resolution, 
RFIIEMI emission control and anti
glare systems for optimum display 
performance. 

When you need the 
competitive edge for 
your display, Clinton 
offers the solution. 

CLINTON 
ELECTRONICS 
CORPORATION 

6701 Clinton Road, Rockford , IL 61111 
Phone: (815) 633-1444, 
Telex: 6871504 CECRK, 

Telefax: (815) 633-8712 
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Springtime, especially for those of us who live with extremes in climate, 
often seems like the real start of the new year. It induces us to think of 
where we've been and where we should be going in this fresh new world 
we're enjoying. 

Perhaps this is as it should be, that spring should be a time for 
reflection as well as rebirth and renewal. We've certainly done our share 
in this spring's issues of Information Display, including our interviews 
with 25 leaders in the display industry, the final installment of w~ich 
appears here. But enough of reflections; it's time we stepped back from 
the looking glass and into the future.,;. 

If there is one common theme throughout the 25 interviews, it has to 
be that the CRT is the dominant technology in its field, the one to beat. 
In our first article AI Wittenberg sets yet another challenge for the 
competition, in describing recent work in single-crystal CRTs, whicb 
offer distinct advantages over those using amorphous powder phosphors. 

In our second article Larry Hodges and David McAllister give an 
overview of current three-dimensional displays. Although they outline 
3D's history from the parlor stereoscopes found in antique stores 
everywhere to predictions on tomorrow's technology, they focus on 
devices based on the ubiquitous CRT. 

Our third article skirts the CRT issue nicely, for it describes yet 
another facet of information display: thermal-transfer printing. Jack 
O'Leary cannot say much about its history, because it's been on the 
market for only 12 years. Instead, he concentrates on the widely diverse 
applications this technology has had and speculates on its future, 
especially in the realm of color displays and copiers. 

Because this month's magazine is larger than usual, Howard Funk's 
column on "Recent Patents" will appear in the June issue. Also in that 
issue will be an announcement on the classified-ads section we plan to 
inaugurate shortly. Shortly, too, we promise to stop ending the editorial 
with a plea for your comments, just as public television stations promise 
that their pledge drives won't last forever. Compliments on past articles 
are much appreciated, of course, and please do keep sending them in, 
but we'd also like to get more cards about stories you'd like to see 
published. And unlike public television, your contributions won' t cost 
you a cent-we pay the postage on the reader service cards. 
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BEAM INDEX MULTI COLOR CRT 

THE BEAM INDEX CRT IS MORE THAN AN ALTERNATIVE TO 
THE SHADOW MASK COLOR TUBE. IT HAS .. . 

• HIGH BRIGHTNESS 
• HIGH RESOLUTION 
• HIGH RUGGEDIZATION 
• ONE GUN 
• NO INTERNAL MASK 
• MORE FLEXIBILI1Y IN NEW DESIGN CONFIGURATIONS 

AT LOWER COST 

DESIGNED AND MANUFACTURED IN THE USA 

THOMAS ELECTRONICS 
100 Riverview Drive, Wayne, NJ 07470 I 201-696-5200 I TELEX: 310-685-3326 I FACSIMILE: 201-696-8298 
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In a few short weeks- and by the time this col
umn appears in print-it will be time again to 
pack our suitcases to attend the SID '87 Sym
posium in New Orleans. Already, based on the 
number of papers submitted and incorporated 
into the technical program and the breadth of 
the seminar and exhibits, it will predictably be a 
great success. 

"Success" in this instance could be measured 
simply by the number of papers presented or 
number of attendees, but I believe the impor
tance of the SID symposia goes far beyond such 

numbers. In fact, a recurrent opinion expressed in the " interviews with 
display experts" appearing in this and the previous issue of Information 
Display, is that the International Symposia are at the core of SID's 
strength and uniqueness. 

I personally found it interesting to try to imagine the state of the 
display technology in 1962 when Harold R. Luxenberg and his colleagues 
first laid plans for a new society "to encourage the scientific, literary, 
and educational advancement of information display .. . to provide 
forums ... periodic publications and regular conferences for the ex
change and dissemination of ideas ... ''. Color television was beginning 
to take off, but the color CRT was a long way from establishing its 
dominance in the many applications that have developed since then . The 
urgent need for real-time interactive computer graphics did not yet exist. 
Very few optimists believed that flat-panel technologies-mostly elec
troluminescence in those days- would ever challenge the CRT. Liquid
crystal displays, as we know them today, and digital watches, portable 
calculators, and other analog or digital flat display technologies and ap
plications had not yet been invented. In retrospect, it is almost surprising 
that the need for a display society was sensed by our founders in 1962. 

I believe it is safe to say, however, that SID has played a major role 
since then in accelerating the development of new display technologies 
and applications by establishing an annual forum for the dissemination 
of new ideas and results. The annual symposia and IDRC's (Interna
tional Display Research Conferences) provide a unique opportunity for 
the attendees to hear what is happening elsewhere in the world and to 
react to that news. Consequently, history is shaped by these conferences, 
not merely retold. 

Quite probably, as we look back on this year's symposium 25 years 
from now, we' ll see more clearly how the SID '87 Symposium in New 
Orleans will have affected the display industry in the coming years. I 
sincerely hope you will enjoy this conference, both for the opportunities 
to learn and to exchange ideas with friends and colleagues, and that you 
will find it useful in shaping the future. I look forward to seeing you 
there. 

Sincerely, 
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rfor 
designs 

lntrex thin film coating technology has 
been solving design problems for over 15 

years. Our standard polyester based product 
line has been used successfully in many highly 

sophisticated electronic apptications ... for 
transparent and flexible displays, LCDs, heaters, 

touch panels, EMI shields, and as a groundplane in 
electrophotography applications. 

Our ability to apply uniform and consistent vacuum 
deposited coatings to other substrates, such as Teflon and 
Kapton, opens up many new design opportunities utilizing 

conductive film. A few examples: our new KTC line of thermal 
radiation blanket films used on spacecraft and satellites; our copper 

and nickel coated polyimide based materials used in the production of 
specialty flex c ircuits and sensors. 

The experienced lntrex engineering staff is ready to assist in the design of 
your electro-conductive fi lm applications. Just write or call. 

~ Sierracin/lntrex Film t:::::;j 12780 San Fernando Rd., Sylmar, CA 91342 · (818) 364-1511 
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~DitiAMruacrGraob.icArt 
Displays. now, measuring CRT's three color beams 
under dynamic conditions was an impossibility. EG&G Gamma Scientific has 
made this demanding measurement a reality. The Cll-CNV Spatial 
Radiometer system measures the three electron beam landings independ
ently, yet simultaneously. Errors introduced by measuring each beam with 
the remaining two turned off are completely eliminated. The result? 
Measurements that reflect actual operating conditions. And a true measure of 
convergence reality. 

Entire Display Characterization- With No Moving Parts. Another EG&G 
exclusive. Without moving the measurement system or the display under 
test, the GS-1000 measures luminance, spot size, color and deflection over an 
entire display. And because it relies solely on display beam motion, under the 
control of your computer, the system can be used by an operator with. 
minimum training. 

Budget Sensitive? EG&G's complete line of spatial systems starts off with our 
low priced DR-2550M Scanning Microphotometer. With its internal micro
processor, the DR-2550M delivers uncompromised measurement accuracy. 

Regardless of the application or budget, EG&G continues to set the industry 
standards. For solutions to your light measurement needs, contact your 
EG&G representative today. 

n EC3s.C3 GAMMA SCIENTIFIC 
~~Intelligent Solutions for Today's Light Measurement Needs 

Light, 
Intelligently 
Measured 

3777 Ruffin Road • San Diego, California 92123 • (619) 279-8034 • Telex: 69-7938 • Fax: (619) 576-9286 • Cable: GAMSI SDG 
ENGlAND: Metax Limited • Tel: (44) 892-46533 
FRANCE: RMP•Tel: (01) 47.00.28.00 
GERMANY: PolytecGMBH •Tel: (49) 07243-6040 
ITALY: DB Electronic Instruments S.R.L. • Tel : (02) 646934 1 

JAPAN: Midoriya Electric Company Lld. • Tel: (03) 561-8851 
NETHERLANDS: Koning en Hanman Eleklrotechniek B. V. • Tel: 0 I 5-609906 
SWEDEN: C. R. Hintze Trade AB •Tel: 08-767 9040 
SWITZERLAND: GMP S. A. •Tel: 02 1-33 33 28 
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Our smallest performer 
gives a brilliant display. 

Among special purpose cathode ray tubes, the Hughes 
Model H-1401 one-half inch tube for helmet-mounted 
displays outclasses and outsells any similar tube in the 
industry Its high brightness and fine resolution charac
terize our entire line. Hughes is the leader in the design 
and production of special 
purpose CATs-a leadership 
position maintained by on
going research and develop
ment that sets industry 
standards for innovation and refinement in CRT 
technology 

Hughes special-purpose CATs range in size from one
half inch diameter to thirteen inch diagonals. They serve 
avionics, ground vehicles, manportable displays, helmet
mounted displays and high-performance commercial 
applications such as photo-typesetting and medical 
research. 

Hughes has one of the world's finest engineering and 
technical facilities devoted to CRT production. High man
ufacturing and testing standards result in the production of 
tubes of consistent performance, outstanding brightness 
and resolution factors, low power consumption and high 

reliability 
For total CRT capability off 

the shelf or custom -look to 
Hughes. You are invited to 
examine our facilities and 

discuss your exact requirements. Call (619) 931-3587 or 
write: Hughes Aircraft Company, 6155 El Camino 
Real Carlsbad, CA 92009 

See us at SID 87 
Booth 73 
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Ellinor Peripherals 
distribut~s in U. S. 

Personal Touch Corp. of San Jose, CA, 
has announced an exclusive European 
distribution agreement with Ellinor 
Peripherals, Ltd., of Reading, England. 
The two-year agreement is expected to 
result in wholesale touch-screen monitor 
sales of at least $4 million. Ellinor's sister 
company in the Sintrom Group, Perex, 
Ltd., will assemble the Personal Touch 
membrane screens and interface elec
tronics into the European line of 10-, 14-, 
and 20-inch Sony monitors for E!Hnor's 
distribution to V ARs, OEMs, and system 
integrators. 

Ellinor is located at 4 Arkwright Rd. , 
Reading, RG2 OLU, England. (0734) 
863417. The Personal Touch Corp. is 
located at 4320-290 Stevens Creek Blvd., 
San Jose, CA 95129. 408/246-8822. 

MicroTouch and Detector reach 
an agreement 

MicroTouch Systems, Woburn, MA, has 
reached an agreement with Detector Elec
tronics Corporation, subsidiary Intech 
Systems, Minneapolis, MN, to supply 
touch-screen systems, service, and support 
to the lntech customer base. According to 
Detector Electronics chairman Ted 
Larsen, "We are pleased to be able to of
fer our touch screen customers the con
tinuity of service and support which will 
be delivered by MicroTouch." 

Peer Protocols 
announces formation 

Peer Protocols, Inc., has formed in Costa 
Mesa, CA, to provide small computer 
system interface (SCSI) support tools, 
products, and consulting to the SCSI 
community. Peer is a closely held cor
poration and will announce its first pro
duct in May at the SCSI Forum in Santa 
Clara, CA. Funding has been provided by 
private investors. Venture capital will be 

sought for production and marketing later 
this year. For further information, con
tact Herbert W. Silverman, 3176 Pullman, 
Suite 10 I , Costa Mesa, CA 92626. 
714/ 662-1929. 

Colorado Video 
relocates headquarters 

Colorado Video, Inc., manufacturer of 
scientific video instruments, teleradiology 
equipment, and freeze-frame video com
munications systems, has moved to new 
facilities at 5490 Spine Road within 
Boulder, CO. The new building will allow 
for the expansion of research and manu
facturing faci lities. Colorado Video's 
mailing address will remain the same: 
P. 0. Box 928, Boulder, CO 80306. Their 
new telephone number is 303/530-9580, 
and their new facsimilie machine 
telephone number is 303/530-9569. 

Olive Electronics 
changes site and name 

Chelsea Industries' Olive Electronics, 
Inc., has moved its electronic components 
distribution operation to a new facility in 
Maryland Heights, MO, and will now 
operate as Chelsea Industries Electrical 
Distribution Group. Chelsea is a broad 
line distributor of industrial electronic 
components which are sold primarily to 
industrial organizations, OEMs, and 
dealers. The new facility will be located at 
2555 Metro Blvd., Maryland Heights, MO 
63043. The new telephone number is 
314/997-7709. 

Genisco Systems and Westward 
Technology to share technology 

Genisco Peripheral Systems, Cypress, CA 
and Westward Technology Ltd., 
Tewkesbury, England, have signed a 
memo of understanding exchanging 
technology efforts granting mutual 
distribution rights for a variety of trend-

setting computer graphics products. " We 
expect this agreement to greatly impact 
the industry because Genisco's superior 
software expertise will complement 
Westward's outstanding experience in 
custom hardware and VLSI circuit 
design, " said Michael Boice, Genisco 
marketing and sales vice president. The 
agreement will include mutual 
maintenance service and customer sup
port, exclusive distribution rights and 
sales force training. 

People 

CompuServe, Inc., Columbus, OH, an
nounces the following executive changes 
at its corporate headquarters and at its 
new software services business unit. Three 
new executive vice president posts have 
been created and filled by Maurice A. 
Cox, information services; Robert J . 
Massey, business services; and G. Clark 
Woodford, network services. Joseph R. 
Beauchamp is now vice president, 
systems, in charge of operations, 
languages, utilities, and network software. 
Barry R. Berkov is now senior vice presi
dent, product marketing and support, for 
the Information Services Division. Tom 
Carr is now controller and assistant 
secretary. Bruce MacNaughton is now 
director, computer operations and 
monitor software. Charles W. Terry is 
now software services business unit vice 
president in Cambridge, MA. Gergory T. 
Tillar is now national commercial sales 
vice president. Alexander B. Trevor has 
been appointed head of CompuServe's 
Support Services Division. 

Interstate Electronics Corp., Anaheim, 
CA, has appointed Robert Conrad direc
tor of business development for Army 
programs. 

Lenco, Inc., Jackson, MO, has ap
pointed Paul D. Gerlach vice president 
and general manager, Electronics 
Division. 

James J. McFalls and Eugene J. 
Ridings have been appointed Sylvania 
sales vice presidents at N.A.P. Consumer 
Electronics Corp., Knoxville, TN. • 
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Deflection Components 
to maximize the 
performance of 
your display! 
As your displays become 
increasingly complex, 
Syntronic yokes deliver the 
sophistication you need. 
Whether your challenge is 
a miniature 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 al ignment 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! 

Syntronic Instruments, Inc. 
100 Industrial Road 
Addison, IL 601 01 
Phone (312) 543-6444 
Circle no. 9 



S.1pertex inc. 
Leadership In CMOSIOMOS Technologies 

Pushing the leading edge of display technology, the Supertex family of HVCMOS * 
drivers & multiplexers permit major breakthroughs In computer graphics, 
electroluminescent, gas plasma, LCD & vacuum fluorescent displays. This advanced 
technology also opens up a wide range of applications In ultrasound Imaging, robotics, 
telecommunications, test systems and high performance printers. 

High density HVCMOS drivers combine high speed with low power consumption to 
produce bright, high-resolution Images. Investigate HVCMOS .. . a most attractive 
alternative to cumbersome boards or hybrids. 

For complete specifications, application data or custom Information, write or call: 
Supertex, Inc., 1225 Bordeaux Drive, Sunnyvale, CA 94088 f408J 744-0100. Telex 6839143 SUPTX 

PRODUCT VOLTAGE 

ANOI 160 to 400V 
A POl 160 to 400V 
HVOI 60V 

HV02 2SOV 
HV03 & OS 200 & 300V 
HV04 & 06 40, 60, & 80V 
HVI0-18 140& 160V 
HV30 180V 
HVSI & 52 225 & 300V 
HVS3 & 54 40, 60, & 80V 

( 

DESCRIPTION 

8 N-Channel Low leakage Common Source Driver 

8 P-Channel Low leakage Common Source Driver 

16 Channel, 16 level Gray Shade Push-Pull Output Driver 

16 Channel, High Current Open-Drain Output Driver 

64 Channel Serial to Parallel Converter with Open-Drain Outputs 

64 Channel Serial to Parallel Converter with Push-Pull Outputs 

4 or 8 Channel Bilateral Analog Switch 

7 Segment Decoder with Open-Drain Outputs 

32 Channel Serial to Parallel Converter with High Voltage Open-Drain Outputs 

32 Channel Serial to Para llel Converter with High Voltage Push-Pull Outputs 

Circle no. 10 
*HVCMOS Is a registered trademark of Supertex, Inc. 
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Single-crystal garnet phosphors 

BY ALBERT M. WITTENBERG 

E VEN with the fierce competition 
from the newer display systems such as 
plasma, liquid crystal, and electrolumines
cent, the cathode ray tube (CRT) is still 
the dominant display source for video and 
multiline alphanumeric displays. The CRT 
has the advantage of presenting megabits 
of data at high writing speeds with good 
resolution, intensity, and contrast. 

But there is no such thing as an ideal 
system, and crucial components do fail 
over time. Often, the CRT is limited in 
performance by the cathodoluminescent 
phosphor screen. This screen generally 
consists of a loosely formed conglomera
tion of crystalline powder settled onto the 
CRT faceplate from a liquid suspension. 
It is mechanically fragile and a poor ther
mal conductor. In addition, because of 
the incomplete mechanical contact to the 
tube faceplate, heat transfer to the outside 
world is low. Thus the powder phosphor 
screen is prone to thermal damage by 
heating from the electron beam. Although 
a function of material , thickness of the 
layer, and other physical factors, a 
general limit of 1 W /cm2 of continuous 
beam power is considered the maximum 
allowable power density a powder 
phosphor can withstand before it becomes 
damaged. At 3-4 times this power level, 
the phosphor is usually destroyed 
completely. 

Albert M. Wittenberg is a member of the 
technical staff in the Advanced 
Technology Development Laboratory at 
AT&T Bell Laboratories, Murray Hill, 
New Jersey, where he has responsibility 
for the development of CRT devices for 
commercial and military applications. 
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Under normal operation a phosphor 
tends to produce less light as a function 
of the total amount of charge that strikes 
the screen. For many CRTs operating at 
their normal rated values, screen efficien
cy will drop as much as 500Jo within 
1000- 2000 hours of operation. This reduc
tion in screen intensity (often termed 
coulombic degradation) is accentuated 
when the electron beam traces a repetitive 
figure on the same area of the screen, 
eventually producing annoying voids in 
subsequent presentations. This is par
ticularly noticeable in stroke-written 
operation, where a visible effect often ap
pears after only 100-200 hours. 

Besides the permanent damage that oc
curs from both normal usage and overex
citation, temporary loss in efficiency can 
occur with lesser power input. As the 
power level is increased on the phosphor 
and its temperature rises, the output in
tensity saturates and eventually begins to 
drop, until a point is reached at which the 
material may no longer emit any light, 
becoming completely quenched. This ef
fect reverses itself when the beam is 
turned off and the phosphor is allowed to 
cool. 

The porous nature of the powder 
phosphor also contributes to a limitation 
in both resolution and contrast. Before 
the light produced in a phosphor crystal 
by the electron beam passes through the 
faceplate, it scatters within the individual 
illuminated particles and eventually also 
within particles outside of the beam area. 
Thus the emitted-light region can be ap
preciably larger than the exciting electron 
beam. Even under the best circumstances, 
this effect increases the beam diameter by 

at least 20 J.Lm, limiting the resolution that 
can be obtained with a powder phosphor 
screen. The scattering of the light by the 
phosphor crystals also tends to increase 
the background emission, thus reducing 
the contrast of the display. 

In quest of a better phosphor 
Obviously, overcoming these phosphor 
limitations is desirable. One approach has 
been to use activated epitaxial films of 
transparent single-crystal garnet 
cathodoluminescent phosphors on 
miniature CRTs. Initial studies on these 
phosphors were performed by workers at 
the Philips Research Laboratories in 
Eindhoven. 1 This effort was subsequently 
taken up by a group at AT&T Bell 
Laboratories. 2 

The first material studied to any extent 
by both organizations was yttrium 
aluminum garnet activated with cerium 
(Ce:YAG). It was observed tha t this 
material overcame all the shortcomings 
described above for the powder 
phosphors. The single-crystal phosphor 
can be excited with a high-power electron 
beam to provide a display of uniform out
put and exceptional brightness with very 
little coulombic degradation. In fact, it 
appears to have a lifetime many orders of 
magnitude greater than that of powders. 
The crystal has an extremely high melting 
point and good thermal conductivity. 
Thus it is able to withstand very high 
beam power levels without noticeable 
deterioration. Also, temperature satura
tion occurs at considerably higher incident 
power than with powder materials. The 
material is capable of resolution equal to 



that of the exciting electron beam, and 
because of its nonscattering nature, it pro
duces a very high contrast image. 

The transparent phosphor, although 
having these unique qualities, has some 
drawbacks. At present, it is not technical
ly feasible to produce Y AG single crystals 
larger than 75 mm in diameter. In addi
tion, the external efficiency of the 
phosphor is significantly less than an 
equivalent powder phosphor, and 
although it can sustain unusually high 
power excitation to produce more light 
output than any powder phosphor, the 
electron beam at these current levels 
becomes broadened. Recent improvements 
in CRT gun design, however, have shown 
that this limitation can, to a large extent, 
be overcome. 

Also, because the light generated by the 
electron beam is produced within the 
crystal, which makes up the entire 
faceplate, a large fraction of this light is 
trapped and not able to pass through the 
front surface to the viewer. In fact, all 
rays that strike the air side of the 
faceplate at a half-cone angle greater than 
33 o are totally internally reflected and 
eventually exit the crystal at its edges or 
dissipate themselves by absorption. Thus 
only 1607o of the light produced in the 
epitaxial phosphor layer is transmitted 
through the front face of the CRT. This 
implies that in order to obtain the same 
light intensity as an equivalent powder 
phosphor, one would have to supply over 
six times the input power to the single 
crystal. 

The single-crystal CRT is, however, 
capable of operating at extremely high 
power. These tubes have been run at con
tinuous average incident beam power 
levels in excess of I x I 06 W 1m2 without 
significant degradation. Under pulsed 
conditions, the tubes have been operated 
at more than 1010 W 1m2 • 

This characteristic of Y AG phosphors 
to withstand large amounts of input 
power to overcome their low external effi
ciency is illustrated in Fig. I , where the 
output light intensity as a function of in
cident beam power is compared for a 
Ce: Y AG single-crystal phosphor and a 
typical TV -screen powder phosphor. At 
low beam power the powder phosphor is 
clearly brighter. But as the power in
creases, the powder output intensity 
reaches its saturation limit and finally 
becomes completely thermally quenched. 
The crystal continues to increase in inten
sity, passing the powder and continuing 
on for a number of decades. 

108 ,--------------, 

-SINGLE- CRYSTAL 
PHOSPHOR ( Ce:YAGJ 

1 10 10 2 103 104 105 106 107 108 109 1ol0 

ELECTRON BEAM POWER DENSITY (WATTS/M 2) 

Fig. 1: Curves of total light intensity as 
a function of input beam power for a 
single-crystal garnet phosphor and a 
powder phosphor. The solid lines repre
sent performance under continuous 
power, while the dotted line is for pulsed 
operation. 

Single-crystal phosphor growth 
The single-crystal phosphor consists of a 
base layer of pure Y AG grown by the 
Czochralski technique. In brief, the pro
cedure is to immerse a seed crystal of 
Y AG into a solution of the same material, 
which is held at a temperature very close 
to its melting point (1975°C). As the seed 
is withdrawn, material crystallizes on it 
and forms into a boule whose dimensions 
are controlled by various process 
parameters. The boule is sliced into 
wafers of from 1.25 to 2.25 mm thick. 
Because the wafer will eventually be the 
faceplate of a CRT, its thickness is chosen 
so that it will not deform appreciably 
under atmospheric pressure. 

The phosphor layer is obtained through 
the liquid-phase epitaxial (LPE) process. 3 

This entails inserting a Y AG wafer into a 
bath consisting of a mixture of oxides of 
lead, boron, yttrium, aluminum, and the 
particular rare earths that are to activate 
the layer. The liquid mixture is first 
heated to about 1250°C and then slowly 
allowed to cool to form a supersaturated 
solution. The Y AG wafer is inserted into 
the bath and held there until the proper 
thickness of doped layer has deposited on 
the substrate. 

The thickness of the LPE film is con
trolled in large part by the requirement 
that the electron beam not completely 
penetrate the layer. For 30-kV electrons in 
YAG, this penetration depth is about 
3.5 J.Lm. Thus to ensure complete absorp
tion of the electron beam, the epitaxial 
film is grown to a thickness of approx
imately 5 J.lm. 

As previously mentioned, 75-mm
diameter Y AG boules are the largest that 
have been made to date . This size limita
tion is dictated primarily by technical dif
ficulties in growing large defect-free 
crystals. Currently, work on rare-earth 
garnet materials for lasers has increased 
the attention being given to the growth of 
large-diameter crystals. This added in
terest leads us to believe that if an ap
preciable demand for larger Y AG wafers 
should arise, the size limitation could 
almost certainly be overcome. 

Phosphor performance 
To achieve an optimal transparent 
phosphor, one searches for a material 
having the following characteristics: 

I. It should have a high thermal con
ductivity to adequately transfer heat from 
the point of incidence of the electron 
beam to adjacent areas. 

2. Its melting point should be suffi
ciently high so that excessive beam 
heating will not cause it to deteriorate. 

3. It should have a low index of refrac
tion so as to minimize light trapping. 

4. It should be manufacturable with a 
minimum of defects, and these should be 
negligibly small . 

5. It should be available in a large 
enough size to allow for an adequate 
display area. 

6. It should be readily adaptable to ac
cept a variety of activator ions. 

Epitaxially grown monocrystalline YAG 
meets most of these requirements. It has 
good thermal conductivity, roughly one
third that of steel, its melting point is 
about 2000°C, and it can be grown 
almost defect free. Its index of refraction, 
1.84, is higher than one would like, but 
this is not a fatal problem. 

The LPE growth of rare-earth garnets 
provides a means of adding activators in a 
uniform and reproducible fashion . The 
process is well understood and adaptable 
to a number of different ionic species. In 
the case of Y AG these are rare-earth ions 
and are the same as those used as ac
tivators in powder phosphors. Almost all 
the lanthanum series of rare-earth 
elements have been studied in single
crystal YAG, with varying degrees of 
success. 

Cerium, added to YAG as Ce3 +, 

substitutes for a fraction of the yttrium in 
Ce.Y3 _,Al50 12, where x has been varied 
from about 0.005 to 0.020. Higher con
centrations exhibit greater lumine~cence. 
But as the concentration of cerium oxide 
in the liquid phase is increased, an 
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Fig. 2: Spectral curve of Ce: Y A G single
crystal phosphor under electron-beam 
excitation. 
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Fig. 3: Spectral curve of Ce:Tb:YAG 
single-crystal phosphor and electron
beam excitation. 

unidentified cerium compound precip
itates and produces serious defects in the 
crystal, impairing it as a CRT material. 

Ce:YAG luminesces with a broadband 
spectrum ranging from about 460 to 700 
nm, with peak intensity near 550 nm [Fig. 
2], which is close to that of the human 
eye. The color is rated as yellow-green, 
quite satisfactory for CRT displays. It is a 
fast phosphor, having a persistence of on
ly 70 nsec. 

Ce: Y AG exhibits an overall internal ef
ficiency, i.e., the direct conversion of 
beam power to visible light within the 
crystal, of about 6.50Jo. Internal light 
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AT&T Bell Laboratories 
Fig. 4: A 3-in.-diameter single-crystal CRT imaged onto an AT&T Targa16 image cap-
ture board and then transferred, along with the scale, onto a 1-in.-diameter single-crystal 
CRT. The picture on the l-in. tube is a standard 525-line TV raster display; resolution is 
approximately 1500 lines/in. 

ELECTRON GUN 

GLASS ENVELOPE J 

Sl NGLE- CRYSTAL FACEPLATE 
(1 - INCH DIAMETER) 

l DEFLECTION COIL 

Fig. 5: Schematic of a virtual image viewing system that uses a 1-in.-diameter single
crystal CRT as the display source. 

trapping reduces the overall external effi
ciency (the measure of the light that 
leaves the front surface of the crystal) to 
about 1%. 

A fairly large number of rare-earth
activated garnet phosphors have been 
studied, some of which are listed in Table 
I . The intensity of each phosphor, relative 
to a standard maintained in our 
laboratory, is presented for two electron
beam power-density levels, one well below 
saturation and the other near or into 
saturation. This allows for evaluation of 
the material over its generally useful in
tensity range. The values for phosphor ef-

ficiency presented in the table are deter
mined at the lower input power level, so 
that the data are not influenced by the ef
fects of saturation. 

Terbium-activated YAG (Tb:YAG), 
which exhibits a sharp-line spectrum, is 
more efficient than Ce:YAG, but it is also 
appreciably slower, having a decay time 
of 3 msec. Terbium, in the mixed ac
tivator phosphor Ce:Tb:YAG, acts as a 
sensitizer ion to transfer electronic energy 
from terbium to cerium, increasing the 
Ce: Y AG light output by 70%.4 The spec
trum of this material, shown in Fig. 3, is 
a composite of the broad-band Ce: Y AG 



spectrum and the sharp-line spectrum of 
Tb:YAG. The overall colo r is described as 
a saturated green. 

Adding gallium as a partial substitution 
for aluminum in Y AG is another way of 
enhancing the radiation emitted by the 
crystal. This is evident from the table for 
both Tb:YAGG and Ce:Tb:YAGG, where 
the second G represents gallium in each of 
the compounds. Ce:Tb:YAGG is the 
most-efficient single-crystal garnet 
phosphor we have studied to date. 

It has also been possible to develop 
phosphors having colors other than green 
from Y AG-based crystals by the LPE pro
cess. Europium added to Y AG results in 
an orange-red emission, whereas thulium 
substitution produces a blue emission. 
These are both relatively low-efficiency 
materials, but they have been found to be 
useful in those applications where resolu
tion and color, not intensity, are a 
primary concern. A very useful white 
phosphor has recently been developed and 
is finding considerable application in 
areas where black-and-white video imag
ing is required. This phosphor [see Table 
I ] is designated as Pr:Tb:YAG, where 
praseodymium and terbium are partially 
substituted fo r yttrium in the garnet 
structure. 

Single-crystal CRTs 
We have had over 100 CRTs fabricated 
with single-crystal phosphor faceplates. 
The diameter of the faceplates has ranged 
from 25 to 75 mm. These CRTs have 
been used for laboratory tests or have 
been incorporated into operating elec
tronic systems. The devices produced with 
these crystals are well suited for direct
view applications in which the tube is the 
source in a virtual image optical system; 
i.e., the tube faceplate, which for the case 
described here is a single crystal, is viewed 
through a magnifying lens. An example of 
such a system is shown in Fig. 4 and in 
the sketch in Fig. 5. 

Although the dimensions vary, the 
tubes all have the same general structure. 
The tube envelope is formed from SBW 
glass manufactured by Glaswerke Wer
theim oHG (Schott Group). It has a coef
ficient of thermal expansion closely 
matching that of the Y AG crystal. (The 
coefficient of expansion of Y AG is 
7.5 X 10- 6 •c- 1 at 25•q. The metal wire 
used for electrical contact is V ACON 70 
manufactured by Vacuumschmelze 
GmbH. 

The crystal is sealed to the glass with an 
intermediate crystallizing solder glass. The 

Table 1: Single-Crystal Garnet Phosphors 
Relative Intensity Efficiency 

Phosphor (1 X 104W / m2
) (1 x 1010W / m2 ) (o/o) Color 

Ce:YAG 0.68 

Tb:YAG 0.93 

Ce:Tb:YAG 1. 17 

Tb:YAGG 0.97 

Ce:Tb:YAGG 1.20 

Pr:Tb:YAG 0.41 

inner surface of the Y AG crystal is coated 
with about 50-100 nm of evaporated 
aluminum and the tube assembled and 
processed according to standard practices. 

A variety of electron guns have been 
used with these tubes. These have been 
both electrostatic and electromagnetic 
focusing types, with the deflection systems 
in all cases being electromagnetic. 

One example of the use of these tubes 
has been in a virtual imaging system that 
incorporates a 25-mm-diameter single
crystal CRT to form a 20-mm-diagonal 
image [see Fig. 5]. This tube is capable of 
presenting 1000 clearly resolved lines, with 
1500-2000 lines a reasonable possibility. 
The resolution limit of the system is en
tirely dependent on the performance of 
the electron gun. At low-input power, for 
instance at currents of a few microamps 
and acceleration voltages of 7 kV, the 
crystal can produce sufficient brightness 
to be clearly viewable even in a moderate
ly high-ambient-light environment. At 
these power levels, a well-designed elec
tron gun can produce a beam whose 
width (at half-peak intensity) is 10-13 J.Lm, 
which will give the resolution indicated 
above. 

The single-crystal phosphor CRT has 
a lso been used as a projection tube in a 
thin-profile CRT video monitor. The 
system, shown in Fig. 6, is 5.5-in. thick 
and contains a screen having an 11-in. 
d iagonal viewing area. The image is pro
jected onto the screen from a 2-in. 
diameter CRT by means of a lens and 
three mirrors that fold the optical path. 
The tube image is magnified approximate
ly six times to produce a display having a 
brightness of over 50 fL. 

Other systems for which we have 
designed single-crystal phosphor tubes in
clude a stereo viewer, which incorporates 
two tubes as virtual imaging devices, a 
military binocular helmet-mounted 
display, and a number of demonstration 
units. As the demand for higher-

0.74 6.5 yellow-green 

0.62 9 saturated green 

1.08 I I green 

0.97 9 green 

1.29 12 green 

0.24 4 white 

Fig. 6: Video monitor containing a 
2-in.-diameter single-crystal CRT. The im
age from the tube is projected onto an 
11-in.-diagonal screen. 

resolution displays increases, especially in 
the medical, reprographic, and avionic 
areas, significantly more applications 
should arise where the single-crystal CRT 
stands out as the device of choice. 
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True three-dimensional 
CRT-based displays 

BY LARRY F. HoDGEs AND DAVID F. McALLISTER 

THE PHRASE "three-dimensional 
display" is often interpreted to mean a 
two-dimensional representation of a three
dimensional scene on a display device that 
uses cues such as shading, shadows, and 
linear perspective to give the observer an 
illusion of depth in the image. On the 
other hand, true 3D displays present an 
image in which the viewer perceives 
depth. This is accomplished either by 
producing a "solid" 3D image using 
holographic techniques or multiplanar 
displays in which the viewer obtains a 
different view of the scene by head move
ment; or by creating a "virtual" 3D im
age by presenting the observer's left and 
right eyes with different views. In this 
case the image is normally fixed and does 
not change with head movement. True 3D 
display techniques are becoming increas
ingly important in applications where 
depth perception is an important part of 
understanding relationships between ob
jects in the scene. Examples include med
ical imaging, remote positioning, cartog
raphy, CAD, flight simulation, flight con
trol, molecular modeling, and visualiza
tion of complex data sets such as point 
clouds which occur in seismic applications. 

This article surveys recent developments 
in true 3D display of computer-generated 

Larry F. Hodges is a visiting instructor 
and David F. McAllister a professor in 
the Department of Computer Science at 
North Carolina State University, Raleigh, 
North Carolina. Both authors have 
presented short courses in 3D display and 
raster graphics at major conferences and 
for private companies. 
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or synthetic images that are based on 
CRT technology. Our interest is in real
time interactive manipulation of true 3D 
images, and hence we do not treat the 
equally interesting area of holography 
here. Although early 3D display systems 
were often of poor quality and did not 
allow interactive manipulation of the im
age in real time, recent advances in com
puter graphics, processing power, and 
electro-optical shutter devices are making 
possible the development of true 3D 
displays that are of a quality comparable 
with other information display systems. 
But before surveying the current 
technology, we should give a brief 
description of the perception issues that 
make these displays different from stan
dard 3D information display systems. 

Accommodation, 
convergence, and parallax 
Static flat images can convey depth to the 
observer by using visual cues that exploit 
his experience and knowledge of the real 
world. These cues are image size, linear 
perspective, aerial perspective, overlapp
ing, shading, and shadows. In image size 
we use our experience and knowledge of 
the relative sizes of objects to judge the 
relative positions of objects in a scene. 
Linear perspective refers to the gradual 
reduction in size and apparent con
vergence of parallel lines as objects move 
into the distance away from the viewer. 
Aerial perspective is the hazy effect of 
distant objects caused by the scattering of 
light by small particles in the air. The 
overlapping of objects or the obscuration 
of one object by another helps to dis
ambiguate relative distances from the 

observer, as do object shading and 
shadows in a scene. 

True 3D images, however, provide one 
or more of the following additional depth 
cues : accommodation, convergence, and 
binocular parallax. Accommodation is the 
muscular tension needed to adjust the 
focal length of the crystalline lens in the 
eye in order to focus on an object in 
space. Convergence refers to the muscular 
tension for rotating each eye when focus
ing on an object in space. The angle be
tween the two rays from each eye to the 
object is usually refer red to as the con
vergence angle. When an observer looks 
at a scene, because the eyes are set apart, 
the images formed at the back of each eye 
are different. The brain uses the dif
ference to produce depth perception in the 
observer. This effect is referred to as 
binocular parallax. 

Categorization of 
three-dimensional displays 
There are several ways in which to 
organize a categorization of true 3D 
display technologies [Fig. 1]. Most 3D 
displays fit into one or more of three 
broad categories: holographic, 
multiplanar, and stereo pair. For our pur
poses holographic and multiplanar images 
are " real" or "solid" . Solid images pro
vide the observer with binocular parallax, 
convergence, and accommodation cues 
that are consistent with the apparent 
depth in the image. Stereo-pair techniques 
create "virtual" 3D images. In a stereo 
pair each eye sees a different perspective 
view of the image. The views are com
puted and presented so that parallax and 
convergence cues are present but, because 



each eye is actually looking at a flat im
age, accommodation cues are not consis
tent with the apparent depth in the image. 

Another way to categorize is whether 
the observer must wear some type of 
viewing apparatus. Displays that do not 
require viewing devices are referred to as 
autostereoscopic. Holographic, multi
planar, and some stereo-pair displays are 
autostereoscopic, but many stereo-pair 
displays require some kind of viewing ap
paratus, such as electro-optical shutters or 
eyeglasses with either specially colored or 
polarized lenses. 

The CRT-based stereo-pair systems are 
further divided into two categories: time 
parallel and time multiplexed. Time
parallel systems present left- and right-eye 
views simultaneously and require special 
apparatus to deliver the correct perspec
tive view to each eye. Time-multiplexed 
systems alternate the left- and right-eye 
perspective views on a single CRT display 
and use a shutter mechanism to syn
chronize the views to the correct eye. 

All stereo-pair systems create a virtual 
3D image by delivering different perspec
tive views of an image to each eye of the 
observer. The way in which the two views 
differ is based on the horizontal displace
ment between the right and left eyes of 
the human viewer, which is called the in
terocular distance. The two views are 
often computed using two different 
centers of projection that differ only in 
the x direction (horizontal parallax), or by 
a rotational difference between the two 
views of approximately 6° about a vertical 
axis. (Although rotation is a common 
technique , it can create vertical disparity 
in a given point in the left- and right-eye 
images. This effect is called keystoning 
and can cause fatigue and headaches if 
viewed over a long period of time. In ad
dition, approximately IO DJo of the popula
tion cannot fuse stereo pairs. In certain 
applications these factors should be 
considered.) 

The history of stereo-pair display goes 
back to the early 1800s. Early devices in
clude the Wheatstone stereoscope [Fig. 2] 
and the Brewster stereoscope [Fig. 3]. 
With the Wheatstone stereoscope, two 
photographs or stereo drawings were 
taken and displayed on a viewer which 
used mirrors to deliver the correct per
spective view to each eye. The Brewster 
stereoscope replaced the mirrors with 
prisms (and later with convex lenses) and 
became popularly known as the parlor 
stereoscope. In the early 1900s people 
began to consider the idea of 3D images 
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without viewing apparatus. F.E. lves pro
posed a method known as the parallax 
stereogram [Fig. 4] . A parallax 
stereogram consists of a fine vertical slit 
plate and an image, with left- and right
eye perspectives printed in narrow stripes 
and placed behind the slit plate. The slits 
force each eye to see only the correct 
perspective view of the image. A second 
early autostereoscopic display technique 
replaced the parallax barrier with a linear 
array of cylindrical lenses known as a len
ticular sheet [Fig. 5]. It is usually made in 
such a thickness that its rear surface coin
cides with the focal plane of the lenses, so 
that the correct perspective view is 
directed to each eye. 

Time-multiplexed stereo pairs 
Time-inultiplel\ed systems that require a 
viewing shutter present the stereo-pair im
age by alternating right- and left-eye 
perspective views of an object on a CRT. 
Until recently, most implementations have 
had an alternation rate of 60 Hz (30 left
eye views and 30 right-eye views per sec
ond). This is easily done on a 30-Hz in
terlaced monitor by writing one perspec
tive to the even scan lines and the other 
perspective to the odd scan lines. On a 
60-Hz noninterlaced monitor, two com
plete views must be stored in the frame 
buffer memory so that the refreshed im
age switches between views at the beginn
ing of each vertical refresh cycle. Both of 
these approaches suffer from flicker, 
because each eye sees an image that is be
ing updated only 30 times per second. 
Commercial systems based on 120-Hz 
noninterlaced monitors have been 
developed by Stereographics Corporation 
and Tektronix. 

To view the stereo image, the alter
nating left- and right-eye perspectives 
must be synchronized with a shutter 
system that occludes the left eye when the 
right-eye view is displayed and occludes 
the right eye when the left-eye view is 
displayed. Early systems used a rotating 
cylinder with right- and left-eye slits or 
other types of mechanical shutters. Later 
systems replaced the mechanical shutters 
with electro-optical shutters based on lead 
lanthanum zirconate titanate (PLZT) 
ceramic wafers. Each shutter assembly 
consists of front and rear dichroic 
polarizers wtih a PLZT ceramic wafer in 
between [Fig. 6]. The axes of polarization 
of the polarizer are rotated 90° with 
respect to each other and are oriented at 
45 ° with respect to an electric field ap
plied to the ceramic wafer. In the off 
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state of the shutter, light traversing the 
front polarizer is blocked by the rear 
polarizer. With the application of a suffi
cient voltage potential, the PLZT ceramic 
wafer acts as a half-wave retarder, and 
light passing through the front polarizer is 
rotated 90° so that it passes through the 
rear polarizer. The shutters are designed 
to resemble eyeglasses in size and weight. 
The major disadvantages are that a cable 
is attached to the shutter glasses, and the 
shutters transmit only about 15- 1707o of 
the light energy. 

During the past two years, PLZT shut
ters have been almost entirely replaced by 
shutter systems based on liquid-crystal 7r

cells. Two types of liquid-crystal shutters 
have been developed [Fig. 7]. One uses 
viewers that are identical in operation to 
those described for the PLZT shutters ex
cept that the PLZT wafer is replaced by 
liquid-crystal 1r-cells. Liquid-crystal-based 
shutters transmit approximately twice as 
much light energy as PLZT shutters, 
resulting in a much brighter image. 
Tektronix is currently marketing a pair of 
liquid-crystal shutter glasses and a con
troller for the Atari microcomputer for 
$150. Liquid-crystal shutters can also be 
produced that are large enough to be 
mounted on the front of a CRT screen. 
The shutter in this case is designed using 
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Fig. 6: Shutter glasses lens assembly. 

liquid 1r-cells and one circular polarizer so 
that the left- and right-eye perspectives 
displayed on the screen are circularly 
polarized in opposite directions. The 
observer wears passive glasses with the 
left and right lenses circularly polarized to 
allow the proper views to be seen. The 
best-quality stereo-pair systems now 
available use this method in conjunction 
with 120-Hz CRTs to produce a 3D 
display that is comparable in image qua li
ty to raster graphics images. 

An autostereoscopic stereo display 
system within the time-multiplexed 
category incorporates an electro-optica l or 
mechanical slit that moves across the 
screen of a CRT at approxima tely 20 Hz 
[Fig. 8]. The slit is positioned 2-3 in . in 
front of the screen. Right- and left-eye 
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perspectives are displayed on the screen 
on opposite sides of the slit. The image 
on the screen is changed as the slit is 
moved across the CRT so that a different 
scene can be presented to each eye. In ad
dition, images can be produced on the 
screen that can be seen from wide angles, 
up to 40° on each side of the slit. Thus, 
more than two views can be seen from 
different angles, which provides look
around capability for several viewers at 
the same time. An adaptation of the slit 
system uses a relay lens pair to project the 
image so that it appears to float in space. 
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A display based on this method has been 
developed and demonstrated by SOCS 
Management Company. 

Time-parallel stereo pairs 
Time-parallel systems present left- and 
right-eye views simultaneously on either a 
single or separate CRT screens. Such 
systems normally require special viewing 
devices to deliver the correct perspective 
view to each eye. Time-parallel systems 
include anaglyph displays, certain types of 
polarized displays, displays using lenses 
and barriers such as the Star system, and 
chromostereoscopic displays. 

In anaglyph displays the right- and left
eye perspectives are filtered with com
plementary or near-complementary colors 
and are superimposed on a CRT screen. 
The observer wears glasses with filters 
that match the projection filters. For 
black-and-white images, red and green 
filters are usually used . For color images, 
red and cyan or green and magenta filters 
are used. A problem with this technique is 
that it distorts the colors of an image. 

Polarized time-parallel displays have 
been developed using two CRTs arranged 
at right angles to each other and a partial
ly silvered mirror [Fig. 9]. Polarizers are 
placed on each monitor, with the filters 
arranged at right angles to each other. 
The half-silvered mirror is placed between 
the monitors so that it refelcts one 

Top (j 
Perspeclive 

View 

Bottom (j 
Perspective 

View 
Object 

Fig. 11: Vertical parallax for alternating
pair display. 

CRT 

Observer 

Fig. 12: Varijocal-mirror display. 

Information Display 5187 21 



perspective view and transmits the other. 
The observer wears corresponding polar
ized glasses so that each eye sees the cor
rect perspective view. 

The Star system is an autostereoscopic 
system that uses dual CRTs to produce 
the left- and right-eye images, a 
dynamically changing baffle system for 
each CRT, and relay lenses to focus the 
left- and right-eye images on a screen us
ing rear projection. As a head sensor 
tracks the observer's head movement, the 
baffle system is modified accordingly, and 
the image of each baffle is projected so 
that the left eye cannot see the right eye's 
image and vice versa. The system is 
available commercially from Perspective 
Displays, Inc. 

A recent stereo innovation is the 
presentation of stereo pairs based on a 
chromostereoscopic process developed by 
Richard Steenblik while at the Georgia 
Tech Research Institute . With Steenblik's 
technique, the depth of objects in a scene 
is encoded into a single perspective of an 
image based on the object's color . Special 
prism glasses are worn by the observer 
that impart a chromatically dependent 
angular shift to the light passing through 
them. The shift amount betwen the right
and left-eye views produces a stereo pair. 
If we assume that the extremes of the visi
ble spectrum are red and blue, then we 
can tune the prism glasses so that red im
ages appear in the foreground and blue 
objects appear in the background of a 
scene or vice versa [Fig. 1 0]. Colors other 
than red and blue are mapped to depth 
positions in accordance to their spectral 
proximity to these colors. The prism 
glasses can also be tuned to vary the 
overall amount of depth in the image. 

Alternating pairs 
An alternating pair is an autostereoscopic 
technique in which the image consists of 
two alternating perspectives of a scene. 
The technique differs from stereo-pair 
techniques in that the alternating per
spectives are presented to both eyes 
simultaneously utilizing vertical versus 
horizontal parallax displacement [Fig. 11] . 
Video recording and display methods 
based on this technique have been 
patented under the name of VISIDEPTM. 
To produce an alternating-pair image, two 
perspectives of a scene are produced that 
differ by a rotation of I 0 - 2° about a 
horizontal axis . The 3D image is 
presented by alternating the two perspec
tives on a display screen. The quality of 
the 3D image perceived by an observer is 
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highly dependent on the rate at which the 
images a lternate. If the alternation is too 
slow, the 3D effect is not apparent. If the 
alternation is too fast, the image becomes 
garbled. Most individuals perceive the ef
fect if the perspectives alternate between 4 
and 30 times per second. A rate of 10 
times per second seems to be optimal for 
the majority of viewers. 

A major drawback is the rocking mo
tion introduced into the 3D image by the 
alternation between the persepctives. The 
rocking is less apparent if there is motion 
within the image. Also, although relative 
depth between objects in the image is 
unambiguous, individual objects appear 
flat, so that the image appears to be com
posed of multiplanar carboard cutouts. 
However, the system does not require 
sophisticated high-refresh-rate CRTs with 
fast phosphors. 

Multiplanar displays 
Multiplanar displays create a 3D image by 
partitioning a scene into multiple two
dimensional cross sections. The cross sec
tions are physically and/ or optically posi
tioned in space so that a 3D image is 
perceived by the observer. Early 
multiplanar displays were based on a 
revolving series of cross-sectional images 
placed on a support shaped as an Ar
chimedian spiral. A shutter system was 
synchronized with the rotation of the 
spiral, allowing the observer to view the 
appropriate cross section as it reached its 
correct position in space. A multiplanar 
display based on this technique is the Syn
thalyzer constructed by de Montebello in 
the 1970s. 

Current multiplanar displays are usually 
based on the concept of the varifocal mir
ror invented by Traub while at Mitre. 
Varifocal-mirror displays combine a 
vibrating circular mirror, which is sta
tionary at its perimeter, with a CRT [Fig. 
12] . Traub discovered that if we use a cir
cular flexible material fastened at the 
edges, the mirror can be made to approx
imate a spherical mirror with a varying 
focal length; hence the name varifocal. As 
the mirror vibrates , it changes focal 
length . These vibrations are synchronized 
with the display of an object on a CRT so 
that each point on an object is reflected 
from the mirror at a position correspond
ing to the depth of that point. 

The mirror is vibrated by air pressure 
generated from a simple acoustical woofer 
which can be driven at low frequencies . A 
simple sine wave is passed through a high
quality amplifier and drives the woofer. 

Physical constraints limi t the size of the 
mirror to a maximum of 18 or 19 images. 
A larger mirror may cause sympathetic 
vibration in surrounding structures. 
Acoustical considerations place the fre
quency of the vibration of the mirror at 
approximately 30 Hz. A very fast 
phosphor is required to preclude image 
smear. Currently, the only phosphor 
available with sufficiently fast decay is a 
green phosphor, so that only mono
chrome displays are available. Efforts to 
add color using color wheels or liquid
crystal 1r-cells have been marginally 
successful. 

Varifocal-mirror displays differ from 
stereo-pair and perspective displays in 
several characteristics. Hidden line and 
surface removal have no meaning, 
because the observer can change his posi
tion and see a different perspective. 
Because the mirror is constantly moving 
in space, resolution is limited by both the 
CRT resolution and the speed of point 
plotting by the CRT. Current CRT 
technology limits the number of image 
points to less than 40,000, and hence only 
wireframe images are possible. In addi
tion, images are translucent, which can 
cause confusion in viewing scenes with 
high information content. A commercial 
varifocal-mirror display driven by a 
microprocessor is currently being 
developed by Bolt, Beranak, and 
Newman, Inc. 

Summary 
Many competing technologies can provide 
true 3D displays of synthetic images. 
Those technologies that are cost effective 
and permit real-time interactive manipula
tion of high-resolution computer
generated scenes will survive. The re
mainder will become passing technological 
curiosities. The recent development of 
large circularly polarized liquid-crystal 
shutters combined with 120-Hz monitors 
and fas t graphics frame buffers has made 
time-interlaced stereo-pair systems the 
most competitive. Advances in technology 
may soon, however, make one of the 
autostereoscopic systems more viable. One 
of the more promising areas appears to be 
the replacement of phosphor-based 
systems with laser-based displays. For ex
ample, laser projection systems could 
possibly be used to add color and resolu
tion to varifocal mirror displays . 
Regardless of which technologies survive, 
true 3D display is no longer a curious in
novation, but an important and estab
lished area in the field of information 
display. • 



Thermal-transfer technology 
comes of age 

BY JOHN w. O'LEARY 

IF THE FUTURE of thermal-transfer 
technology can be expressed as a color, 
try rosy as the hue that best describes the 
potential of this fledgling technique in the 
art of printing, which was developed in 
1975 by Fuji Kagkushi Kogyo Co. of 
O.saka, Japan. By way of a basic defini
tion, thermal-transfer printing can be 
described as a non-impact printing 
technology that uses thermal energy to 
transfer ink from an inked coated sub
Irate to a receptor sheet. Perhaps even 
more understandable would be this 
simplification for a typewriter or word 
processor-a technology that uses heat to 
melt ink from a ribbon to a sheet. Impact 
dot-matrix or daisy-wheel printers and 
conventional typewriters print by the hard 
impact of the typing element to the rib
bon, which in turn forces ink from the 
ribbon to the paper. In thermal printers 
the ink transfer is caused not by the im
pact of the printing element to the ribbon, 
but by the heating up of elements on the 
print head to melt the ink on to the paper 
[Fig. 1]. 

A profusion of ribbons 
Of the many different therma l-transfer 
printing devices that have been released or 
are under development, a lmost all require 
a unique ink formulation. H ighly 
specialized ink making, coating, and slit
ting equipment is necessary to produce 
consistently high-quality monochrome a nd 

John W. O 'Leary is president and CEO 
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multicolored ribbons. Originally, thermal 
printers used paper-based ribbons, but 
most are switching to fi lm because of its 
better cleaner print. Paper ribbon is 
available in 10- and 3-~-tm thicknesses, 
with 10 ~-tm being the more popular. 
Polyester film is available in both 3.5-
and 5.7-~-tm thicknesses. Thermal media 
use such thin materials to allow uniform 
and efficient transfer of heat from the 
thermal print head, through the substrate, 
to the ink, which is then melted to the 
paper. 

Various considerations dictate the 
thickness of ribbon chosen for a par
ticular application: ( I) energy re
quirements to transfer the ink; (2) a 
preference for a particular length of rib
bon (for example, a ribbon 4 in. in 
diameter would be a great deal longer us-

Pressure ro ll 
(Platen) 

Thermal 
head 

ing 3.5-~-tm than 13-~-tm paper); and (3) 
cost considerations. Generally speaking, 
the thinner the material, the more expen
sive it is on the square meter basis, but 
less energy is required to melt the ink 
because there is less resistance or 
"insulation." 

Color thermal ribbons are usually com
posed of three process colors: yellow, 
magenta, and cyan (plus black in some 
applications). By mixing these three colors 
using the subtractive color mixing princi
ple, virtually any color, tint , or shade can 
be achieved [Fig. 2]. The colors are usual
ly arranged in sequence, one color block 
after another, that is repeated throughout 
the ribbon. First the printer prints all that 
needs to be yellow; then backs up the 
paper, advances the ribbon, and prints all 
that needs to be magenta; then backs up 

Paper 

Fig. 1: Basic principle of thermal-transfer printing. 
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the paper, advances the ribbon, and prints 
all that needs to be cyan. Most ribbons 
have block sensors that the printer detects 
to determine which color it is about to 
print. If a particular color is not needed, 
this process does not permit any later use 
of that color block. 

tance depends on the priorities o f the 
purchaser): 
• print speed, permitting up to 100 
characters/sec; 
• low cost, thanks to relatively fewer 
moving parts in the printer; 
• near-letter-quality printing, which is im
proving all the time; 

Why pick thermal? 
• high degree of equipment reliability 
because of basic design simplicity; 

Thermal-transfer advocates cite seven ma
jor advantages of thermal printers over 
their competitors (their order of impor-

• top-quality multicolor capability, pro
viding a high standard of color printing; 
• great flexibility; 
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Fig. 2: The principle uf subtractive color mixing. 
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• a noise-free atmosphere, which may be 
the most important consideration of all 
when a quiet environment is desi red . 

Beyond bar codes 
Thermal-transfer printers are used in a 
wide variety of applications-bar code 
printers, label and ticket printers, color 
hard-copy printers, color hard-copy 
copiers, facsimiles, word-processing 
printers, typewriters, and monochrome 
plotters. The advantages and disadvan
tages of th is technology seem to have a 
direct bearing on the perceptions of the 
pros and cons of the process. For exam
ple, thermal-transfer technology has been 
slow to gain wide acceptance in the 
United States for typewriters and word 
processors because the need for a smooth
surface paper to assure the highest print 
quality is not always acceptable to some 
customers. Stocking different types of 
paper to accommodate different printers 
is seldom viewed as a plus. 

The fastest-growing use of thermal 
printing is for bar-code and ticket printers 
for such diverse jobs as printing on
demand bar-code labels, airline tickets 
and boarding passes, clothing care labels, 
and entertainment tickets. Generally, line 
printers are used in these applications. 
Thermal-transfer inks produce the con
sistently dark durable scratch-and 
smudge-resistant image necessary for these 
applications, especially in bar coding. 

Cannon's model 610 is the first 
thermal-transfer facsimilie to be marketed 
in the United States. Xerox, Ricoh and 
NEC have also introduced thermal
transfer facsimile machines. Overall 
market opinion of these new units is very 
positive because thermal-transfer image 
quality is superior to that of direct ther
mal, and despite present higher operating 
costs of thermal trans fer , customers are 
willing to pay for quality and believe costs 
will decrease in future. 

The first monochrome plotter intro
duced into the U.S. market was Benson's 
B-90 in early 1985. In 1986 Honeywell in
troduced their Visigraph plotter, which 
was designed and built in the United 
States. 

But probably the greatest potential for 
thermal-transfer technology is in the area 
of color hard-copy printers, plotters, 
video printers, and copiers-wherever and 
whenever full-color printing is desired. To 
date ten companies market color hard
copy equipment- Shinko , Calcomp Col
ormaster plotter, Matrix Instruments, 
Seiko 's new 300-dots/in. unit, Mitsubishi 



International 's CHC-65 and CHC-335, 
IBM's CAD/ CAM plotter, Sharp's color 
copier, Sony's Mavigraph video printer, 
Versatec 's Versacolor 300-dots/ in. unit, 
and Mitsubishi Electric's G-500 and 
G-650. These offer major improvements: 
• increase in resolution (up to 300 
dots/ in.); 
• increase in print speed (1 pg./min.) ; 
• decrease in hardware costs; 
• greater paper-handling capabilities (i.e., 
cutsheet, roll); 
• vast improvements in overall print 
quality; 
• greater availability of application 
software; 
• a wide variety of printer interfaces (i.e., 
parallel, video). 

Advocates of thermal color printing see 
a potential that is almost unlimited. As an 
example, they cite the development of an 
electronic camera taking a still picture 
then storing it on a computer disk. The 
picture is viewed later on a TV screen, 
and using a thermal-transfer printer, 
photo-like copies are printed on a selec
tive basis. This spring Kodak has in
troduced such a system to print ID cards. 
Extensive research in this field is also be
ing conducted in Japan, and in the end 
this may prove to be the largest use of 
thermal-transfer technology, dramatically 
reducing the cost of color photography. 

Room for improvement 
Each application seeks its own highly 
specialized improvements in ribbons [Fig. 
3]. All of these required improvements are 
under development. 
• Ability to print on rough-bound papers. 
This requirement is especially necessary 
for typewriters, word processors, and 
computer printers. Conventional thermal
transfer printing does not adequately 
bridge the hills and valleys of rough
surface papers. 
• Multi-use of thermal ribbons. Conven
tional thermal-transfer ribbons are used 
once, then discarded. Research studies in
dicate that these ribbons have the poten
tial for use 3-5 times with little or no 
decrease in print quality. Multi-use rib
bons would be especially effective in 
typewriters, word processors, computer 
printers, bar-code printers, and ticket 
printers. Fuji Kagaskushi has been issued 
a U.S. patent for such a ribbon and has 
made samples available for printer 
development. 
• Lift-off correction ribbons. One of the 
most popular features of modern office 
typewriters is the ability to correct printed 

errors, but current thermal-transfer 
typewriters Jack this ability. Instead, as 
one types, the information appears on an 
electronic display which can be checked 
and edited before actually printing, but 
once the characters have been typed on 
paper, they cannot be corrected. Recently 
ALPS, the largest manufacturer of print
ing devices in Japan, demonstrated a 
thermal printer with a correctable ribbon. 
The ribbon is capable of printing 
characters on paper, then by heating to a 
different temperature, taking the ink off 
the paper-thus lifting the characters
and putting the ink back onto the same 
ribbon. 
• Printing on overhead transparencies. 
This requirement is especially important 
for color-printing applications, because 
the charts and diagrams generated are 
often used for overhead projections . 
Transparencies have a smooth plastic non
porous surface. Inks must be available 
that can adhere well to the plastic surface 
without coming off. Also, because the 
color printed on paper or film is not 
a lways the same color that is projected 
overhead, the colors must be able to re
tain their origina l hue even on 
transparencies. 

The bottom line, 
and how to get there 
The future of this emerging and rapidly 
growing technology, li ke all others, is 
dependent on a familiar considera
tion-cost. In the area of cost , surely the 
international monetary situation is a vital 
element. The technology and almost all 
the raw materials used to manufacture 
thermal-transfer ribbons come from 
Japan. Over the past 2 years there has 
been a substantial weakening of the U. S. 
dollar against the Japanese yen, recently 
reaching a 40-year low. This has 
significantly increased the cost of both 
thermal-transfer printers and ribbons; 
however, because most of the other types 
of printers are also made in Japan, they 
share this same disadvantage. 

A totally different but important cost 
factor arises in design conflicts between 
the printer and ribbon manufacturers. 
This usually occurs when a printer 
designer delays too long his involvement 
with the ribbon designer. A well-coor
dinated early development program can 
produce a compatible and highly func
tional low-cost ribbon. Consider this over
ly simplistic situation : ribbons can be slit 
from jumbo rolls 660 mm wide. If one 
were to design a printer that would re-

quire a ribbon 230 mm wide, the ribbon 
manufacturer would be able to slit two 
widths of the 660-mm-wide jumbo roll, 
leaving 200 mm on the jumbo roll. This 
is, of course, too narrow for another 
230-mm-wide ribbon, a waste factor of 
300Jo-a cost that will be built into the 
price o f the finished product. I call that 
the lack-of-coordination cost. 

In addition to avoiding this kind of 
carelessness, other factors can reduce the 
cost of thermal ribbons. As with any 
other technology, a systems approach 
must be followed. To achieve optimum 
performance, the print head, mechanism , 
paper, and ribbon cannot be developed 
independently. The cost of thermal
transfer ribbons is directly related to the 
design of the ribbon, the substrate 
chosen, the ink formula, and the method 
of coating. Also, the application and 
receiver paper have a great influence on 
the makeup of each thermal-transfer 
ribbon. 

No less helpful will be the reality of 
volume production. This will help to ab
sorb the high investments required to 
manufacture thermal ribbons. And as 
more U.S. companies recognize the future 
of and become engaged in thermal
transfer technology, domestic raw 
materials will become available. 

Making direct cost comparisons is con
fused by the fact that thermal-transfer 
ribbons are used in so many different ap
plications. One has to identify the specific 
application before correctly comparing 
cost. For instance, thermal-transfer 
typewriters use thermal-transfer ribbons. 
The competing products use correctable 
ribbons and lift-off tape or thermal
resistive ribbons. In this case, thermal
transfer ribbons are probably less expen
sive than the competitive type of ribbon. 
When thermal-transfer ribbons are used in 
color copiers, however, the cost of the 
ribbons is more than that of the toner 
used in a toner-based color copier, but the 
copier itself costs much less (under 
$10,000 vs. over $35,000) and is more 
reliable. 

What can be said about the economics 
of thermal-transfer printing is that thus 
far they appear to be very competitive, as 
evidenced by the broad market acceptance 
of the technology. It is doubtful that any 
printing technology, even much more 
mature technologies, has been used in as 
many applications as thermal transfer. 
This is particularly impressive when one 
considers just how very young thermal 
transfer still is. • 
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Are we where we should be? 
interviews with display industry leaders-part two 

L CELEBRATE the 25th anniversary of the Society for Information Display, 
we asked 25 leaders of the display community these jour questions: 

I. What was the single most important event in SID's history and how has 
this affected the Society and the display industry? 

2. What was the most important event to the display industry in the last 25 
years, and who has been the single most significant person? 

3. What is the single most important event or development you expect to see 
in the display industry in the next five years? 

4. What is SID's biggest problem today? 
Not all of our interviewees answered every part of every question but they 

all made valiant efforts, especially since the questions were intended to put 
them on the spot. We have shortened some answers substantially, but have 
done our best to retain not only the main points of the interviewees' answers, 
but also their personalities. 

Las.t month we published the responses of the first 13 interviewees. This 
month we conclude the series. 

Leo Beiser 
President 
Leo Beiser Inc. 
Flushing, NY 

1. Establishment of rigorous procedures 
by SID for the dissemination of 
developments in display technology-in 
paper selection, presentation, and publica
tion. This professional attitude has been 
regenerated within the Society, attracting 
more innovative contributors to t he 
technology who are highly motivated 
toward effective information 
dissemination. 

2. Adaptation of the CRT to the 
display world. Although significant alter
natives exist , the CRT continues to 
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dominate the high-resolution real-time 
display and remains the standard against 
which others are compared. Periodic 
enhancement of monochrome, color, and 
flat configurations empowers the CRT to 
perpetuate its prominence. 

Otto H. Schade, Sr., formerly of RCA 
Laboratories and recipient of the 1975 
SID Special Recognition Award, for his 
milestone contributions to quantifying the 
characteristics of electronic imaging 
systems and for his advancement of elec
tron optical imaging systems. 

3. Increased interactive display, im
plemented with human articulation such 
as manual and vocal control. The advanc
ing touch-sensitive systems exemplify this 
trend. 

4. Augmenting its strong device orienta
tion with systems and subsystems innova
tion, to reach a broader segment of the 
in formation display community. 

Ifay F. Chang 
Director of Research 
Institute of 
Systems Science 
National University 
of Singapore 
Past President, SID 

1. A sequence of events had a very im
portant effect on the Society-the merger 
of SID's symposium and conference 
management with the SID headquarters 
offices. The people who are active in 
working for the symposium and con
ferences are also nominated and elected as 
headquarters officers and committee 
chairmen. This movement started about 
1978, at the end of Bernie Lechner's 
presidential service. As a consequence, the 
Society has gained a better feel for the 
pulse of the display industry, the sym
posium and conferences have improved 
and grown tremendously, and our 
membership has doubled over the years. 

2. The invention of the liquid-crystal 
display and the subsequent commercializa
tion of the twisted-nematic liquid-crystal 
display device. I regret that I wasn 't the 
first inventor of it and I was working on 
a different track-electrochemichromic 
displays. Commercializing the TN-LCD 
was not only important to the display in
dustry, it revolutionized several other in
dustries such as electronic instruments, 
calculators, and watches. 

The founding fathers of SID deserve a 
special commendation for establishing 
what has grown to be an important 
technical society over the past 25 years. 
Thus, our first president, Harold R. Lux
enberg, and his contemporaries are the 



most significant persons for this Society. 
3. The electronically integrated all

points-addressable fu ll-color flat-panel 
display. Several underlying technologies 
are all ready for this development, and a 
huge market is waiting. 

4. The Society is somewhat over
conservative; there is a lack of vision 
about the future . Of course, we have 
taken strides toward adapting to changes, 
such as taking the printer/ hard copy in
dustry into our symposium forum, but are 
we doing enough? Are we keeping pace 
with the world in the integration of com
puter technology and communication 
technology? Are we overlooking the key 
role that displays and printers are playing 
in the information services industry? Are 
we, as a n international society, developing 
a long-term strategy for facing the 
technological shifts that are happening in 
the world? I hope that at the 25th an
niversary, we will all reflect and look for
ward and come up with some plans for 
our next 25 years of prosperity. 

C. J. Gerritsma 
Head of Display Group 
Philips Research Laboratories 
Eindhoven 
The Netherlands 

1. The decision to organize interna
tional interdisciplinary seminars , where 
specialists can discuss new and important 
developments in display technology. The 
Society is the only organization in the 
field of research, development, and ap
plication of displays that is successfully 
promoting contacts between represen
tatives of various display industries. 

2. Research, development and produc
tion of LCDs. 

The RCA team, under George 
Heiimeier , that started LCD activities in 
the late 1960s. 

3. Further development of color LCD 
for television application based on active 
addressing. 

4. To consolidate its unique position, to 
demolish local/national barriers, and to 
acquire young and enthusiastic supporters 
of SID. 

Walter F . Goede 
Section Manager 
Electronics Development 
Northrop Electronics 
Hawthorne, CA 
Treasurer, SID 

1. That 25 years ago a bunch of people 
had the foresight to see that information 
display and its associated disciplines 
would be an important part of the com
puter revolution- and that there wasn't a 
technical society where people could get 

HSJD has tried to stay 
away from being a 
marketing conference 
where people come and 
say, 'this is my latest whiz
bang product and Tve got 
an order form here if 
you'd like to buy five., 
Engineers can come and 
feel they can talk to their 
peers about problems and 
how to solve them.,, 

- Walter F. Goede 

together to help chart the future course of 
these developments. SID has always had a 
basic charter to provide a forum for just 
the most new and recent trends in 
research and development, and has tried 
to stay away from being a marketing con
ference where people come and say, " this 
is my latest whiz-bang product, and I've 
got an order form here if you'd like to 
buy five." Engineers and scientists can 
come and feel they can talk with their 
peers about problems they've encountered 
and how they've gone about trying to 
solve those problems. 

2. First, the invention of the ac plasma 
display at the University of Illinois by 
Bitzer and Slottow-the first potential 
alternative to the cathode ray tube. Next, 
the first workable electroluminescent 
panel, which was announced by Sharp at 
SID about 1974 and gave a shot in the 
arm to the entire display community. 
Finally, the continued evolution of the 

cathode ray tube. Most people would 
think that something that had been in
vented nearly 100 years ago would no 
longer be making steady advances in per
formance. In fact , the evolution of the 
CRT, particularly in its high-resolution 
color and in its ability to be made at very 
nominal cost in a large variety of formats, 
has been a very significant event in the 
display community. 

3. The fi rst realization of relatively 
high-performance flat-panel displays with 
both color and gray-scale characteristics 
that will offer an alternative to the CRT 
in reasonably large quantities. 

4. Facing the transition from the R&D 
stage-focusing on the technological in
novations required to develop viable 
pieces of hardware-to the more global 
issues of the systems world . We've made 
a big step toward including printer and 
hard copy technology, but we have to go 
further and pull in many other disciplines 
like human factors, input/ output devices, 
and software. 

P hilip M. Heyman 
Head, Advanced 
Technology Research 
David Sarnoff 
Research Center, Inc. 
Princeton, NJ 

1. The rise of the current symposium 
form of SID meetings, which started 
about 1970. The Symposium has been the 
backbone that's held the organization 
together. 

2. The advent of the integrated circuit 
and the microprocessor has been a boon 
to the display industry . They control the 
displays so you can do more with them 
a nd have created a demand for displays in 
large numbers. 

3. The flat panel will actually replace 
the CRT in some consumer applications, 
not as a novelty but for sound engineering 
reasons. About five years out I can see 
some of the small-sized (9-in.) color CRTs 
being displaced by the liquid-crystal 
panels that are becoming quite good . 

4. Our inability to expand our spheres 
of influence and increase our membership 
beyond 2,500, plus or minus !OOJo. 
Related technologies seem to be going to 
organizations like SIGGRAPH and 
workstation groups. We haven't found a 
way to pull them into our camp. 
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HMembership fees must be 
increased to support an 
even more substantial level 
of activity." 

-Koh-Ichi Miyaji 

28 Inf ormation Display 5/87 

Andras I. Lakatos 
Manager 
Thin Film Device Area 
Xerox Corp. 
Webster, NY 

2. There are three events of almost 
equal importance. First is the tremendous 
growth and evolution of the CRT during 
the last 25 years. That technology has 
been much more durable than people im
agined 25 years ago. Second is the fair ly 
rapid development of low-power flat
panel liquid-crystal displays. Third is the 
development of the IC industry, which 
had a tremendous impact on the develop
ment of all kinds of displays, including 
the CRT. 

3. The development of a good quality 
and fa irly low-cost high-resolution color 
flat-panel display. 

4. About three-quarters of the members 
are in the United States but most of the 
display industry has migrated out of the 
United States. Therefore, many of the 
present members are no longer in the 
display field. 

Ted Lucas 
Editorial Consultant 
Information Display 
Cedar Glen, CA 

2. The evolution of the computer from 
a roomful of electronics to a personal 
computer that sits on a desk. This has led 
to the explosion of the computer market 
and has made it possible to sell display 
hardware on a very wide basis. 

Alan B. Dumont, for his contributions 
to CRT technology and the development 
of his company, which pioneered in CRT 
manufacturing and TV broadcasting after 
World War II. The successor to his com
pany still exists as part of Thomson-CSF. 

3. Flat screens and large screens 
because they have commercia l and mili
tary advantages of application. 

4. Expanding its horizons so as to at
tract more new members. 

Koh-Ichi Miyaji 
President 
Shibaura Institute 
of Technology 
Tokyo, Japan 

1. The appearance of the color CRT 
and color television 25 yea rs ago, which 
laid the foundation for the prosperity of 
the display industry. 

2. The appearance of liquid crystals. 
Dr. George Heilmeier, who reported on 

liquid-crystal work for the first time while 
working for RCA. 

3. The introduction of commercial flat
panel-display television for the home. 

4. Membership fees must be increased 
to support an even more substantial level 
of activity. 

Elliott Schlam 
Division Director 
IDP and Displays 
U.S. Army LABCOM 
Fort Monmouth, NJ 

1. Not a single event, but the combina
tion of events that rapidly led to the 
recognition of display technology as 
essential for the information age that 
we're in now, and the resulting growth of 
our Symposium. 

2. The demonstration of fu ll-scale 
multiplexibility of flat-panel displays in all 
of the three prime technologies: plasma, 
electroluminescence, and liquid crystals. 
The most important of these is the one 
that occurred first- the fully multiplexed 
ac plasma display as discovered and 
reported by Bitzer and Slottow. 

3. The demonstration of flat-panel col
or displays with a display quality equal to 
or better than that o f current cathode ray 
tubes. 

4. Insufficient exposure of SID to the 
industrial issues associated with displays, 
such as standards, manufacturability, and 
computer graphics. Our Symposium is 
still one-twentieth the size of the SIG
GRAPH Symposium, for example, and 
that is a problem which has to be dealt 
with. 



H. Eugene Slottow 
Professor of Electrical 
Engineering, Retired 
University of Illinois 
Urbana, IL 

1. SID' s evolution, around 1970, into 
an effective professional society that was 
able to increase professional interaction 
among technologists, and allowed a 
flowering of invention. 

2. I 'm afraid I can only narrow it down 
to three import ant events: the invention 
and development of LCDs, the invention 
and development of large plasma displays, 
and the development of micro-fabrication 
technologies such as photolithography and 
screen printing. 

3. The proliferation of large high
quality flat-panel television displays. 

4. The biggest technical problem has 
been a long-standing one: finding 
economic techniques for driving and ad
dressing flat-panel displays. 

Aris K. Silzars 
General Manager 
Hybrid Components 
Tektronix, Inc. 
Beaverton, OR 
Chairman, SID '87 

I. The SID Symposium and the Inter
national Display Research Conference, in 
terms of impact on the display 
community. 

2. Development of the liquid-crystal 
display, which was an entirely new direc
tion in display technology that offered en
tirely new display applications. 

I' m always cautious about singling out 
one or two individuals, but George 
Hei!meier of RCA is often mentioned as 
one of the original workers on liquid 
crystals. More recently, Terry Scheffer 
has received a lot of attention for the 
development of supertwist liquid-crystal 
technology. 

3. The application of displays to 
automotive electronics, which I think will 
absolutely blossom over the next five 
Years. T here'll be various kinds, but I 

think the premier technology will still be 
liqu id crystal. Another very significant 
development will be color thermal-transfer 
hard copy of photographic quality. 

4. That SID still tends to attract people 
who are very device oriented. It does not 
yet attract the applications-oriented 
systems-type engineers and scientists. For 
example, we've had a very difficult time 
attracting the automotive engineers who 
are now very, very heavily into display 
technology. We should be reaching more, 
upward into the systems level. We do well 
in the military systems a rea, but we tend 
not to attract systems people in consumer 
electronics, fo r instance, to our con
ferences or into the Society. 

A lan Sobel 
Vice President 
Operations 
Lucitron, Inc. 
Northbrook, IL 

1. When I began working in displays 
the IEDM was the place where display 
papers went because SID was a very 
minor event. Now, there's almost no 
display content in the Electron Device 
Meeting. There's almost no display con
tent in the Device Research Conference. 
Almost all of the play has moved to SID 
and to the now annual International 
Display Research Conference. What that 
says is that we have become a major , if 
not the major, forum for display 
technology. 

2. The invention of the cathode ray 
tube, which is still by a long chalk the 
dominant display medium-the thing all 
of us flat-panel display enthusiasts have 
to knock off someday o r at least coexist 
with. T here have been two other major 
developments in the display world. The 
first was the advent of consumer televi
sion, which was the major force in knock
ing down CRT and circuitry prices to the 
point where we can all use them. The se
cond was the proliferation of electronic 
graphic displays for computers , which 
constitutes an enormous improvement in 
the way computers work. 

(lSID tends to attract 
people who are very device 
oriented. It does not yet 
attract the applications
oriented systems-type 
engineers. n 

- Aris K. Silzars 
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David Sarnoff, because it was Sarnoff 's 
drive to produce television, and then color 
television, as a commercial item, that real
ly kicked the entertainment display 
business into high gear. A lot has fol
lowed from that. 

3. I think we'll see a lot more serious, 
good, high-quality, less-expensive flat 
electronic displays. I don't think that in 
five years flat displays will really knock 
off the CRT. In small displays the liquid 
crystals are going to dominate the laptop 
and desktop and so forth in the computer 
world. We're going to get to really high
quality graphics and larger displays. In 
the 17- to 25-in. diagonal areas CRTs are 
going to dominate. Above about 35 in. 
I hope that Lucitron's gas electron 
phosphor technology will dominate up to 
about a 10-ft. diagonal. Large flat-panel 
displays are going to change the way peo
ple use computers because they are going 
to make it possible to use computers in 
groups. 

4. The insufficient number of members, 
especially in the user community. We 
have tended to be too research-oriented 
and not directed well enough to the prac
titioner. There is no good place where 
somebody can go who is designing a pro
duct, not five years down the road but six 
months down the road; where he can find 
out what he can get now and really be 
able to evaluate different manufacturers' 
performances and claims. That's the gap I 
wish we could fil l. 

Lee T. Todd, Jr. 
President 
DataBeam Corp. 
Lexington, KY 
Program Chairman, SID '87 

1. I've only been in the Society about 
12 years. Since that time, SID has moved 
to a much stronger seminar program, and 
a much larger international audience. It 
has a lready expanded into the area of 
hard copy-we now have multiple printer 
sessions-and we are making automotive 
areas an active part of our conference this 
year. 
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2. The movement of the predominant 
research and development effort from the 
United States to Japan. A lot of display 
research has begun to be done on an in
ternational basis, and SID has expanded 
to cooperate with that international 
development. 

3. Much higher quality television, and 
acceptance in the home of larger televi
sion images. 

4. Finding ways to incorporate people 
from other disciplines that are using 
displays but that are not involved in our 
Society. 

"The whole Society needs 
to be reenergized along the 
lines of promoting high
fidelity audio and video. 
Which is sort of super 
information display. n 

-Erwin A. Ulbrich 

Erwin A. Ulbrich 
Principal Staff Engineer 
McDonnell-Douglas 
Long Beach, CA 
Past President, SID 

1. Attracting the Japanese to the Socie
ty and welcoming them as an integral part 
of it. The current make-up of the Society, 
when you read the proceedings, is at least 
half Japanese. I don't believe that would 
be true with the IEEE, or with many 
other professional societies. 

2. When, in '69 or '70, cheap memory 
came along and knocked the pins out of 
the American display community. 
Everybody who was in the information 
display business lost money because they 
were selling $50,000 machines and these 
cheap terminals came along that cost 
about $1 ,000. But it was a thing that 
spawned a whole industry . 

3. The introduction of high-fidelity 
audio and video information display. 

4. The whole Society needs to be 
reenergized along the lines of promoting 

high-fidelity audio and video. Which is 
sort of super in formation display. Maybe 
you'd rather call it information presenta
tion. But it will be the next real stage of 
expansion and whether or not SID is there 
it's going to happen, and we ought to be 
a larger part of it. 

Aron Vecht 
Reader and Head of 
Material Science Division 
Thames Polytechnic 
London, England 

1. The full participation of the 
Japanese in SID activities. The first and 
outstanding example occurred in 1974 
when Sharp presented the first Japanese 
EL paper. 

The display industry is now totally 
dominated by what is done in Japan. It 's 
unfortunate that many of the display 
ideas that were initiated in the U.K. and 
the U.S. have been developed and 
marketed in Japan. The Japanese came 
here to learn from us, and then they over
took us and left us standing. 

2. The advent of color television just 
about 25 or 30 years ago. 

George Gray (Professor of Chemistry at 
Hull University, Fellow of the Royal 
Society), who developed liquid crystals for 
displays. 

3. We're going to have liquid crystals in 
large-area displays in 5 or 10 years' time, 
and we don't know how to multiplex it. It 
will be a battle between the ferroelectric 
and the TFT driven, and the one that 
wins will dominate the next generation of 
large-area liquid crystals. 

4. It has two. On the technological side, 
it has not bridged the fundamental 
science/technology gap. It's firmly rooted 
in technology, and has not really brought 
in the materials scientists and the 
physicists as well as it might. So, we have 
very few fundamental all-embracing 
papers the way we should have. 

Problem number two is the interna
tional problem. The Europeans and 
Japanese do not adequately participate in 
the running of the Society, though they 
certainly come to the conferences. We 
have moved into the international sphere, 
but we're not internationalized yet. This is 
950Jo an American organization, and we 
have to solve that problem. • 



THE ULTIMATE IN PRECISION 
SPUTTERED THIN FILMS 

The best quality f i lms at the most economical price ... 
Reliable, professional service you can count on ... Strict 
quality control and full technical support. In a word . . . 
AND US. 

As the lead ing supp lier of th in f i lms - used in appli
cations ranging from flexible circu its to membrane 
sw itches to satellite blankets to information storage 
we have earned a solid reputation for producing high 
quality sputtered thin films. A reputation that is built 
upon a solid base of advanced technologies, such as 
magnetron sputtering and plasma-assisted deposition, 
and upon our state-of-the-art fac iliti es. 

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-l ine custom-coated thin films with performance 
characteristics that meet or exceed your requirements. 
In short, achieving customer satisfaction is a way of life 
at ANDUS. 

ANDUS. The name to remember for custom thin film 
coatings that meet your most stringent performance 
requirements. Whether you need coatings that are 
transparent and conductive, that act as barrier layers, 
that provide radiation shielding, or that can be used in 
f lexible circui ts and membrane switch applications, 
th ink of ANDUS. 

ANDUS. The company you can rely on. Call us for 
your prototype and production needs. You'll be glad 
you did. See us at SID 87 

Booth 31 

ANDUS. ADDED VALUE WITHOUT ADDED COST. 

AND US 
Circle no. 11 

ANDUS CORPORATION/ 21019 Osborne Street, Canoga Park. CA 91304/ Phone (818) 882-5744 Te lex 182374 



Fully populated 
dot-matrix display 

Babcock Display Products, Inc. an
nounces the development of fully 
populated dot-matrix gas discharge 
display components in economical 
package sizes. Because of the trim dimen
sions, these displays are ideal for applica
tions where front panel space is at a 
premium, but the demand for more con
tent is a must (the photo depicts a 24 x 64 
configuration). 

The following pixel configurations are 
available (columns by rows): 24 x 64, 
32 X 32, 32 X 96, and 96 X 96. 

Babcock Display Products, Anaheim, CA 
714/ 491-5100 Booth 88 

Circle no. 12 

Color film recording system 

The Celco Junior is designed to fill a 
specific need where high-throughput and 
high-quality 16 mm, 35 mm, or 4 X 5-in. 
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computer-generated imaging is required. 
A dynamic combination of low cost, com
pact size, ease of operation, and accurate 
film registration, with an addressability of 
8192 x 8192, coupled with Celco reliabili
ty, make this system ideal for the most 
demanding animation and business 
graphic applications. 

Celco, Upland, CA 
714/ 985-9868 

Circle no. 13 

Booths 70171 

Magnetic deflection amplifier 

The CD-100 series deflection amplifiers 
can deliver from ± 2 to ± 20 A at ± 75 
V de supply voltage. These amplifiers have 
current limiting and over-temperature 
thermal shut down, making them virtually 
indestructable. With over 80-dB power
supply ripple rejection, these amplifiers 
can be driven with inexpensive 
unregulated power supplies that we also 
provide. For accurate beam measurement 
( < I mm) we recommend our P S-200RG 
regulated power supply. Add our RS-100 
resonance nyback switch (flyback < 2 
!-'sec) and our CV-100 video amplifier (60 
MHz BW) and you have a complete CRT 
test statio n. 

Citronix, Inc. , Orangevale, CA 
916/ 961-1398 Booth 93 

Circle no. 14 

CRT products from Clinton 

The Clinton display will showcase: 
• The Square Sixteen. A new bulb that 

displays as much information as a 
17-in. CRT, in a size no wider than a 
conventional 15-in . CRT. 

• The Spectrum. Segmented screening 
that offers a practical alternative to 
conventional color CRTs in specialty 
applications. 

• 14" 90° 20 mm/ 15" 90° 20 mm Flat 
Profile Design CRTs. Designed for less 
power consumption and a distortion
free display screen. 

• Current-Sensitive Phosphor. Variations 
of color achievable through simple cur
rent variations. 

• Page White Phosphors. A cross section 
of the various page white phosphors 
available from Clinton Electronics. 

• P lus a variety of new CRT products 
adaptable to a multitude of 
applications. 

Clinton Electronics Corp., Rockford, IL 
815/ 633-1444 Booths 85/ 86 

Circle no. 15 

Electroluminescent sealed IR 
touch module 

Digital Electronics Corporation (DeeCO) 
has released the latest innovation in nat
panel display subsystems, the new 
SealTouch'm IR touch display module. 
Called "SealTouch" for its one-piece 
molded IR sealed bezel and filter 
assembly, this new product provides a 
solution to the common problem of 
preventing moisture and dust from con
taminating the IR touch sensor array. 

This new IR touch entry panel is 
specifically designed for 512 x 256 dot
matrix EL displays and DeeCO's second
generation graphic and text controller. 



The M3EL51 2X256 EL module incor
porates the patented SealTouch 
mechanical design and new expanded 
touch-software features such as "pop-up" 
menus, enter, exit and track/touch 
modes, automatic button draw, button 
pages, callable on-screen keyboards, 
smooth scroll , and a command set in
cluding 68 graphic primitives. 

The SealTouch display subsystem 
measures only 10.278 in. wide, 5.078 in. 
high, and 2.50 in. deep, providing the 
smallest footprint available. Only + 5 and 
+ 12 V de are required for power. 

The M3EL512X256 EL module, with 
SealTouch , is available now for $3345 
(Qty. I}. Delivery is 30 days ARO. 

~ . 
' II :1 . I ~ 

' Digital Electronics Corp., Hayward , CA 
415/ 786-0520 Booths 77/ 78 

Circle no. 16 

High-voltage power supplies 

DISCOM's new series of power supplies 
are packaged in industry standard fully 
shielded housings. The line includes 
HVPSs for monochrome, color, high 
brightness, and projection applications 
featuring 100-kHz conversion frequency 
for lower ripple (0.01 07o) and faster 
response (0.5 msec). 

DISCOM/ Display Components, 
Westford, MA 
617/692-6000 Booths 17/ 18 
Circle no . 17 

Total in-house design, manufacturing, 
and testing capabilities 

Magnetic shielding and shielding grade alloys 
of all types ... 

Send for our latest product literature 

I~ ~· ' £RADIATION "/, flfj JI(Jfff' ~ LABORATORIES, INC. 

92·A North Live ly Bouleva rd • Elk Grove Vill age, Illinois 60007 
Phone: 1·312·437·5200 • TWX 51 0·601 ·1 01 3 
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Miniscan modular display 
system 

Responding to a market demand for a 
high-resolution miniature display system , 
EEV Inc.'s sister company MOV in co
operation with Brandenburg, has in
troduced Miniscan. This combination of a 
small electrostatic light-weight CRT at
tached to the drive electronics by an um
bi lical cable gives a modular video system 
for specialist equipment. 

The immediate benefit is that because 
of its small size and weight, the CRT can 
be mounted in positions not previously 
practicable, while the drive electronics/ 
power unit can be installed remotely 
where constraints of power and weight 
are not so severe. 

The miniature high-resolution elec
trostatic Miniscan CRT gives 800 TV lines 
on a 1-in.-diameter tube. The use of elec
trostatic focusing and deflection means 
lower size, weight, and power consump
tion than electromagnetic tubes. 

Miniscan accepts standard composite 
video: 525 lines/ 60 Hz or 625 lines/50 

Hz, or non-composite video with line and 
field drives. It can be driven in X, Y, and 
Z modes. 

EEV, Inc., Elmsford, NY 
914/ 592-6050 Booths 57/ 58 

Circle no . 18 
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Automatic convergence 
measurement system 

EG&G Gamma Scientific's C-I ICNV 
System was developed to quickly and ac
curately measure the spatial convergence 
of up to three different spectral com
ponents of stroke and raster color 
displays. This system allows, for the first 
time, accurate and repeatable convergence 
measurements to be made without exter
nal connections to the monitor deflection 
amplifier circuits. 

The C-1 1 CNV System consists of an 
IBM-PC with Spati/Conv software, a 
specially configured GS-4100 radiometer, 
a GS-4555 tri-photomultiplier assembly, a 
GS-2110A telemicroscope, and a GS-6020 
X-Y positioner. The GS-4100 provides 
separate high voltage to each PMT, elec
tric shutter control, a utomatic zero com
pensation, and signal averaging. It also 

reads the three PMTs simultaneously and 
transmits the acquired digital intensity 
profiles to the IBM-PC where they are 

analyzed and displayed in graphic and 
numeric form by the software. By 
employing a scanning knife edge in the 
image plane of the measurement system, 
convergence can be determined in less 
than 15 sec with a spatial accuracy ex
ceeding that previously known for such 
applications by at least a factor of 10. 

EG&G Gamma Scientific, San Diego, CA 
619/279-8034 Booths 83/ 84 
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Graphic and dot-matrix modules 

Futaba offers a wide assortment of 
display tubes in many sizes and formats. 
Also, Futaba offers display modules with 
all the electronics required to refresh the 
display and easily interface with the host 
system. 

MAKE FAST, COMPREHENSIVE, AUTOMATIC CRT MEASUREMENTS 
WITH THE SUPERSPOT 100 FROM MICROVISION 

CRT MEASUREMENT 
SYSTEM 

The SUPERSPOT 100 System coupled with the 
SPOTSEEKER II Positioning System (with 
Automati c Focus) allows full y automatic 
characterization of Color and Monochrome 
CRT Displays wi thout operator intervention. 

Measures: 

~11=11111111111111111111. 
/Ill · .. ·:· .. ·. ·. ·. ·. ·. ·. ' ... \' ' ' . . ' . . 

' 

• Luminance (Foot lamberts & Nits) • Line Width, Incl uding Color Line Width (Gaussian Fit) (1 Second) 
• Color Misconvergence (2 Seconds) • Lineari ty, 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 

See us at SID 87 
Booths 50/51 

MICROVISION • 4855 Atherton Avenue • Suite 201 • San Jose, CA 95130 • Tel: 408/374·3158 • FAX: 408/374·9394 

Circle no. 21 
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Both front glass phosphor, which pro
vides maximum viewing angle and 
uniform surface appearance, and conven
tional back glass phosphor, with optimum 
brightness and software dimming 
capabilities, are available. All Futaba 
graphics modules offer complete drive 
electronics, bit-mapped control with 
DC/ DC converter. All active components 
are surface mounted onto a single board. 

Utilizing Futaba's dot-matrix displays, 
a completely intelligent line of dot 
modules is available. Each includes all 
drive, power supply and microprocessor 
components surface mounted onto a 
single board. Surface-mounted technology 
results in higher reliability and allows for 
a smaller overall package and lower cost. 
All dot modules require only a 5 V de 

power source and can accept parallel or 
eight possible serial baud rates. 

Futaba Corporation, Farming Hills, MI 
313/ 553-3038 Booth 87 
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Specialized CRTs 

Hughes Aircraft Co. specializes in the 
design, development and manu facturing 
of CRTs to meet your particular system 
requirements. The Hughes approach 
begins by designing components and com
ponent features to meet the needs of an 
individual application and thus assures 
that the final product will be just right for 
the job . 

The specialized tubes illustrated are 
made for helmet-mounted display applica
tions. Hughes produces one of the 

WE'RE TAKING A BATH 
SO YOU CAN CLEAN UP 

Western 
Micro technology 
has 3,000 
16 x 1 Liquid 
Displays that we want to 
sell. Now. 

Why? Well, a customer of ours had · 
big plans that didn't come through and 
we're left holding the displays. (So to 
speak.) 

As a result, we're liquidating all 3,000 Sharp 16 x 1 LCDs at a price 
that's about half of what you'd normally pay. And we're selling them 
in any lot size from ten to 3,000 pieces. But, when they're gone, so is 
this deal. 

Get more information about this very special deal on a very good 
disp lay . Call 1(800) MEGABIT while you can still clean up. 

P.S. - To make this deal even easier, ask us for part number LM 16152. 

WESTERN MICROTECHNOLOGY IVAI 12900 Saratoga, Avenue 
Sara toga, California 95070 
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smallest CRTs available. These tubes are 
well known for their high-quality resolu
tion and brightness. Each is available ful
ly assembled with magnetic shield , 
magnetic deflection, and electrostatic 
focus. These products have been utilized 
in both Europe and the United States for 
military programs such as the AH64 
Helicopter. 

Hughes welcomes the challenge to 
create a high-quality tube to match your 
specific needs. 

Hughes Aircraft Co., Carlsbad, CA 
619/ 931-3267 Booths 73/74/ 75 
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TFEL display network monitor 

The Hycom Network Monitor is used 
to display host computer data at multiple 
remote locations. A network of 64 
monitors can be used, linked together by 
RS-232/ RS-422 data lines. The Network 
Monitor is a rugged display subsystem for 
use in an industrial environment. It 

• 

ll 
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1> 
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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, T\NX 9103506540 

CITRONIX CD-100 SERIES 
DEFLECTION AMPLIFIERS 

Our X-Y deflec tion amplifiers can 
deliver up to + 1- 20 amps with a 
+ 1- 60 volt power supply (that's 
1200 watts per a xis). These amp lifiers 
are also ava ilable witil our PS-200 
series of regulated or unregulated 
power supplies. 

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

• 2MHZ c losed loop bandwidth 
(with < 25t-th yoke inductance). 

• Optional Voltage on Demand 
(up to 150 volts) for fast retrace time 
(less than St-ts). 

• Optional Resonance Fly Back 
Switch for fast retrace time 
(less than 2t-ts with 25t-th yoke 
and 20 amps PP). 

Circle no. 25 

• ERG DC-DC CONVERTERS. 
Inputs from 5 to 48 VDC. Outputs from 5 VDC to 1500 
VDC. Single, dual, center-tap (+/-) outputs. Regulated and 
unregulated. Ask about our New Step-Down converters for 
battery-powered logic and other applications! 

• SMART FORCETM INVERTERS FOR EL LAMPS! 
Smart Force DC-AC Inverters extend the useful life of 
Electroluminescent lamps. Power EL to backlight LCDs 
and membrane switches. and more! Ask about our New 
miniaturized P Package Inverters! 

Call today for complete product information and pricing: 

~ • ~Endicott Research Group. Inc. 
l 'W 1111... ~ • 2601 Wayne Street P.O. Box 269 Endicott. NY 13760 
~ ... "-'= ® 607-754-9187 TWX 510-252-0155 ~ 
FAX: 607-754-9255 Cl 1986 ERG, Inc. ~ 

Circle no. 26 
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STATE OF THE ART THIN FILMS 
• FOR FLAT DISPLAYS, CRT'S 
• TRANSPARENT CONDUCTORS 
• CERAMIC H YBRID AND VHSIC PACKAGE 
• PRECISION GAUGE BLOCKS AND RETICULES 
• CUSTOM OPTICAL FILTERS AND AR COATINGS 
• COMPOSITE MATRIX FIBER COATINGS 
• SINGLE OR MULTILAYERED, METAL S, SEMICON

DUCTORS, INSULATORS, CARBIDES AND CERMETS. 

ALSO AVAILABLE: 

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

FOR LCD'S 
• HIGH CONTRAST DOT MATRIX PROTO-TYPES 
• MATERIAL AND PRODUCT DESIGN 
• ELECTRO-PHORETIC MIRRORS 

... CALL: 
THIN FILM DEVICE, INC. 

2021 Via Burton Ave., Unit F 
Anaheim, CA 92806 

(7 14) 535-1964 Telex: 215435 COLI 
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employs a solid-state TFEL display 
screen, and is packaged in a sturdy steel 
NEMA enclosure. 

The Network Monitor allows multiple 
remote stations to share the host
computer data base as a "bank" of 
reference information by requesting 
specific data pages to guide local work. 
T hree pages of the data base can be 
stored in local memory for display as 
needed. A local keypad enters page re
quests and selects the display page. This 
keyboard cannot a lter (or accidentally 
destroy) the host data base. 

Hycom, Inc. , Irvine, CA 
714/ 261-9321 
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Booth 102 

Interconnect for flat-panel 
displays 

With ITT Cannon's parallel intercon-
nect it takes less than I min to assemble a 
high-density low-resistance interconnect 
for flat-panel displays, with no soldering 
required. The parallel interconnect ex
pands and contracts with the glass or 
printed circuit boards, ensuring a positive 
contact interface. The fast accurate 
assembly and high dependability results in 
lower installation costs. 

ITT Cannon, Fountain Valley, CA 
714/ 964-7400 Booth 12 

Circle no . 29 

CRT SOCKETS 
For high resolution Instrument and Information Displays 

Quality features make 
quality CRT sockets ... 
The new tube neck retaining clamp 
feature is now available on most 
sockets. This integra l retaining 
clamp insures that the tube and 
socket remain mated during 
extreme and rugged environmental 
conditions. 

Tapered lead·ins of the insulator and 
the contact entry assures ease of tube 
base pin insertion. The tape>rs 
minimize contact deformation 
during insertion and help to retain 
the high contact forces originally 
designed into the contact. 

Our protective spark gaps are 
designed and constructed to 
provide extremely reliable tube 

and associated circuit component 
protection from voltage surges and 

overloads. These non·carbonizing air gaps 
are consistently dependable because 

there is no deterioration of the 
insulation surfaces or materials. 

Wrap·around contacts with 
inherently high forces for low 

contact resistance between mating 
pin and receptacle are also an 

important feature of our sockets. 

We factory install resistors, chokes 
and capacitors when needed. 

Customizing existing sockets and 
designing new sockets to your 

specification is our speciality. 

Selection Guide 206 showing 
our full line of CRT sockets. 

CRT courlesy of Cimlon Eleclron1cs it 
Call or write for our new 

Innovators of Quality ,. American made Connectors 

CONNECTOR CORPORATION 
6025 N. Keystone Avenue • Chicago, IL 60646-5290 • 312/539-3108 • TWX 910-221-6059 
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Controller board 

Interaction Systems, Inc. announces the 
first IBM PC-compatible plug-in touch 
controller board to add capacitive touch
input capability to the IBM PC and com
patibles. The Model 4003 Touch Con
troller Board has been specifically de
signed to faci litate the addition of touch 
input to IBM PC-compatible systems. By 

simply inserting the 4003 board in an IBM 
bus slot, attaching a standard Interaction 
Systems touch screen to a monitor, and 
connecting the touch screen to the con
troller via a single cable, the user is im
mediately able to input and access data 
via touch. This new design eliminates the 
need for complex hardware integration, 
added power supply, the use of already 
limited seria l ports , and costly modifica
tions necessitated by monitor limitations . 
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Significant new features incorporated in 
the Model 4003 include: elimination of all 
manual adjustments , standard scaled 
resolution of 256 x 256 and drivers de
signed to optimize the Model 4003 con
troller performance in the MS-DOS en
vironment. Prices in OEM quantity range 
from $295- $395. 

In teraction Systems, Inc., Brighton, MA 
617/789-5900 Booth 107 
Circle no. 31 
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Military electronic display study 

Stanford Resources' most recent 
multiclient study, "Military Electronic 
Display~-Markets and Technology 
Trends, " provides a coherent and 
understandable structure and forecast of 
the U.S. military markets for electronic 
displays and d isplay systems. 

An extensive interview program was 
conducted to insure that an accurate 
assessment of the current situation was 
obtained and that a reliable forecast of 
market size and opportunities could be 
determined. All o f the key manufacturers 
and suppliers o f electronic displays for 
this market segment were interviewed. 
Government a nd service personnel with an 
important role in display selection, fund
ing and selection were also interviewed. 
More than 30 of the primary display deci
sion makers at the major system com
panies were contacted. 

International Planning Information, Inc., 
Redwood City, CA 
415/ 364-9040 Booth 40 
Circle no . 32 
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High-voltage power supply 

The Keltron HR25 is designed for op
timum performance of all shadow-mask 
color CRTs, including the newest high
resolution screens. With conservative 

design and top quality, the H R25 with its 
standard options can be customized at 
low cost to provide a ll the required 
voltages for the CRT. 

TRUST WESTINGHOUSE 
TO DELIVER CRTs 
FOR MILITARY DUTY. 

For the extra-tough needs 
of military applications, 
Westinghouse CRTs will meet 
your requirements. 

No matter what application 
you have in mind-from Head
Up Displays to FLIR Tank Sights
Westinghouse has proven its 
capability with many customers 
for their special designs. 

We've been meeting 
rugged military requirements for 
years. The CRT we design for 
you will meet your specifica
tions. 

Westinghouse uses the 
latest technology in 
computer software 
to model 
the electron 
optics 

Keltron Corp., Waltha m, MA dependent variations are completely 
617/ 894-8700 Booth 108 eliminated. A standard measuring rate of 
Circle no. 34 2.5 measurements/sec is acheived with 

this system. The model C 3300 can 
achieve 100 readings/sec. Coordinates 
x,y, and Y are displayed on the front 
panel (4 one-half digit display) or sent to 
the computer via BCD or as an option, 
IEEE-488. Operations are computer con
trollable via IEEE-488. 

Colorimeter using mosaic 
filtering 

The C 1200 colorimeter uses mosaic filter-
ing to yield virtually perfect tristimulous 
functions to nearly eliminate color 
measurement error due to filter correc
tion. The C 1200 is accurate to ± 0.005 
for tungsten, fluorescent, and H ID lamps, 
and to ± 0.002 for highly colored sources 
such as color TV phosphors (CIE 1931 

JDI5 U 1'1 C!Sli 0 

x,y coordinates). Because all three LMT, San Diego, CA 
tristimulous functions are measured 619/ 271-7474 Booth 90 
simultaneously, errors due to time- Circle no. 35 

O • mQ 3/!1/8 7 

,.. . y. 

11. 4el 
.zoo 

00 000000 0 0 0 0 000000 0 0 
00000000000000000000 
a a a a aaaa a a a a aaaaaaa a 

for your design. We can 
quickly make design 
changes or alterations. 
There's no need to 
manufacture proto
types for testing be
cause our computer 
can mathematically 
"test' a design thafs 
just a drawing. ,.. ___ 7!5 .. ;;;!Q ... .. y. ]:1:1 - .1!117t!IIS:-031 
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So next time you 
need a CRT designed, no matter 
what the application, or how 
tough the specs. come to 
Westinghouse. Our years of ex
perience will solve your problems. 

To find out more. just call or 
f write- Westinghouse 

Electric Corporation, 
Industrial and Govern

ment Tube Division. 

Westinghouse Circle, 
Horseheads, NY 14845. 
(607) 796-3350. 
TWX 510-252-1588. 
FAX ( 607) 796-3279. 

® 
You can be sure .•. 

if it's Westinghouse 

VISIT US IN BOOTHS 34 AND 35 AT THE SID '87 EXPOSITION. 
Circle no. 33 
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CRT analysis system 

Microvision of San Jose, California has 
just announced the SUPERSPOT 100 
system for making rapid automatic con
vergence measurements on color CRTs. 
Direct reading of line width and MTF for 

40 Information Display 5/87 

both color and monochrome CRTs as well 
as measurement and adjustment of focus, 
pincushion, beam drift, and convergence 
are all quickly made with this versatile 
CRT analysis system. The tota l concept 
approach of the SUPERSPOT 100 is 
designed to meet the specific measurement 
needs of the display industry. Laboratory, 
quality control and production are all 
prime candidates for this exacting fast 
solution to the CRT measurements. 

Microvision, San Jose, CA 
408/ 374-3158 Booths 50/ 51 
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Transparent conductive coating 

Optical Coating Laboratory, Inc. expand
ed its line of TEMPEST shielded windows 

for EMIIRFI suppression, with the in
troduction of a new transparent conduc
tive coating. This coating is optimized for 
high-quality EMIIRFI suppression to 
meet TEMPEST requirements. 

OCLI's newest product has a unique 
proprietary conductive coating which 
totally eliminates moire patterns while 
blocking EMIIRFI radiation. Coupling 
this coating with OCLI's HEA~ (high
efficiency antireflection) coating provides 
the user with a non-glare non-diffusing 
highly secure window. 

These OCLI panels can be bonded 
directly onto the face of the CRT or fac
tory installed into the manufacturer 's 
bezel. 

OCLI, Santa Rosa, CA 
707/ 525-7526 
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CRT bulbs 

Owens-Illinois manufactures every type of 
glass for display devices, glass bulbs, face 
plates, plano-plano, neck tubing and 

precision neck tubing. We also manufac
ture more than 130 types of special CRT 

TRUST WESTINGHOUSE 
TO GIVE YOU THE UTMOST 
IN 1" MONITOR FLEXIBILITY 
AND RELIABILITY. 

Performance capability 
and configuration flexibility: the 
new Westinghouse MHR-1100 
1-inch CRT monitor puts them 
together like never before. And 
that opens a whole new level of 
application possibilities for you. 

We start with high resolution 
(800 TV lines). Then we add 
remote flexibi lity. The tube and 
the electronics can be as far as 
six feet apart. That makes it 
easier than ever to use it in many 

applications 
from tank 

bulbs ranging in size from I to 43 in. for 
color and monochrome TVs, and special 
CRTs. 

Owens-nlioois, Columbus, OH 
614/ 443-6551 Booths 81182 
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A 1.5-m plasma display 

A 1.5-m ac gas-discharge (plasma) display 
has been jointly developed by Magnavox 
Electronic Systems, Fort Wayne, Indiana, 
and Photonics Technology, Northwood, 
Ohio . This is the world's largest nonpro
jected fully populated flat-panel display. 

sights to aircraft displays. 
For even more flexibility, the 

controls for b rightness and con
trast can be p laced remotely. 
We can custom-alter the shape 
to fit your requirements. 

The monitor is designed for 
high reliability (MTBF) in rugged 
military environments- a wide 
supply p ower range of 18 to 
32 VDC. low input power require

ments- just 10watts 
at 18 VDC. It oper
ates over tempera
tures from minus 40 
to plus 71 o C. and 
withstands shock 

Photonics Technology, Northwood , OH 
419/ 666-0762 Booths 111/ 112 
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and vibration. 
The fact is: no other 1-inch 

CRT monitor combines such 
hig h levels of performance with 
remote configuration flexibility 
the way the MHR-1100 does. 
Let us help you design it into 
your system. 

Just write or call. Westing
house Electric Corporation, 
Industrial and Government Tube 
Division, Westinghouse Circle, 
Horseheads, NV 14845. 
(607) 796-3350. 
TVVX 510-252-1588. 
FAX (607) 796-3279. 

® 
You can be sure ... 

if it's Westinghouse 
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Thin-film electroluminescent 
display 

Planar's newest thin-film electrolumines
cent display, the EL6648MS, is capable of 
receiving control signals from a CRT con
troller using 300Jo less power draw than 
previous models. A 2000-character display 
typically uses approximately I 0 W. The 
display contains 131,072 (5 12 x 256) com-

pletely bit-mapped addressable pixels and 
provides a clear crisp image. 

The EL6648MS replaces the bulky CRT 
for virtually all microcomputer-based pro
duct designs. Because the display is com
pact, just 0 .75-in . thick and a mere 18 oz. 
in weight, the overall system size can be 
kept to an economical minimum. Among 
the benefits offered by this display are 
ease of installation, reduced system in
tegration cost, freed space for extra func
tionality, and increased portability. 

The EL6648MS offers superior graphics 
and is, therefore, ideal for simplifying 
operator control of complex equipment 
often used in industrial control, in
strumentation, terminal, and medical 
applications. 

Planar Systems, Inc., Beaverton, OR 
503/ 690-1100 Booths 96/ 97/ 98 
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High-voltage power supplies 

PTK manufactures high-voltage power 
supplies for commercial display applica
tions. Power supplies can be easily 

Our flat panel displays make 
you look even better. 

If you want the very best in 
high precision displays, you 
owe it to yourself to find 
out more about flat panel 
displays from Finlux. 

Whether you are build· 
lng process controllers, fac
tory terminals, or electronic 
Instruments, Finlux Matrix 
Displays can help you look 
your best. 

Your customers will 
especially appreciate the 
outstanding picture quality. 
images are crisp, stable, 
and flicker-free. 

And you wi l l appreciate 
how easy it is to incor
porate Finiux Displays into 
your own system. Ultra-thin, 
light weight, and extremely 
rugged, Finlux Matrix 
Displays mean compact 

FINLUX INC. 
20395 Pacifica Drive 
Suite 109 
Cupertino, CA 95014 
Tel. (408) 725-1972 
Teiecopy (408) 9967547 
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packaging in almost any 
system. 

Find out more today by 
cal ling or writing Finlux Inc. 

The Finlux MD512.256 
• Effective display area: 98 

mm (H) by 195 mm (W) 
• Number of dots: 512 by 

256 
• Versions avai lable: 

Integrated or separate 
power converters for 12V, 
15V 

• Low Power 

The Finlux MD640.200 
• Effective display area: 

122 mm (H) by 195 mm 
(W) 

• Number of dots: 640 by 
200 

• Versions: 15V, 12V 

Marketing and International Operations 
LOHJA CORPORATION 
Display Electronics 
Box 46 
SF-02201 ESPOO 20 
FINLAND 
Tel. Int. + 358 o 420 01 
Telex 125023 eldis sf 
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Branch Office 
LOHJA CORPORATION 
Display Electronics 
Koshiichi Building 803 
Jingumae 6-19-16 
Shibuya-ku, Tokyo JAPAN 
Tel. Japan 03-797 5425 
Teiecopy: Japan 03-797 5426 



HYcom TFEL DISPLAY sYsTEMs 
SHADED 
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DATA 
BASE 
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NETWORK MONITORS display computer data at 
remote locations. The host computer can service up 
to 64 monitors {RS-232/RS-244). A local keypad re
quests data and selects desired page for display. 

VIDEO 

The VU-100 DISPLAY gives 16 
shades of video picture on a 
TFEL screen {4.72 x 3.54 in.) . 
This unit is very compact 
(7.25 x 6 x 1.5 in.), light {2.5 lbs.), 
and low-power {20 watts). 
Input signal is broadcast TV, 
CCTV, or VCR {RS-170). 

HYCOm 
Local memory holds three pages. TFEL page matrix 
can be 320 x 240, 512 x 256, or 640 x 200. Self
powered; NEMA enclosure; output for serial printer. 

16841 Armstrong Ave., Irvine, CA 92714-4979 
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(714) 261-6224 

High Voltage Power Supplies to 
30KV 

Our engineering department designs 
supplies to full MIL SPECS, as well as 
high-reliability supplies to commercial 
standards. 

These samples of power supplies are 
suitable tor multiple customer-specified 
applications, or we will design a 
prototype to suit your application. 

For prompt attention to your 
requirements, write or phone Bill Holt or 
Don Hill. 

Penn-Tran Corporation Route 144 North. P 0 Box 132t. W1ngate PA 16880 
814 355 1521 Telex 706473 

Circle no. 44 
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modified to meet particular specifications. 
MIL-SPEC power supplies, as well as 
custom designs, are also available. 

PTK/ Rantec Div., Los Osos, CA 
805/ 528-5858 Booth 94 
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Flying-spot scanner 

Series C82209 flying-spot scanner is a 
5-in.-diameter magnetic-deflection and 
electrostatic-focus CRT. Features include 
an ultra-fast decay phosphor screen. Light 
emission from the phosphor is near-white 
in color. Applications include the genera
tion of television-type display of motion
picture film and related suurces. 

RCA New Products Div., Lancaster, PA 
800/ 233-0155 Booths 65/ 66 
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A 0.5-in. CRT package 

A new miniature CRT package has been 
developed by Rank Brimar for applica-

AD-MU SHIELD NG 
ENHANCE E I SE S IVE 

COLOR DISPLAYS FO 

• 

I 

I 
R G BIV 

- ·~ ---- -

Achieve high quality hues and sharper color definition for avionics, 
computer graphics, medical instrumentation, military and other critical 
color image applications. 

A properly selected shielding alloy ... placed around or adjacent to a 
circuit component .. . suppresses radiated magnetic fields interferring 
with other nearby components, or vice versa. 
That's how AD-MU shielding alloys solve your problem. 

56 pages of this 84-page Procurement Catalog/ Engineering Manual ~ 
contains useful technical data covering the entire magnetic 
shielding field; 28 pages consist of usual catalog type data 
Just request this vital helpful data on your letterhead and it's yours. 

tions where a very small light-weight tube 
is required; for example, helmet-mounted 
display in fixed-wing high-performance 
fighter aircraft and battle tanks. 

The new tube and coil package has an 
outside diameter of 17 mm (0.67 in.), a 
length of 80 mm (3.15 in.) and a useful 
screen of 11.5 mm (0.45 in.) diameter on 
the fiber-optic faceplate. The total weight 

625 MONROE STREET, ROCHESTER, INDIANA 46975 
(219) 223-ADMU FAX 219-223-2524 

The Problem Solving Magnetic Shielding Specialists-4 Decades of Magnetic Shielding Leadership 
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THE FURTHER WE GO, 
THE FURTHER YOU GO. 

Thomson-GSF is your winning partner 
for professional display tubes and devices. 
Whether your applications are in radar, 
avionics, defense, industry or medicine, you 
can be sure of our technology for reliability 
and performance, even under the most 
adverse conditions. 

Our vast CRT range incorporates the 
latest models for video projection, short 
head-up and head-down displays, helmet
mounted displays, ground/ airborne mono
chrome and color radars, photographic data 
recording, instrumentation, etc. 

And our proven AC plasma panels offer 
the ultimate in readability and ruggedness 
for medium and high density graphics 
display, in all environments. 

With manufacturing plants in Europe 
and the US, we are at hand to let you benefit 

ltlglquo : BRUXELLES 
Tel 132-2)6486485 
h 23113 THBXl 8 

111111 : ROMA 
1!11396)6390248 
h 620683 THOIATE I 

lrozll : SAO PAUlO 
lol 155·11)5424722 
hi011)24226TCSFBR 

Jopoo : TOKYO 
Ttl 111·31 264 63<6 
T, 2321241THCSF J 

Conldo: MONIREAl·OUEBEC 
T!lll ·514)2884148 
h 5560248 TESAII MTl 

Snri11 : TYREsii 
111. 146-11)7420210 

from our quality products with the best 
customer care. Just as we did for major pro
grams worldwide. 

In radio and television, telecommuni
cations, military and civil aviation as well as 
in a wide range of scientific and medical 
applications, Thomson-CSF knowhow gets 
your systems moving. Fast. 

The sharpest image devices in the world. 

THOMSON ELECTRON TUBES 
AND DEVICES CORPORATION 
550 Mount Pleasant Avenue 
P.O, Box 6500 
DOVER. NEW JERSEY 07801. 
Te.l. : (2011328-1400. TWX : 710987 7901. 

Deutschl1nd: MUNCHEN h p1h : MADRID 
Tel 149-89)78 19·0 Tel 134-1) 4051615 
h 521916lSF D h A6033 TCCEE 

Unllod·Kingdorn : BASINGSTOKE U.S.A.: DOVER 
Tel (44·2561 29155 Tel 11·2011 3211400 
h 8581!051ESAFI G TWX 710987 7901 

Fronco: BOUlDGNE·BillANCOURT 
Tel 133·1) 46048175 
h IHOMIUB 200 112 f 
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products on display 

of the sealed package is only 35 g (1.25 
oz). Within this small volume the high
performance tube will display a high
brightness standard raster. 

The design of this tube is based on the 
existing Rank Brimar l -in. helmet display 

package currently supplied for the Apache 
helicopter program. 

Rank Brimar Limited, Manchester, U.K. 
061-681-7072 Booths 5/ 6 
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LAB ACCURACY 
BATTERY POWER 

WITH LMT SPOT PHOTOMETERS 
• Measured angular fields of 3°, 1°, 20' and 6' (ModelL 1 009). 

• Manual or autoranging from 3x1 o-5 to 5x1 o+6 fl. 
• Excellent photopic correction with a stable silicon detector. 

• Measures areas from 0.04 inches in diameter with attachment. 
• Operation controllable via IEEE-488. 

Seem incongruous? It used to be. 
But now with the advent of LMT's 
spot photometer, you can have 
both! Of course, if you want to use 
it in the lab where AC power is avail
able, a battery eliminator and charg
er comes supplied with the unit. Re
chargable Nicad battreries will 
power the system for over 8 hours 
of continuous measurement, more 
with intermitant use. 

L 1 009 Spot Photometer 

What makes this a laboratory 
grade instrument? From the optics 
at the start, through the excellent 
photopic correction of the silicon 
detector, to the electronics at the 
end, careful attention is paid to the 
technical details to ensure a right 
answer the first time. 

The input optics are very large aper
ture for maximum light collection, 
and very well corrected for an 
undistorted image of high bright
ness for the observer. Included in 
the operators visual field is a digital 
readout of the measured lumin
ance. 

Photopic correction is very impor
tant and a curve and tabular listing 
of the measured correction is inclu
ded with the instrument. 

The ability to control the instru
ments operation via IEEE-488 (AC 
power only) round out its laboratory 
capabilities. 

See you at the SID show. booth 90 

P .0 . Box 85666 MB 116 San Diego, CA 92138 
Fax: 619-693-3670 
Phone: 619-271-7474 Telex: 697-5323 

Circle no. 51 

46 Information Display 5/87 

V -Beam Index CRT 
for avionics display 

A new 6.3 x 6.3 in. V-beam index CRT 
has been developed for avionics use. The 
beam-index CRT has the high beam effi
ciency of a phosphor screen but without a 
shadow mask or the inherent problems of 
a conventional CRT such as mask vibra
tion, mask thermal expansion, and 
susceptibility to magnetic fields. 

The white peak brightness of the new 
CRT is 1,000 fL, which is 4-6 times that 
of a conventional CRT. A beam current 
as high as 1,000 p.A if accelerated by 33 
kV, the power on the panel being 33 W. 

The new CRT's high brightness was 
achieved by reduction of beam spot size 
and by optimizing the phosphor coating 
weight. 

A contrast ratio of 5: I was attained 
under a halogen lamp of 50,000 lux when 
a 100Jo contrast filter was positioned in 
the front of the panel. 

The new CRT's deflection angle is 75° 
and it has a triplet pitch of 0.42 mm with 
a total of 378 triplets. 

Sony Corporation, San Diego, CA 
619/ 487-8500 Booths 61/ 62 
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Complete Guns, Stems, Cathodes, 
Other Components 

~ffiliD'ii'OOW~~'ii' \YJ/l\@liDliDlUl liD~\Y/~@~~9 ~ill@. 
PO. Box 50524/Tucson, Arizona 85703 
(602) 887-7900 Telex 165-522 

A VIDEO DISPLAY COMPANY 
Circle no. 52 

SINGLE 
SOURCE 

Whether it is a prototype, broadcast, TV, medical, 
newspaper or data display CRT -Video Display is 
the Nation's largest full line supplier of replacement 
tubes. 

SPECIALIZATION 
VDC sells only CRTs, and has the most 
knowledgeable sales force in the industry. Supply
ing drop in replacements for any manufacturer's 
tube type is our specialty. 

QUALITY 
VDC stocks CRTs featuring the latest dark glass, 
direct etch options in colors ranging from Black and 
White to European Amber. VDC replacement tubes 
are often of higher quality than the original tubes. 

INVENTORY 
With over 70,000 units in stock, representing 
3,000 tube types, VDC ships most orders the same 
day they are received. 

PRICING 
No one sells the same high quality tubes for less. 
Not the OEMs, not other tube manufacturers, no 
one. 

1-800-241-5005 

Vii)i:O i)i.)i'LA'! 
CO=ti'O=tAi:iOn 

5530 E Ponce De Leon Ave. 
Stone Mountain, Georgia 30086 
(404) 938-2080 or Your local VDC distributor 
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products on display 

High-voltage LCD driver 

Supertex has developed a monolithic high
voltage integrated circuit, the HV60, that 
provides the circuitry and voltage required 
to drive dichroic and supertwisted LCD 
technologies. This device, designed with 
the Supertex proprietary HVCMOS pro
cess, provides a three-state output signal 
+ 40 V, - 40 V, and return-to-ground. 

The HV60 contains 32 channels. These 
channels can be selected by the data of 
the shift register which selects the high or 
low values on the output. The phase
shifted input controls additional circuitry 
which provides the return to ground 
signal and the phase control. Input logic 
is controlled by ± 5 V signals, compatible 
with many present systems. 

Samples of the HV60 are available now 

in both surface-mount and dual-in-line 
package. Consult factory for prices and 
availability. 

Supertex, Inc., Sunnyvale, CA 
408/ 744-0100 Booth 48 
Circle no. 54 

Video printer with 64-tone 
gray scale 

The TP-115 video printer connects to the 
video output of a CRT display or TV 
monitor via a BNC cable and delivers a 
hard-copy printout of the screen with a 
64-tone gray scale. 

The printed area is approximately 
8.5 x 6.5 in. and the printing time is 40 
sec. A choice of positive or negative 
printing is provided along with controls 
for image contrast and brightness. The 
TP-115 will accept both interlaced and 
not-interlaced composite video signals. 
High-contrast (black and white) printing 
is also possible. 

The fine detail and range of tones of 
the printed image makes the TP-115 ideal 
for medical and industrial applications 





uovn Display Contrast Enhancement Filters 
Maximize the luminous contrast of your CRT and LED displays with Hoya's specially developed 
optical-quali ty contrast-enhancement color glass filters. Sunlight readability as well as meeting 
other intense ambient cockpit conditions are satisfied by antireflection coatings on narrow-band 
monolithic co lor glass filters and combinations with polarizers. 

GV Series-Green monochromatic CRT display filters of various thicknesses most effect ive in 
transmitting the P-43 phosphor emission in the 545-548 nm range. Highest contrast 
ratio is realized with 11-18% peak transmission. 

AC Series-Color CRT display filters optimized for the blue-green-red emission of the P-22, P-43, 
and P-55 phosophors. Best contrast ratios are obtained in the 22-32% peak transmis
s ion range for these respective wave lengths. 

HLF Series-Yellow, green, and red cont rast-enhancement filters for sunlight viewable alphanumeric 
LED displays. Combines antireflection-coated colored glass filters with a circular 

I' polarizing interlayer for maximum luminous contrast. 

' ' ! 

Please contact Hoya Optics for additional information and quotation of such applications and your 
other optical/f ilter requirements. 

HOYA OPTICS, INC. 3400 Edison Way, Fremont, CA 94538 (415) 490·1880, Telex 172-647 
East Coast office: Route 131, Suite 3, Sturbridge, MA 01566 (617) 347-2671 
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For Flat Panel Displays ... 
The Choice Is As Simple As 1·2·3(a·j) 
1. Life & Performance 
2. Easy Interface 
3. a) Selection . .. 9 Models: 

b) low power (6 w) 
c) light weight 
d) all soldered display wires 
e) convenient voltages (5&12) 
f) low profile (. 75 ") 

..... 40,000 hours, uniform brightness 

..,.. HSYNC, VSYNC,CLOCK, DATA 

..... 512 X 256 

..... 576 X 256 

..... 640 X 200 

..... 640 X 400 

..... 720 X 350 

2 models, one 26" diag! 
2 models, correct ratio 
2 models 
2 models, one 14" diag! 

g) protection circuits-no power or logic misques 
h) broad environment- (40 g, 11 ms, - 5 to + 55°C) 
i) History & experience: 18 yrs of production 
j) custom projects 

t\'EC 
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ac refresh 
plasma displays VP 
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SYSTEMS DEVICES GROUP 
WORLD PRODUCTS INC. 
707-996·5201 



products on display 

that use x-ray or ultrasonic diagnostics. 
The TP-115 is available within 30 days 
from receipt of order and is priced at 
$5900 in single quantities. 

Test & Measurement Systems, Inc., 
Sunnyvale, CA 
408/ 720-8877 Booths 32/ 33 
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Sub-miniature assembly for 
helmet-mount displays 

Thomas Electronics, Inc. has just an
nounced the production of an ultra
lightweight sub-miniature assembly that is 
0.7 in. in diameter and is less than 3.0 in. 
in overall length. The tube was developed 
for helmet-mounted displays for use in 
helicopters and fixed wing aircraft. 

The IM70P53MFO tube provides an 
0.0008-in. line width across a 0.4-in .
diameter useful area and a 500 fL area 
brightness through the integral fiber
optics faceplate. A low inductance coil is 

Circle no. 60 

precision aligned within a mu-metal 
shield. Maximum weight, excluding lead, 
is 40g. 

Thomas Electronics, Wayne, NJ. 
201/696-5200. Booths 54/ 55 
Circle no. 61 

Avionic CRTs 

Thomson Electron Tubes and Devices 
Corporation has developed a diverse line 
of CRTs and plasma panels for various 
military and industrial applications
which includes CRTs for avionics, com
mand and control, photo-recording, pro-

jection, air-traffic control, and a host of 
other applications. New this year will be a 
fu lly shielded MIL-SPEC 19-in. color 
shadow-mask assembly. The color 
assembly includes a 19-in. PIL CRT, 
deflection yoke, convergence coils, con
formal shield, leads, and connectors pot
ted as an integral unit. 

Thomson Electron Tubes and Devices 
Corp., Dover, NJ 
201/ 328-1400 

Circle no. 62 
Booths 15/ 16 

Medical imaging test pattern 
generator 

The Vii Model 110A test pattern 
generator provides a convenient low-cost 
capability for application of the SMPTE 
pattern to medical imaging systems of vir
tually any scan rate, bandwidth, and 
aspect ratio. To date, application of the 
pattern has been limited to larger scale 
systems with resident ability to develop 
and store the great amount of informa
tion required to generate the pattern. 

A most important consideration is 
maintaining a daily file of test images. 
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THE MORE __________ ~ 
POVVERFULFORCE ______ ~ 
IN RUGGED CRT PACI{AGES 

AND DRIVE ELECTRONICS SYSTEMS 
• A WIDER PRODUcr RANGE SPANNING AVIONIC AND MJLITARY, BROADCAST, RADAR 

AND MEDICAL APPLICATIONS 
• A GREATER R & D PROGRAM11E, WITH EXPAND ED TECHNOLOGY RESOURCES 
•A GREATER DEDICATION TO SPECIAL-PURPOSE CRT AND DRIVE ELECTRONICS 

PACKAGES FOR RUGGED AND DEMANDING APPLICATIONS 

Rank has integrated its professional CRT and Drive Equipment businesses into a 
unified, more powerful Company - Rank Brimar Ltd - which concentrates the 
resources of Rank Electronics Tubes at Sid cup in Kent, England and at Scotts Valley in 
California, USA together with the existing Rank Brimar capability at Middleton in 
Manchester, England. 

RankBrimar 
Rank Brimar Ltd. Headquarters: 
Greenside Way, Middleton, Manchester M24 lSN. England. Tel: International +4461 681 7072. National 061 681 7072 

THE MORE POWERF1JL FORCE IN CRT AND DRIVE SYSTEMS FOR AVIONICS, MlLIT ARY VEHICLES, RADAR, 
BROADCAST, PROJECTION, COM/CIM, MONITOR, MEDICAL AND PHOTO l'Y PESE'ITING APPLICATIONS 

DESIGN DEVELOPMENT 
ENGINEER

ELECTRON GUNS 
We Won't Stand In Your Way. 

Imagine a world leader in display technology whose pri· 
vately owned management sets a tone of freedom and flexi· 
bility. We're Electro-Scan Inc., located in Bergen County, NJ, 
and we're low on red tape and bureaucracy and high on 
people with the initiative to imagine new solutions and run 
w ith them. If you have at least 3 years experience in the de· 
sign and development of electron guns and parts, we have 
a few challenges ready to be sent your way. 

This position will involve the development of electron guns 
and thermionic cathodes. A background in tube testing 
and processing is helpful. You'll need a technical degree or 
equivalent. 

We offer a friendly atmosphere and competitive salaries. 
Please send resume to: 

Ken judson 815-633-1444 

Grl'uciRD·SCAN INC. 
45 Outwater Lane 
Garfield, NJ 07026 

Equ•l Opportunrty Employer 
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Tektronix CRTs for 
diverse applications: 
• Full spectrum of • Fiberoptic faceplates 

oscilloscopes • Hard copy 

• Small screen high per- • Military and custom 
formance monitors 

• Transient digitizers 

Our special expertise is in creating new designs for 
unique applications or modifying existing designs for a 
specific need. 

We have strong capabilities in all stages of CRT 
fabrication: conceptualization, design development, pro
totyping, .and manufacturing. Tektronix maintains the ex
tensive commitment to prototyping capability and 
technical support necessary to transfer leading edge 
technologies quickly and cost effectively into products. 

See us at SID 

New Orleans, 
May 12-14 

1987 

Write or call: 
Tektronix, Inc. 
Test and Measurement CRT 
M.S. 46-539, P.O. Box 500 
Beaverton, Oregon 97077 
Phone: (503) 627-6868 

Tektronix~ 
CQI.I\MITT£0 TO EXCElLENCf 
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The model JJOA has provision for time 
and date overlay to document when per
formance was verified. The unit is con
figured so that it may be permanently in
stalled in a system. Interface to a personal 
computer (IBM PC-XT or Macintosh) 
allows easy change of scan rate, pattern 
selection, and floppy disc storage. 

Visual Information Institute, Xenia, OH 
513/ 376-4361 Booths 52/53 
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Touch screen for rugged 
environments 

Wells-Gardner Electronics announces the 
new ES Series Cyclops Touch Screen
offering optical reliability and quality at 
an affordable price. With only one LED 
and one solid-state CCD detector, the ES 
Series is priced under $100 in OEM quan
tities, and yet offers superior performance 
over alternative technologies: high resolu
tion (100 x 70), low power consumption, 
lOOOJo optical clarity, high reliability 
(55 ,000 hour MTBF), and more. 

Currently available in a 4 x 9 in. size 
for flat-panel displays, the Cyclops ES 
Series needs no field calibration and is 
designed for rugged environments where 
surface damage and vibration resistance 
are important concerns. Additional sizes 
are available upon request. 

Circle no. 60 

Wells-Gardner Electronics , Chicago, IL 
312/252-8220 Booth 106 
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A l-in. military CRT display 

A compact high-resolution military 
display with a CRT only I in. in diameter 
is available from Westinghouse Electric 
Corporation . 

The new MHR-1100 monitor is one of 
the smallest available military CRT 
displays in the industry. The complete 
monitor with tube measures 3 X 3 x 7 in. 
deep. 

An optional unit , the MHR-1 JOOXR, 
can be ordered with the encapsulated tube 
at the end of a 6-ft. cable, so that use of 
panel space can be minimized . A 1 \12 -in.
diagonal display is also available. 

Both configurations have a wide input 
power range of 18- 32 Vdc plus RS-170 
or CCIR video format. Contrast and 
brightness controls can be located as far 
from the electronic circuitry as design 
demands, with no loss of bandwidth and 
no EMI complications. 

Westinghouse Electric Corp, 
Horseheads, NY 
607/ 796-3350 

Circle no. 68 

Starting soon 

ID Classified 

Booths 34/ 35 

• 

• job opportunities 
• positions wanted 
• consultants 
• business opportunities 
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May 

SID '87: Society for Information Display 
International Symposium, Seminar and 
Exhibition. Palisades Institute for 
Research Services, Inc., 201 Varick St., 
Suite 1140, New York, NY 10014. 
212/ 620-3388 
May 11-15 New Orleans, LA 

1987 Technical Symposium Southeast on 
Optics, Optoelectronics. SPIE, P.O. Box 
10, Bellingham, WA 98227-0010. 
206/ 676-3290. 
May 17-22 Orlando, FL 

SPSE '87: 40th Annual SPSE Conference 
and Symposium on Hybrid Imaging 
Systems. Pam Fornas, SPSE, 7003 
Kilworth Lane, Springfield, VA 22151. 
703/ 642-9090. 
May 17-22 Rochester , NY 

Opportunities in Flat-Panel 
Displays-Short Course. N. Ronnie 
Sarkar, Arthur D. Little, Inc., 15 Acorn 
Park, Cambridge, MA 02140. 
617/ 864-5770 ext. 2377. 
May 18 Boston, MA 

Digital Facsimile-Short Course. Institute 
for Graphic Communication, 375 Com
monwealth Ave., Boston, MA 02115. 
617/267-9425. 
May 18- 20 Bedford , MA 

Human Factors in Displays and Con
trols-Short Course. (Larry Tannas, In
structor) UCLA Extension, Short Course 
Program Office, 10995 LeConte Ave. , 
Rm. 639, Los Angeles, CA 90024. 
213/ 825-3344. 
May 18-22 Los Angeles, CA 

NAECON '87: A National Forum for the 
Exchange of Aerospace Electronics Infor
mation. Cindy Porubcansky, Wright
Patterson AFB, OH 45433. 513/255-4848. 
May 18-22 Dayton, OH 

Intelligent Digitizing/ Intelligent In
frastructure-Short Course. F-M Automa
tion Newsletter, 9501 W. Devon Ave., 
Suite 203, Rosemont , IL, 60018-4804. 
312/823-0555. 
May 19-20 Boston, MA 
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EMC Expo '87. Sandra Hamilton, EMC 
Expo'87, P.O. Box D, Gainesville, 
VA 22065. 703/ 347-0030. 
May 19- 21 San Diego, CA 

Fiber Optic Communications-Short 
Course. Marilyn Martin, Integrated Com
puter Systems, 5800 Hannum Ave., P.O. 
Box 3614, Culver City, CA, 90231-3614. 
800/ 421-8166. 
May 19-22 San Diego, CA 

PC-Based Tools for Software Analysis 
and Design-Short Course. Nicolette 
Worley, Integrated Computer Systems, 
5800 Hannum Ave., P.O. Box 3614, 
Culver City, CA 90231-3614. 
213/ 417-8888. 
May 19- 22 Washington, DC 

Hard Copy Processes for the Future
Short Course. Institute for Graphic Com
munication, 375 Commonwealth Ave., 
Boston, MA 02115. 617/267-9425. 
May 20-22 Bedford, MA 

Metal and Ceramic Matrix Com
posites-Short Course. Technology Train
ing Corp. Dept. M and CMC/ ANMC, 
P .O. Box 3608, 3420 Kashiwa St., Tor
rance, CA 90510-3608. 213/ 543-3922. 
May 21-22 Huntsville, AL 

CG Int' l '87: Conference on Computer 
Graphics in Japan. Prof. Tosiyasu L. 
Kunii, Kunii Laboratory of Computer 
Science, University of Tokyo, 7-3-1 
Hongo, Bunkyo-Hu, Tokyo 113, Japan. 
(03) 812-2111. 
May 25-28 Karuizawa, Japan 

West Coast Desktop Publishing Round
table. NCGA, 2722 Merrilee Dr. , Suite 
200, Fairfax, VA 22031. 703/ 698-9600. 
May 27 San Francisco, CA 

June 
Advanced Non-Metallic Composites
Short Course. Technology Training Corp. 
Dept. M and CMC/ ANMC, P.O. Box 
3608, 3420 Kashiwa St., Torrance, CA 
90510-3608. 213/ 534-3922. 
June 1- 2 Orlando, FL 

COMDEX/ Spring. The Interface Group, 
Inc. , 300 First Ave., Needham, MA 
02194. 617/ 449-6600. 
June 1-4 Atlanta, GA 

Designing Modern Software/ User Inter
faces-Short Course. Nicolette Worley, 
Integrated Computer Systems, 5800 Han
num Ave., P.O. Box 3614, Culver City, 
CA 90231-3614. 213/ 417-8888. 
June 2- 5 
June 9-12 

San Diego, CA 
Washington, DC 

Integrated Voice/ Data Communications 
and ISDN- Short Course. Marilyn Mar
tin, Integrated Computer Systems, 5800 
Hannum Avenue, P .O. Box 3614, Culver 
City, CA 90231-3614. 800/ 421-8166. 
June 2- 5 Toronto, Canada 

Images on CD-ROM-Short Course. In
stitute for Graphic Communication, 375 
Commonwealth Ave., Boston, MA 02115. 
617/267-9425. 
June 3-5 Amsterdam, 

Netherlands 

Metal and Ceramic Matrix Com
posites-Short Course. Technology Train
ing Corp. Dept. M and CMC/ ANMC, 
P .O. Box 3608, 3420 Kashiwa St., Tor
rance, CA 90510-3608. 213/ 534-3922. 
June 4-5 Orlando, FL 

Special Applications for Electrostatic Im
aging-Short Course. Diamond Research 
Corp., P.O. Box 128, Oak View, 
CA 93022. 805/649-2209. 
June 7-9 Santa Barbara, CA 

International Conference on Computer 
Vision. Azriel Rosenfeld, Univ. of 
Maryland, Center for Automation 
Research, College Park, MD 20742. 
30 I I 454-4526. 
June 8-11 London, England 

Second Annual Conference on Optical 
Storage for Large Systems. Judith Han
son, Technology Opportunity Conference, 
P.O. Box 14817, San Francisco, CA 
94114-0817. 415/ 626-1133. 
June 9-11 New York, NY 



Electronic Imaging Industries-Short 
Course. Institute for Graphic Com
munication , 375 Commonwealth Ave., 
Boston, MA 02115 . 6171267-9425. 
June 14- 16 Monterey, CA 

National Computer Conference. 
Marketing Department , AFIPS, 1899 
Preston White Dr., Reston, VA 22091. 
1-800/NCC-1987. 
June 15-18 Chicago, IL 

Flat Panel Displays 1987 International 
Conference. International Planning Infor
mation and Stanford Resources, Inc. 
(IPI) , Nordre Ringvej 201, DK-2600 
Glostrup, Denmark. 45 2 63 2044. 
June 17- 18 Copenhagen, Denmark 

MARSIM '87: Fourth International Con
ference on Marine Simulation. Marsim 
'87, c/o SMS, Ladehammerv 6, 7000 
Trondheim, Norway. 47-7-5 1-14-11. 
June 22-24 Trondheim, Norway 

45th Annual Device Research Conference. 
Jerry Woodall , IBM Corp., P.O. Box 
21 8, Yorktown Heights , NY 10598. 
914/ 945-1568. 
June 22- 24 Santa Barbara, CA 

Munich Laser Show. SPIE, P .O. Box 10, 
Bellingham, WA 98227-0010. 
206/ 676-3290. 
June 22- 26 Munich, West Germany 

Fiber Optic Communications-Short 
Course. Marilyn Martin, Integrated Com
puter Systems , 5800 Hannum Ave., P.O. 
Box 3614, Culver City, CA 90231-3614. 
800/ 421-8166. 
June 23- 26 
June 23-26 

Boston, MA 
Palo Alto, CA 

Structured Design and Programming
Short Course. Nicolette Worley, In
tegrated Computer Systems, 5800 Han
num Ave., P.O. Box 3614, Culver City, 
CA 90231-3614. 213/ 417-8888. 
June 23- 26 Washington, DC 

PC-Based Tools for Software Analysis 
and Design-Short Course. Nicolette 
Worley, Integrated Computer Systems, 
5800 Hannum Ave., P .O. Box 3614, 
Culver City, CA 90231-3614. 
213/ 417-8888 . 
June 23- 26 Los Angeles, CA 
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Symposium on Marketing Trends in 
Photoelectronic Imaging. Conference 
Manager, SPSE, 7003 KiJworth La., 
Springfield , VA 22151. 703/ 642-9090. 
June 24- 25 New York, NY 

Color Hard Copy-Short Course. In
stitute for Graphic Communication, 375 
Commonwealth Ave., Boston, MA 0211 5. 
6171267-9425. 
June 28-30 Bedford, MA 

Advanced Non-Metallic Composites
Short Course. Technology Training Corp. 
Dept. M and CMC/ANMC, P .O. Box 
3608, 3420 Kashiwa St., Torrance, CA 
90510-3608. 213/ 534-3922. 
June 29- 30 Washington, DC 

July 

Fiber Optic Communications-Short 
Course. Marilyn Martin, Integrated Com
puter Systems, 5800 Hannum Ave., P.O. 
Box 3614, Culver City, CA 90231-3614. 
800/421 -8166. 
July 7-10 Washington, DC 
July 14- 17 Anaheim, CA 

European Simulation Multiconference '87. 
European Simulation Office, c/ o Philippe 
Geril , Univ. of Ghent, Coupure Links 652 
B-9000, Ghent, Belgium. 0032-91-236961 
ext. 233. 
July 8-10 Vienna, Austria 

PC-Based Tools for Software Analysis 
and Design-Short Course. Nicolette 
Worley, Integrated Computer Systems, 
5800 Hannum Ave., P .O. Box 3614, 
Culver City, CA 90231-3614. 
213/ 417-8888. 
July 14- 17 
July 21-24 

Boston, MA 
Washington, DC 

Structured Design and P rogramming
Short Course. Nicolette Worley, In
tegrated Computer Systems, 5800 Han
num Ave., P.O. Box 3614, Culver City, 
CA 90231-3614. 213/ 417-8888. 
July 14-17 Los Angeles, CA 
July 28-31 Boston, MA 

Designing Modern Software/ User Inter
faces-Short Course. Nicolette Worley, 
Integrated Computer Systems, 5800 Han-
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HIGH VOLTAGE CRT POWER SUPPLIES 

A new series of military grade switching power supplies 
featuring high reliability and superior performance is 
now available from DEL Electronics. 
DEL combines 30 years of high voltage design and 
manufacturing expertise to produce equipment utilizing 
state-of-the-art circuitry and packaging. These units 
have been developed for, and sold to, leading OEM 
display manufacturers. 

FEATURES: 
• Outputs To 40W • TTL On/Off Control 
• Color & Monochrome Applications • Arc & Short Circuit Protected 
• Dynamic Focus • MTBF Exceeds 40,000 Hrs. 

OUTPUT REGULATION INPUT SIZE 
MODEL OUTPUTS VOLTAGE CURRENT LINE LOAD RIPPLE POWER FEATURES (INCHES) 

Anode 25KV 1.2MA 0.050% 0.050% 1VPK-PK Mil-Spec 

Focus ? to 9 KV 25uA 0.050% 0.100% 1V PK-PK Mii-E-5400 

102 Dynamic Oto 500V 27V to Temp: -54°C 7.25x 
Focus 30V DC to+600C 8.50x 

1.78 
G2 625V 20uA 0.1000/o 0.5000/o 0.2VPK-PK Dynamic Focus 

G1 -150V 1MA 0.500% 0.5000/o 0.4V PK-PK Input: 1 OV PK 

Special Requirements: DEL will custom-design a unit to meat your specific requirements. Call the factory 
for additional information and application engineering assistance. 

DEL ELECTRONICS CORP. 
250 East Sandford Boulevard • Mt. Vernon, NY 10550 • (914) 699·2000 

TWX 71 0·562·0130 

DEL:. 
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calendar 

num Ave., P.O. Box 3614, Culver City, 
CA 90231-3614. 213/ 417-8888. 
July 21-24 Anaheim, CA 

1987 Summer Computer Simulation Con
ference. The Society for Computer 
Simulation, P.O. Box 17900, San Diego, 
CA 92117. 619/277-3888. 
July 27-30 Montreal, Canada 

SIGGRAPH '87. Ellen Frisbie, SIG
GRAPH '87, Conference Management 
Office, 111 E. Wacker Dr., Chicago, IL 
60601. 312/ 644-6610. 
July 27-31 Anaheim, CA 

Call for Papers 

129th SMPTE Technical Conference and 
Equipment Exhibit. Oct. 30-Nov. 4, Los 
Angeles, CA. Papers are sought on mo
tion picture and TV technology. Topic 
headings have not been determined, but 
past sessions have focused on laboratory 
practices; film and video post-production; 
film and electronic production; computer 
applications for TV; digital applications 
for TV; and enhanced TV systems. Send 
name, address, paper title, and a 
100-word abstract to Dollie Hamlin, 
Society of Motion Picture and Television 
Engineers, 595 W. Hartsdale Ave., White 
Plains, NY 10607. 9141761-1100. 
Deadline for abstracts: June 15 

1988 SCS Multiconference. Feb. 3-5, San 
Diego, CA. Papers are solicited in the 
following areas of interest: modeling and 
simulation on microcomputers, power 
plant simulation, aerospace simulation, 
distributed simulation, and simulation and 
artificial intelligence. Send an original, 
unpublished paper proposal of 300 words, 
specifying area of interest, to: Society for 
Computer Simulation, P.O. Box 17900, 
San Diego, CA, 92117. 619/277-3888. 
Deadline for abstracts: June 1 • 

0 I'm interested in the Best Yoke for my CRT Display for best: 
0 Resolution 0 Geometry 0 Settling 0 Sensitivity 0 Convergence 
0 Repeatibility 0 Small Size/Light Weight 0-----------
My Application is _____________ __________ _ 

0 Please send free CELCO YOKE Selection Guide. 
NAME TITLE - ----- --
COMPANY _________________ ___ _ _ _ 
STREET _ ______________________ ___ 
CITY ______________________________ _ 

STATE ZIP PHONE ( --~---EXT __ _ 
Please fill in address (or attach business card) and mail to C ELCO in company envelope. 
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Greater Dayton Chapter 
We are pleased to announce the forma
tion of the newest SID chapter, the 
Greater Dayton Chapter, Dayton, OH. 
All SID members extend a hearty wel
come, and wish the newest chapter the 
best of success. 

At the March 26 meeting, the following 
officers were elected: Chairman, Walter 
Watkins; Vice-Chairman, Joe Mays; 
Secretary, Lena Welch; Assistant 
Secretary, Tom Liberio; Treasurer, Jim 
Byrd; Assistant Treasurer, John Cunn
ingham. The first official meeting, at 
which the officers were installed, was held 
on April 23 at Electronic Image Systems 
and Cooperative Facility, Xenia, OH. 
Electronic Image Systems' president 
Richard E. Holmes spoke on ''A Large 
Screen Color Projection System with 
Digital Correction.'' 

Los Angeles Chapter 
Larry Tannas of Tannas Electronics was 
the guest speaker at the March 19 Chapter 
meeting in Santa Ana. Attendees at the 
jointly-sponsored IEEE-SID meeting 
heard Mr. Tannas' interesting presenta
tion " 3-Dimensional Displays Have Final
ly Arrived." The presentation covered the 
stereoscope, the psychophysics of stereop
sis, and applications to computer-aided 
design, modeling, medical analysis, and 
complex data analysis. An excellent 
presentation of 3-D images on a color 
monitor was provided by Sat Narayanan 
of Tektronix, Inc. , using the liquid-crystal 
stereo switch to provide a multiplexed 
stereoscopic display. This Tektronix 
development will be the subject of a 
future article in Information Display. 

CLINTON ELECTRONICS -
ADVANCING CRT 

DISPlAY TECHNOLOGY 
Rockford/ Taiwan 

As a world leader in CRT technology. we are committed to the development and 
manufacture of high quality display CRTs. Expansion has crented the following 
opportunilics. 

DIRECTOR OF ENGINEERING (TAIWAN) 
The ideal cnndldate will have sti'Ong experience In all phases of CRT mnnufactur
lng and at least 5 years managerial experience. An Englnrrrlngjtechnlcal deg1•rr 
and prior overseas experience a1•e desired. 

CRT SCREENING ENGINEER (ROCKFORD, IL) 
The selected candidate will help devise new processes and techniques for phos
phor development and the engineering of high resolution CRT's. eva lute process 
changes. and solve technica l problems. A BS in Chemistry or equivalent. and 
a minimum of 2 years related expcrit•ncc preFerred. 

EQUIPMENT DESIGN ENGINEER (ROCKFORD, IL) 
In suppOJ'l of CRT manufacturing. we are looking for an Engineer who ha a 
solid understanding of mechanical operations and the ability to follow design 
from concept to production. A BSM E or equivalent anrl at least 5 yr ars experience 
prefcr1·ed. 

F'ind out more about these positions. our competitive salnries and benr l1 ts. 
and the unique advantages availablr for our Taiwan Engineering Dil·eetor. S1•nrl 
your resume in conl1dence to: Ken Judson/815-633- 1444 
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Clinton Electronics Corp. 
670 I Clinton Rd. 

Loves Park. IL 61 111 
f.(JII<I/ 11/1/HII'/tlllil.' f:m/)/II,H'r 
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Mid-Atlantic Chapter 
" Laser Beam Imaging" was the topic of 
the March 3 Mid-Atlantic Chapter 
meeting. The speaker was Leo Beiser, 
president and research director of Leo 
Beiser Inc. Mr. Beiser, a SID Fellow and 
charter member, is well known for his 
pioneering work in the laser field. Mr. 
Beiser explained and evaluated factors 
that determine resolution of any laser 
scanning system, and discussed future 
developments in the laser field, focusing 
on the development of holographic 
scanning techniques. 

San Diego Chapter 
On February 17 the San Diego Chapter 
met at the Reuben H. Fleet Space 
Theater. John Lipscombe presided over 
two Omnimax film presentations: "On 
the Wing, " dealing with the history of 
flight, and "Nomads of the Deep," 
focusing on the humpbacked whale. 

The Chapter met March 10 and heard 
Richard Austin and Robert Ruff of 
EG&G Gamma Scientific speak on 
EG&G's "CRT Automatic Convergence 
Measuring System." Mr. Austin discussed 
the three detector I filter channels that are 
used to quantify the spatial relationships 
and profiles of the three primary com
ponents of a white line. Measurements are 
taken simultaneously of the three detector 
channels, which eliminates the errors in
herent in systems that measure the three 
primary components sequentially. This 
new technology will improve accuracy and 
time involved in convergence measuring 
systems. 

Robert Ruff, sales manager for EG&G 
Gamma Scientific (left) with Chairman 
John Lipscombe. 
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A 
Ad-Vance Magnetics, Inc. 
AEG Corp. 
Amuneal Manufacturing Corp. 
Applied Films Lab, Inc. 

B 
Babcock Display Products 
Ball Electronic Systems Div. 
BDH Ltd. 
Bendix Corp . 
Bidco, Inc. 

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

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

E 
Eagle Magnetic Co., Inc. 
EEV, Inc. 
EG&G Gamma Scientific 
Electro-Plasma, Inc. 
EM Industries 
Endicott Research Group, Inc. 

F 
Ferranti-Packard Electronics, Ltd. 
Futaba Corp. 

G 
GEC Avionics, Inc. 
General Atronics Corp. 
Genera l Electric Co. 
GML Information Services 
Grid Systems Corp. 
GTE 

H 
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. 

I 
IBM Corp. 
lmapro Corp./lmaprint Design, Inc. 
Incom, Inc. 
Industrial Electronic Engineers, Inc. 
lnfodex, Inc. 
Interstate Electronics Corp . 
ISE Electronics Corp. 

K 
K & R Engineering Sales Corp. 
Kollmorgen Corp. Photo Research Div. 

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

M 
Magnavox Government & Industrial 

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

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

N 
NEC Electronics, Inc. 
Norden Div. United Technologies Corp. 

0 
OKI Electric Industry Co ., Ltd. 
Optical Coating Lab. , Inc. 
Optical Radiation Corp. 
Orwin Associates, Inc. 
Ovonic Imaging Systems, Inc. 

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

Q 
Quantum Data Inc. 

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

s 
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. 

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

u 
UCE Liquid Crystal Displays 
United Enclosures, Inc. 

v 
Venus Scienti fic, Inc. 
Video Monitors, Inc. 
Visual Information Institute, Inc. 

w 
Westinghouse Electric Corp. 

z 
Zenith Electronics Corp. 

Information Display 5/ 87 59 



'n-ue Grey Shades 
at High Speeds 
for Less. than $5000 
Raytheon's TDU-850, Thermal Display 
Unit , produces photo quality images 
on an S:v..'' x 200 ft. roll. The TDU-850 
prints 16 shades of grey in less than 20 
milliseconds per line; black and white 
images at 5 milliseconds per line. Price 
per unit from $4950, depending on 
interface and application. (Slightly 
higher overseas). Discounts for OEM 
large volume quantities. Fixed thermal 
head assures perfect registration. Reso
lution better than 200 dots/ inch. Direct 
thermal technology requires no toners 
or developers. Standard or custom inter
facing. For details, contact Marketing 
Department, Raytheon Ocean 
Systems Company, 1847 West Main 
Rd., Portsmouth, RI 02871 
Telephone (401) 847-8000 
Telex 092 7787 

Raytheon 
Circle no. 71 
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Business Office 
Palisades Institute for 
Research Services, Inc. 
201 Varick Street, Suite 1140 
New York, NY 10014 
Jay Morreale, Advertising Mgr. 
212/ 620-3371 

Sales Office- Western States 
Ted Lucas 
P.O. Box 852 
Cedar Glen, CA 92321 
7141337-6627 



LCDs from AEG ••. any 
way you look at 
them, they're clearly 
superior 

"Instrument panel in first column, 
courtesy of Borg Instruments 

Engineers throughout the world have 
specified AEG custom designed LCDs 
when their display requirements 
demanded the best technology avail
able. Our displays are highly engi
neered to perform under the most 
stringent environmental conditions. 

Reliability and long life is provided by 
our chip-on-glass technology, eliminat
ing the need for interconnecting to a 
PCB. The result is an LCD only 3mm in 
thickness that is completely shock and 
vibration resistant with an operational 
temperature range of -ss·c to +9s•c 
(w/heater). 

If you are looking for the best in LCDs 
for automotive, for avionic/military or 
for public display applications, such 
as airports and financial centers (stock 
exchanges) . .. you should look to AEG 
where clear viewing , at any angle is 
superior ... 
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For more information contact: AEG 
Corporation, Route 22 - Orr Drive, PO 
Box 3800, Somerville, NJ 08876-1269, 
(201) 722-9800. 

See us at SID 87 
Booths 13/14 

AEG 
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Micro Color Film Recorder 
35mm Slide PrOduction 

• Business Graphics 
• Rugged design 
• 24 hr./day continuous operation 
• Low cost 
• Compact size 
• Fast film recording speed: 

-Less than 1 minute for a complex 
35mm slide 

• Excellent image quality 
• Precise addressability: 8192 x 8192 
• Full tonal imagery: 68 billion 

addressable colors 
• Optional CELCO Control Software 

CELCO introduces the 35mm 
workhorse to meet the rigorous 
demands of volume producers of 
high-quality business graphics. 

The CELCO Micro Color Film Recorder is the 35mm workhorse of the computer graphics industry. 

The CELCO Micro 35mm Color 
Film Recorder features fast film 
recording and excellent quality 
graphics. Colors are bright and rich. 

THE PHILANTHROPIC 
DOLLAR ......... ... ~. 

tt:Atll• 

~~~~ -Whe•e ot goeL • • 

Service bureau business graphics. 
Data courtesy MAGI/ MAGICorp. 

"Sexy Robot" 
Data courtesy Ketchum Advertising for 
Abel Image Research, Hollywood, CA. 

CELCO Micro saves time and money for 
volume producers of high quality business 
graphics. Data courtesy Autographix. 

"No matter how you slice it," you never get 
a lemon. 
Data courtesy Management Graphics 
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Also featuring low cost, compact 
size and rugged design, the CELCO 
Micro is built to yield unprecedented 
reliability. 

CELCO Micro saves time and 
makes money for producers of 35mm 
slides. 

OPTIONAL CELCO CONTROL SOFTWARE 
- Plotting control 
- File handling 
- Complete diagnostic and 

calibration routines 
- Job Control Block (JCB) for 

animation files handling 

For more information, call CELCO today. 

CELCO-Constantine Engineering Labs, Co. 
70 Constantine Drive, Mahwah, NJ 07430 
201-327-1123 

CELCO, Pacific 
1150 E. Eighth Street, Upland, CA 91786 
714-985-9868 


