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Cover: At NIST's Video Processing Labora
tory in Gaithersburg, Maryland, a tester uses 
an interactive knob to add scintillation-type 
noise to the video signal shown on a simulat
ed LCD. By adjusting the noise level to the 
point where the tester can no longer tell the 
difference between "noise on" and "noise 
off," he is contributing to an enhanced under
standing of human perception limits for dis
play artifacts. 
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The View from Japan: Aggressive 

In the September 18, 1994 issue of William Cogg
shaJJ's Large-Screen Displays Industry Newsletter 
(phone 415/948-3080), consultant William Bohannon 
(Manx Research; phone 619/735-9678, fax 619/735-
8987) reported on some presentations from this year's 
Fine Process Technology Japan Conference. Since 
the official language of the conference is Japanese, 
Bohannon's translations provide some interesting 

insights. The following are some lightly edited excerpts from Bohannon's arti
cle, which are used with Bohannon's and Coggshall's kind permission. 

In "The LCD Industry Enters a New Era," Toshiba's Mr. Kawanishi observed 
that LCDs are a key component today and will be even more important in the 
future as the Information Age really takes off. Although global competition is 
increasing, said Kawanishi, Japan will always retain at least an 80% market 
share. 

But hardware leadership by itself is not enough. Success in the information
service era will require a tight integration of hardware and software. Japan is 
not a leader in software and the U.S. is not a leader in hardware, so closely 
cooperative global joint ventures are needed. 

Kawanishi observed that current LCD yields are inadequate, but the actual 
numbers may be higher than some observers would anticipate. Most yields for 
TFT arrays, he said, are around 90% and most assembly yields are around 90%, 
which gives an overall yield of about 80%. NEC has a new factory called the 
"100 factory" because it is expected to be the first TFT-LCD factory to achieve 
100% yield throughout. 

The biggest material-cost component of a finished TFT-LCD is the color 
matrix filter (40%), followed by the LSI drivers and their required circuit board 
(36%). The way to solve these problems of low yield and high cost is to tie up 
the vendors of process equipment and LCD-component materials into vertical 
alliances of international companies. Mr. Kawanishi gave several examples 
illustrating how Toshiba has already made substantial progress in this direction. 

In "Flat Panel Display Needs and Developments," Mr. Naono of the Nomura 
Research Institute discussed price trends for the leading flat-panel types, with 
the price of 10-in. color TFTs holding steady this year because of very strong 
demand. He showed that the market share of color STN is growing strongly 
because of the demand for color LCDs and the high price of TFTs. This will 
change when the price of TFTs comes down - that is, when the supply catches 
up with demand. 

Naono showed that the "margin"- the percentage of the price of a computer 
that remains after the LCD's cost is accounted for- Taiwanese notebook manu
facturers get for color STN notebooks is almost 70% but that the margin for 
color TFT notebooks is only 45%. According to Naono, the biggest contributor 
to the cost of the TFT -LCD is the size of the "mother glass" substrate used and 
the fringe area - the amount of glass left over - between the LCDs laid out on 
the mother glass. 

Once LCD manufacturers use 500 x 600-mm substrate glass, and they can get 
six pieces of 10.4-in. LCD at a time or nine pieces of 9.4-in. LCD at a time, then 
the cost will really come down- or profits will be high. Naono estimated the 

continued on page 37 
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The Burning Passion ... 

by Aris Silzars 

No! No! Not that kind of burning passion. I'm sure 
that I will disappoint at least some of you, but the 
kind of burning passion I want to talk about in this 
month's column has something to do with bringing 
new display technologies to market. But, stay with 
me, this could still get interesting. 

Let's look in on a new company with the intriguing name, New-Age Displays 
Inc. (Hopefully, this is not the name of a real company, since I just made it up 
to protect certain guilty parties- and maybe me from them.) This company was 
recently founded by two very capable engineers and a sales/marketing type with 
an excellent track record for building sales of new technology products. Also 
part of the founding team was their CFO (Chief Financial Officer), whose prior 
experience included financial responsibility for a business unit in a large corpo
ration. 

The founders left their previous corporate lives after developing a new display 
technology that, as often happens, did not fit the business portfolio of the large 
corporation. Of course, they were not told this until they had spent several years 
of intense effort developing a product based on the new technology. They were, 
however, able to persuade a Senior-VP to let them try to do something with this 
technology on their own, with the proviso that they agree to pay the corporation 
a modest royalty on future products using the technology and give it a 20% 
equity position in their new company. 

Actually, this "support" came in quite handy when they went looking for start
up funds in the venture community. The venture folks looked at their technol
ogy and decided that it had lots of SIZZLE. (That's venture folk talk for a prod
uct that looks like it will grow in sales volume quickly so that the fund can do an 
early and highly profitable exit, that is, take the company public or sell it in less 
than 5 years.) This sizzle and the implied support of their well-respected corpo
rate parent got them their first round of financing and they were on their way. 

In their business plan, the founders had promised to have a product on the 
market in under 2 years. They knew they could do the engineering and product 
qualification in that time. And their customers would be ready to buy if they 
provided some prototype units for early qualification. So then, all they would 
have to do would be to put up a factory and go into volume production. 

No big deal- just about everyone knows how to do that. First, you go out and 
buy an existing facility, then you hire some managers and operators, add some 
new equipment for the unique parts of the process, and with that accomplished 
get back to the real fun of designing the next generation of exciting new prod
ucts. 

For the next several months, it seemed these guys could do no wrong. They 
located an almost-new facility that had over half of the equipment they needed. 
(It was in the process of being shut down- the victim of another corporation's 
re-direction.) They even got lucky and found a manufacturing manager who 
was up on the latest techniques for Just-in-Time, Total Quality Management, 
Computer Integrated Manufacturing, and Material Resource Planning. To speed 
up the implementation process, they decided to help their new manufacturing 
manager (a few weeks before he arrived on the job) by hiring many of the opera-

continued on page 29 
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Edited by JOAN G ORMAN 

Visual-inspection system 

Eutecnics, Inc. , Acton, Massachusetts, has 
introduced the ES-120, a ystem that perform 

automatic high-quality inspection of semicon
ductor chips and packages hybrid circuits, 
SMT products, multichip modules, and flat
panel di play . Feature ize and defect sen i
tivity are variable, ranging from I )1m to I 

mm. Adaptive in pection and precision 
metrology guarantee the highest probabili ty of 
defect detection. The system is capable of per
forming 50,000 inspection or measurements 
per minute. Unlike conventional bit-mapped 
inspection systems, Eutecnics' automatic opti

cal-inspection concept utilizes object-based 
adaptive inspection for precise and correct 
defect detection and classification. In adaptive 
in pection, the level of inspection applied is 
an adaptive function of defect type. The ES-
1 20 system hardware platform is modular, and 

designed to be configured rapidly and easily 
for a wide variety of cost-effective applica

tions. Individual vision module or complete 
ystems are available. A similar strategy 

appJjes to software, where modular C code, 
developed for specific applications, can be 
ported to other products, with only minor 
modifications required. 

Information: Alexander Kran, Eutecnics, 
Inc., 30 agog Park, Acton, MA 01720. 

508/263-9998, fax 508/263-9942. 

I Circle no. 1 

Hand-held photometer 

Tektronix , Inc., Beaverton, Oregon, has 
announced the TekLumaColor™ II, an afford
able hand-held high-performance photometer 
for applications including color matchlng and 
color balance for TV studio , TV manufactur
ing, display manufacturing and services, and 
CRT repair. When combined with the J1810 
chromaticity head, the TekLumaColorTM 
makes real-time color measurements. It is 
calibrated to 06500 Kelvin for maximum 
accuracy and designed for the color coordi
natesofthe 1931 CIEand 1976CIE-UCS 
chromaticity systems. For immediate results, 
the TekLumaColor Il/J 18 I 0 combination has 
an update speed of less than 0.5 s. The pho
tometer can also use the full range of existing 
TekLumaColor heads. With the available sin
gle-sensor heads, it can perform any Jjght 
measurement- luminance, illuminance, radi
ance, or irradiance. Feature include a large, 
easily readable backht display with metric or 
English readout selection . When used with 
the JJ 810 chromaticity head, the TekLuma
Color II has a 1 0-channel memory for storing 
reference colors. ROB bar graphs assist with 
matching color displays to stored reference 
values for fast , easy color adju tments. It has 
full RS-232 control and can output light mea-
urements in either RS-232 or analog format. 

All calibration are traceable to the National 
Institute of Standards and Technology. Tek
LumaColor II is priced at$ I 995, and the 
Jl810 at $1495. 

Information: TekTools Electronic Mea
surement Instruments, Tektronix, Inc., P.O. 
Box 1520, Pittsfield, MA 01202. 1-800-426-
2200. 

Circle no. 2 



Low-cost digital oscilloscope 

Hitachi Denshi America, Ltd. , Torrance, Cali
fornia. has introduced the YC-541 0. a color 
LCD digital oscilloscope with a suggested 
user price of $1995. breaking the $2000 bar
rier for high-performance active-matrix color 
digital storage oscilloscopes (DSOs). The 
YC-541 0 follows the introduction of the YC-
5430 early in 1994. which broke the cost bar
rier for active-matrix color display technology 
in a field-portable DSO. The VC-5410 has a 
bandwidth of 20 MHz and two separate AIDs 
operating at 15 MS/s. The VC-5400 series 
features a familiar scopelike interface for ease 
of use and advanced function keys to allow 
the user to autoset, print out, save. and recall 
front-panel set-ups and waveforms . The VC-
5410 has a 2-kW record length, 4X longer 
than other portables on the market , and fea
tures 10 waveform and 10 front-panel memo
ries. The YC-5410 performance and price 
make it appropriate for industrial control 
applications, mechanical applications. and 
those technologies involving the physical sci
ences. The analysi capability of the YC-
541 0 includes both waveform-parameter and 
cursor measurement . The YC-5400 series 
are the only field-portable DSOs at any price 
to feature both RS-232 and Centronics ports 
as standard for interfacing to a computer and 
direct connection to most supported printers. 

Information: Richard Westle, Hitachi Den
shi America. Ltd .. 371 Van ess Way, Suite 
120, ToiTance. CA 9050 I. 310/328-6 116, fax 
3 10/328-6252. 

Circle no. 3 
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IC Technology and the Video Channel 

Many CRT-driver designs still use discrete components, 
but they can't hold out against the IC onslaught forever. 

by Hassan Karimian, Len Stencel, H. K. Chiu, 
Craig Wilson, and Tom Mills 

INTEGRATED CIRCUIT (Ic) TECHNOLOGY is 
used for nearly all pre-amplifier stages in the 
video channel of display monitors. But the 
other video-channel stage- the CRT driver
is still often assembled from discrete compo
nents. 

In pre-amps, cost/performance and the abil
ity to add functionality economically tipped 
the balance away from discrete components 
about 1990. Among the advanced functions 
now included in existing IC video pre-amps 
are de-controlled gain and offset. On-screen 
display (OSD) mixing and blanking and addi
tional immunization to electrostatic discharge 
(ESD) have been incorporated in the latest 
generation of devices that will be available 
early in 1995. 

But the cost/performance balance and the 
need for enhanced features have not deci
sively favored ICs for the CRT-driver stage, 
so here both IC and discrete design ap
proaches are used. But as the functionality 
and performance of ICs continue to improve, 
and as the cost continues to drop, we believe 
that ICs will come to dominate the driver 
stage just as they now dominate the pre-amp 
stage. Although we- the authors of this arti
cle- work for a major vendor of CRT-driver 
ICs, our belief in their future is not simply a 

product of company loyalty. Rather, it is 
based on solid technical and financial factors. 

The Video Channel 
The primary function of the video channel is 
to amplify the 0.7-1 vpp input signal from the 
video source- usually a computer graphics 
card- to 30-50 V PP at the CRT cathode. The 
first stage, the pre-amplifier, amplifies the sig
nal to 2-4 V PP' while the CRT driver provides 
the remainder of the needed gain. There are 
IC pre-amplifiers with bandwidths up to and 
beyond 200 MHz that meet the gain require
ment. Since enough bandwidth is currently 
available, most design work is aimed at 

L1 

One channel shown 

(a) 

0 /P 

improving the ICs or adding functions to 
them. 

The main challenge for CRT driver-stage 
designers is to provide high gain [typically 
12-16 VN- gain= output (voltage)/input 
(voltage)= VN], a high-output-voltage 
swing, and adequate transient response, while 
keeping power dissipation and cost to a mini
mum. Designers must also keep their eyes on 
printed-circuit-board (PCB) size and overall 
weight, and they must control high-frequency 
emissions. 

Pre-amplifiers. Triple-channel IC video 
pre-amps with bandwidths up to 130 MHz and 
single-channel IC pre-amps with bandwidths 

All three channels shown 

(b) 

Hassan Karimian is Senior Applications 
Manager at National Semiconductor's 
TV/Monitor Group, 2900 Semiconductor 
Drive, MIS C-2500, Santa Clara, CA 95052; 
telephone 408!721-7168;fax -3377. Len 
Stencel, H. K. Chiu, Craig Wilson, and Tom 
Mills are staff engineers in that group. 

Fig. 1: (a) Discrete cascade circuit with complementary emitter followers and inductive peak
ing. (b) Three-channel IC (cascade circuit with complementary emitter followers). 
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Fig. 2: A CRT driver's electromagnetic emissions vs. frequency for various rise and fall times. 

up to 230 MHz are commercially available. 
Some provide voltage gains as high as 7 V N 
and have output-swing capabilities of up to 7 
V PP' which exceeds the requirements for most 
applications. Many of these devices have 
advanced features that permit easy integration 
with monitor controls. DC-controlled con
trast, drive, and black-level adjustments make 
computer control of video waveforms a real
ity. The desire for OSDs has prompted the 
addition of OSD mixers and blanking func
tions to the pre-amp ICs, features that will be 
available by early 1995. 

In order to make their monitor designs 
more reliable and more rugged, many display 
manufacturers are improving the ESD immu
nity of their products. The International Elec
trotechnical Commission (IEC) 801 -2 specifi
cations call out ESD severity levels from 2 to 
8 kV for the contact discharge test, and give 
equipment manufacturers the option to specify 
even higher levels. Semiconductor devices 
are typically specified at the 2-kV level, so IC 
manufacturers are looking for ways to 
enhance the ESD immunity of their pre-ampli-
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fiers. Enhancing the pre-amp's ESD immu
nity will allow display designers to reduce 
external circuitry. 

CRT Drivers. Triple-channel IC CRT 
drivers with bandwidths up to 110 MHz and 
single-channel drivers up to 250 MHz are 
commercially available. Transistors that sup
port discrete designs with bandwidths up to 
110 MHz are also readily available. Two 
basic circuit topologies are used in IC-driver 
design: (I) the cascade circuit, usually with 
complementary emitter followers [Fig. ! (a)], 
and (2) the active-load closed-loop design. 
Discrete designs typically use the cascade cir
cuit topology. 

The cascade circuit requires two de power
supply voltages while the closed-loop design 
requires one. The main advantages of the cas
code circuit are higher input impedance and 
less susceptibility to thermal effects on the 
amplifier's transient response. The closed
loop design offers the advantage of a lower 
supply voltage and lower power dissipation, 
especially when a white background is used 
on the display. 

The CRT driver is a high-speed high-out
put-voltage-swing amplifier specifically 
designed for driving a high-resistance and 
low-capacitance CRT cathode. The CRT 
cathode typically has a capacitance of 3-20 
pF, and there is also an unavoidable stray 
capacitance consisting of the parasitic capaci
tance of the PCB ; the capacitance of support 
circuitry such as arc-protection diodes, ac 
coupling/de clamp, and spark gaps; and the 
capacitance of the CRT connector. The CRT 
driver's output pulse response is sensitive to 
the capacitive load connected to it, as well as 
to the inductance associated with the copper 
traces on the PCB. Excessive series induc
tance in the signal path will cause deteriora
tion of the frequency and transient response. 

The stray capacitance is far less in an IC 
CRT driver than in a discrete CRT driver 
because the IC amplifier is built on a very 
small substrate. Since the majority of the 
components of the driver stage are located in 
one package, the layout of the PCB is much 
simpler than in the discrete approach. In the 
discrete approach, the components are spread 
over the PCB, and it is hard to predict and 
control the stray effects on the overall system 
performance. Using the IC CRT driver is 
clearly easier than adjusting the positions of 
discrete components. That is why the IC 
approach is generally chosen for high-end 
monitors, where designing the driver amplifier 
is a particular challenge. 

The clarity of a video display depends on 
the quality of the CRT as well as on the pulse 
response of the CRT driver. As the resolution 
of display monitors increases, it becomes 
increasingly difficult for a designer to obtain 
the same picture quality with a discrete design 
as with an IC design, given equal CRT qual
ity. Discretes can match IC quality in applica
tions having a pixel rate less than 110 MHz, 
but even in this regime IC CRT drivers can 
offer advantages- including reduced PCB 
size, lower component count, lower power 
consumption, and overall cost reduction. 

Power Consumption 
Because the smaller dimensions of IC technol
ogy relative to discrete components reduce the 
parasitic capacitance of the CRT driver, it per
mits the use of a larger collector load resis
tance in a cascade design. This translates to 
less power dissipation for an IC design that 
offers the same - or better - performance than 



Table 1: Power Dissipation Comparison between Discrete and IC Driver Designs 

Collector resistor, Rc 

Emitter resistor, Re 

Supply voltage 

Output de level 

Collector current 

Approximate power consumed 
(three channels) 

Discrete Cascode Amplifier 

733 Q (3 x 2.2 kQ in parallel) 

47 Q 

+80V 

+20V 

( 80 - 20)/733 
= 81.86 mA 

80 X 0.08186 X 3 
= 19.65 w 

National Semiconductor LM2419 
IC CRT driver 

1 kQ 

64Q 

+80V 

+20V 

( 80-20 )/1000 
=60mA 

80 X 0.06 X 3 
= 14.4 w 

Note: The power consumed from the + 12-V supply for biasing is assumed to be negligible, and the push-pull output stage is a class B amplifier. 

Table 2: Cost Comparison of Discrete and IC Driver Designs for a 1024 x 768 Display 

Quantity Cost 

Components Discrete IC Discrete IC 

Transistors, diodes 18 $1.17 

Passive components 36 4 $0.90 $0.07 

PCB area 173 cm2 144 cm2 $5. 19 $4.32 

IC $1.50 

Total 55 6 $7.26 $5.89 

Table 3: Summary of Discrete and IC CRT Drivers for Three Resolutions 

Resolution Performance Cost Size and Emissions Power Ease of 
tr/trns ($) weight (W) manufacturing 

IBM 8514A discrete 
IC 

1024 X 768 di screte 
72Hz IC 

1280 X 1024 discrete 
60Hz IC 

Note: Information is for all three channels. 

a di screte design. Further power reduction 
can be achieved by using a closed-loop IC 
design, as we have done in the National Semi
conductor LM2427. 

To demonstrate the power savings possible 
with IC designs, we compared two triple
channel cascode amplifiers of the same per-

II 
II 

6.7 
6.7 

4.7 
4.7 

7.26 big medium low 14 difficult 
5.89 small low 12 easy 

8.08 big medium high 19.6 difficult 
7.89 small medium 14.4 easy 

11.34 huge very high 26 very difficult 
11 .35 small high 8 easy 

formance level , one designed with discrete 
transistors, the other an IC [Figs. I (a) and 
I (b)]. We assumed that a white flat field 
would be displayed with a 40-V PP video signal 
required in each channel -the black level is 
60 Vdc; the white level, 20 Vdc. The power 
consumption of the discrete approach is sig-

nificantly higher than the IC approach (see 
Table 1). 

Electromagnetic Emissions 
The video channel is a major contributor to 
the emissions of a monitor. As resolution 
requirements increase, the faster video edge 
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video electronics 

speeds increase the potential for electromag
netic emission. In many countries, these 
emissions are regulated by government agen
cies, and manufacturers must meet specific 
limits if they wish to market these products. 
Emissions are a function of edge speeds, pixel 
rates, voltage swings, and the physical layout 
of the system- which includes factors such as 
PCB trace lengths and loop areas. IC technol
ogy minimizes signal trace lengths, which 
reduces rf emissions relative to a discrete 
design with equivalent performance. 

We measured the emissions of a triple
channel CRT driver in an anechoic chamber 
(Fig. 2). The antenna was located 3 m from 
the unit under test. All three channels were 
driven with a 25-MHz square wave from a 
single pulse generator, with the driver 
installed in a stand-alone test fixture. The 
input-signal amplitude was adjusted so that 
the output signal was 40 V pp· The rise time 
(Tr) and fall time (Tr) of the input signal were 
adjusted so that the output signal Tr/Tr 
equaled the three values shown in the legend 
of Fig. 2, and the emissions were then mea
sured and compared for the three cases. The 
physical system- including test fixture, 
power supplies, and pulse generator- was the 
same, so the measurements clearly demon
strate the potenti al effect of edge speed on 
emissions. 

Weight 
As the screen resolution of displays goes up, it 
becomes desirable to mount the video board 
directly on the CRT neck instead of wiring the 
output signals from a video amplifier board to 
the CRT socket. Doing this decreases the sig
nal degradation caused by parasitic effects and 
helps control high-frequency emissions. 
However, the weight of the video circuit 
board becomes an issue when the board is 
going to be mounted on the CRT neck. 

A discrete CRT driver uses small heat sinks 
but requires a larger PCB than an IC imple
mentation and more components, including 
three large power resistors. On the other 
hand, an IC CRT driver has a smaller PCB 
and fewer components but requires a larger 
heat sink. The heat sink can be integrated 
with the EMI shield to distribute its weight 
across the video board and reduce cost. When 
everything is taken into account, an IC CRT 
driver will usually weigh less than a discrete 
implementation. 

12 Information Display 1195 

Manufacturability and Cost 
The main factors that contribute to ease of 
manufacturing are component count, quality 
control, and labor cost. IC technology leads 
to a lower component count than discrete 
technology, which produces a variety of manu
facturing-related benefits: 

• Smaller PCB size for the whole video
amplifier system. 

• Simpler vendor quality control and 
inventory control. 

• Lower assembly cost than a discrete 
design manufactured with equal-cost 
labor. 

We compared the cost of a video board for a 
I 024-pixel x 768-line display for the two 
design approaches. The first approach uses an 
IC for the pre-amplifier and a discrete CRT 
driver; the second uses ICs for both stages. 
The pre-amplifier cost is the same for both 
cases, so the overall cost difference is simply 
the cost difference between the discrete CRT 
driver and the IC CRT driver. As we calcu
late it, the advantage goes to the IC driver (see 
Table 2). 

Today and Tomorrow 
Today, IC technology dominates in the video 
channel's pre-amplifier stage, and will con
tinue to do so as pre-amp performance and 
functionality become even better. In the CRT
driver stage, IC implementations have the 
edge in terms of cost, size, emissions, power 
di ssipation, and manufacturability through 
XGA-level resolution (see Table 3). 

At 1280 x 1024, however, the IC imple
mentation still costs slightly more than the 
di screte implementation . But as display-per
formance requirements increase, as technol
ogy continues to progress, and as IC costs 
continue to drop, we believe that IC imple
mentations of CRT drivers will come to domi
nate at all screen resolutions. 
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Display Research Conference Thrives near 
Cannery Row 

The largest IDRC ever held in the U.S. provides an 
intriguing look at the future of display technology. 

by Ken Werner 

IF THE ANNUAL sm SYMPOSIUM provides a 
look at current display technology, the most 
recent International Display Research Confer
ence (IDRC '94)- held October 10-13 in 
Monterey, California, scene of John Stein
beck's classic novel Cannery Row- provides 
a glimpse of the future. 

Attentive prognosticators could make much 
of the many reports of progress in active
matrix Liquid-crystal di splays (AMLCDs) with 
thin-film transistors (TFfs) made from poly
crystalline silicon. Since polysilicon is a bet
ter-quality semiconductor material than the 
amorphous silicon used in most of today's 
AMLCDs, polysilicon transistors can be 
smaller, which allows the fabrication of dis
plays that simultaneously have small diago
nals- typically between I and 2 in. -and lots 
of pixels. 

The authors of several papers strongly 
hinted that commercial projection products 
utilizing such displays are not far away. Steve 
Hix and In Focus Systems CEO John Harker 
did more than hint at a press conference held 
at IDRC October 12th to forma lly announce 
the creation of a new company called Sarif 
and the appointment of Hix as its CEO. Sarif 
is a joint venture of David Sarnoff Research 
Center and In Focus Systems to commercially 
produce projection-display engines using the 
polysilicon TFf-LCD technology developed 
by Sarnoff. Hix and Harker promised that an 
In Focus presentation projector and a Sarif
brand rear-projection workstation monitor 

Ken Werner is the editor of Information Dis
play Magazine. 
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using small polysilicon displays would be 
exhibited at Comdex '95. 

Impressive amounts of work were also 
being reported in polymer-stabilized liquid 
crystals and plasma display panels (POPs). 
Zvi Yaniv of Kent Display Systems said in 
conversation that Kent was currently making 
bistable polymer-stabilized LCDs and filling 
existing customer orders. A. Otsuka, speak
ing for a team from Fujitsu in an invited 
paper, said that Fujitsu's 21 -in. color ac
plasma panel was now commercially available 
in the U.S. as well as in Japan, and that this 
version embodied advances that reduce power 
consumption and improve a luminous efficacy 
that was already among the better luminous 
efficacies reported. Twelve-hundred of these 
panels were recently sold to the New York 
Stock Exchange for displaying stock quotes. 
Mr. Otsuka promised that a plasma HDTV set 
would be avai lable from Fujitsu in time for 
the 1997 introduction of HDTV programming 
in Japan. 

The Society for Information Display (SID) 
issued a press release at the conference 
announcing that the United States Display 
Consortium (USDC) and Semiconductor 
Equipment and Materials International 
(SEMI) would be co-sponsoring major events 
at SID's Display Manufacturing Technology 
Conference being held January 3 1-February 
2, 1995, in Santa Clara, California (DMTC 
'95). 

Major press announcements are not usually 
made at research conferences, so the 
announcements from Sarif and SID served to 
highlight the growing importance of IDRC 
itself. Attendance at IDRC was impressively 

international -one could easily obtain the 
impression that the Asian and European con
tingents together outnumbered that from 
North America. Total registration was 
approximately 460, compared with 380 the 
last time IDRC was held in North America 
3 years ago. 

Now, let's get to specifics, with the under
standing that space restraints demand I leave 
out far more than I include. 

For AT&T, the Display's the Product 
The keynote address, "Technology Creation 
and Conversion: Global Flat-Panel Display 
Manufacturing," by Lawrence C. Seifert, 
AT&T's Vice President for Global Manufac
turing and Engineering, went substantially 
beyond what was promised in the printed 
abstract: "Commercial success in advanced 
products now requires traditional technology 
creation, such as in-house R&D, to be 
enhanced by including, for example, repatria
tion of technology where necessary." 

Seifert went on to say that AT&T is not 
merely a service provider. It is also a global 
manufacturing company with 85% of its manu
facturing capacity outside North America. 
The company makes system products for its 
own systems and those of other telecommuni
cations companies, and terminal products for 
purchase by corporate and individual cus
tomers. 

Communications is going wireless, which is 
part of AT&T's goal: "to deliver service to 
anyone anywhere- globally." Seifert referred 
to Nicholas Negroponte's comment that, his
torically, we got electronic communications 
backwards. We broadcast video through the 



air and sent voice communications through 
wires. We are now in the process of getting it 
right by instituting: ( I) cellular and other 
wireless systems for voice and low-rate data 
communications (like fax) , and (2) a wired (or 
optical-fibered) infrastructure that provides 
two-way broadband communication. 

Displays are an integral part of this vision, 
Seifert said. The home and office telephone 
of the future will be an inexpensive multi
media terminal plugged into the broadband 
network. AT &T's current concept for such a 
terminal is a TFT-LCD with chips around the 
display's periphery. These chips will not be 
limited to the display drivers, but will also 
include those for a 486-class processor, sup
port chips, memory, disk controller, and LAN 
interface. The LCD is the chassis for the ter
minal, and most of the terminal's cost and size 
is in the display. "The display is the product." 

Seifert said the wireless phone of the future 
will incorporate a low-power display and a 
touch panel for a "soft keypad" that appear 
only when needed. The display will be larger 
and have more resolution than current models, 
and could be used for sophisticated functions 
such as an integrated "touch-the-name-to
dial" personal Rolodex™. 

"We believe that display technology is an 
enabling technology for our terminal busi
ness," but the price of TFT displays is not yet 
low enough. "In both our computer business 
and communication business, the display will 
be the product." And for the rest of this 
decade, the display will certainly be an LCD. 
AT&T is investing. 

As far as national consortia are concerned, 
Seifert said, "We believe that consortia should 
be multinational. We've had limited success 
with [selling] that - but some success ." 

Workshops and Overviews 
This year's IDRC had a new feature: preced
ing interactive workshops. The popularity of 
the workshops - nearly all IDRC registrants 
signed up for them- limited the actual inter
action, but the philosophy remained intact. 
Generous question sessions were part of the 
schedule, and there was time at the end of the 
day for breakout discussions. The two simul
taneous workshops - one on AMLCDs and 
one on display materials- contained only 
invited presentations, most of which had a 
survey or tutorial component. 

The AMLCD workshop kicked off with K. 
A wane's survey of LCD research and business 
at Sharp Corporation. Sharp first got into 
LCDs to reduce the size, weight, and power 
consumption of its electronic calculators. In 
the 1980s, when display development seemed 
to hit a wall , the company developed its "spi
ral up" strategy of developing proprietary dis
plays that would allow it to produce unique 
value-added products. The result? Sharp is 
now manufacturing ¥400 billion worth of 
LCDs annually, and the value is rising 
steadily. 

A member of the audience asked, "Some 
people wonder if LCDs will be supplanted by 
other flat-panel technologies. What do you 
think?" A wane: "Sharp is developing new 
[LCD] products and applications." The impli
cation was, I think, "You ain't seen nothin' 
yet." 

AT&T's Webster Howard followed with a 
detailed talk. He convincingly argued that 
AMLCDs made with amorphous TFTs are 
strong products with substantial room for 

technical and performance improvements. 
Polysilicon TFT will not be able to match 
amorphous TFT's cost for 10-in. VGA and 
XGA displays. "Poly," said Howard, "will 
succeed only where amorphous can't work, 
such as applications demanding small displays 
with fine pitch." Not surprisingly, a lively 
discussion followed. 

Bill Doane began the materials session with 
a talk on polymer-stabilized LCDs. Doane is 
from the Liquid Crystal Institute at Kent State 
University, which may be the world's leading 
center for academic research on this tech
nology. 

Later in the morning, S. Kobayashi, Y. 
Iimura, and M. Nishikawa of the Tokyo Uni
versity of Agriculture and Technology pre
sented "New Developments in Alignment 
Layers for Active-Matrix TN-LCDs." The 
paper described synthesized polyimide materi
als that simultaneously have a low curing tem
perature, produce good unidirectional LC 
alignment, generate the desired pretilt angle, 
and have an excellent voltage holding ratio. 

Nowadays there is a large need for 
portable reflective high information 
content displays. PDLC is a potential 
challenger becau~ of the low power 
consumption due absence of 
polarizers. We have ised the 
process pa~... d cell design 
to make an ~ mtftdx Jit.ect-view 
display compatible with grey scales 
video images. 

Fig. 1: Polymer-dispersed liquid-crystal ( PDLC) technology is a candidate for portable reflec
tive high-information-content displays. At the author interviews, a team from France Telecom 
demonstrated an active-matrix PDLC display with a 10:1 CR, 100-ms response, and a good 
viewing angle. (Photo courtesy of B. Vinouze, CNET Lannion, France Telecom.) 
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Going further and improving the viewing 
angle of color AMLCDs will require research 
into new materials and manufacturing pro
cesses for producing quartered-subpixel -
super-multidomain- displays. The authors 
are pursuing that research. 

In "Thin-Film-Diode Technology for High
Quality AMLCDs," A. G. Knapp of Philips 
Research Laboratory presented a paper also 
written by colleagues at Philips and Flat Panel 
Display (FPD) Company of Eindhoven, The 
Netherlands. The paper thoroughly reviewed 
work at Philips and FPD to develop thin-film 
diodes (TFDs) that, along with an appropriate 
addressing waveform, produce AMLCDs as 
good as those made with TFTs, but with a 
simpler process. FPD is producing displays 
with a 200: I contrast ratio (CR), and ad
vanced TFDs with large apertures for excel
lent luminance. The improved TFD process, 
which Philips calls TFD-R, requires only 
three photolithography steps. Photos of the 
TFD-R display were impressive. 

In a review of advances in phosphor materi
als, Professor Aron Vecht of the University of 
Greenwich, U.K., noted that the largest single 
category of display-related phosphor papers 
published this year was organic EL phos
phors, and that organic EL had received a 
good deal of hype. Vecht warned that 
although some of this work is interesting, all 
the work is laboratory work and is a very long 
way from practical device fabrication. The 
second largest category is porous silicon 
(inorganic EL). He finds most of this work 
unconvincing. 

Vecht concluded with an appeal for compa
nies with proprietary experimental phosphor 
results to share them. Limited data is seri
ously impeding phosphor development, which 
is urgently needed. Vecht suggested that a 
brighter backlight could be produced by using 
a UV lamp and depositing an efficient phos
phor on the back of the LCD itself. 

In a standing-room-only session, Hiroyuki 
Ohshima of Seiko-Epson reviewed the status 
and prospects of polysilicon-TFT technology. 
Ohshima noted that low-temperature polysili
con adds a lot of value: competitive cost, high 
aperture ratio, and the possibility of integrat
ing advanced functions such as drivers and 
controllers. TFTs can be on the pixels or 
placed on the periphery, and the technology is 
easy to integrate on existing fab lines. A low
temperature polysilicon TFT has essentially 
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the same characteristics as a high-temperature 
TFT- except that it has lower leakage cur
rent. One problem with low-temperature pro
cessing has been transistor-to-transistor varia
tion, but this has been sharply reduced with a 
two-step annealing process. Ohshima con
cluded that high-temperature polysilicon will 
tend toward high-resolution compact LCD 
applications, while developers are positioning 
low-temperature polysilicon as the replace
ment for a-Si TFT-LCDs and as the technol
ogy that will carry LCDs into broad new areas 
of application. 

The first TFT-LCDs were made with cad
mium selenide (CdSe), which has long been 
out of favor because of long-term instability 
and difficulty in maintaining the proper bal
ance of cadmium and selenium during film 
deposition. In "Fabrication of CdSe TFTs and 
Implementation of Integrated Drivers with 
Polycrystalline TFTs," Professor Ernst Lueder 
reported that his group at the University of 
Stuttgart has solved these problems, and has 
fabricated a 140,000-pixel panel with a low
temperature fabrication process to prove the 
point. Professor Lueder's conclusion: "For 
LC panels with integrated drivers, CdSe TFTs 
offer an economic solution. However, if 
drivers are realized by ICs, a-Si TFTs are 
preferable, due to their ease of fabrication, for 
a less demanding application." 

Jack Salerno of Kopin Corp. reviewed his 
company's process for fabricating single-crys
tal-silicon TFT arrays using traditional silicon 
processing and then transferring them to glass 
substrates to make AMLCDs. Salerno said 
the company's goal is to fabricate displays 
with 10,000 pixels/in. 

Bill Doane of Kent State University's Liq
uid Crystal Institute reviewed "Stabilized and 
Modified Cholesteric Liquid Crystals for 
Reflective Displays." The first of these were 
polymer-dispersed liquid crystals (PDLCs), in 
which LC "bubbles" were contained within a 
polymer matrix . Recent developments at 
Kent State have reduced the amount of poly
mer needed and have permitted power-off 
gray-scale memory. "Finally," says Doane, 
"for the first time, cholesteric direct-view dis
plays are entering the manufacturing stage 
through the efforts of Kent Display Systems." 

Planar's Chris King reviewed electrolumi
nescent (EL) display technology, culminating 
in a description of the quarter-VGA full-color 
EL display Planar will introduce as a commer-

cia! product early in 1995. King later 
described the display in more detail in a tech
nical paper after demonstrating it at the author 
interviews, where it drew a favorable response 
from observers for its improved blue/white 
chromaticity and increased luminance. 

Mizuhiro Tani and Takeo Sugiura of Top
pan Printing Company reviewed the technol
ogy of color filters (CFs) for LCDs, and 
observed that dyed-polymer CFs are being 
replaced by CFs using pigment-dispersed 
techniques. Reduced costs, increased produc
tivity, and increased production volume are 
urgently needed. In the future, it is likely that 
printing and electrodeposition processes will 
lower the cost of CFs for high-quality dis
plays. The price target for I 0-in. CFs is 
¥5000 in 1996. 

Peter Friedman of Photonics looked at large 
color PDPs from a materials perspective. If 
PDPs are fabricated like CRTs instead of 
being process-dominated like LCDs, their cost 
will primarily be determined by their material 
content. Friedman explored the implications 
for materials-selection and fabrication strate
gies, and outlined the expected performance. 
In response to a question from the audience, 
Friedman said, "You'll see $2000-$4000 40-
in. displays by the end of the 1990s." 

The Technical Sessions 
In three different papers, authors from 
Hitachi , Giant Electronics Technology Corp., 
Philips Research Laboratories, XMR, and 
Xerox PARC described low-temperature 
polysilicon-TFT processes. The Hitachi/Giant 
team predicted 20-in. polysilicon TFT-LCDs 
with integrated drivers. 

A group from Shipley and Rohm and Haas 
compared the processes for preparing RGB 
color filters with traditional dyes and the new 
pigment-dispersed photoresists. Y. Inoue and 
his colleagues from NHK reported on a new 
blue EL device made with a cerium-doped 
strontium thiogallate phosphor film. 

A group from MCTC and SI Diamond 
reported work in a paper entitled, "Optimiza
tion of Amorphic Diamond™ for Diode Field
Emission Displays." Knowledgeable mem
bers of the audience characterized the work as 
an early effort to characterize the film and get 
a handle on the deposition process. The meat 
of the paper is that in films created with laser 
ablation, "films grown with higher laser 
power density lead to lower emission thresh-



Fig. 2: A new category of contour noise 
arises when moving images are shown on 
matrix displays- such as PDPs- that use 
pulse-width or pulse-number modulation 
within afield to express gray levels. The 
effect is illustrated by showing (a) a station
ary image on a display that is itself station
arv, (b) moving to the left, and (c) moving to 
the right. The effect can be minimi~ed by 
changes in level coding. (Photos courtesy of 
Professor Shigeo Mikoshiba, The University 
of Electro-Communications, Tokyo. ) 

old fields." A 50 x 50-pixel test anay showed 
substantial pixel-to-pixel variation. but there 
was no long-term drift over 20 hours of de 
operation. 

The entire conference contained only two 
papers on CRTs: one on a new di spenser cath
ode containing Y 20 3 from H. akanishi and 
his colleagues at Tokyo Cathode Laboratory: 
the other on nanow-elliptical-aperture tech
nology (NEAT) electron guns for color dis
play tubes with 24.3-mm necks. Power con
sumption of the EAT gun matches that of 
normal guns for mini-neck tubes, while focus 
characteristics are as good as those in large
neck tubes. The authors areS. Shirai and a 
substantial group of co-authors from Hitachi. 

Active-Matrix Materials and Devices 
In "A 9.5-in. TFT-LCD with an Ultra-High
Apertw·e-Ratio Pixel Structure." T. Kitizawa 
and his co-workers at Toshiba described a 
high-brightness (or more energy-efficient) dis
play with a 70% aperture ratio, a cell trans
mission of 7.5%, and a contrast ratio greater 
than 200. N. Hirano and his colleagues at 

EC presented "A 33-cm-Diagonal High
Resolution Multi-Color TFT-LCD with Full y 
Self-Aligned a-Si:H TFTs." ' The self-aligned 
TFTs are fabricated with an ion-implantation 
step. "We believe the technology we have 
introduced here will be extremely valuable in 
the attempt to produce larger-size and higher
resolution TFT -LCD , such as those of 30-
40-, and 50-em-diagonal display size.'" 

Speaking for a list of authors so long it 
seemed to include much of the engineering 
staffs of Phi ups Research Laboratories (Eind
hoven, The etherlands, and Redhill , U.K.) 
and the Flat Panel Display Co. (Eindhoven). 
W.J.A.M. Hartmann presented ·'TFD-R: c__(c_) _______________________________ _, 
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Improved Stable Two-Terminal Devices for 
State-of-the-Art AMLCDs," which provided 
another"look at the TFD technology described 
more generally "in the workshop. As a result 
of the developments described in the paper, 
"the complete performance parameters for 
TFD-R AMLCDs can match and even surpass 
TFT displays." 

Jennifer Gille (Western Aerospace Labora
tories) , Russell Martin (Xerox PARC), and 
James Larimer (NASA/Ames Research Cen
ter) explored the implications of a recently 
performed perceptual study for economical 
display design in "Spatial Resolution, Gray
Scale, and EITOr-Diffusion Tradeoffs: Impact 
on Display System Design." The study, veri
fied with human testing, was based on predic
tions of the VIDEOS Sarnoff Human Vision 
Model. The results can guide disp lay design
ers to the most cost-effective display they can 
build, given the cost of gray levels and resolu
tion in a given technology. 

K. Meinstein and M. Callahan of Crystal 
Semiconductor Corporation reported on the 
development of two low-voltage 6-bit signal 
drivers for TFT-LCD panels that are report
edly the smallest in the world. Two papers, 
one by D. Straub and hi s colleagues at the 
Laboratory for Flat-Panel Displays at the Uni
versity of Stuttgart and one by M. Quinn and 
P. Migliorato at the Cambridge University 
(U.K.) Engineering Department, reported on 
different polysilicon-TFT device models. 
Each group claimed improved circuit simula
tion with its model. 

Projection 
In an invited address, Ed Stupp of Philips 
Laboratories surveyed the elements of projec
tion technology. Neglecting very-expensive 
very-high-luminance systems, current profes
sional systems are predominantly front-pro
jection CRT, with a few three-panel LCD 
light-valve systems. Consumer systems are 
predominantly rear-projection CRT. At pre
sent, LCD systems are too expensive and pass 
too little light for most applications, but devel
opments such as polys ilicon TFTs and more 
efficient polarization schemes will change 
that. In the end, image quality with LCD pro
jectors will exceed that of CRT proj ectors, 
Stupp said. Rear-projected high-resolution 
images, regardless of the device producing 
them, will probably require a screen techno!-
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ogy other than today's double lenticular 
screens. 

Yukio Takahashi and his colleagues at NIT 
described a 6-Mpixel LCD projection system 
that optically interleaves pixels from four 720 
x 480-pixel LCD projectors. The projector 
achieves a resolution of 1600 TV lines (H) by 
1800 TV lines (V). 

Toshikazu Maekawa and his co-authors 
from Sony described a 1.35-in. LCD panel 
with polysilicon TFTs and 1068 x 480 pixels. 
Built-in functions include image reversing and 
switchable 16:9 and 4:3 aspect ratios. Resolu
tion is 600 TV lines (H) by 450 TV lines (V). 
The authors "believe that this LCD panel wi ll 
lead to small-size high-resolution front/rear 
projectors." 

In a paper presented by Tsutomu 
Hashizume, a group from Seiko-Epson 
described a 1.3-in. polysilicon TFT-LCD with 
a 14-f.!m pixel pitch and integrated single data 
driver. 

H. Hamada and his associates at Sharp's 
Liquid Crystal Labs described a single-panel 
projection system that does away with the 
mosaic color fi lter. The system "has been 
developed using a planar microlens array and 
a special configuration of dichroic mirrors. 
The dichroic mirrors are stacked in a nonpar
allel arrangement, they split a white light 
beam into three primary-color (RGB) beams, 
and these beams are projected upon a single 
monochrome TFT-LCD from different inci
dent angles, respectively. Each microlens, 
which is associated with every three subpixels 
(RGB), converges RGB beams into corre
sponding sub-pixel apertures. The screen 
brightness [is more than three ti mes brighter 
than] the previously developed single-panel 
LC projector using a microlens array with a 
mosaic color fi lter." 

Emissive Displays 
Henry Gray of the Naval Research Laboratory 
kicked off the last day of the conference with 
a typically bravura presentation of new under
standing of fie ld-emitter disp lays (FEDs) and 
new developments in FED design. Gray dis
cussed the inherently high luminous efficacy 
of FEDs, as well as new designs that mini
mize unnecessary capacitance between the 
gate and microtip- the primary non-produc
tive energy-consuming mechanism. He also 
stated his suspicion that diamond films supply 

atomically sharp emission "tips" that are not 
fundamentally different from conventional 
microtips . If this suspicion is correct, said 
Gray, it means that the diamond-film FED is 
the only "bed-of-nail s" FED that works. 

In "Field-Emission Characteristic Require
ments for Field-Emission Displays," Cheng
gang Xie of MCTC reported calculations indi
cating that "with improvements, especially in 
tip density and emission area, this technology 
will be capable of satisfying contrast and 
luminance requirements of high-quality flat
panel displays" to the XGA level. 

In "Long-Life Color DC-PDP with Trans
parent Cathode," NHK's Y. Motoyama and J. 
Koikes described a near-doubling of luminous 
efficacy to 0.5 I lum/W by using a transparent 
ITO cathode. The panel uses a reflective 
phosphor screen and a resistor-in-cell struc
ture. A lifetime of over 30,000 hours has 
been confi rmed. 

LCDs 
The fina l afternoon of the technical sessions 
consisted of two LCD sessions. They were 
kicked off with a paper from France Telecom, 
presented by B. Vinouze, which reported an 
active-matrix PDLC panel. To quote the 
authors, "there is a large need for portable 
reflective high-information-content displays. 
PDLC is a potential challenger because of the 
low power consumption due to the absence of 
polarizers. We have optimized the process 
parameters and cell design to make an active 
direct-view di splay compatible with gray
scale video images." With a CR of 10:1 , lOO
ms response, and a good viewi ng angle, the 
panel was impressive for a reflective display 
when shown at the author interviews (Fig. 1). 

Designers of PDLCs have been making 
bi stable devices with less and less polymer gel 
-now well under I % - in the mix. In a paper 
presented by B.-G. Wu, a group from 
Advanced Display Systems and the University 
of Texas at Arlington reported the first display 
exhibiting zero-field multistability (for gray 
scale) without any polymer-gel additive at all. 

In "Polymer-Stabilized SBE Devices," D. 
S. Fredly and his colleagues at Kent State's 
Liquid Crystal Institute reported that by 
addi ng polymer dopant to STN displays, they 
could increase the twist from 240 to 270° 
without stripe formation. Driving voltage is 
also reduced. In a paper presented by T. 
Hashimoto, a group from Stanley, Dainippon, 



Fig. 3: A solid-state volumetric displav can be based on upcom·ersion in rare-earth-doped 
heavy-metal fluoride glass. When tll'o infrared photons of different frequencies elemte an elec
tron through nvo quamum stmes, the electron can fall back to its original state ll'ith the emis
sion of one l·isible photon. The sources of the exciting phorons are tii'O lasers, and a voxel
\•Oiumetric pixel- is created where1•er the tli'O laser beams intersect. (Photo courtesy of Eli::.a
beth Downing, Stanford University.) 

and Tokyo Univer ity described a fabrication 
proce s for polymer-stabilized amorphou 
T -LCDs that does not require rubbing of the 
stabilizing urfaces. 

Poster Session 
The Tuesday afternoon Poster Session pro
vided some particularly intere ting nugget . 
Here are a few . 

T. Masuda. T. Yamaguchi. and S. 
Mikoshiba ' multimedia poster paper effec
tively demonstrated a new category of contour 
noi e that ha been observed when mo ing 
images are hown on matrix display -such 
as PDPs- that use pulse-width or pulse-num
ber modulation within a field to express gray 
level (Fig. 2). The noise originates when a 
temporal non-uniformity of light emission is 
translated into a spatial non-uniformity by the 
image's motion. "The noise can be reduced 
by sub-div iding the light-emitting periods of 
the major bits." 

E. A. Downing and L. Hessel ink at Stan
ford niversity's EE Dept. and R. M. Macfar
lane at lBM Almaden de cribed and showed 
photos and a video of a solid- tate 3D volu
metric display (Fig. 3). (Hes elink i also 

working on volumetric data storage.) The dis
play medium i a rare-earth-doped heavy

metal fluoride glas . The mechanism is 
"upconversion ... in which two infrared pho

tons of different frequencie elevate an elec
tron through two quantum tate . The elec
tron then falls back to its original tate. emit
ting one vi ible photon. The ources of the 
exciting photons are two laser . A voxel -
volumetric pixel - i created wherever the two 
Ia er beam intersect. The images displayed 
were simple Lis ajou -like patterns. Elizabeth 
Downing, the presenter. aid that being non
crystalline, the gla s is easy to fabricate, even 
in large pieces. 

Akihiko Kanemoto and a group from Ricoh 
described and demonstrated a prism array 

sheet for enhancing the backscattering, and 
hence the luminance. of PDLCD . It can a!. o 
be u ed to reduce the driving voltage becau e 
the film allows strong back cattering even 
with a thin PDLC film. 

lchiro Fukuda and a group from Kanazawa 
In titute of Technology and Tohoku niver
sity proposed an achromatic reflective ST -
LCD using only one polarizer. umerical 
analy is predict several solution sets that pro
duce achromatic images with high luminance 
and CR. All of these olutions require a retar
dation film. A reflectance of 49% and a CR 
of 12: I were predicted using a practical polar
izer. 

The development of a new fluorescent lamp 
for LCD backlighting that combines high 
luminance and long lifetime was described by 
F. Sato and a team from oritake and ISE 
Electronic . The combination was at!Iibuted 
to a new cesium-impregnated sintered metal 
cathode. A luminance of 22.000 cd/m2 and a 
lifetime of 20.000 hours were reported in a 
lamp with a diameter of 5.8 mm. 

ader M. Kalkhoren and hi co-author at 
Spire Corp. described the display possibilities 
of porous silicon that emits visible light. 
Spire ha prepared porous silicon layer that 
have strong visible photolumine cence and 
has demonstrated electroluminescence in bulk 
crystalline si licon. The company recently 
demon trated electrically induced vi ible 
lumine cence in porous polycrystalline sili
con. A photoluminescent wafer was shown. 

A complete record of the conference can be 
found in The Conference Record of the 199-+ 
lmemational Displa_,. Research Conference 
(Society for Information Display. 1526 
Brookhollow Drive. Suite 82. Santa Ana, CA 
92705-5421:714/545-1526, fax -1547. • 
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Making Displays Deliver a Full Measure* 

NIST wants to use its sophisticated laboratories to 
help you get high-quality displays to market faste r. 

by Herbert S. Bennett, Charles Fenimore, 
Bruce F. Field, and Edward F. Kelley 

H IGH-RE OLUTION DISPLAYS are e sential 

for market acceptance of advanced video sys
tems and for sophisticated exploitation of ··the 

information age: · Developi ng and manufac
tu ring such displ ays will require advanced 

mea urement capabi lit ie . Thi is a ubject 
that interests us great ly at the ational1nsti
tute of Standards and Tech no logy ( 1ST). 

where the development of measurement tan-

Herbert S. Bennett is Senior Research Scien 
tisr at the Elecrronics and Elecrrica/ Engi
lteering Laborarory, arional lnstirure of 
Srandards and Technolog,· (NIST), Bldg . 225, 
Room 8344. Gairhersburg, MD 20899-0001; 
relephone 3011975-2079.jax 301/948-4081. 
Charles Fenimore is a Marhemarician ar 
NIST; telephone 3011975-2428, fax -4091. 
Bruce F. Field is an Electron ics Engineer at 
NIST. lnreresred readers can contact him for 
infonnarion on rhe Video Processing Labora
tory, including irs use for ourside projecrs; 
telephone 301/975-4230Jax -4091 . Edward 
F. Kelley is a Physicist ar !ST. lmeresred 
readers can conracr him for more information 
abowrhe Display Measuremem Laborarory; 
re/ephone 301/975-3842Jax -4091. 

Note 
Addi tional IST contacts are J ona tha n E. 
Hard is for information on absolute luminance 
standards fo r FPDs: telephone 30 1/975-2372, 
fax 30 1/840-8551. and Mark W illiamson fo r 
information on the Flat Panel Display Inter
face Laboratory; telephone 30 1/975-3160, fax 
30 1/2 16-1 369. 
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dards and thei r application to industrial com

petitivenes have long been a central pan of 

our mission. 

Unfortunately, a recent NlST a sessment of 

the measurement capabilities needed fo r video 
technology found that there i little metrologi

cal ba is for the video-quality mea urement 
that are typically made where video is gener

ated. processed. or displ ayed.' Cunently, 

measures of video and display quality are 
poorly defined and are affected by the opti cal 

propertie of camera , by the details of math-

ematical algorithms, by the e lectronic cir

cuitry used to process video information, and 

by the electro-optical properties o f display 

devices. The industry's capabilities in real

time video and di splay-quality measurements 
are limited because it is hard to visualize theo
retical video-processing con tructions without 

manu facturing specialized hardware. T he 

video supercomputer at 1ST- which we will 

describe shortly - olves thi s problem by 

di rectly di playing signal-processing 

con truction fo r video. 

NIST 

Fig. 1: The Video Processing Laboratory ar 1ST, Gairhersburg, Maryland, is built around rhe 
PrinceTOn Engine rhar ll'as developed by David Sam off Research Cemer. Th e lab is available to 
members of the display communiry fo r appropriate projects. 



Fig. 2: The Princeton Engine has a split-screen mode that permits 
an original video signal to be shown on the left side of a CRT and 
processed video on the right side. Here, the righr side shows image 
degradation in a transmissive LCD caused by resisrance in rhe infer
connections between TFTs horizontally across the simulated display. 

Fig. 3: This schematic of a generic pixel for a transmissive display 
shows the electro-optical characteristics that are used as input 
parameters for the simulation model. The quantities are the electric 
field (E), the voltage (V), the distance between pixel electrodes (d), 
and the phase angle (cP) between rhe parallel and perpendicular 
components of the light that is being transmitted through the pixel. 
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Fig. 4: This video output from the Princeton Engine shows rhe video 
processed by a linear system (left) and the video as ir would appear 
on a model FPD (right). Superimposed on the right half is the trans
mission curve for the model pixel, which relates the pixel 's light out
put (vertical axis) to the voltage applied to the pixel (horizontal axis). 
The straight cyan line gives the transmission curve for a linear sys
tem. The curve for rhe model pixel is in red. 

Fig. 5: The modeled FPD's video output comes closer to matching 
the original if we can exploil a more linear region of the transmission 
curve. 
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measurements and standards 

Table 1: Measurement Needs for Flat-Panel Displays 

Category 

Materials characterization 

Manufacturing yield 

Display performance 

Interfacing to computers 

NIST's assessment also found that im
proved measurements are needed to assist 
industry in meeting its challenges, particularly 
improvements in materials characterization, 
yield, display performance, and display/com
puter interfacing. The technical requirements 
for manufacturing active-matrix liquid-crystal 
displays (AMLCDs), plasma display panels 
(PDPs), and electroluminescent (EL) displays 
are major challenges that give rise to anum
ber of measurement and standards needs 
(Table 1). A specific example is the· set of 
technical concerns and priorities for AMLCDs 
expressed by display manufacturers at a 1993 
meeting of the Display Working Group of the 
Photonics Materials Workshop (Table 2). 

NIST has initiated new internal programs 
on video technology to address some of the 
measurement needs identified in its assess
ment. These needs are as follows: 

• The assessment of display performance. 
• Display tests that are technology-inde

pendent. 
• The automation of display measure

ments. 
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Measured Quantity 

Defect density 
Resistivity 
Flatness 
Birefringence 
Carrier mobility 
Refractive index 
Absorption coefficient 

Defect density 
Chemical identification 
Layer thickness 
Layer uniformity 

Pixel response time 
Gray-scale linearity 
Brightness 
Contrast ratio 
Field of view 
Resolution for color uniformity 
Resolution for intensity 
Aliasing 
Fixed-pattern noise artifacts 
Color and brightness non-uniformity 

Figures of merit for resource allocation 
Semiconductor memory 
CPU time 

• The interfacing of displays with com
puters. 

NIST is developing a measurement-tech
nology program for advanced imaging sys
tems, and is creating three new laboratories to 
provide measurements of display perfor
mance. These laboratories are the Video Pro
cessing Laboratory, the Display Measurement 
Laboratory, and the Flat Panel Display Inter
face Laboratory. 

One goal of this program is to help develop 
a common specification language for display
performance characteristics. Such a language 
is needed by both manufacturers and users to 
conveniently assess a display's suitability for a 
given task. Since this NIST program is tech
nology neutral, it is well-positioned to provide 
assistance in the development of standards 
and measurement practices that do not favor 
any single display technology. 

Video Processing Laboratory 
The Video Processing Laboratory is built 
around the Princeton Engine video supercom
puter, which is used for a variety of video-

processing applications such as assessing dis
play performance (Fig. 1).2

•
3 This massively 

parallel, single-instruction, multiple-data com
puter- developed by the David Sarnoff 
Research Center as a research tool - accepts 
multiple video signals as input, processes the 
video information in real time, and flexibly 
outputs multiple video signals. The machine 
has six video inputs and seven video outputs 
with programmable horizontal and vertical 
scan rates. Its plug-in cards accept (or pro
duce) either analog or digital video. 

Each scan line from a video image is digi
tized into I 024 pixels in real time. The entire 
line of pixels is processed simultaneously by 
1024 processors in parallel that run the same 
calculation or program for each pixel. This 
massive parallelism permits the machine to 
output processed video synchronously before 
the next line of the image becomes input. The 
result is real-time video processing of virtu
ally any video input. We can simulate on a 
standard high-quality CRT graphics monitor 
the video output that would appear, for exam
ple, on an LCD. 

With the Princeton Engine, we can measure 
the performance of compression-decompres
sion algorithms, and we can simulate display 
characteristics with analytical or empirical 
data that describe the performance of pixels in 
the display. In one of the Princeton Engine's 
modes, we can use a split-screen technique to 
display the original video on the left side of a 
CRT, while we display the same image after 
video processing on the right side {Fig. 2). 
Because the Princeton Engine can reliably 
simulate the performance of proposed designs 
without the need to make an actual display or 
have the simulation algorithms embodied in 
chips first, the time for manufacturing design 
can be shortened. 

Overall, the capabilities of the Video Pro
cessing Laboratory include (1) reai-time pro
cessing of video images, (2) real-time model
ing of display characteristics, (3) video-qual
ity metrics, and ( 4) visual-perception testing. 

In one application, we have used the 
Princeton Engine to perform real-time model
ing of flat-panel display (FPD) characteristics 
on a CRT. These characteristics include "see
ing" -before the display is manufactured -
the effect of resistance in the interconnections 
to the transistors that drive the pixels, the 
extent of "crosstalk" among neighboring pix
els, the color balance, and changes in the dis-



played image with viewing angle. We used 
the appropriate electro-optical properties of 
the pixels as the input parameters for model
ing a transmissive FPD (Fig. 3). The detailed 

relationships among these parameters, the 
viewing angle, and the path length of the 

transmitted light depend on the specific elec
tro-optical effect being exploited in the dis
play. 

The transmission curve for the model pixel 
relates the pixel's light output (vertical axis) to 

the voltage applied to the pixel (horizontal 

axis) (Fig. 4). The straight cyan line gives the 
transmission curve for a linear system. It 
varies from black to white and operates over 
the same range in voltage as that for the 

model pixel's transmission curve, shown in 
red. 

Table 2: Technical Concerns in the Manufacture of AMLCDs 

Concern 

Substrate particle 
inspection for 
uncoated, coated, 
and patterned layers 

Less-expensive color 
filters with less 
absorption of light 

Process materials 
development for 
active matrices 

New liquid crystals 
for reflective-mode 
operation (long-term 
and high-risk challenge) 

Substrate cleaning 

Resist and polyimide 
coatings 

Alignment layer 

Packaging 

Priority 

High 

High 

High 

High 

Medium 

Medium 

Medium 

Medium 

Cost/Yield 
Impact 

Primary 

Primary 

Secondary 

Primary 

Primary 

Secondary 

Secondary 

Performance 
Impact 

Secondary 

Secondary 

Primary 

Primary 

Primary 

Primary 

Measurement 
Needs/Issues 

Defect density, chemical 
identification, and index 
of refraction 

Transmission efficiency 

Fast in-situ 
measurements of 
process parameters such 
as deposition rates, 
thickness, and chemical 
stoichiometry; statistical 
process control ; and 
reduced processing time 

Pixel response time, 
gray-scale linearity, 
viewing angle, resolution, 
birefringence, and layer thickness 

Surface density of 
contaminants 

Speed of application, 
amount that is waste, 
layer uniformity , and 
thickness in real time 

Relative rubbing speeds, 
pressure, spacing 
between ridges, cross 
section of ridges, and 
uniformity of these 
quantities across large 
areas 

Crosstalk among drivers, 
speed with which rows 
and columns may be 
addressed, pitch, 
viscosity of liquid crystal 
with temperature, and 
thickness and size of 
substrates 
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measurements and standards 

NIST 

Fig. 6: Video output from the Princeton Engine that shows a false negative-like image at large 
viewing angles. This is equivalent to operating a display with a range of inpllt roltages that 
spans both sides of the transmission curve's first maximum. 

NIST 

Fig. 7: Video output from the Princeton Engine that shoiVS image degradation caused by resis
tance in interconnections to TFTs vertically down the model display. 
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For a given electro-optical effect, changes 
in the viewing angle produce effective 
change in the operating region on the trans
mi sion curve. In the modeled display. 
increased contrast and a concomitant lo of 
detail would occur in the dark and bright por
tions of an image. Many of the gray of the 
original are mapped into the darks. This i 
consi tent with the overlayed graphic. By 
adju ting the voltage range. for example, to 
exploit a more linear region of the model 
tran mis ion curve. we can better match the 
original gray cale (Fig. 5). 

False-negative image -a major objection
able feature of electro-optical di play -
occurs when the portion of the transmi sion 
curve that i used exploits both sides of the 
first maximum (Fig. 6). Another concern is 
the re istance across and down the screen in 
the interconnections to the transistors driving 
the pixels. This causes a degradation in the 
voltage signal a a function of po ition on the 
screen (Figs. 2 and 7). These simulation are 
for a transmi sive display, but the Princeton 
Engine canal o be used to model emi ive 
and reflective display in real time. 

Display Measurement Laboratory 
We areal o as embling a photometric and 
colorimetric testing laboratory for completed 
FPDs - that i , displays with pixel drivers- to 
provide tests that are traceable to absolute 
units and correlated with the limit of human 
visual perception. This Display Mea urement 
Laboratory. which is adjacent to the Princeton 
Engine. will provide a flexible environment 
capable of addressing a large variety of di -
play-quality measurements. The laboratory 
can be used for radiometric. photometric. and 
colorimetric calibrations, and for ambient
light characterization. Thi laboratory will 
also serve as a testbed for combining robotic 
and automated systems to measure quickly 
signals sent to displays and light received 
from di plays. 

Where po ible. di play-technology-neutral 
photometric and colorimetric tests will be 
used. If necessary. such te t will be devel
oped. Te ts can be performed on transmissi ve 
panels with and without a backlight. on emis
sive panels. and on projection system . The 
purpo e of the laboratory i to demonstrate 
proof-of-concept for measurement practices 
that will be applied to limited production runs 
or limited numbers of samples. Thus, in 



NIST 

Fig. 8: An AM LCD under test in the FPD lnte1jace Laboratory at NIST, Gaithersburg, Mary
land. 

de igning the laboratory, we emphasized ver
atility rather than raw production peed. 

Key elements of this laboratory include an 
automated five-axis display positioner within 
a 1.9-m surround phere with controlled illu
mination and temperature monitoring, spec
troradiometer , colorimeters, and luminance
calibration somces. Other key elements 
include a charge-coupled-device (CCD) 
imager attached to a long-di tance micro-
cope, programmable video-signal ource 

(test generators, computer display adapters, 
and videotape and disk recorders). video-sig
nal monitors, and laboratory computer to 
control the apparatus and to log and analyze 
data. 

These systems can provide comparative 
measurements among panels. and among pix
el within a panel , and reference them to ab a
lute luminance standard . 

FPD Interface Laboratory 
1ST is also assembling a laboratory to 

achieve interoperability and flexibility 
between FPDs and computers. In order to 
accomplish thi , it wi ll be necessary to 
develop logical electrical and mechanical 
standard for interfacing FPDs to computers. 
NIST is coordinating effons to develop volun
tary indu try standards in thi area. 

Research is also being conducted on inter
face architecture for connecting FPD to 

advanced computer and on performance 
measures for these interfaces. As can be seen 
in Fig. 8, there are cunently no logical electri
cal or mechanical standards for connecting 
FPDs to computers. This lack of standards 
has led to difficulties in integrating FPDs into 
computer systems, and ha prolonged the 
development of plug-and-play products. 

External Programs 
In addition to its internal programs on dis
plays, NIST has an external program, the 
Advanced Technology Program (ATP), that 
funds companies to do precompetitive and 
generic research in many technologies. Fund
ing decisions are made trictly on a competi 
tive basis through submitted propo als that are 
evaluated for technical and business merit in 
response to ATP solicitations. The A TP ha 
made several award that are related directly 
or indirectly to di play technologies. These 
include: 

• The American Display Con onium to 
develop automated inspection and repair 
technology, interconnections. packaging, 
and patterning technology. 

• The American Scaled-Electronic Con
senium to develop multi-film module 

technology and fabricate flat-panel dis
plays with on-board drivers and logic on 
a glas sub trate. 

• FED Corp. to develop field-emitter dis
play . 

• Hercule , lnc., to improve optically con
trolled alignment materials. 

• Cree Research to advance SiC crystal 
growth, epitaxial deposition, and doping 
proce ses for power electronics and blue 
light-emitting diodes. 

• Thoma Electronics. Inc., to develop flat 
fluore cent light sources. 

• Philip Laboratories to develop micro
miniature light-source technology. 

For information on ATP award that relate 
directly to displays, send a fax to Thomas 
Leedy at 301/926-9524. To receive a Pro
poser's Kit for responding to ATP solici ta
tions. call l-800-ATP-FUND. 

Conclusions 
NIST will uppon the display industry in 
developing flat -panel video-quali ty mea ure
ments and standard by modeling display , 
performing photometric and calorimetric te t
ing, interfacing displays and computers, and 
providing funds for pre-competitive and 
generic research on FPD manufacturing. 

A necessary but not sufficient condition for 
di plays to deliver a full measure wi ll be 
internationally accepted measurement tech
nique for manufacturing and for characteriz
ing displays. and con istent set of interopera
ble, exten ible, and compatible standard and 
protocols that can be u ed for many applica
tion throughout the global village. 

Notes 
*This anic le i a contribution of the ational 
In titute of Standards and Technology, not 
subject to copyright. Certain materials. com
puter . and equipment are identified in thi 
paper in order to specify the procedures ade
quately. Such identification doe not imply 
recommendation or endorsement by the 

ational Institute of Standards and Technol
ogy, nor does it imply that the material , com
puters, and equipment so identified are neces
arily the best available for the purpo e. 

1National Institute of Standards and Technol
ogy. "'Measurements for Competitivene in 
Electronic , .. Chap. 11 in : Video. National 
lnstitwe of Srandards and Technology !mer-
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nal Report NISTIR No. 4583 (NIST. Gaithers
burg, Maryland, April 1993). pp. 339-378. 
Chapter II contains a more complete as es -
ment of the technical challenges and measure
ment needs faced by the display indusu·y than 
contained in thi summary. Readers may 
obtain copies of NT STIR 4583 by sending a 
fax to H. S. Bennett at 3011975-4091. 
2B. F. Field and C. Fenjmore. ··video Proce 
ing wi th the Princeton Engine at NlST,"' in : 
National Institute of Standards and Technol
ogy Technical Note I 288 (NlST, Gaithers
burg, Maryland. August 1991 ). 51 pp. 
30 . Crun, J. Passe, F. Benard , H. Taylor, and 
S. Knight , ''The Princeton Engine: A Real
Time Video System Simulator,' ' 1£££ Trans. 
Consumer £/eCTI·on. 34. o. 2. 285-297 (May 
1988) . • 

The Klein CRT 
Inspection Microscope 
Model 
Shown 
measuring 
CRT 
blemishes, 
attached 
with its 
suction cup 
base. 
• SOx power 

Mode2 
Shown 
with its 
bench 
top base. 

~ Klein Optical 
k:! Instruments 
8948 S.W. Barbur Blvd., Dept. 100 
Portland , Oregon 97219 U.S.A. 
Phone: (503) 245-1012 
FAX: (503) 245-8166 

Circle no. 20 
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BEAMVIEW!! Another of the dazzling array of fast, accurate measurement capabili 
ties of the SS200. Th is full y automati c test .. strips away .. the shadow mas k and allow 
complete analys is of the beam in seconds. Includes convergence. MTF. jitter, luminance. 
line width. contour maps, and an automatic test suite for ISO 9241 qualification testing. 
See these and many other test functi on. performed at your location. Contact Microvisio n 
to be included in our next demon trati on tour in your area. Call 1-800-93 1-3 18 . 

MICROVISION 
180 Knowles Drive, Suite 100 
Los Gatos, CA 95030 
(408) 374-3158 FAX (408) 374-9394 

lnt'l Reps: 
Japan , ARGO CORP., 06 339 3366 
Taiwan , Superlink Tech ., 02 705 709 
Korea, B & P lnt'l. , 02 546 1457 

Circle no. 21 

Specializing in the Design and 
Manufacture of High Quality 
Color and Monochrome CRT Displays. 
Call us to Discuss your Specific OEM Requirements. 

12300 Pecos, Westminster, CO 80234 (BOO) 926-5556 (303) 451-1300 Fax: (303) 451-1143 
Circle no. 22 
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display continuum 

continued from page 4 

tors and managers of this existing facility. 
They were quite puzzled when their new man
ager expressed concern instead of gratitude 
upon being told what a great favor they had 
done for him. Why was he "fussing"? Could
n't he see how they had substantially short
ened the time to get the factory operational? 

For Bob, the new manufacturing manager, 
manufacturing was his life - it was his burn
ing passion. He kept up on all the latest tech
niques, and had an excellent track record. He 
looked forward to this opportunity to bring a 
new technology into successful volume pro
duction. He was, however, uneasy that the 
founders viewed his task with such lack of 
enthusiasm and seemed to hold his position in 
such low regard. Oh well, he would just have 
to prove his value as he made his contribution. 

The first signs of trouble came just 2 
months later. Bob had been trying to imple
ment a complex thin-film coating process that 
was the key to making the new display prod
uct meet its gray-scale uniformity spec. It had 
been done successfully in the lab, but when 
Bob looked into it, he found that even the 
most senior lab technicians could only get the 
process to work when everything was "just 
right." The demo display currently being 
shown to customers had been carefully 
selected as the best from more than a dozen 
attempts. In Bob's opinion, there was no way 
to transfer this touchy process into a manufac
turing environment. 

Before he joined the company, Bob had 
carefully read the business plan, so he was 
well aware of the planned selling price for the 
product. From past experience, he knew he 
should put a high priority on establishing 
manufacturing costs based on the preliminary 
throughput and yield results. His first-pass 
calculations left him shaken. How could the 
founders have promised a selling price that 
was well below the expected variable cost of 
manufacturing? If he added his fixed costs 
and the company's overhead, the product 
would have to be priced at least five times 
higher. 

Needless to say, he quickly became the 
least popular member of the management 
team. If he was so dam capable, why wasn't 
he fixing these problems instead of complain
ing about them? The final ugly scene 
occurred when Bob tried to tell the founders 
that the people retained from the previous 
business would require far more training than 
had been planned. He had found that key 
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display continuum 

groups, such as the people in the machining 
area, had never worked in a demand-sched
uled factory and had no idea of the principles 
behind just-in-time manufacturing and/or total 

quality management. While pretending to go 
along with the new systems, they were either 
ignoring them or subverting them by keeping 
secret "stashes" of safety stocks and using the 

Improve the cost /performance 
ratio of your system to gain 
the competitive edge 
Whether you're designing a new system or trying to improve the performance 

of an existing one, DISCOM can custom-tailor components to extract maximum 

performance from your system design. 
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yokes, DISCOM engineers can design and build a 
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design. Then, by combining our unique mass

production techniques with rigorous statistical 

quality control, we can maintain custom specs 

throughout production at a non-custom cost. 

Thirty-two years of high-voltage power supply experience 
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manufacturers in the industry. They know that 

DISCOM power supplies provide superior 

performance and reliability in a smaller size and 

footprint. Our designs can be customized to 

any system requirement for maximum 

performance at a minimum cost. 

DISCOM builds high-performance components for the world's most demanding 

manufacturers- for avionics, radar, imaging, CAD, projection, medical and laser 
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informal methods of work assignments they 
had always used. As a result, his quality mea
sures were in a shambles, he had no idea of 
the real yield numbers at each process step, 
and he couldn't tell which part of the process 
needed improvement the most. 

This problem was especially serious 
because not only were these people unable to 
perform in this new environment, they were 
unwilling to do so. Unable and willinr: he 
could fix by training, but unable and unwill
ing, he knew, usually meant dismissal or (at 
least) a move to a different organization. 

Can you think of anything else that Bob 
could have done to make himself more "popu
lar"? He had told the founders that their tech
nology couldn't be made manufacturable. His 
estimates showed that they would have to 
price their product much higher than cus
tomers wanted to pay. And, in his considered 
opinion, the factory they had acquired with 
such ease wasn't such a great deal after all , 
since it would take much longer and cost a 
great deal more to start up. (Perhaps you will 
think back on this story the next time you read 
a flashy press announcement about a start-up 
having just acquired someone's existing facil
ity and expecting to be in volume production 
in just a few months.) 

Bob's exit from New-Age Displays, Inc., 
was only a precursor to what happened a year 
and a half later, when the venture fund man
agers decided that what this company really 
needed was some "experienced managers" to 
turn it around. 

Getting technology to market requires a 
Burning Passion and unwavering dedica
tion to making a product manufacturable 
at a competitive cost. 

Technology, Market Understanding, and 
Manufacturing are the three success fun
damentals of any profitable high-tech 
business. The failure of any one spells 
the failure of all. 

The growing importance of displays as the 
"Windows into the Information Age" and the 
desire within the United States to improve its 
world share of display-manufacturing capabil
ity are creating a need for engineering and 
management talent passionately dedicated to 
manufacturing. Japan, followed by Taiwan 
and Korea, recognized this need some years 
ago and undertook the training of engineers 
and scientists specializing in this area. The 
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re ults of this dedication are today self-evi
dent. 

Manufacturing is a di cipline intolerant of 
shortcuts. Throughput improvement , yield 
increases, and cost reductions are accom-
pli hed in methodical and carefully structured 
steps. For the U.S. to get to world-clas status 
in display manufacturing, it may have to bor
row talent from its semiconductor and auto
motive indu tries to fill the gap. Is there 
enough to go around? 

For a number of years now. my per onal 
buming passion has been "taking technolo
gies to market.'' For me. that means di cover
ing new market opportunitie and meeting 
them with manufacturable products. Thu , I 
am alway earching among my display 
indu try colleagues for those with an interest 
in manufacturing. So far. here in my U.S. 
home, I'm feeling a bit lonely. 

However. I wi ll look to meet many of you, 
from all parts of the world, on January 31 at 
the Display Manufacturing Technology Con
ference (DMTC) in Santa Clara, California. 
It's an event that should become the opportu
nity to learn the latest in what is happening in 
di play-manufacturing technology worldwide. 
Thi year's addition of product exhibits wi ll 
make the DMTC an even more special occa
sion. 

To begin thi month 's industry new seg
ment, In Focus Systems, Inc., and the David 
Sarnoff Research Center made it official at 
the International Display Research Confer
ence in Monterey, California, by announcing 
the formation of Sarif, Inc. At a reception for 
the press and interested conference attendees 
(who filled the room to capacity and spilled 
into the hallway). they announced that the 
new company wou ld produce and commer
cialize polysilicon active-matrix f1at-panel 
di splays and projection sy terns. As previ-
ou ly mentioned in this column , the new com
pany will be headed by Steven R. Hix, who 
will serve a Chairman and CEO. At the heart 
of this new venture is the active-matrix 
poly ilicon technology that the Sarnoff Center 
has researched and developed over the last 10 
years with more than S35 million inve ted , 
including funding from ARPA, the Wright 
Aeronautical Laboratory, the National 
Information Display Laboratory, and a 
number of private companies . Among the 
dignitaries at this event were John Harker, 
Pre ident and CEO of In Focus Systems, and 
Curt Carlson, Vice President of Sarnoffs 
Information Systems Research Division, the 
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laboratory that developed the pol ys ilicon tech
nology. 

Plasmaco, Inc .. of Highland. New York. 
has announced a major restructuring of its 
operation as a first step towards enabling the 
company to pursue the commerciali zation of 

it recently demonstrated full-color FPD. The 
total financing, which included debt restruc
turing and new equity, exceeded S6 million. 
The new equity financing wa led by Atlantic 
Venture G r oup, Inc., a New York City based 
merchant banking firm, together with a group 
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• No Mask to Substrate Contact - No Mask Damage! 
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~TAMARACK Anaheim, CA 92806 
~ scientific co., inc. 1 040 N. Armando St. 
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Visit us at DMTC '95- Booth #420 
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of new shareholders. Stephen E. G lobus, 
Chairman of Globus Growth Group, Inc. , will 
become the Chairman of Plasmaco, with J ohn 
J, Antretter , the President of Atlantic Yen-

ture , a suming the po itions of Acting CEO 
and Director. La rry F. Weber. a founder of 
Plasmaco in 1987. was named President and a 
Director of the company. Donald F. Neville, 

Qu.a.nturn i).lT.l" G X•oo MHZ video signal generator 
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Analog & Multi-Media V' 

Bandwidth (MHZ) 150 
Output protection V' 
Connectors V' 

NTSC (BNC) V' 
PAL (BNC) V' 
S-Video V' 

Output protection V' 
COnnectors V' 
Memory size 2K x 1 K x 4 
Displayed colors 
analog/TIL 16/64 

RS-232 V' 
IEEE-488 V' 
Programmable via GUI t1 
Front panel display LCO 16 x 2 char 
Format storage 300 
Standard formats 120 
Standard images 4 7 
12-1/4" l X 7-1/4" W X 3-3/4" H 
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Vice President of Atlantic Ventures, was 
named CFO, and Michael J, Sprague was 
elected Vice Pre ident. 

Licensing agreements have been signed by 
Tektronix. Inc. , of Wilsonville, Oregon. with 
two Asian companies for Tek's patented liq
uid-cry tal pi-cell technology. The Tek
developed technology, which include both 
color-shutter and tereoscopic di plays, has 
been used in products sold by everal Tek
tronix in trument divisions, as well as a grow
ing number of outside industrial, medical, and 
con umer-product suppliers . The new 
licenses. granted to Delta Electronics, Inc., 
of Taipei. Taiwan. and Vikay Industrial Ltd. 
of Singapore, represent an attempt at further 
expansion for the pi-cell LCD implementa
tion . Both Delta and Vikay will be working 
closely with Tektronix to provide a migration 
path for Tektronix's existing cu tomer base. 
Vikay has established a new company called 
Nu Vision Technologies, Inc., in Beaverton. 
Oregon, which will focus exclusively on mar
keting and engineering pi-cell-based shutters 
for the industrial and con umer display mar
ket . The Display Products group at Tek
tronix wa hut down effective October 28. 
1994. 

Chomerics, Inc. , of Woburn. Massachu
sett . has been acquired by the Parker Han
nifin Corporation from W. R. Grace & Co. 
Chomerics is the world's largest manufacturer 
of EMI shielding materials and thermal inter
face products. The company also has facili
ties in Hudson, ew Hampshire, and Marlow, 
U.K. Chomerics will operate as a divi sion of 
the Parker Seal Group. Parker Seal is head
quartered in Irvine. California. and provide 
many types of industrial and commercial seal
ing devices and related products. 

A always, contributions to and comments 
about this column are most welcome. I can be 
reached by phone at 6091734-2949. by fax at 
6091734-2127, and by e-mail at aris_silzar 
@maca.sarnoff.com. If you prefer the mail , 
please send your information to Aris Silzars, 
Contributing Editor. Information Di play. c/o 
Jay Morreale, Palisades Institute for Research 
Service , Inc .. 201 Varick Street. Suite 1006, 

ew York, Y 10014. • 

Please send new product releases or 
news items to Joan Gorman, Depart 
ments Editor, Information Display, c/o 
Palisades Institute for Research 
Services, Inc. , 201 Varick Street, New 
York, NY 10014. 



new products 

continued from page 7 

VGA-driven plug-in TFT-LCD 

Computer Dynamics, Greer, South Carolina, 
has introduced the V AMP-XGA, the first 
1024 x 768 color TFT-LCD that can be driven 
directly from a PC's standard VGA/SVGA 
analog signal. As a complete plug-in package 
for OEMs, the V AMP-XGA includes an 11 .8-
in. brilliant color LCD, an optional resistive 
touch screen, all driver electronics, an easily 
mounted 14.5 x 10.5 x 3.5-in. metal frame, 
and RS-232 cabling for the touch-screen and 
display controls. Applications include finan
cial-information display, statistical process 
control, and data-acquisition applications, 
medical instrumentation, and mapping sys
tems. The VAMP-XGA is priced at $7645 
(OEM quantity) for the 11 .8-in. color TFT
LCD and touch screen. Delivery is stock to 
30 days. 

Information: Sales Department, Computer 
Dynamics, 107 S. Main Street, Greer, SC 
29650. 803/877-8700, fax 803/879-2030. 
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Color VGA ac plasma display 

Thomson Tubes Electroniques, Velizy, 
France, has introduced the TH 7675B, a 512-
color VGA ac plasma display panel. This 640 
x 480-dot display has an RGB color-pixel 
pitch of 0.4 mm, resulting in a 13-in. diagonal. 
The white area brightness is 50 cd/m2

. The 
TH 7675B combines ROB-phosphor color 
and the inherent qualities of ac plasma flat
screen technology, which include ruggedness 
and a stable flicker-free high-contrast image 
with a viewing angle of over 160°. Options 
include the power-supply unit, coupler board, 
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and touch-input device. The flat-screen panel 
is designed for an enhanced temperature range 
from -10 to +60°C. It is primarily intended 
for industrial data processing and ruggedized 
military applications. 

Information: Thomson Tubes Electron
iques, BP 121 , F-78148 Velizy Cedex, France. 
33-1-30-70-36-45, fax -50. 
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Sunlight-readable VGA monitor 

Lucas Control Systems Products, DeecoTM 
Systems, Hayward, California, has introduced 
the ST1230-SR, a sunlight-readable VGA 
monitor built to withstand the demands of out
door or industrial use. Features include a 
backlit transflective LCD with 640 x 480 res
olution and a 1: I pixel aspect ratio. The 
ST1230-SR is 100% VGA-compatible and 
utilizes a proprietary infrared touch system 
with mouse emulation. The monitor is 
designed for round-the-clock viewing under 
harsh ambient-light conditions, particularly in 
direct sunlight or where bright lights are pre
sent. External knobs fine-tune contrast and 
backlight brightness. Encased in a rugged 
cast-aluminum enclosure, the monitor is fully 
enclosed and sealed to meet NEMA 4 & 12 
(IP65) standards. It can be located up to 300 
ft. from a PC without modification or the use 
of external line drivers when connected by 
coaxial cables. Ultrathin by VGA-monitor 
standards, the ST 1230-SR measures 12.72 in. 
(323 mm) high, 13.47 in. (342 mm) wide, and 
5 in. (127 mm) deep, and weighs 26 lbs. (11.8 
kg). The viewing- and touch-area dimensions 
are 7.71 in. (196 mm) wide by 5.8 in. ( 147 

mm) high. Operating temperatures range from 
0 to 45°C and humidity from 0 to I 00%. Pric
ing for the STl230-SR is $4180 in volume 
quantities. Delivery is 90 days ARO. 

Information: Melissa May, Lucas Control 
Systems Products, Deeco SystemsTM, 31047 
Genstar Road, Hayward, CA 94544-7831. 
510/471-4700, 1-800-376-1154 in USA and 
Canada, fax 510/489-3500. 

Small color TFT-LCD monitors 

AND, a division of William J. Purdy Co., 
Burlingame, California, has introduced the 
AND-TFT-4 and the AND-TFT-5, 4- and 5-
in. color TFT monitors. The 4-in. monitor has 
outline dimensions of 128.5 em (W) x 102.8 
em (H) x 25.2 em (D) and a pixel number 
(RGB trio) of 220 x 160. The input signal is 
PALINTSC compatible analog RGB (0.7 
Vp-p) with composite sync. The unit requires 
a single +1 2-V power supply. The 5-in. mon
itor has outline dimensions of 145.2 em (W) x 
92.4 em (H) x 33.0 em (D) and a pixel num
ber (RGB trio) of 234 x 240. The input signal 
is NTSC composite (1.0 Vp-p) signal and ana
log RGB (0.7 Vp-p) interface. It requires a 
single +9.5-V power supply. Both units are 
full-color LCDs employing thin-film transis
tor (TFT) technology, with a contrast ratio of 
50: I and luminance of 250 cd/m2

. Modules 
also have CCFL backlight with on-board 
power supply. The AND-TFT-4 and AND
TFT-5 are suitable for various applications 
such as portable television, medical, avionics, 
and automotive instrumentation, and portable 
test and measurement equipment. 

Information: AND, 770 Airport Blvd., 
Burlingame, CA 94010. 415/347-9916, fax 
415/340-1670. 
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Micro-etchable glass 

Schott Glass Technologies, Inc. , Duryea, 
Pennsylvania, has introduced FOTURAN®, 
micro-etchable photosensitive glass designed 
for micro-optics, integrated optics, electron
ics, medicine, biotechnology, and communi
cations. Unlike ceramics, it is pore-free, its 
breaking strength is considerably higher than 
silicon, its temperature stability and chemical 
resistance are much higher than those of plas
tics, and, compared to metals, it features better 
corrosion resistance and lower thermal con
ductivity while offering the advantage of 
electrical isolation. FOTURAN® glass is 
available in a wide variety of dimensions and 
geometries. For components, the minimum 
achievable hole or slot size is 0.025 ± 0.005 
mm and maximum hole density is I 0,000 
holes/cm2

• For high-temperature applications, 
it can be converted to a brown glass ceramic 
by special heat-treatment and processing pro
cedures. 

Information: Schott Glass Technologies, 
Inc., 400 York A venue, Duryea, P A 18642. 
717/457-7485, fax -6960. 
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Hi-res multi-sweep monitors 

Image Systems Corp., Hopkins, Minnesota, 
has introduced the M21 L2KHBMAX 21-in. 
(landscape) and the M21P2KHBMAX 21-in. 
(portrait) Hi-Res Multi-SweepTM (HRMSTM) 
gray-scale monitors with 100-fL nominal 
brightness. The 90° long-life di spenser-cath-

ode CRT provides excellent performance and 
high brightness, with little degradation over 
the life of the monitor, and has a contrast
enhancing anti-reflective anti-static faceplate. 
These monitors are ideal for medical imaging 
and other applications requiring up to 
5,000,000 pixels of resolution coupled with 
high brightness . The HRMSTM circuitry 
allows the monitor to scan from 85 to 170 
kHz and from 55 to 80 Hz for a flexible 
flicker-free display of up to 2048 x 2560 high
resolution portrait or 2560 x 2048 landscape. 
The suggested list price of the monitors is 
$6000. OEM and systems-integrator dis
counts are avai lable. 

Information: Image Systems Corp., 11595 
K-Tel Drive, Hopkins, MN 55343. 612/935-
1171 , fax 612/935-1386. 
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AR coating for plastics 

Balzers, Ltd., Balzers, Liechtenstein, has 
introduced GEDOLIN, a broadband, multi
layer anti-reflection coating particularly suited 
for transparent plastic substrates, with best 
results on polycarbonate. GEDOLIN has 
been field-proven in instrument cover panels 
in heavy road vehicles and in aerospace appli-

cations, providing a glare-free view of panel 
instruments. It has also found widespread use 
as an anti-reflection coating in certain optical 
systems chosen for their light weight and 
resistance to breakage. GEDOLIN can also 
be applied to pre-hardcoated plastic sub
strates, giving good adhesion values and high 
resistance to environmental influences. 

Information: G. Becker, Balzers, Ltd., FL-
9496 Balzers, Principality of Liechtenstein. 
49-67-22-7-07-28, fax -61. 
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Miniature power supply 

American High Voltage Corp. , El Cajon, Cali
fornia, has announced a new low-cost regu
lated 5-W miniature high-voltage power-sup
ply series packaged in 3 in? and designed to 
withstand extremes of shock, thermal shock, 
vibration, and acceleration in accordance with 
MIL-STD-81 0. Applications include capaci
tor charging, xenon tubes, geiger counters, 
piezo devices, and avalanche-diode systems. 
Electrical characteristics include voltage 
input, 12 V ± 2 Vdc; voltage output, 5 models 
covering an output range from I 00-1200 V de; 
power output, 5 W; current input, I 00 rnA (no 
load) and 600 rnA (full load); ripple, I%; and 
regulation, 0. 1% (line and load). The dimen
sions are 1.5 x 2.5 x 0.8 in., with an operating 
temperature range of -20 to +85°C. 

Information: Gerry Krebs, Sales Manager, 
American High Voltage, 1957-A Friendship 
Drive, El Cajon, CA 92020. 619/258-5804, 
fax -6816. 
Circle no. 11 • 
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editorial 

conrinued from page 2 

prices of ··1 0-in. type .. -a loose desi gnation 
for LCDs in the range of 9.4- 10.4 in.- color 
TIT-LCDs built in first-. second-. and third
generation factorie . Today's price (first gen
eration) i about $800. In 1996, when second
generat ion fac tories come on line, the price 
will be about $550. Third-generation facto
rie , which should come on line about 1999, 
should be able to produce uch a di play for 
an OEM price of less than $400. 

And with that. we will leave Mr. Bohan
non ' very intere ting tran lation . 

- Ken Werner 
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To participate as an exhib itor at 
DMTC '95 in Santa Clara, please call 
Erika Suresky. Exhibit Manager, Pal
isades Institute for Research Sen•ices, 
Inc., at 212/620-3375,fax -3379. 

--
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Digital Halftoning 
by Robert Ulichney 
362 pages 
MIT Press, Cambridge, Massachusetts, 1987 
Price: $50.00 

Reviewed by THEOPHANO MITSA 

Although published in 1987, Digital Haifton
ing by Robert Ulichney is still the only refer
ence book for the reader interested in the prin
ciples of digital halftoning, or "spatial dither
ing," which is the method of rendering the 
illusion of continuous-tone pictures on dis
plays that are capable of producing only 
binary picture elements. Given the recent pro
liferation of binary-output devices such as 
laser printers and fax machines, digital 
halftoning is becoming an issue of increasing 
importance in the electron ic-imaging industry. 

At the beginning of the book, Ulichney pre
sents the fundamentals of digital halftoning, 
providing a comprehensive catalog of the 
most widely used halftoning techniques, 
which are organized by computational com
plexity and according to the nature of the dots 
produced, dispersed, or clustered. The tech
niques are analyzed either in the spatial 
domain or frequency domain, although there 
is an emphasis on analysis in the spatial 
domain. The book also emphasizes the devel
opment of halftoning algorithms that best 
match the specific parameters of different tar
get display devices, particularly for nonstan
dard grid geometries. 

Chapter I discusses the basic operations of 
an image-rendering system. In Chapter 2, the 
parameters of the Physical Reconstruction 
System are described, and a new aspect-ratio 
immunity argument in favor of hexagonal 
grids is developed. The best measure of the 
virtues of a halftone algorithm is its abi lity to 
render areas of uniform gray. Chapter 3 pre
sents tools for the Fourier analysis of binary 
patterns produced by different halftoning tech
niques. Introduced are "exposure plots" of 
composite Fourier transforms which present 
insight into the nature of periodic binary pat
terns, and "radially averaged power spectra," 
along with a measure of anisotropy to provide 
a mechanism for studying aperiodic patterns. 

Theophano Mitsa is Professor of Electrical 
and Computer Engineering at the University 
of Iowa, Iowa City, Iowa. 

In Chapter 4, dithering with white noise is 
investigated. Although devoting a whole 
chapter to white-noise dithering seems rather 
unnecessary at first , Ulichney points out that 
this is done for historical reasons and to pro
vide a means to check the validity of the intro
duced metrics of radially averaged power 
spectrum and anisotropy. The topic of Chap
ters 5, 6, and 7 is ordered dither. In Chapter 
5, clustered-dot dither techniques are dis
cussed, while in Chapter 6 dispersed-dot 
dither techniques are considered. In Chapter 
7, a solution to providing symmetrically 
ordered dither patterns for any unidirectional 
resolution is presented. 

Chapter 8 presents the very popular error
diffusion algorithm, and it is one of the most 
important chapters in the book, as it presents 
the concept of "blue noise." This provides an 
excellent means of explaining the visually 
pleasing properties of the binary patterns pro
duced by neighborhood operations. Error dif
fus ion with perturbation is also introduced in 
Chapter 8 and its performance analyzed via 
anisotropy and radially averaged power-spec
trum plots. A brief discussion of other neigh
borhood processes and of multi bit and color 
displays is provided in Chapter 9. 

In general, the book is well-written and pro
vides a thorough analysis of the most widely 
used halftoning techniques from a theoretical 
point of view, while also investigating some 
important practical issues such as tackling dif
ferent grid geometries. Since Digital Haifton
ing was published in 1987, significant 
advances have been made in the field for both 
black-and-white and color displays. Since 
digital halftoning is such an important topic, 
and this is the only book in the area, up-to
date books that include the most recent 
advances in halftoning would be welcome in 
the field. • 

SID '95 
Symposium, Seminar 

and Exhibition 

Walt Disney World 
Dolphin Hotel 

Orlando, Florida 

May 21-26, 1995 

To the Editor: 

In the SID show report entitled, "The Way to 
San Jose," [on page 34] of the September 
issue, a mistake was made. You aptly 
described our polarizing ink, LCD color fi l
ters, and stereoscopic 3D display technology, 
but you gave credit to Advanced Backlight
ing. Our company name is Reveo, Inc., 
located in Hawthorne, New York. Please 
inform the readers of this error. 

-Edwin J. Hill 
V.P. Advanced Programs 
Reveo, Inc. 
Hawthorne, New York 

We regret the error in crediting Reveo's inter
esting technology. 

-Editor 

To the Editor: 

Your article, "The Way to San Jose," which 
appeared in your September 1994 issue, men
tioned [on page 34] the BARCO Graph-X 
Wall and stated that "Atlanta is planning to 
use the system for highway traffic control for 
the 1996 Olympics." It should have said that 
Atlanta is planning to use a multi-screen sys
tem for highway traffic control for the 1996 
Olympics. Although BARCO will be among 
the bidders, the city of Atlanta has not decided 
which multi-screen di splay it wi ll use. 

To the Editor: 

- Luc Fabry 
Marketing & 
Communications Manager 
BARCO Chromatics 
Tucker, Georgia 

Thank you for the kind review of Color in 
Electronic Displays, edited by Heino Widdel 
and myself, in the September issue of Infor
mation Display. Unfortunately, the price 
shown for the book in that review ($ 1 04.95) is 
incorrect. The price in the U.S. and Canada is 
$85; elsewhere, $102. 

- David L. Post 
Armstrong Laboratory 
Wright-Patterson AFB, Ohio 
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The ultimate measurement versatility. 
For brightness, color, and CRT frequency, the PR-880, our next generation, 

fully-automatic filter photometer is the brightest star in the sky. 
Equipped with patented Pritchard optics, for benchmark through-the-lens 

viewing accuracy, its built-in automatic attenuators, colorimetry filters, and 
apertures provide illuminating value, speed, and precision. 

Fully automatic, the PR-880 masters space and time with ... Auto Measure
ment and_ Calculation. One-key, programmable calibration. Full on-board 
CPU control. And a brilliantly backlit supertwist LCD display. 

And, its advanced Auto data logging, RS-232 Remote operation, and 
universe of accessories, deliver stellar application pelformance in: 
• AMLCD Display Measurement • Automotive Lighting 
• Aircraft Panel Luminance & Color • Electroluminescent Panel 
• Color Temperature Determination Evaluation 

• CRT Luminance & Contrast 

Fittingly, the PR-880 weighs less, costs less, and takes less to operate than 
any photometer in its class. And, its rugged, single-component design does 
more of the work, while you do less. 

Leap ahead ... to ultimate versatility in brightness and color measurement. 
The PR-880 ... 

''Ahead
Automatically." 

9330 DeSoto Avenue, Chat worth, CA 91311 -4926 USA 
( 18) 341 -5151 FAX: (818) 341-7070 

Circle no. 42 (Please send literature) 
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North America Sales Represenlall ves:CALIFORNIA SCIENTIFIC SPECTRUM (Northern) Ph. (408) 997-8410 (Southern) Ph· (71 4) 770-1251 COLORADO SOUTHWESTERN ENG INEER ING Ph: (303) 
581·9526 FLORIOA ELECTRO-OPTICS.INC. Ph: (407) 645·1000 ILLINOIS BROOKS ENGINEERING Ph: (312) 271-2452 NEW JERSEY ANALECTRO,INC. Ph: (800) 247·3581 ENMARKASSOCIATES. 
INC. Ph: (908) 752·3660 NEW MEXICO SOUTHWESTERN ENGINEERING Ph· (505) 881·3677 OHIO ME COM. INC. Ph. (419) 457·3231 TEXAS SOUTHWESTERN ENGINEERING Ph: (214) 340·1741 
VERMONT DLG ASSOCIATES Ph: (508) 877·7880 WASHINGTON NORTHWEST TECHNICAL Ph: (206) 523·7228 
International Sates Representatives: AUSTRALIA HAD LAND PHOTONICS Ph: (61) (3) 560·2366 BELGIUM A NALlS SA Ph. (81) 225085 FINLAND· HELSINKI DEX OY INFRA Ph: (358) 200 600 
700 FRANCE INSTRUMAT S.A. Ph: (1) 69·28 ·27· 34 GERMANY OPTEEMA ENGINEERING GmbH Ph: (212) 67352 HOLLAND LANDRE-INTECHMIJ B.V Ph: (20) 56· 96 ·611 HONG KONG LIBERD 
Ph (85) 2 518-0603 ISRAEL ANKOR Ph: (3) 575·4242 ITALY PHOTO SYSTEMS SAS Ph. (2) 9537-9353 JAPAN KYOKKO TRADING COMPANY Ph· (3) 3586-5251 KOREA DONGHWA 
INCORPORATED Ph. (2) 521·0301·5 SEPOONG IND CO LTD Ph. (2) 587 5292 SINGAPORE SEIDENSHA CONTROLS Ph (65) 760·0896 U.K. MICRON TECHNIQUES LTD. Ph: (44) 81 ·343 • 
4836 TAIWAN TITAN ELECTRO-OPTICS CO. Ph: (886)2·788-9500 TURKEY ATOTEST Ph: (312)229·9804 All trademarks are property of Kollmorgen . Palents Pend>ng 
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