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DEECO MODULES AND CONTROLLERS. 
SINGLE-BOARD SOWTIONS 

FOR MULTIPLE TECHNOLOGIES. 
When it comes to finding a single solution to your 

multiple flat-panel display needs, the choice is DeeCO 
modules or controllers. DeeCO controllers easily interface 
to either electroluminescent or plasma displays, elimi
nating the need for time-consuming modifications and 
speeding product design. 
Drawing Graphics and VT100 Emulation Controller. 

The C3 controller makes your software development 
easier. Over 200 simple ASCII handler commands enable 
powerful capabilities for advanced flat-panel graphics 
and VT terminal text applications. 

The system draws lines, arcs, circles, inside and outside 
paint and several styles of fill patterns, plus 161evels of 
character zoom and displays text on any 45-degree angle. 
Internal frame storage saves frequently-used screens, 
which frees up valuable host time. 

If your application is in harsh environments and 
requires operator interaction, DeeCO's SeaiTouch options 
provide a complete system solution. 
VT220 Emulation and Character Graphics Controller. 

The C220 controller emulates VT220 terminal oper
ation, supporting 80 columns and 251ines of text. Plus 
you can choose from multiple character sets for ASCII, 
multinational, graphics and Hebrew. 

The system software designer will appreciate features 
such as, ''window" and non-destructive "overlay" primitives. 

Multiple 1/0 ports for host keyboard and printer inter
faces provide expanded design flexibility and convenience. 

To find out more about DeeCO display solutions, call 
or write today. Because when it comes to modules and 
controllers for multiple techno!- D~l: I 
ogies, we have one solid solution. 

Digital Electronics Corporation, 3104 7 Genstor Rood, Hayward, CA 94544-7831 ( 415) 4 71-4 700 
DeeCOis a reg~tered lrodemorl<of OigiiOI ElectronlcsCorporoiiOn VT220. VTlOO ore trodemorl<sofDtgltol EqulpmentCorporotMln 
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Delta or Aorta? Which is Which? 
No problem here because both of these images 
were processed on Raytheon's new TDU-850 
Thermal Display Unit. 

The TDU-850 is the only thermal recorder to 
display true grey levels (not mere halftone 
representations) at such high speeds and 
resolutions. Utilizing 203 dots per inch, the 
unit offers 64 grey levels and can provide 256 
grey levels through the use of super pixels. The 
TDU-850 is your assurance of high quality 
images. Standard units about $5,000. (Slightly 
higher overseas). RS-170 video and IEEE-4 88 
computer interfaces are available. 

When you must know what you're looking at, 
look for equipment that knows what to look fo r. 
For details call or write Marketing Mana ger, 
Recorder Products, Raytheon Company, 
Submarine Signal Division, 1847 West 
Main Road, Portsmouth, RI 02871-1087. 
Phone: (401) 847-8000. 

A. Satellite view of river delta. B . Arterial angiogram. 

Raytheon 

Note: These began as continuous tone images which were processed in black and grey by a 
TDU-850. The TDU-850 images, however, had to be converted to conventional halftones in 
order to be shown in this magazine. Thus the high quality of the original TDU-850 images 
have been obscured. For true results ask to see a demonstration. 
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MAKE FAST, COMPREHENSIVE, AUTOMATIC CRT MEASUREMENTS 
WITH THE SUPERSPOT 100 FROM MICROVISION 

CRT MEASUREMENT 
SYSTEM 

FROM 
MICROVISION 

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

Measures: 

....... . . - . .. -
-.J.._ . 
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11/l ......... \'' ,.· · . . '' . 

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

Provides : 
• Pattern Generation for Tests • Adjus table Cursors for Feature Analysis 

MICROVISION • 591 West Hamilton Avenue, Suite 250, Campbell, CA 95008 • Tel: 408/374·3158 • FAX: 408/374·9394 
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Cover: Artist Karen Guzak of Seattle, 
Washington, created this computer draw

ing on a 640 x 480 NEC MultiSync 2 
monitor using the Florida Computer 

Graphics Beacon 610 system with a Digi
Pad 5 tablet and Ibis software. The hard 

copy was produced on a Xerox 420 ink-jet 
printer at a resolution of 120 dpi. 

(page 22) 

Next Month in 
Information Display 

CRT Technology 

Photo: Karen G uzak 

• TEMPEST display systems 

• Flat cold-cathode CRTs 

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

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

For more Information or custom designs, write or call: Supertex, Inc., 1225 Bordeaux Drive, 
Sunnyvale, CA 94088; Tel. f408J 744-0100; Telex 6839143 SUPTX and FAX f408J 734- 5247. 

HVOJ & 05 220 & 300V 
HV04 & 06 60 & BOV 
Hvoa·· 60V 
HV10 -18 140 & 160V 
HV30 180V 
HV41 & 42, HV45 & 46 -220 & -300V 
HV51 & 52, HVSS & 56 220 & 300V 
HV53 & 54. HV57 & 58 60 & BOV 
HVSOO & 501 100V 
HV681o•• 80V 
AN01, AP01, HT01 160 to 400V 
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64 Channel, Serial to Parallel Converters with N-Channel Open Drain Outputs 
64 Channel, Serial to Parallel Converters with Push-Pull Outputs 
24 Channel, 16 Gray Shade Level Driver with Source Follower Outputs 
4 & 8 Channel Bilateral Analog Switches 
7 Segment Decoder with Open Drain Outputs 
32 Channel. Serial to Parallel Converters with P-Channel Open Drain Outputs 
32 Channel, Serial to Parallel Converters with N-Channel Open Drain Outputs 
32 Channel, Serial to Parallel Converters with Push-Pull Outputs 
32 Channel, AC Plasma Driver with Push-Pull Outputs 
10 Channel. Vacuum-Fluorescent Driver with Push-Pull Outputs 
3 Chip Set for 8 Channel Level Translation with Low Leakage Push-Pull Outputs 

*HVCMOS is a registered t rademark of Supertex. Inc. 
**Available 2nd Quarter. 1988 
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The year that was 

Welcome to our first annual year-end technology 
review, in which we attempt to remind you of 
everything important that happened in and to 
the display industry during 1988. The attempt is, 
of course, hopeless. But selective and idiosyn
cratic as it is, we hope you will obtain as much 
stimulation and entertainment from reading this 
issue as we did from compiling it. We deeply ap
preciate the efforts of our authors, industry ex
perts who sacrificed weekends to produce these 

articles on very tight schedules and bring you their impressions of a very 
active and exciting year. 

In addition to technical and commercial developments, 1988 saw the 
Society for Information Display investigate a more active role in formu
lating display standards. Pete Keller, chairman of SID's definitions and 
standards committee, has informed me of two recent Engineering Bulle
tins from the Electronic Industries Association that may interest Infor
mation Display's readers. Relative Display Resolution and Addressability 
(PEPAC TEB 27) and 1976 CIE-UCS Chromaticity Diagram with Color 
Boundaries (TEB 26) are available from the EIA Standards Sales Office . 
Calling 202/457-4966 should bring forth the necessary details. 

It may not elicit much holiday cheer from his colleagues at IBM, but 
Howard Funk, Information Display contributor and well-known display
community activist, was elected president of the American Federation of 
Information Processing Societies (AFIPS) on September 12. His goal of 
restoring AFIPS to its former vigor assures him of an extraordinarily 
busy year. 

The editorial, sales, and production staffs of Information Display 
would now like to wish Howard, Pete, and the rest of our readers a joy
ful holiday season. We are grateful to you, our advertisers, and our au
thors for a successful year. And our contract advertisers, at least, get a 
special holiday gift. In January, our circulation base rises 300Jo to total 
13,000 creative members of the display, imaging, and graphics systems 
community. 

-Kenneth I. Werner 
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Lifeline to the future. 
Tomorrow's application ... 
today's designs. 
They require thin, flat displays that are 
both compact and durable. Offering 
ergonomic design and consistent, high
quality performance. 

Panasonic is ready now with an ex
tensive line of flat panel displays that 
meet these demands. A lifeline to the 
future of display appl ications. 

The DC advantages. 
Matsushita's experience as the world's 
largest supplier of dot matrix POPs has 
clearly established the advantages of 
DC plasma. Advantages like lightweight 
and super-thin, compact dimensions. 
Which make our panels ideal for port
able or medical instrumentation. 

Advantages like simple, durable con-

struction that provides reliable perfor
mance. An essential feature in factory 
automation and process control facilities. 

Advantages like small footprint and 
advanced ergonomic design - including 
TUV certification. So graphics on tomor
row's smaller portable computers will 
still be sharp and easy to read. And so 
that other products such as POS termi
nals may incorporate flat panel displays. 

A wide variety of formats 
are available now. 
No doubt you have other applications 
in mind. From working designs to creative 
concepts that you're ready to turn into 
practical innovations. And the extensive, 
rapidly growing line of Panasonic DC 
plasma displays is ready to meet these 
applications. 

Circle no. 6 

. The tec~nology you need is available 
nght now, 1n a Wide variety of formats 
including 200 x 640, 400 x 640, 350 x' 
720 and 480 x 640. All with two- or four
level gray scale capability. 

A.nd when we say this technology is 
available now, we mean the product is 
ready to ship in OEM quantities. It's the 
lifeline to the future ... today. 

For further information, contact 
~anasonic l ndu~trial Company, (a divi
Sion of Matsushita Electric Corporation 
of America), Display Components Divi
sion, Two Panasonic Way, Secaucus, 
NJ 07094. (201) 392-4710. 

Panasonic 
Industrial Company 



Technology and Quality 
from People Who Care 

d Imaging and Sensing 
ISR: _ Technology Corporation 
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CR Ts-present and future 

BY CARLO INFANTE 

c RTs, WHOSE DE MISE was SO confi
dently predicted some years ago, are as 
healthy and as vital as ever. This is due to 
the characteristics o f the device, beginning 
with the tremendous dynamic range of 
available performance. Sizes cover a range 
of 100:1; peak luminance, 10,000:1; and 
resolution capability, 100:1. CRTs have 
infinite addressability, and routinely offer 
color and gray scale (which other technol
ogies are busy inventing), good lifetimes , 
and superior ergonomic properties. An es
tablished and very flexible manufacturing 
base may be the device's strongest point. 
The CRT is a remarkably flexible technol
ogy with an extremely broad gamut of ap
plications [Fig. 1]. 

Electron guns 
In a CRT, electrons are generated by a 
cathode, formed into a beam by an elec
tron gun , and then deflected by either an 
electric or magnetic field. The electrons 
then strike a phosphor screen where their 
energy is converted to light. In color dis
plays, several different-colored phosphors 
are used together with an appropriate 
mechanism (such as a shadow mask o r · 
grill) or an electronic method to insure 
purity. The luminance of the displayed 
picture is proportional to beam power, 
while the resolution depends on the diam
eter of the beam. Both of these properties 

Carlo Infante has worked at Tektronix, 
X erox, and Kaiser Electronics. He is cur
rently a consultant based in Belmont, Cal
ifornia. Dr. Infante is the author of 
several papers, including a tutorial on 
CRTs. His reviews of books and software 
appear irregularly in Information Display. 
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are determined by the electron gun. The 
principles of generating and forming elec
tron beams have been known for several 
decades, but the challenge of producing 
an intense, well-focused spot seems ever
lasting. The challenge is intensified be
cause the gun must be kept small-power 
consumption increases rapidly with neck 

diameter-and the gun must be made to 
precise performance tolerances in large 
quantities with avai lable equipment. This 
has not been a major deterrent. A number 
of new gun designs have been disclosed in 
the last few years [Table 1], another indi
cation of the vitality of the technology. 
The most important factor in gun design 

Fig. I: Cathode-ray tube technology is highly flexible and has an extremely broad 
range of applications. 



has been the increasing availability of ev
ermore sophisticated computer-aided-de
sign tools. As an example, researchers at 
the David Sarnoff Research Center re
cently presented some impressive advances 
showing the ease and precision with which 
complex structures can be simulated on a 
modern computer. Deflection defocusing, 
the effects of space charge, and to some 
extent, the notoriously di fficult problem 
of modeling deflection yokes can all be 
treated straightforwardly and accurately. 
We have yet to see the full impact of this 
trend in the increased performance of 
modern CRTs and I expect many more 
developments in this area in the years to 
come. 

Bulbs 
CRTs are available in an enormous vari
ety of shapes and sizes, from the 0.5 in. 
used in helmet displays to the 40 in. and 
up developed for the entertainment mar
ket. A significant trend is the appearance 
of tubes so large they exceed the dimen
sions once considered absolute limits. 
This, too, is due to CAD tools, which 

greatly simplify the required stress and 
thermal analyses. Matsushita has an
nounced 40- and 43-in. tubes, while Sony 
has described a 45-in. Trinitron. These 
tubes are for current television standards, 
but HDTV versions cannot be far a way. 
The Japanese expression for high-defini
tion television is apparently " high-pres
ence TV." These large bulbs certainly 
achieve that objective [Fig. 2]. 

Screens and masks 
Several manufacturers of monochrome 
CRTs have introduced proprietary, high
contrast, "paper white" phosphors. The 
search for long-persistence phosphors has 
fortunately eased, but the hunt for the 
"right" projection-TV and cockpit-dis
play phosphor continues unabated. The 
combined goals of high efficiency, no sat
uration, and long life make a long search 
likely. Cockpit displays also require a nar
row spectrum to optimize optical-filter 
performance. We have also seen a resur
gence of beam-index devices, with Peter 
Barten of Philips hinting that major de
velopments are forthcoming. Whether the 

Table 1: Summary of New Electron Guns 
Author/ Neck Diam. Size Size @ lb 
Affiliation Name (mm) (center)1 (corner)1 (rnA) 

Kobayashi/ LAT-QPF 29, IL 0. 14 0.23 0.15 
Toshiba2 

Yamane/ XF-DBSII 29, IL 
Mitsubishi2 

Miyazaki/ ES 22, IL 0.3 1 0.1 
Hitachi2 

Ashizaki/ DAF 29, IL 0.28 0.27 0.3 
Matsushita2 

Shoji/ EA-U-B 29, IL 4 
Hitachi3 

Spanjer/ SP-ART ?, M 0. 1 4 
Philips3 

Saito/ ?, M 0.09 1.5 
Sony3 

Katsuma/ DAC-QPF 29, IL 0.5 0.52 0.3 
Toshiba4 

Nakamura/ 36.5, TR 2.1 7 
Sony 

Yano/ 22.5, M 0.14 0.3 
Sony4 

NOTES 
11n mm@ 50"7o IL = In-Line 
' Japan Display 1986 M = Monochrome, Beam Index 
'S ID Symposium 1987 TR = Trinitron 
'SID Symposium 1988 

technique can overcome its limited lumi
nance dynamic range and adapt itself to 
higher resolutions remains to be seen. 

Zenith has developed the flat tension 
mask (FTM) to the point where impres
sive 14-in. displays are being built and in
corporated into personal computers. 
Yields on this tube apparently are now 
less of a problem than they were, as is ex
tending the technology to larger sizes and 
finer screens. FTM eases the so-called 
"doming" problem. Alternate solutions 
are masks made out of Invar, now being 
introduced by a number of Japanese man
ufacturers. 

Ergonomics 
Much of the most interesting work that 
has taken place in the CRT arena recently 
concerns ergonomics-or human factors
rather than CRTs proper. While this work 
affects all display areas, the impact has 
been felt most by the CRT simply because 
it is the leading display technology. In the 
area of flicker, Hewlett-Packard's Joyce 
Farrell recently published a set of much 
needed equations that predict the critical 
fusion frequency for a wide range of 
viewing conditions [Fig. 3]. This is partic
ularly important for computer displays, 
which are viewed at close quarters and for 
extended periods. 

Similarly, a number of analytical ap
proaches are now available that quantify 
the subjective sensation of image sharp
ness. Of these, the MTFA concept popu
larized by Harry Snyder and others has 
become part of an ANSI standard. Peter 
Barten has shown that his SQRI algo
rithm correlates best with experimental 
data, although some human factorists 
continue to voice reservations. 

Unfulfilled promises 
If this article were to end here, it would 
leave the impression that all is well in 
CRT-land. Guns are better, bulbs a re big
ger, screens are brighter, and we know 
more about the human side of the inter
face. All this is true, but there have been 
some disappointments and unrealized op
portunities along the way. 

Notable among these is the color shut
ter, originally conceived by the Royal Sig
nals and Radar Establishment and further 
developed by Tektronix. The shutter con
sists of an electrically addressable liquid
crystal cell that, when placed in front of 
an appropriately driven monochrome 
CRT, can extract a single primary color. 
Driving the cell synchronously with the 
CRT generates a color picture. The con
cept is elegantly simple , but major draw-
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Photo: Matsushita Electric Co. 

Fig. 2: Very large cathode-ray tubes were announced by Matsushita, Mitsubishi, and 
Sony in 1988. This 43-incher is from Matsushita. 

backs have hindered its widespread 
adoption . First, the cell and the fi lters at
tenuate the light emitted from the CRT by 
a factor of about 20 for a full-color cell. 
Major improvements in both electron 
guns and phosphors are thus requi red. 

Second, since each color is presented 
sequentially , the system must be refreshed 
at three times the normal rate to avoid 
flicker. This ma kes stringent demands on 
deflection and video circuitry . Finally, 
some major ergonomic issues persist, such 
as color-image breakup due to relative 
motion between the display and the 
viewer . Together with the fai lure to 
achieve a significant cost advantage at the 
system level, these drawbacks have rele
gated the color shutter to a few na rrow 
niches. 

Another once-promising concept is the 
multi-beam CRT. Here, a num ber of elec
tron beams are swept in parallel within a 
single envelope. This reduces both the 
horizontal and video frequencies signifi
cantly. Un fortunately, keeping all the 
beams converged to within a fraction of 

their widths is tricky a nd expensive, so 
this technology has fa iled in the market
place. MegaScan uses a more conven
tional a pproach to produce a monitor 
with a resolution of more than 3000 

Fig. 3: Using equations devised by Joyce 
Farrell of Hewlett-Packard Laboratories, 
the minimum refresh rates to avoid flicker 
at a viewing distance of 20 in. were plot
ted for different screen sizes. 

An alternate way of 
changing selected 
parameters in real-time. 
A convenient way to 
adjust the front porch 
position, etc. 

3.5" DISK DRWE 
This FOX feature enables 

to IIMI d irnllgel on 
end to load the 

It 
of 

lines-close to the ergonomic limit of the 
human eye. 

But the major disappointment from my 
point of view is the market's failure to 
demand the higher resolution that CRT 
technology is ready and able to provide. 
Two-thousand-line systems in both mono
chrome and color are feasible, but the 
primary demand currently is for 1000-Iine 
systems with higher brightness and refresh 
rate at lower cost. On the positive side, a 
number of manufacturers currently pro
duce excellent large high-resolution moni
tors in both monochrome and color. 
These have become afforda ble to the 
point that PC users of both the Macin
tosh and IBM-compatible persuasions can 
afford them. As RAMs return to being 
merely expensive-as opposed to unaf
fordable-1 expect the trend to higher res
olution to reemerge. 

Conclusion 
Where does all this lead? As the leading 
display technology in the marketplace, the 
CRT is a natural target for other technol-

ogies, and is thus increasingly challenged 
by them. I see CRTs continuing to domi
nate a number of niches as a result of 
some of the work described here. HDTV 
is certain to have a major impact on price 
and performance, especially when we in 
the United States finally stop debating 
which way is best and get around to im
plementing the technology. 

Acknowledgments 
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Plasma technology 

BY JAMES L. KEHOE 

T HERE IS NO RED in plasma technolo
gy's bottom line. Personal computer 
products continued to use increasing num
bers of plasma displays in 1988. Compaq, 
GRiD, and Toshiba, which introduced 
plasma technology to the high-volume PC 
market, offered enhanced products and 
experienced sustained sales. In addition, 
formidable new products were introduced 
by NEC and Hitachi, and rumors circu
lated of more significant product intro
ductions to come. 

Toshiba offers four basic models of its 
portable personal computer with plasma 
displays. T he newest is the T-5200, with 
an 80386 processor and a plasma monitor 
that can display 16 shades of gray. Com
paq, which last year reported sales of ap
proximately 200,000 units, continues to 
realize good market penetration with its 
Portable lii and Portable 386. Industry 
reports indicate nearly 70,000 of these 
machines will be sold in the United States 
alone by year's end. 

GRiD Systems provides both plasma 
and LCD options for its newest line of 
laptop computers, the 1500 series. Ac
cording to GRiD , plasma is chosen by the 
majority of its customers, even though the 
price is considerably higher than for 
LCDs. The light-emitting characteristics 
of the ac plasma still provide the best 
contrast ratio and off-angle viewing, as 
well as the speed needed to display rapidly 
moving or animated graphics images. 

High-volume suppliers of plasma dis
plays to the commercial market include 
Dixy, Fujitsu, Matsushita, NEC, and Oki. 

James Kehoe is president of Plasmaco in 
Highland, New York. 
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Their combined production capacity for 
"page-size" displays increased throughout 
the year and is now estimated at an aston
ishing 55,000 displays per month. 

Dixy is now delivering 640 x 480-pixel 
panels with 16 levels of gray. It recently 
introduced a new screen-printed de cath
ode material (La86) into production, 
which shows significant improvements in 
luminance, luminous efficiency, and resis
tance to ion sputtering. 

Matsushita continues to be one of the 
industry leaders in developing and ship
ping advanced de plasma d isplays. At the 
1988 SID Symposium in May, Matsushita 
demonstrated a 16-gray-level panel. Mat
sushita's high-volume de panel offers a 
pleasing display and is low in cost, but its 
luminous background reduces contrast ra
tio. As this panel comes under increasing 
competitive pressure in 1989, will Mat
sushita pull a higher-contrast version out 
of its corporate sleeve? 

Photo: Photonics Technology, Inc. 

Fig. 1: Plasma has been the only tech
nology relied upon for very large emissive 
displays. This 1. O-m-diagonal workstation 
display is from Photonics. 

NEC shipped record numbers of ac re
fresh plasma displays in 1988 (the flagship 
application being GRiD Systems). NEC 
plans to continue to expand its output, at
taining a production level of about 5,000 
dot-matrix displays per month during the 
second quarter of 1989. NEC is also very 
pleased with its successful pilot installa
tion of 26-in. -diagonal 576 x 256-pixel 
plasma screens in the New York Stock 
Exchange. The 100 screens have operated 
24 hours a day for nearly a year without 
failure-although one fell victim to an ex
uberant trader's missile! NEC plans to 
complete development of a 22-in.-diago
nal 640 x 400-pixel display by early 1989. 
NEC also expects to have samples availa
ble during the fi rst quarter of 1989 of a 4-
or 8-level gray-scale panel. 

Oki is also a leading high-volume sup
plier to the commercial market with a 
family of 640 x 400- and 640 x 480-
pixel de plasma displays. Fujitsu recently 
introduced a 1024 X 768-pixel plasma 
monitor that incorporates a capacitive 
matrix-addressing technique to reduce the 
number of address-driver circuits re
quired. The drive voltage in these displays 
is reduced by employing a n erase-cancel
ling technique. Fuj itsu is also delivering 
panels with a 4-level gray scale in both 
640 x 400 and 640 x 480 sizes. 

Plasmaco, a new company in the 
plasma manufacturing arena, intends to 
become a high-volume producer of ac 
plasma displays incorporating exciting 
new technology. Having obtained the for
mer IBM production equipment, patent li
censes, and an exclusive license to process 
knowledge, Plasmaco has just introduced 
its 640 x 400-pixel plasma display sys-



tern , which is mechanically and electrically 
compatible with that of Matsushita. This 
system offers all the usual advantages of 
ac plasma technology (high contrast ratio, 
high brightness, and complete absence of 
flicker). But by incorporating the inde
pendent sustain and address (ISA) and en
ergy-recovery sustain circuits developed at 
the University of Illinois, Plasmaco can 
produce products that carry prices lower 
than previously possible and that require 
significantly Jess power than de plasma al
ternatives. 

In the military a nd special purpose 
market, Electro Plasma has been a lead
ing supplier for over 15 years. They sup
ply high-quality panels as large as 1728 x 
1280 pixels with an 18 x 24-in. active 
viewing area. Photonics Systems offers a 
family of ac plasma monitors ranging 
from a 128 x 256 display all the way to a 
2048 x 2048-pixel display with a full 
1.5-m diagonal [Fig. I]. Thomson-CSF 
offers a 256 x 512-pixel plasma display 
module with an 8-level gray scale at 0.406 
mm (62.5 lines/ in.) resolution and a 512 
x 512 module at 0.46 mm (55 lines/in .), 
also with 8 levels of gray. 

Coloring the future 
There are lots of plasma cliches. I've of
ten been accused of seeing the world 
through orange-colored glasses and speak
ing with a n orange tongue. But champi
ons of plasma technology will not have to 
endure such j ibes much longer, because 
color plasma is here! Of the six plasma 
papers presented at the SID Symposium 
this year, five were on color. NHK pre
sented an impressive fu ll-co lo r 20-in. -di
agonal, 640 x 448-pixel de display with 
256 gray levels that d isplayed a full-color 
television picture with quality comparable 
to a CRT. The other four papers on color 
presented new technology for achieving 
long life and high brightness in color ac 
plasma panels. 

Fujitsu has developed a 320 x 240-
pixel red-green-and-yellow ac plasma dis
play. Photonics has successfully developed 
a full-color 4 x 8-in . ac plasma panel 
with 252 x 508 pixels, and is under con
tract to deliver a fu ll-colo r 18-in. video 
ROB monitor this month. Photonics in
tends to complete a full -color meter-size 
display next year. 

And for 1989 ... 
Advances in techno logy place ever-in
creasing computational and storage power 
in the hands of more and more users. 
And these powerhouses are compactly ar
ranged in ever-smaller packages. Portable 
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and laptop computers are everywhere
and the notion of the notebook computer 
has recently been renewed. These ad
vances push the display industry to pro
vide flat panels with larger pixel matrices, 
more gray scale, and color-and without 

sacrificing low weight, low power con
sumption, competitive price, high quality, 
or volume production. In this highly com
petitive arena, there is but a brief moment 
to reflect on yesterday' s accomplishments. 

• 
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Electroluminescent displays 

BY ROLLAND VON STROH 

T ms YEAR SAW thin-film electrolumi
nescent (TFEL) displays become competi
tive with other flat panels for general 
applications. Rugged, reliable and eye
pleasing, TFEL displays have been known 
as the highest performance flat panels. 
However, their price premium over the 
cheapest alternatives meant they were only 
considered for military, industrial, and 
other high-end systems . 

But that has changed. In all but long
battery-life applications, the market has 
rejected displays that do not measure up 
to the CRT standard. The early, simple 
LCDs costing $125 in volume have been 
replaced by more complex backlit su
pertwist or double-twist LCDs costing 
more than $300. The latter still have sig
nificant disadvantages in response time, 
contrast, and viewing angle, but have sac
rificed the big LCD advantage of ex
tremely low power consumption. 
Therefore, portable computer manufac
turers have increasingly turned to light
emitting displays-TFEL and gas 
plasma-for their fast response and 
higher visual performance. TFEL and 
plasma have come rapidly down their cost 
curves as they've gone into high-volume 
manufacturing and are priced in the $400 
range for high volumes. TFEL exceeds the 
other types of displays in many display 
performance characteristics and increas
ingly appeals to OEMs seeking a competi
tive edge. The existence of several 
manufacturers further established TFEL 
as a mainstream contender. 

Rolland Von Stroh is vice president of 
marketing for Planar Systems, Inc., in 
Beaverton, Oregon. 
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Bigger, brighter, grayer (and more 
colorful) 
TFEL matrix-addressed displays are now 
available in sizes from 2 x 3 in. to 12 x 
14 in. , with pixel counts from 320 x 25 
to 1024 x 800. Most of the popular 
graphics and alphanumeric standards are 
supported, including 320 x 256, CGA, 
EGA, and VGA. [Fig. I] 

Already offering the brightest displays, 
the EL industry increased its brightness by 

50% in 1988. Making use of the fact that 
EL-panel light output increases linearly 
with refresh rate, some EL customers 
have increased output to more than 
100 fL. With good fil ters, customers such 
as Canadian Marconi, Eldec, and Com
puting Devices produce sunlight viewable 
displays. 

Military displays using voltage-modu
lated driver res have displayed 16-level 
gray scales, and integrated-circuit driver 

Photo: Planar Systems, Inc. 

Fig. 1: Planar introduced this 18-in.-diagonal TFEL display in November. It contains 
1024 x 800 pixels and is slated for use in military, industrial, and computer worksta
tion applications. It is the largest single EL display announced so far. 

··- " 



manufacturers such as Supertex are now 
announcing commercial versions. 

Planar demonstrated a series of contin
ually improving prototype full-color d is
plays , developed under contracts from the 
U.S. Army's Electronics Technology and 
Devices Laboratory. The blue phosphor 
must be brightened and its chromaticity 
shifted , but T FEL will be among the firs t 
high-informat ion displays with full colo r. 

TFEL d isplays have become easier for 
systems manufacturers to integrate . CRT
like interfaces have encouraged accessory 
vendors to produce a host of compatible 
products ranging from filters and touch 
interfaces to integrated chips that drive 
EL displays directly. 

Saving juice 
EL is much more power efficient than 
gas-plasma techno logy, but has been 
much less efficient than LCDs. The light
producing mechanism itself uses less than 
2 W in a typical display, but voltage con
versions and d isplay discharging-EL dis
plays are essentially large capacitors that 
produce light as a byproduct-consumed 
many times that. Symmetric drive and 
power recovery schemes have turned this 
around . T hree years ago, half-page E L 
displays consumed a peak power of 35 W. 
Today, full-page d isplays peak at 15 W. 
Average power consumption has gone 
from 25 to 10 W, putting E L on a par 
with backlit LC- cold-cathode backlights 
consume a bo ut 0 .25 W / in2 [Fig. 2]. 
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Fig. 2: Po wer consumption continued to differentiate display technologies in 1988. 
The power plotted here is the typical power consumed during mixed applications. 

Made in the U.S.A., J apan, and 
Finland for world markets 
Unl ike some other display technologies, 
TFEL production is global. P lanar 
(U.S.A .), Sharp (Japan), and Finlux (Fin
land) are the three leading manufacturers . 
Sigmat ron Nova (U .S.A.) is focusing o n 
the industrial indicator and control mar
ket with panels of 192 X 320 pixels and 
under. 

Office automatio n demands good view
ability. Many system manufacturers who 
cannot give up smooth scrolling, continu-

ous cursor movements or visual perform
ance have designed TFEL displays into 
their products . Among these are Data 
General, GRiD, Informer, V-Band, and 
Dynamac. 

The industrial market accelerated its 
trend toward combining small single-vari
able indicators into high-information 
graphic displays for factory-floor automa
tion. Tektronix, Hewlett-Packard , C incin
nati Milacron, Baxter-Travenol, Puritan-

continued on page 24 

Table 1: }'our Light-Emitting Display Technologies in 1988 

Features 

Brightness (average) 

MTTF 

Power Consumption (maximum) 

Viewing Angle (~3 :1 CR) 

Contrast Ratio (500 Lux 
with contrast fil ters) 

Colo r 

Shock 

Pixel Write Speed ( < 16 msec 
for scrolling video) 

Operating Temperature 

EL 

15 fL 

50,000 hours 

14 W 

160° 

25: 1 

yellow on black 

100 g's 

<2 msec 

- 20° to + 75°C 

DC Plasma 

6 fL 

45,000 hours 

35 w 
100° 

10: I 

red on red 

30 g' s 

<2 msec 

- 5° to + 55°C 

Backlit 
Backlit Supertwist Double Supertwist 
LCD LC D 

4 fL 10 fL 

50,000 ho urs not available 

5W 8W 

50° 60° 

4.5: I 8: I 

silver o n blue black on white 

100 g's 3 g's 

> 100 msec >250 msec 

oo to + 55°C 10° to 40° 

TFEL displays compare very favo rably to other display technologies. Brightness, contrast, viewing angle, and display speed are par
ticularly significant parameters, and are among those in which EL excels. (Note: average or actual perceived brightness is a product 
of pixel brightness and area "fill facto r.") 
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Liquid-crystal displays 

BY KENNETH WERNER 

IN 1988, LIQUID-CRYSTAL DISPLAYS 

(LCDs) offered higher resolution, better 
contrast, greater variety, and mono
chrome in the revolutionary color scheme 
of black and white. The high end of lap
top computer displays was decisively lost 
to emissive flat panels, but exciting proto
type demonstrations held out the hope to 
LCD proponents that the battle is only 
temporarily lost. 

So black and blue 
Among passive-matrix displays, blue
mode supertwist (blue-mode STN) dis
plays from Sharp, Toshiba, Sanyo, and 
Seiko-Epson proliferated and black-and
white double-layer supertwist (D-STN) 
displays from Sharp and Seiko-Epson 
started appearing. Both offer good con
trast ratios- blue mode with up to 10: I 
and D-STN with over 20: l-and viewing 
cones that are more than acceptable for 
single viewers. Pixel formats of 640 x 
400 for EGA graphics became common, 
and Sharp offered STN displays with 640 
x 480 pixels and 720 x 400 pixels. These 
displays are backlit with fluorescent 
lamps. Toshiba announced a lightweight 
black-and-white display utilizing a poly
mer "retardation film" (RF-STN) instead 
of a second layer. The display comes with 
a detachable fluorescent backlighting sys
tem "to maximize serviceability." Con
trast ratio is advertised as 12: I. 

Kenneth Werner is editor of Information 
Display. He wrote this review based on 
his own observations, on reporting from 
Hildegarde Hammond and Lynne Hen
derson, and on conversations with indus
try observers and participants. 
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Toshiba claimed an average life for its 
fluorescent backlights of 20,000 hours. At 
the International Display Research Con
ference (IDRC) in October, San yo an
nounced backlights featuring more 
uniform illumination thanks to a flat flu
orescent tube. 

Getting active 
In January, Taliq announced its readiness 
for quantity production of "Varilite" ne
matic curvilinear aligned phase (NCAP) 
flexible display panels. These are low-in
formation-content displays suitable for 
automotive, instrument, keyborad, and 
industrial applications. Colors are availa
ble through filters, and the displays really 
do bend. 

Active-matrix color displays in commer
cially avai lable pocketwatch-type televi
sion sets grew to 5 in. on the diagonal. 
Hitachi described their 5-in. version in de
tail at the Society for Information Dis
play's International Symposium in May , 
and showed several complete TV sets. T he 
company claims a brightness of 120 cd/ m2 
with its U-shaped fluorescent backlight , a 
maximum contrast ratio of over 40, and a 
viewing half angle in excess of !5° verti
cally and 40° horizontally. All of this 
adds up to a good-looking display that is 
almost large enough to be taken seriously . 

Also shown (in a laptop computer) was 
a prototype 6.3-in.-diagonal unit with 640 
x (200 x 3) dots that drew considerable 
attention. (The color triads are arranged 
vertically, opening the possibility of an 
eventual 640 x 600 monochrome ver
sion.) Hitachi was delivering sample 
quantities by October, making this the 
largest color flat-panel display available 
for purchase. 

Mitsubishi described and demonstrated 
a prototype 10-in.-d iagonal color display 
with 640 X 3 dots horizontally and 450 
dots vertically, 40: I maximum contrast 
ratio, and a 60-Hz noninterlaced drive. 
"Extended applications" for this impres
sive display were promised " in the near 
future." 

Where was the normally ubiquitous 
Sharp Corporation in the color LCD 
derby? Waiting for July. That's when 
Sharp announced a 14-in.-diagonal active
matrix color LCD-the world's largest 
[Fig. 1]. The unit was subsequently exhib
ited at SIGGRAPH and the IDRC. A 
maximum contrast ratio of 100: I, a 60° 
viewing angle,. and a response time less 
than 17.5 msec (thanks to a new liquid
crystal material) are claimed by the com
pany. Knowledgeable and normally gim
let-eyed observers were impressed, though 
one detected image smearing during fast 
motion. Engineering samples were prom
ised for the first half of 1989 and prod
ucts containing the d isplay were promised 
by the end of 1989. Some industry ob
servers, knowing the capabilities of the 
modified Nikon integrated-circuit wafer 
steppers used to make the prototypes, 
have wondered aloud whether Sharp's 
marketing people consulted with the fac
tory before making these commitments. 

It's not necessary to put a color LCD 
panel on the front side of an active-matrix 
array. In July, Alphasil announced a 
high-resolution black-and-white active
matrix panel for military applications . In 
August, Ovonic Imaging Systems an
nounced delivery of 6 x 8-in. black-and
white active-matrix prototypes to the 
U. S. Air Force Human Resources Labo-



ratory. This display is in YGA format 
(640 x 480 pixels), and OIS claims a 20: I 
contrast ratio, a 140° viewing angle, and 
speed sufficient fo r television. 

Not by monitors alone 
You can look at a liquid-crystal panel or 
you can use it as a valve to modulate light 
shining through it-a distinction that 
blurs a little with the proliferation of 
backlit displays. Kodak introduced a port
ab le, liquid-crystal light-valve video pro
jector for the business presentations 
brigade. (See "Large Displays.") And Ca
sio's liquid-crystal-shutter print engine ap
peared in a Qume electrophotographic 
printer. (See "Printers.") At the Interna
tional Packaging Conference in October , 
Greyhawk described a liquid-crystal light
valve system suitable for printing 24 x 
24-in. printed-circuit boards with 0.003-in. 
minimum feature size. Greyhawk has also 
been showing full-color 300-dpi 8 Vz x 11-
in. images printed with a developmental 
light valve on Mead Cycolor photographic 
imaging paper. (See " Printers.") 

Fig. 1: In August, Sharp demonstrated a 
14-in. full-color matrix-addressed liquid
crystal display-the largest yet. Sharp is 
promising evaluation units during the first 
half of 1989. 

Are ferros here? 
"Near fu ture" is always a popular time 
for introductions. But proponents of fer
roelectric LCDs used it several times too 

often, and industry watchers had all but 
concluded that FLC's chronic problems
narrow operating temperature range, slow 
speed, and mechanical instability-had 
proved overwhelming. But , the IDRC saw 
Canon demonst rate a 14-in.-diagonal 
monochrome FLC display with 1120 x 
1280 pixels-and there' s no active matrix. 
There was no sign of smear on scrolling 
images and dragging cursors, and no evi
dence of mechanical instabi lity . Canon 
claims a contrast ratio over 5 within view
ing angles of ± 30° and good viewability 
from any direction, along with an operat
ing temperature range from below ooc to 
50°C. That should be good enough for 
office applications. 

Waiting for '89 
In 1988, passive-matrix LCDs established 
themselves as the displays of choice for 
middle-class laptop computers . These dis
plays are clear, pleasing, and readily offer 
resolution up to EGA level-and some
times beyond. Impressive prototype d is
plays for the long-awaited color laptop 

continued on page 24 
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Large displays 

BY ALAN SOBEL 

T.E DEMAND FOR large electronic im
ages with areas exceeding one square foot 
continued to grow in 1988. Manufacturers 
looked at the growing use of high-per
formance computer workstations and the 
anticipated development of high-definition 
TV (HDTV) and decided that this bull 
market is not facing a ny "Black Mon
day." The result is a quickening pace of 
technical research and system deployment. 

CRT projection displays 
CRT projectors continue to improve. Sev
eral manufacturers offered devices with 
claimed resolutions exceeding 1000 lines, 
albeit at low luminances. Evolutionary 
improvements to electron guns, phos
phors, and lenses contribute to the en
hanced performance . 

At the National Computer Graphics 
Association meeting in March, Triuniplex 
Display Systems of Simi Valley, Cali for
nia, demonstrated a novel projection con
figuration using three CRTs with convex 
faces. Luminance and resolution are both 
excellent, image size can be readily 
changed, and the assembly is compact a nd 
rugged . 

At the SID International Symposium, 
Philips described another convex-face
plate-CRT system, with antireflection 
coatings on the faceplates. Philips claimed 
significant improvements in luminance 
over more conventional arrangements. 

Alan Sobel is a consulting engineer and 
physicist specializing in electronic dis
plays. He was president of Lucitron inc 
[sic}, a company developing very large, 
full-co lor, flat-panel displays. 
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High-performance flight or vehicle si
mulators often require several projectors 
to produce images with sufficient infor
mation content. A major problem is to 
blend adjoining image sections without 
disconcerting seam lines. Workers at 
Evans & Sutherland described a system 
that greatly simplifies the required align
ment, although it still requires human in
tervention. Their technique is an excellent 
example of operator-system interface 
design. 

Light-valve projectors 
Liquid-crystal (LC) light valves used in 
conjunction with overhead projectors ex
hibited only minor improvements this 

year. Several devices now present 640 x 
400 pixels-enough to project an image 
from the usual personal-computer display 
for teaching or boardroom applications. 
Contrast and gray scale are being im
proved, but color is harder to come by. 
Most of these devices are too sluggish for 
TV, but are adequate for normal com
puter applications. 

Kodak, known in this market for its 
Datashow ™ projector, announced a full
color LCD projector of lower resolution 
but higher speed . It uses three small 320 
x 220-pixel active-matrix LCD panels
one for each color. The three panels share 
the light from a single conventional slide
projecto r lamp. The resulting images are 

Photo: Kodak 

Fig. 1: Kodak started a small trend with its 13-lb LC500, a video projection unit 
packaged like a slide projector. Late in the year, Sanyo, Seiko-Epson, and Toshiba an
nounced similar products. 



combined and projected through a single 
lens. The unit looks much like a 35-mm 
slide projector [Fig. 1]. It produces 65 
1m-enough for a highlight luminance of 
5.4 fL on a 5-ft-diagonal unity-gain 
screen. Kodak claims good-quality NTSC 
TV images and CGA graphics for this 
unit. Though not suitable for spreadsheets 
or other high-information-content im
agery, its portability is likely to attract 
buyers where high resolution is not essen
tial. Sanyo, Seiko-Epson, and Toshiba 
have announced similar products. 

Work continues on other LC light 
valves, often with eventual HDTV appli
cations in mind. A group at the Univer
sity of Karlsruhe reported on an LC phase 
modulator that is a more efficient light 
valve than amplitude modulators like Ko
dak's. Another proposed LC light valve 
would use LCs as controllable light scat
terers . Here, the liquid-crystal material is 
in the form of microscopic droplets en
capsulated in transparent plastic. There is 
some resemblance to the large-area liquid
crystal films marketed by Taliq. For all of 
these light valves, a TFT or other switch 
would be required at each pixel. 

A group at Fujitsu Laboratories dem
onstrated a multicolor (but not full-color) 
light valve that uses a two-layer structure 
and a nematic-cholesteric mixture. TFTs 
are not required, but the display's infor
mation content was not reported. 

In the realm of laser-addressed LC light 
valves, the large high-resolution display 
marketed by Greyhawk Systems is now 
being challenged by Hitachi. Greyhawk 
describes its device as a "paperless plot
ter." It produces large high-resolution 
(2200 x 3400-pixel) images that can be 
viewed and edited much more rapidly 
than a plotter can churn out hard copy. 
The approach may never be fast enough 
for real-time TV, but there are many ap
plications in which the size and resolution 
are more important than fast motion. 

Big bulbs 
The expanding computer workstation 
market requires increasing numbers of 
larger CRTs. The current "standard" is a 
19-in. high-resolution unit in either mono
chrome or color, but even larger tubes are 
appearing. 

MINOLTA METERS THE MEASURE OF EXCELLENCE 
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Williams Dr., Ramsey, New Jersey07446. 
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In the consumer world , several manu
facturers introduced CRTs bigger than 
25 in. Mitsubishi's 35-in. unit has been 
improved and now has higher resolution 
than the first edition. Sony showed a pro
totype 43-in. 253-lb CRT in May. Its 
depth of 28 in. is probably as great as the 
home market will tolerate, and commer
cialization is probably a few years away. 

Philips appears to have abandoned its 
flat CRT, which had the potential of be
coming a medium-to-large display. The 
display was slim, but its costs were 
deemed too fat for a high-volume con
sumer product. 

Plasma panels 
NHK Laboratories, the research arm of 
the Japanese government broadcasting 
system, has improved its photolumines
cent full-color panel, and has now made 
units 20 in. on the diagonal. This device, 
with 448 x 640 cells (each cell producing 
a single color), can generate a maximum 
white luminance of 17 fL but so far only 
at the low efficacy of 0. 13 lm/W. 
Achievement of this size has required 
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hard and elegant work on manufacturing 
methods. The device is constructed with 
thick-film and photolithographic tech
niques, which may eventually lead to pro
duction at reasonable cost. 

Liquid-crystal panels 
T here is as yet no large LC panel , but 
sizes are creeping up and techniques are 
steadily improving. The work is being 
sparked by the sales of small "personal" 
T V sets and laptop computers . Both of 
these are sizable markets, so vo lumes are 
going up and prices are decreasing. In 
August, Sharp demonstrated the largest 
full-color LCD yet at SIGGRAPH. (See 
"Liquid-Crystal Displays. ") 

Miscellaneous 
An ingenious scheme from Texas Instru
ments produces real 3D images in a vol
ume determined largely by the available 
laser power. Although it requires expen
sive laser light sources and a mechanically 
rotating plane to form its image, the de
vice could find use in military and large
audience entertainment applications . TI is 
looking for development partners. 

Workers in the People's Republic of 
China reported a large powder electrolu
minescen t (EL) device for displaying ideo
graphs in a large meeting room . The 
display is over 79 ft. 2, uses a matrix of 25 
modules , has a total information content 
of 22,400 pixels, and offers a luminance 
of 29 fL. The pixel pitch is 0.7 in. 

P lanar Systems has announced an 18-
in.-diagonal 1.09-ft2 ACEL panel with 
1025 x 800 pixels. 

Next year? 
The key to large displays at reasonable 
cost is volume. At present, the only fore
seeable high-volume application is higher
definition television systems, and these are 
several years away. However , many Japa
nese and some European companies are 
devoting substantial efforts both to 
HDTV systems and the large displays for 
them. Recent decisions on advanced tele
vision systems (A TV) by the U.S. Federal 
Communications Commission have ener
gized development of a U.S. system. Both 
projection and flat-panel technologies are 
benefi tting from the attention. • 
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The Visible 
Difference 
dBarll™ 

Customized EMI/RFI Multilayer 
Transparent Conductive Coatings 

Shielding Products 
for 

• Visual Display Terminals 

• Aircraft/Marine Transparencies 

• Printer/ Peripheral Windows 

Product Compliance for-
FCC ELF/VLF 

TEMPEST DIN 
VDE ESD 

We reduce complex EMI /RFI 
problems to practical , easy to design, 

cost-effective solutions. 

Call Southwall Technologies Inc. 
Electronics Department (415) 962-9111 

Circle no. 14 

LAMINATION SPECIALIST 
AUTOMATIC INJECTION EQUIPMENT 

POLYESTER OR SILICON RESIN CATV) 

Our VAN NUYS PLANT has the capabilities to meet virtually all 
of your LAMINATING needs ! ONE TUBE or 10,000 - our 
tubes or yours - MONOCHROME OR COLOR! 

For SERVICE, ECONOMY and QUALITY CALL: 
800-228-1242 or (818) 781-5460 

For the STONE MOUNTAIN, GA plant call: 800-241-5005 or (404) 938-2080 
SUBSIDIARY OF: 

VIDEO DISPLAY CORP. v it z: VIDEO DISPLAY CORP. 
14745 Keswick St. 5530 E. Ponce de Leon Ave. 
Van Nuys. CA 91405 - ~ Stone Mountain, GA 30086 
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Line width as fine 
as .0002 inches, 
accurate to 
±.000020 inches 

New From Applied Image 
Large Format Chrome Masks 
Now, Applied Image is a new source for accurate large glass 
phototools. Line width resolution of .0002 inches, accurate to within 
±.000020 inches is typical of our micro-imaging capabilities. Made 
of high grade chromium-coated glass, these phototools are pro
duced under clean room conditions to assure maximum throughput 
and optimum end-product performance. 

For flat ponel, automotive, electro luminescent, plasma displays, 
or any other precision imaging applications, specify Applied Image. 
We do imaging ... precisely. 

FOR MORE INFORMATION 
CONTACT US AT 
TEL 716-482-0300 

APPLIED I~GE , Inc 

1 653 Eeet M ain Street 
Roc heste r, N e w York 1 4608 FAX 716-288-5989 
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DC-DC 
Converters & 
Smart Force TM 

DC-AC Inverters 
to power: 

• Electro lumi
nescent Lamps, 

• Plasma Gas 
Discharge, 

• Vacuum 
Fluorescent, 

• TFEL Displays, 
and More! 

FREE Data Packet Includes: 
• CROSS REFERENCE INDEX - matches ERG 

converters to various plasma and VF displays. 
• EL SOURCE LIST - helps source EL Lamps, 

LCDs, membrane switches, etc . 
Call today for complete product information and prjcing: 

~-....,..... Endkott Research Group, Inc. 
l • lllo. ~ • 2601 Wayne Street P.O. Box 269 Endicott, NY 13760 
......:: ~ ~ ® 607-754·9187 lWX 51().252~155 ~~ 

• VISA FAX. 607-754-9255 C1986 ERG. Inc. .. , .. ,,,,,_,,,,,. = 
Circle no. 17 
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Printers 

BY WILLIAM J. LLOYD 

THE PAPERLESS OFFICE was not visible 
in 1988. In fact, printer shipments will 
reach an all-time record by year's end
more than 7 million printers with a value 
in excess of $9 billion, according to 
DataQuest. 

At the beginning of the year, Hewlett
Packard introduced the Desk Jet printer, 
which offers laser-printer quality at less 
than $1000. The DeskJet is an ink-jet 
printer that uses disposable thermal ink 
cartridges and emulates HP's popular 
LaserJet laser printer [Fig. 1] . 

Slow growth for color 
Color printers continue to gain market 
share-slowly. But now that color copiers 
are beginning to produce copies that sat
isfy their users, this market segment 
should get a boost. High-quality digital 
color printers for the graphic arts are now 
avai lable, with dye-diffusion thermal
transfer technology becoming dominant. 

Products and technology from Kodak, 
Dainippon, Hitachi, Sony, ICI, and oth
ers are capable of producing high-quality 
color images on special substrates. 3M 
formally introduced its color dry-silver 
medium with a resolution of 100 line
pairs/mm. Printers for exploiting this me
dium are to be announced next year. 

Mead Corporation formed a joint ven
ture with Seiko to commercialize Mead's 
proprietary Cycolor silverless pressure-de
veloped imaging paper. The first order of 
Cycolor was shipped to Noritsu America 
in October for the Noritsu QPS-101 Cy-

William J. Lloyd is manager of printing 
technology at Hewlett-Packard Laborato
ries in Palo Alto, California. 
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color slide printer, which was unveiled 
earlier in the year. 

Laser still tops .. 
Electrophotographic printers still captured 
most of the spotlight in 1988, with over 
70 new products introduced in the under
$6000 range. Most of these printers pro
duce between 6 and 10 pages/min. While 
these printers account for only 20% of 
the units shipped, they represent over 
500Jo of the revenue. 

In February, Apple introduced three 
new products based on the Canon SX 
print engine. The $2799 LaserWriter II is 
Apple's first laser printer that does not 
support PostScript. Instead, Apple chose 
the QuickDraw protocol operating over a 
Small Computer System Interface (SCSI). 
The top-of-the-line LaserWriter II NTX 
o ffers PostScript and an emulation of 
HP's LaserJet II PCL. This $6599 printer 
uses an Apple-built controller based on 

continued on page 25 

Fig. 1: At its Boston Fall Print Quality Conference during the last week of October, 
DA TEK gave its Printer-of-the- Year A ward to the Hewlett-Packard Desklet-the 
plain-paper drop-on-demand ink-jet printer that produces laser-quality output. 



Thyo Corporation's new TPG-4300 Full Color Video 
Printer outperforms the competition hands down. 
PRINTS ON 'B' SIZE PAPER OR TRANSPARENCY. 

Incorporating the latest thermal transfer technology, it 
offers the industry's highest resolution (300 X 300 dpi) and 
most accurate registration for sharper, crisper images and 
brilliant, true-to-life colors. 

A built-in, high-speed (125 MHz) intelligent video 
processing interface eliminates the need to write any special 
software to drive the printer. 

It works with all popular high-end graphics display 
and image processing systems. And lets you simultaneous61 
connect up to eight different systems to it. Including those from 
IBM, DEC, Sun, Apollo, H-P and dozens more. 

Operation couldn't be easier. Simply plug it in, load the 
paper, and touch a button. It requires no field installation. And 
is virtually maintenance-free. 

All of which makes the TPG-4300 ideal for a wide 
range of engineering, analysis, design, presentation, mapping 
and business graphics applications. 

C> 1988 Toyo Corporation U.S.A. 

Plus, it's backed by toll-free hotline support, compre
hensive documentation, a full one-year warranty, and Toyo's 
expanding worldwide distributor network. 
SEE FOR YOURSELF. 

A lot of companies promise high-quality, high
resolution color hardcopies. We have the samples to prove it. Let 
us show you. Raise your hands, pick up the phone, and callus 
today to arrange a hands-on demonstration. 

Toyo Cotvoration U.S.A., 
2934 Corvin Drive, Santa Clara, CA 
95051, Fax: ( 408) 720-9643. 
CALL TOLL-FREE 
1-800-338-1981 
(INSIDE CALIF., CALL 
408/739-7913) 

® TOYO CORPORATION USA 

ALL THOSE IN FAVOR 
OF HIGH-QUALITl LOW-COST, 
'B' SIZE COLOR HARDCOPIES 

RAISE YOUR HAND. 
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id classified 

job opportumt1es 

ENGINEER 
Position available for qualified engineer 
with experience in electron gun design and 
manufacture, including manufacture of 
gun components which include metal 
stampings and glass stems. Position may 
require extensive travel outside the con· 
tinental United States. Full benefits
salary commensurate with ability and ex· 
perience. Please forward resume to the 
attention of: Gerald Tumarkin, SW Vac· 
uum Devices, Inc., A Division of Video Dis· 
play Corp., P.O. Box 50524, Tucson, AZ 
85703. 

Correction 

In the September Industry Directory, 
an incorrect fax number was printed 
for Sigmatron Nova's East Coast of
fice in Eatontown, New Jersey. The 
correct fax number is 20I/542-4317. 
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EL 

continued from page 15 

Bennet, and Ampex, among others, have 
adopted EL for this application. 

EL continued to find favor among mili
tary users for its visual performance, rug
gedness, and tolerance o f ha rsh environ
mental conditions. Customers for these 
displays include Honeywell, Magnavox, 
IBM, Canadian Marconi, Norden Sys
tems, SAlT, Eldec, and Computing 
Devices. 

And .•. 
Colo'r capability, excellent visual perform
ance, rapidly declining cost, and further 
reductions in power consumption point to 
a successful future for EL as flat panels 
continue to make inroads on the CRT's 
market share. • 

LCDs 

continued from page 17 

were shown by several manufacturers , and 
even more presented technical papers at 
display conferences demonstrating solid 
advances. And ferroelectric technology fi
nally seemed ready to deliver on its prom
ise of very high monochrome resolution 
without active matrices. The unanswered 
questions concern availability, quantity, 
price, and power consumption-and relia
bility for ferroelectrics. Some of those 
questions will be answered in I989. 

But all the interesting cards are not yet 
in play. The Japanese Ministry of Inter
national Trade and Industry (MITI) has 
funded its multi-million-dollar "display
on-a-wall" program. A long-held dream 
of the flat-panel community is about to 
assume a new measure of reality. • 

The Integrity of Your 
Supplier is as Important 
as the Integrity of 
Your Design 
Introducing 01-NEG ... one of the world's largest 
producers of CRT glass bulbs. Complete engineering, 
design, and fabricating capabilities. Both high 
volume and custom production runs. Unsurpassed 
quality and performance. Bulb sizes ranging from 
0.5" to 45.0". Prototype turnaround just 90 days. 

OJ-NEG. New /eadership ... old fashioned business 
integrity. 

Circle no. 19 

resolve your design requirements, call Jim Kyle at 
1. For complete technical information, 

1~iili!Ctm1f service number. 

TV Products, Inc. 
711 Southwood Avenue 
Columbus Ohio 43207 
(614) 443-6551 
FAX: (614) 443-6551, x-346 



printers 

continued from page 22 

the Macintosh II instead of the Adobe 
Atlas controller. 

Printing and page-description technolo
gies have brought higher quality and 
greater capabilities to printers, but paper 
handling has until recently taken a back 
seat. In November, Hewlett-Packard in
troduced the $4295 LaserJet II D, which 
offers double-sided printing, two input 
trays , and an optional envelope feeder. 

... But competition mounts 
Alternative imaging technologies for elec
trophotographic printers are gaining pop
ularity. Qume introduced the CrystalPrint 
Wp at a list price of $1299. Using Casio's 
liquid-crystal-shutter print engine, this 
unit establishes a new price point for elec
trophotographic printers. Continued de
velopment of liquid-crystal-shutter 
technology will clearly put pressure on la
ser-printer dominance. 

LED printers are also establishing their 
presence in this crowded market. Page
width LED arrays offer much higher 
speed than do liquid-crystal shutters, and 
LED printers delivering more than 
20 pages/min cost less than equivalent la
ser-scanned systems. Elimination of the 
rotating polygon mirror in mid-range and 
high-speed laser printers should improve 
reliability. 

Many of the new electrophotographic 
page printers support Adobe's PostScript 
page description language. The price 
leader in this category is a $4000 liquid
crystal-shutter printer from Jasmine Tech
nologies, which is likely to attract a lot of 
attention. 

Dot matrix still makes impact 
Even with the interesting and varied 
printer technology now available, dot-ma
trix impact printers continue to account 
for the most units shipped. The low price 
of these units ($200 and up) makes them 
the printer of choice for personal com
puter users. The 9-pin printer is still dom
inant, but most new products introduced 
this year have 18 or 24 pins, and one of 
these is selling for as little as $300. At 
least one 48-pin unit, offering 360 dpi ad
dressability, has been introduced. Many 
of the new products offer color as an 
option. • 

Circle no. 20 

YOUR MAGNETIC SHIELDING 
PROBLEMS END HERE 
Save tooling costs- Ad-Vance already owns tooling for 
most standard shields. Our problem solving magnetic 
shielding specialists will adapt or custom design exactly 
what you need . 

• Magnetic shields lor 324 types of PM tubes 

• AD-MU sheet stock 
• AD·MU protective cases assure full fidelity of valuable taped data 

• Helpful engineering & design service 
• Painstaking In-house quality control. 

Now- 4 decades of magnetic shielding leadership. 
Your magnetic shielding problems end here 
at Ad-Vance. 

Circle no. 21 

AD·MU foils cut, wrap easily, quickly 
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Ad-Vance Magnetics, Inc. 
AEG Corp. 
Alphasil, Inc. 
Amu neal Manufacturing Corp. 
Applied Films Lab, Inc. 

Babcock Display Products 
BDH Ltd. 
Bell-Northern Research, Ltd. 
Bendix Corp. 
Brewer Science, Inc. 
Burle Industries, Inc. 

Canon, Inc. 
Capetronic USA (HK), Inc. 
CELCO 
Cherry Electrical Products Corp. 
Chomerics, Inc. 
C lifton Precision/Special Devices 
Clinton Electronics Corp. 
Comput ing Devices Co. 
Connector Corp. 
Corning Glass Works 
C R T echnology, Inc. 
Craft Data Inc. 

Dale Electronics 
David Sarnoff Research Center, Inc. 
Digital Electronics Corp. 
Displays Inc. 
DISCO M/ Display Components, Inc. 

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

Ferranti-Packard Electronics, Ltd. 
Futaba Corp. 

GEC Avionics, Inc. 
General Electric Co . 
GM L Information Services 
GTE 

George D. Harris Assoc. , Inc . 
Hartman Systems 
Hazeltine Corp. 
Hercules Aerospace Display Systems 
Hewlett-Packard Co. 
H itachi , Ltd. 
F. Ho ffmann La-Roche & Co., Ltd. 
Hoya Optics, Inc. 
Hughes Aircraft Co. 
Hycom, Inc. 

IBM Corp. 
Imaging & Sensing Technology 

Corp. 
Imapro Corp./lmaprint Design, Inc. 
lncom, Inc. 
Industrial Electronic Engineers, Inc. 
In fodex, Inc. 
Interstate Electronics Corp. 
ISC Cardion Electronics, Inc. 
ISE E lectronics Corp. 

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

Div . 

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

Magnavox Government & Industrial 
Electronics Co. 

Magnetic Radiation Laboratories 
Microphase Laboratories 
Microvisio n 
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Mino ha Corp. 
Mitsubishi Electronics America, Inc. 
Mitsubishi Kasei America, Inc. 
Monitronix Corp. 
MRS Technology, Inc. 
Murata-Erie North America, Ltd. 

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

Corp. 
NYNEX Science & T echnology 

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

Particle Data, Inc. 
Penn-Tran Corp. 
Philips Electronics, Ltd. 
Phosphor Products Co., Ltd. 
Photonics T echnology 
Planar Systems, Inc. 
Plasmaco, Inc. 
Plessey Naval Systems 
Precision Electronic Glass, Inc. 
PTK/ Rantec Div. Emerson Electric Co. 

Quantum Data Inc. 

Racal Microelectronics Systems Ltd. 
Rank-Brimar, Ltd. (2) 
Raytheon Co. 
Regisbrook Group, Ltd. 
Ricoh Co., Ltd. 
Rogerson Kratos Corp. 

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

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

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

Corp. 
Toshiba America, Inc. 

UCE Liquid Crystal Displays 
United Enclosures, Inc. 

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

Wo rld Products, Inc. 

Yamaha Corp . of America 

Zenith Electronics Corp. 

Page 
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Recruitment Advertising 
Palisades Institute for Research 

Services, Inc. 
20 I Varick Street 
New York, NY 10014 
J ay Morreale, Advertising Manager 
212/620-337 1 Fax: 212/620-3379 

District Sales Office-West 
Ted Lucas 
P.O. Box 852 
Cedar Glen, CA 92321 
714/337-6627 
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Lumitex ............................ ......... 27 
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Quantum Data .................... ... 10, 11 
Raytheon Co ........................ ........ I 
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T EAM Systems ................ .. .. .. ..... 23 
Thin Film Device, Inc ......... .. ........ 28 
3-D Image T ek Corp .................... 27 
Video Display Corp ...................... 21 

District Sales Office- Midwest 
J oe Brennan, Paul Wagner, Lisa Zurick 
Pattis/3M 
4761 West Touhy Avenue 
Lincolnwood, I L 60646 
312/ 679-1 100 Fax: 312/ 679-5926 

District Sales Office- East 
Becky Akers 
Pattis/3M 
310 Madison Avenue, Suite 1804 
New York, NY 10017 
2 1 219~3-2 1 21 Fax: 2121953-2128 

r:JDDJ EASTERN DISPLAY 
WORKSHOP 

Wednesday, January 11 , 1989 (8AM to 6PM) 
Four Seasons Hotel, Philadelphia, PA 
• Bernard Lechner. Introductions 

• Lawrence Tannas, Recent Developments in Display Technology in 
Japan 

• Dr. Larry Weber. Advances in Plasma Display Technology 
• Thomas Credelle, Thin Film Transistor Based LCDs and Their Design 

for Video Applications 

• Luncheon Address: Dr. Richard Breslin (Presidenl of Drexel Univer
sily), As We Race Towards the 21st Century: The Importance of a 
Technological University 

• Dr. Elliott Schlam. Recent Advances in Electroluminescent Displays 

• Dr. Harry Snyder. The ANSI Standard for Visual Displays 

• Dr. Terry Scheffe r. Advances in Ferroelectric and Supertwist 
Displays 

• Dr. Peter Seals, Review of Current CRT Developments 

SID members 
Non-members 
Students 

By 113/89 
$95 

$130 
$25 

(Lunch os oncluded) 

At Door 
$1 25 
$160 

$35 

A check. payable to Delaware Valley Chapter of SID, must be received by 1/3/89 
Mail to Clayton Randall (SID). Hercules Aerospace Display Systems. 232t Topaz 
Drove. Hatfield. PA t 9440. For information call (2t5) 822·6090. Full time students 
show I.D. at door. 



3-D 
HELMET-MOUNTED 

DISPLAYS 
Design • Consulting • Manufacturing 

• Vehic le/Robot Guidance 
• Artificial Reality 
• Security-Fi refighting, Nuclear 
• Medical/Surgical Assist 
• Part Design/Inspection 
• Advanced Computer User Interface 

Stephen P. Hines, Director of Tech· 
nology, has performed advanced 
optics and 3-D design work fo r 
many groups, including DARPA, 
Disney, NOSC, Kodak, and others 
both military and commercial. 

3-D Image Tek Corporation 
375 Broadway, Suite 251 
Laguna Beach, CA 92651 
Phone: 818/507-5812 
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LAMP DIVISION 

1300 Optical Dr., Azusa, CA 91702 I 818 969 3344 
TWX 910 584 4851 • FAGS 818 969 3681 
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Improve LCD 
Readability 

from this 
It _____ 

toLUMITEX® 
... THE BRIGHT 

CHOICE j 
\-------------------------------~ 

LUMITEX woven optical 
fiber backlighting Is 3 to 10 
times brighter than stand
ard EL's, and pmvldes these 
other benefits: 

• LONGER AVERAGE LIFE
Halogen lamps rated at 5000 hours 
of full output. LED sources available 

to 100,000 hours. Woven panel has rating of - 50° to 
85°C, and is impervious to moisture. 

• THINNESS- Standard LUMITEX panel is 0.060" 
thin. Active matrix displays can be backlit without the 
bulkiness of cold cathode fixtures. 

• CONTROL -Intensity, color and power consump
tion are easy to control or change. 

• EASY MAINTENANCE- Replace lamps in minutes 
without removing or disassembling LCD . 

• PASSIVITY- Panel is free of EMI, RFI, and heat. DC 
light source reduces " noise" caused by AC inverters. 

All these LUMITEX benefits add up to low in-service 
cost and superior readability in any backlit LCD. Call or 
write for technical details. 

1988LUffilleJI . trw: aU nQhiS rtsei\'Cd 

Lumitex; Inc. 
Creators of Woven Light 

11941 Abbey Road, Bldg. H 
Cleveland, Ohio 44133=9908 
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IF D Thin Film Device Inc. 

Your Solution to 
Display Problems 

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

• DIXY CORPORATION 
Monochrome and Grayscale Gas Plasma 
Flat Panel Displays 

STATE OF THE ART COATINGS 

• KRISTEL CORPORATION • TRANSPA RENT CONDUCTORS 
• EM I , RF SH IEL DS 

Monochrome, Liquid Crystal Shutter, and 
Color CRT 

• M ETALLIZED CERAMIC SUBSTRATES AND H YBRIDS 
• FLEXIBLE CIRCUITS AND SHIELDS 

• ALPHA POINT L TO. 
• C H ROME BLANKS AND PATTERN 
• OPTICAL FILTERS AND AR COATINGS 

VT100 Compatible Flat Panel Terminals 
with Gas Plasma or Electroluminescent 

• MULTI LAYERED METAL, SEMICONDUTOR, N ITRIDE CAR
BI DE AND OXIDE. 

• MITANI CUSTOM 

Segmented and Bargraph Gas Plasma 
• THIN FILM EL (GREEN OR YELLOW) BACK LIGHTS FOR 

LCD'S 

• CUSTOM DISPLAY SYSTEMS • RF/ DC MAGNETRON AND DIODE SPUTTERING 
• ELECTRON-BEAM AND CVD PROCESSES 

Call or write w ith your display requirements 
CRAFT DATA INC. 

• COMPREHENSIVE QUALITY CONTROL AND MEASURE
MENT TECHN IQUES ARE EMPLOYED. 

27022 Cordero Lane, Mission Viejo, CA 92691 
Telephone: (714) 582-8284 Fax: (714) 556-8325 

Telex: 751875 

.. . CALL: 
THIN FILM DEVICE, INC. 

1180 N. TUSTIN 
ANAHEIM, CALIFORNIA 92807 

(7 I4) 630-7 127 Telex : 21 5435 COLI 
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Center for Imaging Science 
Tenure Track Faculty Positions 

The Center for Imaging Science (CIS) at RIT was established in 1985 to meet the growing need in 
industry and government for highly skilled scientists in imaging. 

CIS grants undergraduate and graduate degrees in Imaging Science and Color Science. The Center 
currentl y provides research support and contract work in the areas of remote sens ing, 
electrophotography, digita l imaging, color science, medical diagnosti c imaging, holograp hy, 
photographic science, optics, and computer vision. 

RIT has described the Center for Imaging Science as the "major strategic thrust" of the Institute, 
and the Center will occupy a new 75,000 square foo t fac ili ty by Sept. I, 1989. The Center is 
supported by Corporate Founders and Industrial Associates from the United States, Europe, and 
Japan . 

We are seeking applicants to fi ll three new faculty open ings at a ll levels. Special consideration will 
be g iven to applicants with experience in E lec tro-opti cs, Solid State Imaging De vices, o r 
C olor Reproduction. Excellent candidates in a ll areas of imaging science will be considered . 

Candidates must have a Ph.D. or equivalent exper ience and must be able to demonstrate 
proficiency in teaching and research. 

If you are interested in joining this unique and rapidly expanding program, send your resume to: 

28 Information Display 12188 

Dr. Rodney Shaw, Director 
Cente r for Imaging Science 

ROCHESTER INSTITUTE OF TECHNOLOGY 
One Lomb Memorial Drive 
Rochester, NY 14623 

Search closes March 17, 1989. All replies will be kept confidential. 
An equal opportunity employer 
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''At lunch today, I learned to use 
this progratnntable video generator. 

And still had titne to eat.'' 
While other RGB video generators wide-band video transmission systems. 

take weeks to learn, ours take minutes. Present or future. 
No digital training needed. No countless Analog, TTL and ECL outputs. 125 
key combinations to learn. No need to MHz. 64-color capability. Storage of up 
use your PC unless you want to. Unlike to 200 display formats. Wide range of 
other generators, Leader's have an inte- raster architectures, and most common 
gral programmer {LVG-1604A and test patterns with both stock and user-
1603A) or are available with a program- designed characters. Ability to change 
mer unit {1 601A). And you can get any format conditions. These features are 
of do~ens of test patterns simply by easy to learn-but hard to beat. 

touchmg one clearly ~ffi!r~~~~~~;;;;~ marked key. 

All the 
functions 
you need. 

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

with all the features you need. 

Now you 
can choose. 

You shouldn't pay 
for more functions 
than you need. So 
call us for a free 
copy of our full-line 
catalog. Pick the 
video generator 
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that's right for you. Then, in just 30 min
utes, we'll show you how to use it. 
It'll be up and running before you finish 
your lunch. 

Call toll-free 

1 800 645-5104 
In NY State 

516 231 .. 6900 

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

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

LEADER 
FOR PROFESSIONALS WHO KNOW 

THE DIFFERENCE 



Chosen for 
high visibility 
~nd versa~illty. 

Dale Displays. 
When you need ~xceptional viewing 

characteristics and compact size, Dale 
plasma panel displays offer extra value 
at:Jd reliability. Our versatile display 
module family includes bar graphs, alpha
numeric displays and graphics· displays. 
All offer high .brightness (up to ·100ft. 
lamberts) and a wide (150°) viewing angle. 
In addition, most models accept serial or 
parallel inputs and can be provided with 
STD Bus interface. For. fast, personal 
attention to your display needs, contact 
Dale Electronics, Inc., 2064 12th Avenue, 
Columbus, NE 68601 . 

~~~aT/~r~a/1: 402-564-3131 

. . . 

> . . 

You can 
seethe 
advantage~. 

Dal~·Display . 
Bright. Legible. Versatile. We're ready 

to help you use the advantages <;>f plasma 
panel displays where.ver you need to. con
vey inrormatiqn. Our new bar graph models . 
handle a wide range of control and i"ndi- · 
cation needs. Each has dual linear graphs 
with 20~ or 101 elements, resolution down 
to 1/2% and requires a mi.nimurn of drive 
circuits. In addition, stan~ard segmented 
and dot matrix styles with up to 256 
characters are available with complete 
drive electronics. To get more details 
contact: Dale Electronics, Inc., 
2064 12th Ave., Columbus, NE 68601 

For complete402 564 3131 information: • . • 
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