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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 - 55°C to +95°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) 231-8300 

AEG 



RGB Delay 

G) Full color graphics with programmable frequencies. 

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

® A user interface designed for monitor testing. 

@ Full text capability with fixed and proportional spacing. 

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

® Ultra fast precision analog outputs-256 levels. 

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

@ An palette of 16 million colors to choose from. 

® Custom images you can design, use and store. 

@ Terminal and system interfaces-RS232 & IEEE488. 

@ Mass storage on floppy disks. 

@ Four sync channels with programmable pixel time. 

@ Flexible units-pixels, frequency and time. 

CALL US FOR A FREE VIDEO TAPE ON OPIX. 

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

See us at SIGGRAPH '88 BOOTH #542. Circle no. 2 



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-488 
computer interfaces are available. 

When you must know what you're looking at, 
look for equipment that knows what to look for. 
For details call or write Marketing Manager, 
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. Arteria l 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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Cover: Thisfutl-color 
TFEL display was first 

demonstrated at SID '88 in Anaheim. 
It has a 6-in. diagonal and a 

pixel pitch of 200 lines/ in. 
The phosphor dots are applied in 

linear triads resulting in a 
one-third pixel resolution. 

(page 10) 

Photo: Planar Systems, Inc. 
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SPIE's 32nd Annual International Technical Symposium on 

Optical & Optoelectronic 
Applied Science & Engineering 
14- 19 August 1988 • Town & Country Hotel • San Diego, California USA 

Twenty Conferences 
Four-conference program on 
Optical Materials 
Program Choir: Solomon Musikant. General 
Electric Company 
• Ceramics and Inorganic Crystals for 

Optics, Electro-Optics and Nonlinear 
Conversion 
Conference Chair: Robert Schwartz. 

aval Weapons Center 
• Diamond Optics 

Conference Chairs: Albert Feldman. 
National Bureau of Standards; Sandor 
Holly. Rockwell International 
Corporation 

• Nonlinear Optical P roperties of Organic 
Materials 
Conference Chair: Garo Khanar ian. 
Hmichst-Cela nese Corporation 

• Propertie~ anct C han1cteristics 
of Optical Glass. 
Conference Chair: Alexander J . Marke r Ill . 
Schou Glass Technologies. Inc. 

Three-conference program on 
Photo-Optical Instrumentation 
Engineering 
Program Chair: Andrew Da vidhazy. 
Rochester Institute of Technology 
• Airborne Reconnaissance XII 

Conference Chairs: Paul A. He nke l. 
General Dynam ics Corporat ion; F rancis 
R. LaGesse. Consultant; Wayne W. 
Schurter. Mc Donnell Aircraft Company 

• Underwater Imaging 
Conference Chair: Douglas Holloway. 
Su b-Sea System s. Inc. 

• High S peed Pho tography, Videography 
a nd Photonics VI 
Conference Chair: Gary L. Stradling. Los 
Alamos National Laboratory 

Also Featuring . .. 
• 1988 International Conference on 

Education in Optics 
Conference Chair: Brij M. Khorana. 
Cente r for Applied Optics Studies / Rose­
Hu lman Institute of Technology 

Poster papers are being solicited from all 
co lleges and univers ities to display informa­
tion and details about their undergraduate or 
MS-level programs in o ptics and optics-related 
fields. For more information , contact SPIE. 

Two-conference program on 
Optical Engineering 
Program Chairs: Robert E. Fischer. Ernst 
Leitz Canada Ltd .. U.S. Operations; Roger 
S . Reiss. Lockheed M issiles & Space 
Compa ny. Inc. 
• Stray Light and Conta mination in Optical 

Systems 
Conference Chair: Robert P . Breault. 
Breault Research Organization. Inc. 

• Current Developments in Optical 
En gineering Ill 
Conference Chairs: Robert E. Fischer. 
Erns t Leitz Canada Ltd .. U.S. Operations; 
Warren J . Smith. Kaiser Electro-
Optics. Inc. 

Two-conference program on 
Infrared Technology and 
Cryogenic Systems 
Program Chair: Irving J . Spi ro. The 
Aerospace Corporation 
• Infrared Techno logy XIV 

Conference Choir: Irving J . Spiro. T he 
Aerospace Corpora tion 

• Cryogenic Optical Systems and 
Instruments II I 
Conference Chairs: Ramsey K. Melugin. 
NASA/ Ames Research Center; Warren G. 
P ierce. Lake Shore Cryotronics. Inc. 

One-conference program on 
Fabrication and Large Optics 
Program Choir: Norman J . Brown. 
Lawrence Live rmore National Laboratory 
• Advances in Optical Fabrication and 

Metrology including Large Optics 
Conference Chairs: J ones B. Arnold. 
Martin Mariella Energy Systems. Inc.; 
Robert E. Parks. University of Arizona 

Four-conference program on 
Information Processing 
Program Chair: Keith Bromley. Naval Ocean 
Systems Center 
• Advanced Algo rithms a nd Architectures 

for Signal Processing Ill 
Conference Chair: F ranklin T. Luk. 
Cornell University 

• Real-Time Signal Processing XI 
Conference Chair: J . P. Letellier. ' a val 
Research Laboratory 

• Applications of Digital Image 
Processing XI 
Conference Chair: Andrew G. Tescher. 
Tech nology Concepts Associates 

• S tatistical Optics 
Conference Choir: G. M ichael Morris. 
University of Rochester 

Three-conference program on 
X-Ray Instruments. Multilayers, 
and Sources 
Program Chairs: Gerald F. Ma rshall. Kaiser 
Electronics; Paul D. Rockel! . K MS 
Fusion. Inc. 
• X-Ray Multila yers for Diffractometers, 

Monochromators, and Spectrometers 
Conference Chair: Finn E. Christensen. 
Danish S pace Resea rch Inst itute 
(Denmark) 

• Thin F ilm Neutro n Optical Devices: 
Mirrors, Supermirro rs, Multilayer 
Monochromators, Polarizers and Beam 
Guides 
Conference Chair: Charles Majkrzak, 
Natio nal Bu reau of Standards 

• X-Ray Instrumentat ion in Astrono my 
Conference Choir: Leon Golu b. Harvard­
Smithonian Center for Astrophysics 

Technical Instrument Exhibit • 76 Short Courses 

12 Focused Equipment Demonstrations 

.SPIE.- The International Society for Optical Engineering 

SPIE is a nonpro fit technical society dedicated to advancing e ng in eering 
and scientific appl ications of optica l, e lectro-optica l. and optoelect ronic 
technolog ies through its publ ications. symposia. and short courses. 

FOR REGI STRATION OR EXHIBIT INFORMATION OR TO ORDER PROCEEDINGS RELATED TO OR RESU LTING FROM THESE CONFERENCES: 
contact SPIE. P.O. Box 10, Bellingham. WA 98227-0010. 206/ 676-3290. Te lex 46-7053. In Europe. contact SPIE. Koblenzer St rasse 34, 
D-5300 Bonn 2, FRG, Telephone 0228/ 36 15 46, Telex 172.283.747. For exh ibit information. please Telephone Sue Davis. 503 / 663- 1284. 
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Flatlanders 

This is the issue of Information Display we 
promised would be devoted to emissive flat­
panel displays, and so it is. There are current­
ly two emissive flat-panel display technologies 
of major commercial importance: plasma and 
thin-film electroluminescent. 

Though both trail far behind the non­
emissive liquid-crystal displays in the flat­
panel derby, plasma is the dominant 
technology of the two . A half-million plasma 

displays are projected to be sold this year, many of them de displays 
incorporated into Toshiba laptop and Compaq transportable com­
puters. A smaller number of ac displays appear, for example, in GRiD 
laptop computers. 

A far, far smaller number of TFEL displays will be sold into a 
variety of applications. Some of them will be incorporated into a ver­
sion of the Data General DG/ 1 laptop computer, and otheJ;"S will ap­
pear in any new production of the GRiD Compass computer, an older 
model favored by proverbial "government purchasers" for its ability 
to operate after being dropped out of helicopters . 

There are those who believe that the recent surge in plasma sales is 
a prelude to plasma dominance of the flat-panel market, with liquid­
crystal displays being relegated to "low-cost-at-any-price" applica­
tions_ Others feel that TFEL has now, from the technological and 
cost/ benefit points of view at least, overcome plasma's early lead. 
They believe that plasma has peaked, and that new models of systems 
that now use plasma will increasingly switch to electroluminescent. 

Emott Schlam and Shigeo Mikoshiba generously complied with !D 's 
requests to write articles on ELand plasma displays, respectively, that 
survey the basic technologies and recent developments. Each of these 
gentlemen is a strong and well-known proponent of the technology he 
champions. 

Ric Corless, the author of our third article, makes high-precision 
masks used in the manufacture of flat-panel displays . He reviews the 
new mask-making technologies and the increased size and resolution 
options they provide to display makers. 

This is our combined July- August issue, which gives us a chance to 
catch our collective breath and put the final coat of polish on our 
editorial calendar for 1989. The reader response cards you have been 
returning in increasing numbers have, in general, been highly com­
plimentary of the direction JD has been taking_ We hope to please you 
even more starting in September, with our new industry directory, 
continuing coverage of essential topics, and some coverage of the new 
and offbeat. 

- Kenneth L Werner 
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New Tencor'" P-1: 
Finally, a super-sensitive 
profiler for large surfaces. 

For disks, displays or 
any precision surfaces. 
Over 8 " in one scan. 
If you're concerned with the rough­
ness, flatness, waviness, thickness or 
topography of any kind of finished 
surface or coating-you should 
know about the Tencor P-1 Long 
Scan Profiler. 

Whether your surface is metal, 
or glass, ceramic or plastic, semi­
conductor or magnetic disk-
a Tencor P-1 can measure it more 
accurately than anything else. 

Born in the microelectronics 
industry, Tencor profilers are 
famous for their precision. Which 
is why the P-1 has a resolution of 
one angstrom. 

Which is 4 thousandths of a 
microinch! 

The Tencor P-1 Profi/er lets you display wavi­
ness and roughness characteristics of a 
surface profile separately from raw scan data. 

Automated surface scanning. 
Data at your fingertips. 
Press one button and yel full sur­
face characterization. 
Along multiple dia-
meters ... 

Just about any surface 

And there's a lot more ... 
So call now for all the details or 
a demo of the Tencor P-1 Profiler: 

measurement you might 
need. To ANSI/ ASME 
specs. Displayed any 
way you want: 

'I I llh 'II I I h '1111/J 
Up to lO different 

roughness parameters, 

Precisely measure roughness, waviness, step height or coating 
thickness o f virtually any surface. 

for example. Or you can separate 
roughness from waviness with 8 
user-selectable filters. 

A built-in PC/AT lets you use 
standard spreadsheet and data 
base software. 

A unique trackball makes for 
fast and easy control. 

You can superimpose initial trace over sample 
image, to easily correlate the two. Especially 
useful with crowded geometries. 

Circle no. 5 

Tencor Instruments, 2400 
Charleston Road, Mountain View, 
California 94043. 
Telephone: (415) 969-6767. 
TWX: 910-379-6436. 
FAX: 415-969-6371. 

iC
- ® -TENCOR ~ INSTRUMENlS 



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 applications. 

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 
sti ll 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 technology you need is available 
right now, in 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 
Panasonic Industrial Company, (a divi­
sion of ~atsus.hita Electric Corporation 
of Amenca), Display Components Divi­
sion, Two Panasonic Way, Secaucus, 
NJ 07094. (201) 392-4710. 

Panasonic 
Industrial Company 



THE FURTHER WE GO, 
THE FURTHER YOU GO. 

Thomson-CSF is your winning partner 
for professional display tubes and devices. 
Whether your applications are in radar, 
avionics1 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 
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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 Jersev 07801. 
Tel. : (1-201)328-1400. TWX : 7109877901. 
Fax: n-201)328-1747. 
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Highlight your Displays w-ith HO~s imaging. 
The Hoya tradition of excellence continues 

with engineering for the emerging fields of flat 
panel Display, Information Processing and 
Electro-Optics. Our extensive new quality line 
of glass and thin-film materials incorporates the 
latest imaging and process technology services. 

Integral to these new materials is Hoya's 
exclusive transparent and electro-conductive 
ITO thirzJdm on precision glass substrates. 
Major quality, yield and cost advantages include: 
• Low defect Indium Tin ~ 
Oxide: extreme surface 
cleanliness 
• Optimized film unifor-
mity: purity and stability 
• Specialized film struc­
ture: precision etchability 
• Flexible film character: 
resistivity vs. thickness 
• Special Si02 undercoat 
and/ or Sn02 over coating 
• To 14" X 14" size: volume 
thin-film deposition 

Optimum product quality is ensured by 
virtue ofHoyas precision glass polishing and 
cleaning process, and our unique multicarrier 
packaging. 

In precision glass, thin-film blanks, imaged 
panels, and large blanks/masks, Hoya's diversity 
meets the demanding requirements of; flat 
panel displays, electro-optic devices, large area 
electronic circuits, anti-reflection/ polariz,ing 
films, and sensor/solar cell technology. 

Look to Hoya as 
your complete source for 
all flat panel component 
design and imaging needs. 
W e have the material and 
process know-how to 
support your end product 
success. 

Contact us, we'll 
make it work for you. In 
CA: (408) 435-1450; 
in NJ: (201) 307-0003, in 
TX: (214) 450-4410. 

The image of tomorrow 
Circle no . 8 



Thin-film electroluminescent 
displays 

BY ELLIOTT SCHLAM 

THIN-FILM electroluminescent (TFEL) 
displays-though far outdistanced in 
dollar sales by plasma and liquid-crystal 
displays (LCDs)-are poised for major 
growth in most display markets. This 
market growth will be fueled by the in­
strinsic aesthetic appeal of TFEL displays, 
their extreme ruggedness and favorable 
operational character istics, and the 
demonstrated ability to mass-produce 
TFEL display panels with a variety of 
production techniques. In addition, 
laboratory developments promise further 
improvements in luminance, resolution, 
size, and color. 

The two dominant flat-panel technol­
ogies are now seriously competing 
with the CRT to capture part of its $6-
billion-dollar market. While they both of­
fer certain substantial advantages over the 
CRT, it is well recognized that only the 
TFEL display offers an image crispness 
that is comparable (and in certain cases 
superior) to that of the CRT. With almost 
all of TFEL's technological hurdles now 

Elliott Schlam is vice president of 
marketing/sales and director of product 
development at Sigmatron Nova, Inc., 
Eatontown, New Jersey. He was previous­
ly director of the Integrated Device Pro­
cessing and Displays Division of the Elec­
tronic Technology and Devices Labora­
tory, U.S. Army LABCOM, Fort Mon­
mouth, New Jersey, where his work in­
cluded all aspects of electroluminescent 
and other flat-panel displays, as well as 
terminal development and man-machine 
interface techniques. Dr. Schlam received 
his Ph.D., M.S.E.E., and B.E.E. degrees 
from New York University. 
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overcome, the remaining issues are 
primarily multiple-source availability and 
competitive pricing. The variety of TFEL 
production techniques that has now been 
demonstrated and the increased activity of 
driver manufacturers signal a major eas­
ing of these issues. 

A solid solid-state display 
The TFEL display panel is a sandwich 
structure consisting of metallic rear elec­
trodes and transparent front electrodes 
and a inner dielectric on either side of a 
polycrystalline phosphor layer that is the 
light emitter [Fig. 1]. Each of these layers 
figures prominently in the display's 
operating characteristics and manufac­
turability. 

The display is refreshed like a CRT and 
multiplexed a row at a time. Because the 
pixels in each row require a certain 
minimum dwell time (typically 20 I-Isee), 
the number of rows in the display deter­
mines the minimum frame time. The 
display is an ac device, emitting light 
whenever a pulse wider than the minimum 
pulse width and of sufficient voltage is 
impressed across a pixel. A consequence 
of this is that the luminance of a display 
with given dielectric and phosphor layers 
is controlled only by the drive voltage and 
refresh rate [Fig. 2]. The very sharp 
threshold in the luminance-vs.-voltage 
characteristic permits simple multiplexing 
of up to 500 lines or more. 

Luminance at 60 Hz is typically 
specified as 20-25 fL-bright enough for 
a vivid looking display in most office and 
industrial applications. But for most 
military and some industrial applications, 

higher luminance is required. This can be 
had now by operating at higher refresh 
rates, but the number of rows in the 
display does set an upper limit. 

The appearance of a TFEL display 
benefits from its flat surface, which cuts 
glare dramatically compared to conven­
tional CRTs. (The curved CRT surface 
acts as a geometrical "collector" of am­
bient light sources such as overhead 
fluorescent lights and windows, and tends 
to direct them into the viewers' eyes .) In 
addition, the near-specular emission of 
the TFEL display invites the use of a 
circular-polarizing filter to realize a major 
contrast improvement. 

Exorcising the latent image 
The only nagging issue that had marred 
the appearance of TFEL displays was a 
latent image that would appear on TFEL 
screens as if a picture had been "burned 
in." Until recently, displays were driven 
with an asymmetrical wavetrain that con­
sisted of a row-sequential drive pulse of 
one polarity and a frame-sequential 
refresh pulse of the opposite polarity. 
This resulted in a small net de field 
on the display, which caused the latent 
image. The problem has been solved with 
a symmetric drive scheme that replaces 
the refresh pulse with a frame-sequential 
train of drive pulses that are alternately 
positive- and negative-going. This pro­
duces an average voltage across the screen 
that is approximately zero. The internal 
charge buildup that seems to be the main 
cause of the latent image is thereby 
eliminated. But there's a price for 
everything. For displays, such as an 
RS-170 monitor , that are driven with a 
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Fig. 1: Thin-film electroluminescent (TFEL) displays are thin, entirely solid, and fabricated on a single glass panel. The result is a 
remarkably rugged and easily fabricated display. 

fixed refresh signal , this technique effec­
tively reduces the display repetition 
rate-and the luminance-by a factor of 
2. The luminance is recovered by 
operating the display at a higher voltage. 

From an interesting mechanism, 
interesting features 
The main excitation mechanism of the 
TFEL phosphor is electron tunneling 
from phosphor-dielectric interface states 
into the phosphor's conduction band. 
This mechanism is nearly temperature in­
dependent, so TFEL display panels 
operate in a wide temperature range 
( - 55°C to + l25°C) with only gradual 
changes in luminance (from brighter at 
the cold end to dimmer at the warm end). 
Corrective drive circuitry can compensate 
for these variations. TFEL displays that 
are specified for operation in a narrower 

temperature range are limited by their 
auxiliary circuitry, not by the TFEL panel 
itself. 

Power consumption of a TFEL display 
varies with the number of pixels excited. 
With asymmetric drive, the power peaks 
at approximately 50o/o pixel usage, but the 
power consumption is linear with pixel 
usage for symmetric drive. Sigmatron 
Nova's 3 x 5 in., 192 x 320 pixel display, 
for example, consumes approximately 
10 W with all of its pixels on. However, 
with the screen fully loaded with 5 x 7 
font alphanumeric characters (24 rows of 
53 for a total of 1272 characters), total 
power consumption is approximately 
4.5 W. With a graphics pattern, pixel 
usage and power consumption are less 
[Fig. 3]. For system designers, this power 
compares very favorably with that needed 
to backlight and heat liquid-crystal 
displays. 

Fast + gray = TV 
TFEL displays have the speed and gray 
scale to show television imagery. There is 
sufficient dynamic range before the 
"knee" in the luminance-vs.-voltage 
response curve to modulate the drive 
voltage with up to 16 effective luminance 
levels. This has been demonstrated with 
first-generation voltage-modulation 
column-driver chips from Supertex of 
Sunnyvale, California. Second-generation 
devices from Supertex and other vendors 
are expected shortly. 

A uniform voltage response over the 
entire panel area is important for video 
products. TFEL panels typically offer a 
variation of 30% or less. This compares 
favorably with CRTs, and the human eye 
readily forgives gradual variations of this 
magnitude. TFEL's 1-msec response time 
is fast enough to avoid detrimental smear 
effects. This is not the case with liquid-
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crystal displays, which have responses in 
the 20- 30-msec range at room tempera­
ture and are considerably slower at lower 
temperatures. 

A manufacturable technology 
A TFEL display module consists of the 
display panel, driver, and logic circuitry, 
and a scheme to connect the panel to the 
driver circuitry. The panel is the unique 
item. It is manufactured with a combina­
tion of semiconductor a nd thin-film 
techniques, and with a long list of process 
steps ranging from glass cleaning through 
photolithographic definition of electrodes 
and thin-film depositions of the constit­
uent layers, to final sealing with a cover 
glass and burn-in. 

TFEL is the only major fla t display 
technology in which all of the display is 
manufactured on a single substrate. In 
plasma and liquid-crystal displays, the 
sealing and spacing tolerances of the first 
substrate to the second and the filling of 
the gap with gas or liquid are critical for 
achieving satisfactory display perform­
ance. With TFEL displays, the second 
sheet is merely a protective cover glass. 
The introduction and broad use of semi­
conductor manufacturing equipment has 

100 

transformed TFEL displays to a high­
quality manufactured product. It is sig­
nificant that the five companies who now 
manufacture TFEL displays or have im­
mediate intentions of doing so (Finlux, 
Planar Systems, Sharp , Sigmatron Nova, 
and GTE) use a variety of deposition 
techniques-including thermal evapora­
tion, rf sputtering, and atomic layer 
epitaxy, a form of chemical vapor depo­
sition-and use batch or in-line process­
ing. Yet each makes a quality product. 

Brighter and darker 
TFEL d isplays are the most aesthetically 
pleasing of the flat-panel technologies 
because they are light emitters, produce a 
pleasing amber color , have crisply defined 
pixels of uniform luminance, and offer 
high contrast. The TFEL display appears 
most like a high-intensity C RT, without 
the unwanted phosphor reflectance and 
glare CRTs normally exhibit. 

Despite these appearance advantages, 
TFEL displays do not yet do everything. 
They are not yet suitable for large( > 6 
in .) high-resolution (> 500 rows) displays 
n:quiriug very high luminance and con­
trast for viewing in sunlight, or fo r full-
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Fig. 2: The sharp "knee" in the luminance-vs.-voltage characteristic of a TFEL 
display allows a high order of multiplexibility without resorting to active matrices and 
provides a high contrast ratio. The slope of the characteristic below the knee enables 
the TFEL to exhibit gray scale for direct video display. 



color displays. But even in these areas 
there have been significant advances. 

Reducing the dielectric thickness and in­
creasing the phosphor thickness has pro­
duced higher luminance by placing more 
voltage across the phosphor and creating 
more light-generating centers within it. It 
unfortunately also places more stress on 
the dielectric layer. A variation on this 
theme developed at Sigmatron Nova uses 
a stacked dielectric layer containing Ta20 5 

(rather than the conventional SiON) and 
improved phosphor deposition techniques. 
The higher dielectric constant of Ta20 5 

produces a higher voltage across the 
phosphor without thinning the dielectric 
layer and reducing its breakdown 
resistance. 

The standard technique for improving 
the already high contrast of TFEL 
displays is to use a circular polarizer. 
Even better is a black light-absorbing 
layer deposited behind the second dielec­
tric. This creates a dark display screen 
that absorbs almost all of the ambient 
light , resulting in sunlight legibility with a 
display luminance of no greater than 
50 fL. This dark-layer approach has been 
demonstrated in years past, but has not 
proved practical in production units. 
Sigmatron Nova now believes that they 
have a production-worthy dark-field 
display. It uses a black layer that is 
chemica lly and mechanically compatible 
with the dielectric materials employed and 
has been demonstrated in laboratory 
samples to be quite rugged. Plans are 
under way to incorporate it into the pro­
duction process. 

Living color 
Researchers at Tottori University in Tot­
tori, Japan, Ehime University in Ehime, 
Japan, and elsewhere have developed 
higher luminance red, blue, and green 
electroluminescent phosphors that are 
now bright enough for developmental 
multicolor panels. Green phosphors, in 
particular, are now as bright as the con­
ventional amber ones . 

Planar Systems of Beaverton, Oregon, 
has been a leader in developing multicolor 
displays. With support from the U.S. 
Army's Laboratory Command (LAB­
COM) at Fort Monmouth, New Jersey, 
Planar developed a two-layer , red-green 
Panel that produces a red-green-amber 
display with no loss in resolution, since 
the red and green layers are superim­
posed. Planar recently completed the first 
developmental ROB panel for producing a 

Photo: Sigmatron Nova 

Fig. 3: The power consumption of a symmetrically driven TFEL display is propor­
tional to the number of pixels that are lit. In the graphics mode, where there are many 
unlit pixels, power consumption is comparable to that in a backlit liquid-crystal 
display. 

fu ll multicolor display. The fully opera­
tional 6-in.-diagonal display has phosphor 
triads very much like those in in-line 
shadow-mask CRTs [see cover photo]. 

Planar does not predict commercial 
availability until the early 1990s, but the 
current prototype convincingly establishes 
the color potential of TFEL technology. 

Applications 
Flat-panel applications have been debated 
hotly and heavily in recent years. The 
compromise position is that each 
technology will find its market, with 
TFEL filling the military and high-end 
commercial marketplace, and with the 
various liquid-crystal types being used in 
more typical commercial and consumer 
applications. The exact future position of 
plasma displays is more uncertain. 

Both the debate and the attendant 
jockeying for position have been in­
teresting. With the use of active-matrix 
addressing to make liquid-crystal displays 
highly legible has come the push to 
market them for military applications 

because production costs have been much 
higher than anticipated. 

The plasma panel, on the other hand, 
has been appearing in small computers 
with better user acceptance than that ac­
corded liquid crystals. This is strong 
evidence of the market' s desire for a light­
emitting display . 

TFEL displays have found application 
in nearly all market segments, though 
their sales are quite small at this time. 
TFEL displays have found their way into 
an MS-DOS laptop computer, specialized 
computers and terminals, medical equip­
ment, test instrumentation, process con­
trol instrumentation, and a host of 
military hardware. Plans are afoot for 
TFEL panels to be introduced into more 
military equipment, which will use them 
for computer graphics, live television, and 
sunlight-legible avionic displays . This mix 
of applications has come about in part 
because of the strong CRT-like ap­
pearance of a TFEL display. It is 
therefore rational to contemplate that just 
as the CRT has become the universal 
display, so may the TFEL panel. • 
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Plasma displays 

BY SHIGEO MIKOSHIBA 

THE PRICE OF LAND in downtown 
Tokyo has skyrocketed to $10,000 per 
square foot, which is the area occupied by 
a CRT display. Nonetheless, space­
hogging CRTs are dominating the world , 
demonstrating that picture quality, not 
space, is the most important consideration 
in display purchases. And CRTs do pro­
vide picture quality. They have excellent 
color purity, gray scale, contrast, viewing 
angle, response time, and resolution. 
Above all, they are inexpensive. 

CRT dominance is nowhere more evi­
dent than in Tokyo's Akihabara district. 
In the 500 shops selling all manner of 
electrical and electronic goods, including 
many personal computers, flat displays 
are few and far between. Most of those 
that can be seen are liquid-crystal displays 
(LCDs), and these are entirely restricted 
to portable and transportable computer 
systems. 

The CRT's dominance might continue 
for a few more years, but not forever. I 

Shigeo Mikoshiba is a senior researcher at 
Hitachi, Ltd.'s Central Research 
Laboratory in Tokyo, Japan, where he 
works on gas discharge display devices. 
Dr. Mikoshiba earned a Ph.D. in elec­
trical engineering from the University of 
Alberta, Canada, after receiving 
undergraduate and Master's degrees from 
the Tokyo Institute of Technology. He 
worked on lasers, fusion, and electrical 
breakdown phenomena in Canada for 
several years before returning to Japan to 
join Hitachi. Dr. Mikoshiba frequently 
offers a popular seminar on plasma 
displays at the annual Symposium of the 
Society for Information Display. 
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look forward to a bright future for a one­
half to one page plasma display, in color. 
According to Mr. Uchida, who is in 
charge of fabricating the world 's best­
selling plasma displays, Matsushita Elec­
tronics Corp. is producing 30,000 plasma 
displays monthly. And Matsushita plans 
to supply even more, including an 800 x 
1024 pixel model with high contrast, low 
power consumption, and low cost. And 
multicolor ·displays are on the horizon. 

Plasma operation 
A plasma display is a collection of 
miniature gas-discharge lamps working on 
the same principle as everyday fluorescent 
lamps and "neon" signs. In these lamps, 

FRONT 
GLASS 

Fig. 1: De plasma displays are currently 
the most popular emissive display for por­
table computers and are used by Toshiba 
and Compaq. In de displays, the elec­
trodes directly contact the discharge glass, 
which is contained between the front and 
back glass plates. Barrier ribs separate the 
plates and prevent discharges from travel­
ing up the cathodes. 

an electrical discharge is initiated when 
the voltage applied across the lamp's elec­
trodes rises above a threshold value called 
the breakdown voltage, Y 0 • The discharge 
emits the light. 

When the " lamps"-which are the pix­
els-are arranged in a matrix, images can 
be displayed by controlling the size 
and/or duration of the d ischarge current 
at each " lamp." This control is ac­
complished by applying scan pulses (- Y 1) 
sequentially to each horizontal electrode 
and signal pulses ( + Y 2) to the vertical 
electrodes. Y 1 and Y 2 are both smaller 
than Y0 but the sum o f them is larger 
than Y0, so a pixel is turned on wherever 
the scan and signal pulses occur simulta-

VERTICAL 
ELECTRODES 

SUBSTRATE 
GLASS 

HORIZONTAL 
ELECTRODES 

Fig. 2: In ac displays, the electrodes are 
covered with dielectric layers coated with 
magnesium oxide. The resulting capacitor 
creates a memory effect in the display. 
The magnesium oxide inhibits the sputter­
ing effects that previously shortened 
display lifetimes. [Illustration from H. G. 
Slottow, IEEE Transactions on Electron 
Devices, Vol. ED-23 (1976), p. 764.] 

l 



Photo: Photonics Technology 

Fig. 3: Plasma displays can be very large. This ac display, part of a complete terminal that uses a Motorola 68020 as the display 
controller, measures 1.5 m on the diagonal and contains 2048 x 2048 pixels. 
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Photo: Hitachi Central Research Laboratory 

Fig. 4: Though not yet ready to hang on the wall, experimental full-color plasma 
television displays have been fabricated. This one has a 20-in. diagonal and a 0.65-mm 
average discharge pitch. 
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neously. Once a pixel's electrical discharge 
is turned on, it will stay on even if the 
voltage across the pixel drops below V 0 • 

A pixel's color can be determined by 
the discharge gas itself, or by phosphors 
inside the discharge spaces. The familiar 
orange-red display uses the light emitted 
by the neon in the gas that fills the dis­
charge volumes. If phosphors are used, 
they can be excited by the vacuum 
ultraviolet (VUV) light emitted by the gas 
in the panel, as in conventional fluores­
cent lamps. 

The electrical discharges interact 
vigorously with the surrounding materials. 
Thin layers of these materia ls (including 
metals) can be removed from one part of 
the discharge container and deposited 
elsewhere. This process, known as sputter­
ing, is responsible for the dark films that 
form at the ends of fluorescent lamps as 
they age. It can change the plasma panel's 
discharge characteristics and shorten its 
useful life. 

But sputtering is now well controlled. 
That many of the plasma-based Nixieno 
tubes commercialized in the 1950s are still 
going strong indicates the basic reliability 
of the plasma technique. Panel li fe is to­
day typically 20,000 hours, with some 
panels going to 100,000 hours or more. 
Use of the chemically stable rare gases 
that extend panel life also eases en­
vironmental temperature constraints . The 
typical temperature range is - 5°C to 
+ 55°C, which is far less restrictive than 
typical ranges for LCD panels. 

Ac or de? 
Plasma displays are categorized mainly by 
whether the signals applied to their 
discharge electrodes are de or ac, 
although there are also hybrid types such 
as dc-ac and de-CRT. 

A typical de display [Fig. 1] consists of 
a front glass plate with anodes (positive 
electrodes) and a back glass plate with 
cathodes (negative electrodes) that a re 
perpendicular to the anodes. Ba rrier ribs 
provide spacing between front and back 
plates and prevent the discharge sites 
from spreading along the cathode surface. 
Thick-film printing of the screen patterns 
is the least costly fabrication technique. It 
is also the most frequently used, except in 
depositing the transparent anodes, which 
require thin-film techniques. 

The discharge gas used most frequently 
is neon mixed with 0.5o/o argon. The 
small amount of argon reduces the 
breakdown voltage of the discharge gas 
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by about 200Jo-a useful characteristic 
well known as the "Penning effect." 

The electrodes of de panels are exposed 
to the discharge gas; those on ac panels 
are insulated by thin- film dielectric layers 
with a magnesium oxide (MgO) coating 
on the surface [Fig. 2]. The MgO's low 
sputtering rate promotes long life. 

Ac plasma panels have inherent 
memory. Once a discharge is ignited by 
the application of a "write pulse," it 
stays on as long as "sustain pulses" are 
applied. The result is a brighter, flicker­
free display that has no need for an exter­
nal memory. 

Memory for de panels can be achieved 
by applying either a de sustain voltage 
that is slightly smaller than the break­
down voltage or by applying a sequence 
of pulses to the discharge electrodes. 

P lasma display characteristics 
The simplicity of the plasma panel's struc­
ture makes possible a rugged and large­
area display. A 1.5-m-diagonal, 2048 x 
2048 pixel, 2-line/mm display was an­
nounced by Photonics Technology of 
Northwood, Ohio, and Magnavox 
Government and Industrial Electronics 
Co. of Fort Wayne, Indiana, in early 
1987 [Fig. 3]. Donald K. Wedding, Sr., 
president of Photonics Technology, 
believes that diagonals of up to 3 m are 
possible with ac plasma. Photonics has 
produced and delivered to a military 
customer displays with a resolution of 
5 lines/ mm in a 1024 X 1024 pixel 
display. If operated in a memory mode, 
plasma panels can provide dot luminance 
of 1000 fL or more. 

Because plasma displays rely on the 
movement of electrons in a gas, they ex­
hibit fast response times. This allows the 
panel to express gray scale using a pulse 
width/ pulse number modulation tech­
nique. For computer-terminal applica­
tions, 8-16 gray levels can be expressed to 
obtain compatibility with color CRTs. 

Sharp knees and gas logic 
Because of the strong current-voltage 
nonlinearity that produces a sharp 
"knee" in the current-voltage curve, con­
trast ratios of I 00: I or more can be 
achieved. This nonlinearity also permits 
the addressing of many electrodes with a 
time multiplexing technique. Therefore, 
the complicated active-matrix addressing 
needed for LCD TV is not required for 
plasmas. 

If we think of the voltages Y 1 and Y 2 

as inputs and light emission as an output, 

the gas plasma discharge element can be 
regarded as an AND gate. If you prefer 
your AND gates to be completely elec­
tronic, a third electrode in contact with 
the discharge can furnish an output signal 
that indicates the presence or absence of a 
discharge. By using these signals, the 
number of scan pulse drivers can be 
reduced by a factor of 10 or more-a 
technique known as "gas logic." 

More AND logic for a given pixel can 
be had by using "priming," in which the 
breakdown voltage is reduced by in­
troducing charged particles, metastable 
atoms, or photons into the discharge 
vessel. If one of several discharge sites is 
primed, it is the one that will be selected 
for ignition. 

Priming is readily incorporated into a 
plasma display panel by furnishing each 
display pixel with two discharge vessels, 
one for priming and the other for display. 
Although the total number of electrodes 
increases , the AND logic of the priming 
and signal voltages permits the number of 
total external circuit drivers to be reduced 
even further. 

Another benefit of priming discharges 
is a reduction in the time it takes a 
d ischarge to ignite from roughly 100 
to 10 JLSec followi ng the application of 
suitable voltages to the electrodes. As a 
bonus, this also reduces the time jitter in 
initiating the discharge. The overall result 
is a more stable and uniform brightness 
across the display area and a faster scan 
rate. This technique is utilized in most 
plasma displays. In the display illustrated 
in Fig. 1, priming is accomplished by aux­
iliary discharges that scan the entire panel 
along the length of the anodes, regardless 
of the data signals. 

Plasmas and batteries: 
the odd couple 
Commercial plasma displays have 
luminances in the range of 10-100 fL. 
These values are acceptable for data and 
graphic displays used under controllable 
ambient illumination. But the luminous 
efficiency of these d isplays is typically 
0.2 lum/ W, which corresponds to an 
energy conversion efficiency of only 
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0.080Jo for white. This value is too low for 
a battery-powered display. 

Plasma's low efficiency originates in the 
inefficient process of maintaining the elec­
tric current in the discharge. The usual 
mechanism relies on the release of elec­
trons from the cathode by high-energy ion 
bombardment. Because the electron emis­
sion coefficient typically lies between 0.01 
and 0.1, most of the electric power goes 
to heat the cathode. 

Plasmas discharge in colors, too 
To provide colors, VUV radiation at 
147 nm from the xenon glow is used 
along with various phosphors. Full color 
is accomplished by incorporating red, 
green, or blue phosphors into neighboring 
discharge sites, and controlling the inten­
sities of each color using the gray-scale 
technique. Color purities of ultraviolet ex­
citation phosphors are comparable to 
those for color CRTs. 

Although most plasma display panel 
manufacturers are investigating color 
displays extensively, only a few displays 
exist today that emit colors other than 
neon-red. Other colors are being kept off 
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the market by the short li fetimes of the 
phosphors, which are degraded by sput­
tered materials from the cathode, by the 
VUV irradiation, and by ion bombard­
ment. 

lkura desu ka? (How much does it 
cost?) 
Even with equal quality and color 
capability, plasma displays will be able to 
compete directly with CRTs only when 
their cost has been reduced. As Dr. Larry 
Weber of the University of Illinois points 
out, the high cost is due in part to insuffi­
cient volume production, but is due more 
seriously to the large number of circuit 
drivers required by any matrix display. 1 

The increased use of internal gas logic has 
the potential to solve this problem. Those 
implementations of gas logic that greatly 
reduce the electronics costs without 
significantly increasing panel complexity 
will receive wide market acceptance. 

Flat-panel television 
A number of experimental full-color 
plasma displays have been fabricated for 
application to flat-panel TV with sizes in 

the 20-in.-diagonal range [Fig. 4]. In the 
future, 40-in.-diagonal panels will be 
fabricated that maintain today 's resolu­
tion. These will be designed for high­
definition television systems having 1000 
scanning lines and 60 fields/ sec. White 
peak area luminance is 17 fL, with 256 
gray levels. 

Another approach to flat TVs is to 
utilize a hybrid de-CRT technique, in 
which discharge electrons are accelerated 
to excite a phosphor, rather like existing 
CRTs in which accelerated beam electrons 
bombard the phosphor. Both 35-in. 
monochrome and 8.5-in. color displays of 
this type have been fabricated. 

For color TV displays, luminance and 
efficiency an order of magnitude higher 
than those found on today's plasma 
displays will be necessary. 

Notes 
1L. F. Weber, "Plasma Displays for Por­
table Computers," Information Display, 
Vol. 4, No. 4 (April 1988). • 
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Large masks for flat panels 

BY Ric CORLESS 

A s THE STATE of the flat-panel­
display art has shifted from small , 
statically driven, segmented displays to 
large, multiplexed dot-matrix formats, the 
lack of more precise large masks for 
establishing electrode and active-element 
patterns on flat-panel displays has become 
a significant problem for U.S. display 
manufacturers. The applications are there. 
The markets are there. But the necessary 
masks have not been available [Fig. 1]. 
For the most part, mask shops have of­
fered a choice: high precision or large 
area ... but not both. 

Applying IC technology 
The most widely used techniques for 
manufacturing masks for flat-panel 
displays emerged from printed-circuit­
board technology. While useful for many 
applications, those techniques have limita­
tions-particularly when it comes to 
building bigger and sharper displays. 

These limitations are inherent in the 
technology. The materials used-usually 
silver-halide photographic emulsion on a 
flexible mylar or polyester film-are sen­
sitive to temperature, humidity, and 
handling damage. Layer-to-layer registra­
tion tolerances for the complex masks re­
quired for flat panels are rarely better 
than ± 1.0 mil, and dimensions within a 
layer are typically 2.0 mil. 

Ric Corless is vice president of engineer­
ing at Microphase Laboratories, Albu­
querque, New Mexico. He manufactured 
integrated-circuit masks for 20 years 
before founding Microphase with Martin 
Boothman in 1984. 
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Fig. 1: The active area of flat-panel displays has been growing steadily over the past 
five years (a), and the sizes of the smallest features in these displays has been shrinking 
(b). This combination of larger size and greater precision has pushed the capabilities of 
the field's traditional mask-making technology to its limits and beyond. 
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These tolerances were too loose by an 
order of magnitude for devices such as 
one that Xerox Corp. was developing in 
1985, and the required precision of ±50 
x w-6 in. had to be held over a 12-in. 
array. Xerox joined forces with 
Microphase Laboratories, a small start-up 
company, to develop ways of making the 
needed masks based on the techniques 
used in the integrated-circuit industry for 
making their very-high-precision masks. 

These masks include a substrate made 
of glass instead of film, and an 800-A 
layer of chromium as the masking 
medium instead of a photographic emul­
sion [Fig. 2]. The first step in making the 
masks is depositing the chromium onto 
the glass substrate. Photoresist is applied 
and then exposed to intense ultraviolet 
light by sophisticated imaging equipment 
controlled by a CAD-produced data tape. 
Chemical processes dissolve the photo­
resist that has been exposed to light but 
leave undisturbed the areas that have not 
been exposed. An acid bath etches away 
the chromium exposed by the resist that 
had previously been dissolved away. After 
rinsing, the remaining photoresist is 
stripped off, leaving a mask of chromium 
images on glass. 

Controlling production equipment with 
laser interferometry and maintaining very 
stable manufacturing conditions permits 
the routine delivery of masks with 
guaranteed specifications of ±50 X IQ - 6 

in. over dimensions as large as 14 in. The 
standard specification for layer-to-layer 
registration is ± 0.1 mil, which compares 
favorably to the previous standard of ± 
1.0 mil. Individual images have excellent 
edge acuity and there are no fuzzy areas 
between clear and opaque features. Line­
width is held to ± 0.02 mil [Fig. 2]. 

Also, because glass is less sensitive to 
changes in temperature and humidity than 
film and because chromium is much less 
susceptible to damage than thick, delicate 
layers of emulsion, masks manufactured 
using this technique (which was developed 
by Microphase for flat-panel displays) are 
very stable in stressful environments, are 
easily cleaned, and usually last much 
longer than film masks. 

New products from improved 
technology 
The new masks have enabled Planar 
Systems, Inc., of Beaverton, Oregon, to 
bring to production a product they were 
unable to develop with the old tech­
nology. The chrome-on-glass photo tools 
are precise enough for Planar to take a 

Circle no. 15 

pair of masks and combine them for a 
total display size of 13 Y2 x 15 in. On a 
1000 X 800 display, tolerances of just a 
few micrometers permit pairing the masks 
so the features butt up precisely, accord­
ing to Steve Veenstra, a technical asso­
ciate at Planar. 

The new masks also allowed Litton 
Panelvision in Pittsburgh, Pennsylvania, 
to increase the resolution of an existing 
display. Panelvision's chief scientist Paul 
Malmberg: "We made the same size 
displays before with wider spacing be­
tween the picture elements. Then, the 
distance from center to center was 12.5 
mil; now it's 6.25. The other features are 
much smaller as well, so we now have a 
much higher resolution liquid-crystal dot­
matrix display." 

Lasers and steppers 
Another approach to producing larger, 
more precise masks is the laser photoplot­
ter. Working with photographic emulsion 
on glass, the photoplotter delivers larger 
masks and better precision than polymer 

Fig. 2: Large high-precision masks for 
defining the electrode and active-element 
patterns in flat-panel displays can be 
made with a thin layer of chromium on a 
glass substrate. This technology, adapted 
from the integrated-circuit industry, is jar 
more precise than the one based on a 
photographic emulsion and polymer film, 
which had been adapted earlier from the 
printed-circuit-board industry. 
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masks, but it does not yet offer the preci­
sion or linewidth control of chrome on 
glass. 

A direct-write step-and-repeat process 
being developed by three companies­
Nikon of Tokyo, Japan, Aset Corp. of 
Woodland Hills, California, and MRS of 
Westland, Massachusetts-may offer 
another option. With precision com-

Arconium provides indium in all 
metal and oxide forms for 
applications including passive and 
active information displays, glass 
coatings and conductive films. 

We are a producer of indium to 
99.9999+% purity. 

Indium for Glass Coatings 
Arconium can provide you with 

the perfect indium metal or indium 
oxide sputtering targets for thin 
film, hard conductive coatings. 
Unlike many other conductive 
coatings, this hard coating allows 
flexibility for thin film glass 
coatings designed for deicing, 
defrosting and in solar applications 
to capture infrared light. 

We can provide a wide variety of 
indium oxides and doped indium 
oxides to customer specifications 
for thick film applications such as 
backlighting for LCD's and in 

parable to chrome-on-glass masks, the 
new steppers promise to deliver even 
larger mask sizes. Currently, Nikon ex­
pects to manufacture up to 12 X 12 in. 
formats, Aset up to 14 x 14 in., and 
MRS up to 17.7 x 17.7 in. 

Stepper production is relatively slow, 
topping out at 30 panels per hour vs. the 
several hundred per hour flat-panel 

electroluminescent panels. The 
powder form is available in various 
particle sizes for higher conductMty 
and maximum light output. · 

Indium Oxide Coatings help keep jet windows 
dear even under extreme temperature conditions. 

Indium Forms: 
Indium Oxide (ln 20 3) 

Indium Tin Oxide (weight % or 
mole%). Powder, chunk and 
targets. 

Indium Metal and Alloy 
Ingot, targets, shot, pellets, 
preforms, foils , wire and 
powder. 

Arconium Specialty Alloys, 
400 Harris Avenue, Providence, Rl 
02909 USA , 401-456-0800. 
telex 262987, fax 401-421-2419. 

~NIIIIIII 
SPECIALTY ALLOYS 

TOLL FREE 800-S4S-0282 
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display manufacturers obtain by using 
contact printing. The advantage of step­
ping is that the defect density is low. 

To increase throughput, Microphase 
foresees a mix-and-match strategy: layers 
with critical defect density could be 
stepped, while other layers could be con­
tact printed. Obtaining the highest degree 
of precision possible in the masks is still 
essential, however, since the stepped 
masks must align with the contact-printed 
layers. But step-and-repeat will probably 
be used only where it is absolutely 
necessary: steppers sell for $1-$1.5 
million. 

Whatever options flat-panel display 
manufacturers pursue, viable alternatives 
to printed-circuit-board technology are 
now available and they extend production 
capabilities far beyond those imagined 
just a few years ago. • 
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Howard W . Grossbohlin 
CONSULTANT 

Cathode Ray Tubes 
Cathode Ray Tube Displays 

805-581-1467 

19881DBC 
international display 
research conference 

hyatt islandia 
san diego, california 
october 4 - 6 

presenting basic research 
and early development work 
in display and related 
hard-copy technologies 

sponsored by SID, IEEE, AGED 

for information call 
212/ 620-3388 



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: 

- .... II .., 

/Ill . ;::: · .............. ·.: · .. · · :- ·· \ • ' \ 

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

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

MICROVISION • 591 West Hamilton Avenue, Suite 250, Campbell, CA 95008 • Tel: 408/374·3158 • FAX: 408/374-9394 
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With BKL EL lamps 
the answer is simple, 

inexpensive and FAST. 
Call Dean Smith. (215) 277-2910 

IKL 
Bonar KARD-0-LITE,™ Inc. 

421 Feheley Drive, King of Prussia, PA 19406 
(215) 277-2910 



1988 International Symposium 
Audio Cassettes 
recorded live 
Disneyland Hotel, Anaheim - May24-26, 1988 
you were unable to programs, your to pick up on new ments t can mean 

pany. If you did attend, the tapes p rovide an excellent recap of program topics and can be used as training tools 
Take a minute now to look through the wide variety of programs offered. 
#H80524-0lO,Oll . . $22.00 .. (2 tapes ) #H80524-llO,lll .. $22.00 . . (2 tapes) 

KEYNOTE ADDRESSES ACTIVE-MATRIX LCDs I 
Harnessing Virtual Space THOMAS A. FURNESS. Ill 

Digital Video Interactive ARTHUR KAlMAN 

DH80524-020,02l .. $22.00 .. {2 tapes ) 
ELECTROLUMINESCENT 
TECHNOLOGY 

#H80524-030,031 . . $22 .00 . . ( 2 tapes) 
LIQUID-CRYSTAL AND ELEC­
TROPHORETIC DISPLAYS 

#H80524-l 20, 12l . . $22 . 00 . . (2 tapes) 
SPEECH AND INTERACTIVE 110 

#H80524-l30,131 .. $22 .00 .. (2 tapes) 
INK-JET TECHNOLOGY 

#H80524-l40,141 •. $22 .00 .. (2 tapes ) 
EMISSIVE FLAT-PANEL DISPLAYS 

OH80524-l50 ,15l . . $22.00 .. (2 tapes) 
ACTIVE-MATRIX LCDs II 

! . . . • • • • • . . . . . . . . 

Society 
for 

#H80524-040,04l .• $22.00 . . (2 tapes) 
COLOR IN VISUAL DISPLAYS 

#H80524- 050,05l •. $22.00 .• (2 tapes) 
LARGE-SCREEN DISPLAY SYSTEMS 

#H80524-l60,16l .. $22.00 .. (2 t apes ) 
VISUAL PERFORMANCE 

#H80524- l 70, 171 .. $22.00 •. (2 tapes) 
WORKSTATIONS 

Information 
Display 

#H80524-060,06l . . $22 .00 •. (2 t apes) 
CRTs:GUNS,YOKES,AND 
MODELS 

#H80524-070,07l .. $22.00 . . {2 tapes) 
PLASMA TECHNOLOGY 

#H80524-080,08l . . $22 .00 •. (2 tapes) 
VEHICULAR DISPLAYS 

#H80524-090 ,09l •. $22.00 .. {2 tapes) 
COLOR AND GRAY -SCALE 
PRINTING 

#H80524-l00,10l .. $22 .00 .. (2 tapes) 
LARGE-SCREEN DISPLAY 
TECHNOLOGY 

DH80524-l80, 181 . . $22.00 . . (2 tapes) 
CRT TECHNOLOGY 

#H80524-190.19l .. $22 .00 .. {2 tapes ) 
ACTIVE-MATRIX LCDs Ill 

#H80524-200,20l •. $22.00 •. (2 tapes) 
IMAGE QUALITY 

#H80524-210 .. $ll.OO 
3D SYSTEMS AND TECHNOLOGY 

FREE CASSETIE STORAGE ALBUM WITH 6 TAPE PURCHASE. 

Special Package Price 
Save OVER 20% - a savings of $97 - ' $380.00 

Complete set of tapes in storage albums 

All prices include shipping , handling & applicable t ax 

AUDIO ARCHIVES MAIL ORDER FORM 
ALL TAPES ARE COVERED BY A LIFETIME GUARANTEE 

Defeclive tapes w111 be replaced free of charge • ALL TAPE PRICES INCLUDE APPLICABLE SALES TAX • We accept Visa. Mastercard. American Express. and personal or 
company checks with payment to: AU 010 ARCHIVES 

To order please circle the session numbers you wish to purchase, complete lhis form and mail AUDIO ARCHIVES INTERNATIONAL, INC. 
3043 Foothill Blvd., Suite #2, La Crescenta, CA 91214 

**To order by phone with your credit card: please call . . . 818-957-0874 

0 CHECK C VISA C Mastercard 0 American Express 

Account Number ------------------ -----

Signature -------------- Exp. Date-------

Sh1p to (PLEASE PRINT) Name 

cro _ __________ ______ _ _ 

Address ------------------

City/State/Zip - -------- ------ --

___ Total selections at .$11 . 00 ......•. $ __ _ 

_ __ Total selections at $22 .00 ... ..... S __ _ 

___ special package price $380 . oo • •• • $ __ _ 

__ Addilional 6tapealbumsat $5.00 ... $ _ _ _ 

_ _ Addill0nal12 tape albums at $7 .00 ... S __ _ 

Foreign orders - $2.00 per tapeforspecialmailing. S --­
&handling up to a $20.00 maximum 
Total ... . ... . .. .. ....... . . $ __ _ 
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Converters & 
Smart Force TM 

DC-AC Inverters 
to power: 

• Electrolumi­
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 • IIIIo. ~ .--- 2601 Wayne Street P.O. Box 269 Endicott. NY 13760 

~ 60~~ ® 607-754-9187 TWX 51G-252·0:s
1
s
986 

ERG, I nc. IZJ[IIJ 
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Imagine a connector 
this small. 

So small it offers up to 1261ines of 
conductive ink per square inch. That's the Elform 
Heat Seal Connector. Perfect for high density 
terminations like pocket television sets or color 
LCDs. Free your design abilities and save on 
wire bonding and soldering. Think small. For 
details, call 702-356-1734. 

~ 
P.O. Box 7362 Reno, Nevada 89510 

Fax No. 702-356-17 42 
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Complete Guns, Stems, Cathodes, 
Other Components 

IP!I ~illliD1J[][]W~~1J Will©liDliD[UJ [mWO©~~~ Dm©o 
... P.O. Box 50524/Tucson, Arizona 85703 

- (602) 887-7900 Telex 165-522 
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Ad-Vance Magnetics, Inc. 
AEG Corp. 
Alphasil, Inc. 
Amuneal Manufacturing Corp. 
Applied Films Lab, Inc. 

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

Canon, Inc. 
Cardion Electronics 
CELCO 
Cherry Electrical Products Corp. 
Clifton Precision/Special Devices 
Clinton Electronics Corp. 
Computing Devices Co. 
Connector Corp. 
Corning Glass Works 
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Dale Electronics 
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Displays Inc. 
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Electronics Co. 

Magnetic Radiation Laboratories 
Microphase Laboratories 
Microvision 
Minolta Corp. 
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America, Inc. 
Mitsubishi Electronics America, Inc. 
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SAl Technology Co. 
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Sony Corp. 
Stanford Resources, Inc. 
Supertex, Inc. 
Syntronic Instruments, Inc . 

Taliq Corp. 
Tektronix, Inc. 
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Texas Instruments, Inc. 
Thomas Electronics, Inc. 
Thomson Electron Tubes & Devices 
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UCE Liquid Crystal Displays 
United Enclosures, Inc. 

Venus Scientific, Inc. 
Video Monitors, Inc. 
Villa Precision, Inc. 
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World Products, Inc. 
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Zenith Electronics Corp. 
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Stanford Resources' Fifth Annual 

Flat Information Display 

Conference &. Exhibition 
Santa Clara Convention Center, October 25 & 26,1988 

Santa Clara, California 

Key Topics Covered 

• Trends & I ssues in the Flat Pane l Display Industry 

• Fl at Panel Market & Cost Projections 

• Consumer/Automotive Applications 

• S tatus of U.S. Flat Flat Panel Suppliers 

• Military/Avion ic Applications 

• IC Driver & Controllers for Flat Panels 

• Portable/Transportable Computers & Terminals 

Please contact International P la nning I nfomation, Inc., 

465 Convention Way #1, Redwood C ity, CA 94063 

(415-364-9040) for additional information concerning: 

• The Confe rence Agenda 

• Exhibit Space 
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Please visit us at SPIE- San Diego 

Decisions. Decisions. 
Decisions. PR-900 
makes them for you. 

The world 's leading light measurement people have 
developed a state-of-the-art Video Photometer 
that can make all your CRT and display test meas­

urement pass /reject decisions for you. Automatically! 
The PR-900 dramatically reduces measurement time, and 

improves the accuracy and repeatability over manual techniques. 
It virtually eliminates the possibil ity of operator error. And it 

provides NBS-traceable luminance measurements. 
Only Photo Research could have brought you this special 

combination of capabilities in a single instrument. The system is so 
flexible it can operate in the lab, the product ion line, as a stand­
alone or in a complete ATE environment. And it is so easy to operate 
it requires almost no training. 

The PR-900 Video Photometer embodies the latest advances in 
solid-state video technology and image processing techniques. Call 
or write for all the facts today. 

~PHOTO RESEARCH® 
The Ught Measurement People 
Division Of KOLLMORGEN 

9330 DeSoto Avenue, PO Box 2192 
Chatsworth, CA 91313-2192 
(818) 341-5151 FAX: (818) 341-7070 
TLX: 69-1427 Cable: SPECTRA 
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