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Making Displays 

One way or another, display manufacturing is an 
international business. The French company Thom­
son owns and operates the RCA television plant in 
Indianapolis. Sony makes data-grade CRTs and 
monitors in San Diego and nearby Mexico. CRT 
plants operate in eastern Europe, India, and mainland 
China. 

The lion's share of flat-panel displays are made in 
Japan, but substantial plant investments are being made in Korea, Taiwan, the 
Netherlands, and the United States. At least one Japanese and one Korean com­
pany are doing display assembly in the U.S. International partnerships and 
licensing agreements are common. American-made steppers and testers are sold 
in Asia, Japanese equipment is sold in the U.S. and Europe, and European 
equipment is sold in the U.S. (You can fill in any of the combinations and per­
mutations I may have missed.) 

In this, Information Display's second annual manufacturing issue, Bob 
Donofrio's article on shadow-mask suspension systems hints at the vibrant inter­
national cross-fertilization in design and manufacturing. The other three articles 
address issues in flat-panel manufacturing -laser annealing, automation, and 
semi-reactive sputtering targets for ITO- that are of interest wherever FPDs are 
manufactured. 

If you would like a first-hand look at the exciting technology, equipment, and 
business of international display manufacturing, consider attending Display 
Works 96, February 6-8 at the San Jose Convention Center. Jointly sponsored 
by SID, SEMI, and USDC, Display Works is a superset of SID's two successful 
Display Manufacturing Technology Conferences. For registration information, 
call SEMI at 415/940-6902. For information on exhibiting, call Cindy Goldstein 
at 415/940-6933, or you can call your local SEMI office if that's more conve-
nient. 

-Ken Werner 
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Out, Damned Spot! ... 

by Aris Silzars 

I must be a slow learner. It seems that whenever I try 
to gain understanding by reading about a subject or 
by being told about it in a classroom, it does not sink 
in very well. The only aha's I get are when there is 
agreement with what I think I already know or rein­
forcement of what I have chosen to believe. For 

really interesting new stuff, the results are invariably much better if I can have 
"A Personal Learning Experience." Lately, I have had a few such experiences 
that I want to share with you. They have caused me to rethink some previously 
held opinions about how much care one needs to exercise to protect the environ­
ment, particularly when building and operating a development lab and/or a man­
ufacturing plant. As the display industry grows, and more of us become 
involved in the manufacture of displays, I believe these issues will take on 
increasing importance. Perhaps reading about my experiences will reinforce 
some that you have also had, or perhaps they will inspire you to search out new 
ones all your own. 

Experiential Learning 101-A 
No question about it, there was a pizza-sized bare spot in our lawn, and it was 
getting bigger. The year before, it had been less than a foot across, and now it 
had grown to at least eighteen inches. At first , I hadn't given it much thought. I 
could vaguely remember that when the house was being built four years earlier, 
a plumber's truck had been parked near that spot and had dribbled a bit of cut­
ting oil or some other plumber-useful petroleum product. After the lawn was 
planted, the grass in that one little spot just didn't seem to want to grow. 

No big deal. The rains would soon wash away whatever was there, nature 
would take care of the problem, and all would be forgotten. But a year later, the 
darn spot was still there, more prominent than ever. And the year after that. 
And now in the fourth year, it had grown to thi s ugly patch that could no longer 
be ignored. It had by now become that "damned spot." It was time for action. 

My plan was simple. Dig up a few inches of the "dead" stuff and replace it 
with some fresh soil and turf. That should have taken all of a few minutes. But 
as each shovelful of soil was tossed into the wheelbarrow, an acrid, oi ly, solvent 
smell filled the air. The excavation grew to two feet across and six inches deep. 
Still the smell was there. One foot deep. I could still smell decomposing oily 
solvent. Eighteen inches down. It was finally getting fainter. Two feet down. 
The smell was no longer detectable (at least by my uncalibrated nose detector). 
Good. I had taken care of the problem. 

Taken care of it- except for one minor but rather significant detail. I was 
now the not-so-proud possessor of one very large wheelbarrow fu ll of thor­
oughly contaminated soil. Four years of rain and sun hadn't been able to clean it 
up- what was I going to do with it? 

We live on a country road, and the weeds always seem to be a problem along 
the roadside. Considering that I couldn't come up with any other reasonable 
alternative, I decided that thi s stuff should be a great weed-killer, and, if I spread 
it out over a large enough area, nature should finally be able to dissolve or evap­
orate what was still left. And, luckily, I can report that now, one year later, the 

continued on page 46 
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Comer Lock Suspension 

A CRT's shadow mask must be mounted to the panel precisely -
but in a way that compensates for thermal expansion. 

by Robert L. Donofrio 

B ECAUSE CATHODE-RAY TUBES (CRTs) con­
stitute a mature technology, every detail of 
their construction has been refi ned time and 
time again -and continues to be. This is cer­
tainly true of the suspension systems presently 
used to hold the shadow mask in a color CRT 
in its proper position relative to the front 
panel. The demands on a suspension system 
become more severe as tubes get larger, and 
in this article we will di cuss the corner sus­
pension systems used in jumbo-size tubes-
31 V, 32Y, and 35Y- by Philips, Thompson, 
and Toshiba (Fig. 1). (Matsushita and Sony 
u e four-point "axial" systems.) 

The Shadow Mask 
The color shadow-mask system provides color 
separation by independently exciting each of 
the three primary-color phosphors in a triad -
which are arranged in either tripes or dots -
without permitting crosstalk between the color 
channels. This is done by keeping the shadow 
mask in the same fixed position relati ve to the 
screen when the phosphor stripes or dots are 
screened onto the faceplate and when the elec­
tron beam excites the phosphor, gi ving rise to 
the color image. 

Fig. 1: A (Ypica/ modern corner suspension system fo r mounring the shadow mask of a large 
color CRT. This one, f rom Philips, is also shown in Fig. 4. 

The modern shadow mask - or mask 
assembly - is composed of a thin apertured 
metal plate about 0.2 mm thick, a thicker 

Robert L. Donofrio is Engineering Group 
Leader at Philips Display Components, 1600 
Huron Parkway, P. 0. Box 963, Ann Arbor, 
M/48106-0963; telephone 313/996-9400,fax 
313/662-9090, e-mail: "al ::donofrio" 
@63.361 .decnet.philips.n/. 
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Fig. 2: A bimetallic a~ia/ spring fo r suspending a color-CRT shadow mask. 

0362-0972/9511 I I 1-012 1.00 + .00 © SID 1995 



(a) 

4 

_ __j 

(b) 

Fig. 3: (a) "Old" Zenith comer suspension 
system. (b) Zenith's Mark IV comer suspen­
sion system. 

frame structure to which the aperture mask is 
welded, and suspension springs that are usu­
ally secured to the frame. The mask is usually 
bent to a specific contour in a process called 
forming. The mask assembly is kept in its 
preferred position by three or four supports 
called studs or pins that are located in the 
glass panel. The springs that are welded to 
the frame lock on to the studs. There are two 
basic types of suspension systems used in 
today's color CRTs: axial suspension and cor­
ner suspension. In an axial system, the studs 
are located near the center of each side of the 
panel skirt- the extension of the CRT's glass 
front panel that is approximately at right 
angles to the panel itself. (If the panel is 
placed face down on a workbench, the skirt 
will stick up like the sides of a glass baking 
pan.) 

Mask Heating and Axial Springs 
The number of holes (or apertures) in the 
shadow mask is only about one-third the num­
ber of dots (or stripes) on the panel. Allowing 
for support ribs and tie bars, the mask trans­
mits only about 20% of the electrons that 
impinge upon it. Therefore, during the opera­
tion of a color tube, about 80% of the elec­
trons strike the mask, which heats it. 

As a rule of thumb, a mask which is bom­
barded with 25-kV electrons at a current of 
1.2 rnA becomes heated to about 80°C if spe­
cial measures are not taken to counteract the 
heating. Among these countermeasures is the 
use of coatings on both the mask and on the 
aluminum on the phosphor screen. Using a 
material with a higher atomic number as a 
coating on the mask will backscatter more 
electrons, and using a heat-absorbent coating 
on the aluminum will transfer heat to the 
panel and thus provide a cooler mask. 

A heated mask expands and domes. If 
nothing were done, this would cause a shift in 
the position of the electron beam striking the 
panel. Ideally, the action of the bimetallic 
axial springs is to move the domed mask 
closer to the panel (Fig. 2). This motion re­
positions the apertures to allow the electron 
beam to pass through the same aperture to 
excite the same phosphor stripe it had excited 
before the mask was heated. Unfortunately, 

Information Display I I/95 13 
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CRT manufacturing 

the doming of masks with axial suspension 
can lead to a 30-40-!.!m spot displacement in 
that part of the mask that is most sensitive to 
doming - the region about two-thirds of the 
distance from the center to either end of the 
horizonal axis (C. Admiraal and H. Bonge­
naar, 1988). If uncorrected, this doming can 
lead to purity (color) changes in the viewed 
picture. 

Axial Systems 
The mask doming caused by heating was cor­
rected in early round color tubes by using 
three mounting springs equally spaced with 
120° separations (C. Admiraal and H. Bonge­
naar, 1988). When rectangular color tubes 
were introduced in the 1960s, the three 
springs were placed near the tube axis. Some 
manufacturers added a fourth spring for rigid­
ity . These springs are called thermal-compen­
sation springs and are located between the 
panel studs and the mask. The thermal com­
pensation is achieved by using two dissimilar 
metals, such as CrNiFe and NiFe, and the 
designed shape of the springs. The action of 
the springs is to move the mask towards the 
panel as the mask, frame, and springs are 
heated. The problem here is that the thermal 
compensation is slow because of the large 
mass of the mask and frame and that the 
springs must heat up via the heating of the 
mask and frame. 

In addition, there are unwanted effects 
stemming from heating of the deflection yoke, 
which provides "compensation," i.e., 

mask-frame motion, even when the mask 
does not dome. And there is torsional defor­
mation at the corners of the mask because the 
heavy corners are not supported (K. Tokita et 

al., 1988). These corners can give rise to 
microphonic movements, and rotational or 
bending movements occur because the axial 
springs have some non-symmetrical compen­
sation. Recently, it has been observed that in 
axial systems there is a tendency for the mask 
to rotate upon heating, and, depending on the 
design of the mask frame, bowing may be 
seen in the corners (S. K. See et al., 1994). 

Corner Suspension Systems 
In the 1970s, Kazimir Palac of Zenith devel­
oped a corner-like suspension in a forerunner 
of the Mark IV tube (K. Palac, 1975). Here 
the corner-like suspension was made up of 
two bimetallic springs secured to a plate that 
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Fig. 4: Philips' corner suspension system. 

locks into a corner bracket [Fig. 3(a)]. In 
1976 Adamski patented the leaf-spring system 
with a frameless mask [Fig. 3(b)]. This was 
the system discussed by Palac in 1976 for the 
Mark IV tube, which used a frameless mask 
and a skirtless panel. 

But the real thrust towards corner suspen­
sion came with the advent of the flat square 
(FS) picture tube. In the last few years, masks 
with reduced doming have also been required 
because of the increased use of high-contrast 
low-transmission glass, which requires a 

magnetic 
shield 

mask support link 

\ 
diaphragm 

-- mask ---::: -

higher beam current and anode voltage to get 
back some of the luminance lost using the 
light-absorbing glass. In some cases, these 
conditions have required the use of a mask 
material -such as Invar™- with a lower 
coefficient of expansion to reduce the doming. 
These factors have made corner suspension 
systems a common feature in today's jumbo 
color picture tubes. 

In our Philips mask-suspension system, a 
lightweight mask frame is used to allow the 
mask and frame to achieve the same tempera-



Fig. 5: Toshiba 's corner suspension system. 

ture rapidly. By suspending the mask with a 
non-bimetallic hinge plate and setting the 
plate at the required angle, "a complete geo­
metrical compensation for the expansion of 
the mask occurs. This system does not have 
to wait for the hinge plate to warm up before 
it reacts" (Fig. 4) (J. van den Berg and A. A. 
S. Sluyterman, 1991). In the final assembly, 
the hinge plate is laser-welded to the panel 
stud to ensure that the mask assembly will not 
come off the panel stud. The Philips system 
has been tested in drop tests and no permanent 
purity degradation was seen for accelerations 
up to 60 g. 

In 1987, Toshiba described a non-bimetallic 
corner-suspension support system. Here the 
angle of the stud and hole in the cantilevered 
plate have been arranged to make the plate 
"skidproof' (Fig. 5) (K. Tokita et al. , 1988). 

In 1990, Thomson Consumer Electronics 
reported on the corner lock-type mask suspen­
sion systems used on its 31 V (Fig. 6) (R. C. 
Bauder and F. R. Ragland, 1990). Their 
design considerations were a low-mass mask 
frame, tolerance of 35-g shock, effectiveness 
on tubes with a 16 x 9 aspect ratio, geometri­
cal and thermal compensation adjustable for 
iron and Invar masks, and design-for-manu­
facturability criteria. Thomson showed that 
Invar masks have now reduced the beam 
motion to about 10 11m on the major axis. But 
"steel" and iron masks give a much larger 
major-axis beam shift. 

Summing Up 
There are presently three different types of 
corner suspension systems for jumbo tubes: 
those of Philips, Toshiba, and Thomson. The 

(a) 

FRAME 

(b) 

Fig. 6: (a) Photo and (b) drawing of Thomson's corner suspension system. 

Philips system (with geometric compensation) 
has a very light frame and hinged corner 
brackets that are laser-welded to the studs. 
The Toshiba method (with geometric compen-

sation) uses a heavier frame with cantilevered 
suspensions at the four corners. The Thomson 
system uses a frame similar in weight to 
Toshiba's and a corner "clip-and-spring" sys-
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CRT manufacturing 

tern with geometric and thermal compensa­
tion. In order to correct for some of the prob­
lems discussed in this article, axial suspension 
systems use mask frames that are very heavy 
- and usually in a panel that is not as flat as 
those permitted by comer suspension systems. 
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1 Excimer-Laser Annealing 

Polysilicon makes better TFTs, but how do you 
fabricate them at low cost and high throughput? 

by Michael Simile 

L DAY, A BROAD RANGE of liquid-crystal 
displays (LCDs) is available to the product 
designer. A fu ll-color active-matrix liquid­
crystal display (AMLCD)- one of the most 
technically demanding display devices- can 
meet the needs of the most advanced indus­
trial and consumer products. But once the 
designer chooses an AMLCD, the type of 
transistor used in that display must also be 
selected: either a polysilicon thin-film transis­
tor (poly-Si TFf) or an amorphous-si licon 
(a-Si) TFf. Poly-Si TFfs provide many 
advantages, especially in direct-view displays 
with diagonal measurements greater than 17 
in. , in small displays with closely spaced pix­
els, and in displays viewed from relatively 
wide angles. 

Poly-Si TFfs offer a carrier mobility that is 
2-3 orders of magnitude higher than that of 
a-Si. Higher carrier mobili ties permit periph­
eral driver circuits to be built directly on the 
display substrate. Built-in driver circuits sup­
port high-density displays, reduce the number 
and length of interconnect lines, and improve 
display refresh times. With all these benefits, 
however, poly-Si TFfs have yet to be widely 
adopted. 

Manufacturability issues have deterred 
designers from routinely adopting poly-Si 
TFf-based displays. Yields have been low, 
costs have been high, and production-level 

Michael Simile is President and CEO of 
XMR, Inc., 5303 Betsy Ross Drive, Santa 
Clara, CA 95054-1 102; telephone 4081988-
2426, fax 4081970-0742. 
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(a) 
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(b) 

Fig. 1: (a) The classic quasi-Gaussian intensity profile of an excimer-laser beam is not ideal 
for the uniform heating of a deposited a-Si film to produce consistent laser annealing. (b) Pro­
cessing the beam with a beam homogenizer gives the beam a "top hat " profile, with an intensity 
that is constant across the top to ±5%. This profile allows precise spatial scanning across the 
substrate. 
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manufacturing rates have not been achieved. 
However, we believe that a new process being 
discussed in the industry is capable of making 
poly-Si TFf-AMLCDs the devices of choice. 

The Lure of Poly-Si 
Currently, most AMLCDs use TFfs made of 
a-Si because the a-Si process is relatively 
straightforward and, although a-S i is not a 
high-quality semiconductor material , it has 
been good enough for most applications. 
But now, product designers are demanding 
AMLCDs that are brighter and have increased 
resolution. The demand for increased bright­
ness means that more light must pass through 
each pixel. The demand for increased resolu­
tion requires pixels to be placed closer 
together - and therefore smaller. One way to 
simultaneously satisfy these conflicting 
demands is to increase the aperture ratio of 
each pixel - the percentage of the pixel area 
through which light can pass. And the most 
direct approach to increased aperture ratio is 
making the TFf smaller. 

Maintaining switching speed in more 
densely constructed pixel arrays- especially 
as displays increase in size- requires higher 
carrier mobilities than a-Si can provide. Thi s 
is where polysilicon 's main advantage comes 
in : carrier mobilities are excellent. And as 
TFfs become smaller, uniformity in the 
deposited a-Si, as well as in the recrystallized 
poly-Si , becomes more important. 

CMOS driver circuits for AMLCDs are 
currently constructed as separate integrated 
circuits, remote from the display, and consti­
tute a significant cost in their own right. The 
difficulties in making connections to these 
remote driver circuits in turn create yield 
problems. CMOS drivers can be implemented 
in poly-Si , which means they can potentially 
be fabricated on the display substrate at the 
same time as the TFf layer itself. This cou ld 
reduce cost and improve reliability, dramati­
cally reducing the number of connections 
between the display and the outside world. 
Driver integration is desirable now and is 
likely to become much more so as the com­
plexity and density of LCD circuitry 
increases. 

The main obstacle to selecting poly-Si 
AMLCDs has been their manufacturabi lity. 
One significant area of improvement has been 
the development of a low-temperature anneal­
ing process in lieu of high-temperature fur-

nace annealing. Recently, a development con­
tract sponsored by the Advanced Research 
Projects Agency (ARPA) provided the means 
for XMR, Inc., and Xerox PARC to develop 
and prove this alternative method to furnace 
annealing. 

Getting a Handle on Annealing 
In the traditional poly-Si fabrication process, 
the deposited a-Si is converted to poly-Si by 
placing the entire substrate in an annealing 
furnace. But the temperatures encountered in 
the annealing furnace wou ld damage the glass 
typically used for a-Si AMLCDs. The current 
solution to this problem is to use a quartz sub­
strate, which has a higher melting point but is 
also substantially more expensive. Another 
drawback to furnace annealing is that the 

heating and cooling times are quite long, typi­
cally several hours, and the substrates are 
batch-processed. Both of these requirements 
decrease throughput rates in high-volume 
manufacturing. Nonetheless, furnace anneal­
ing produces good results and is viable for the 
current generation of small - 4-in. on the 
diagonal or less - poly-Si displays used for 
head-mounted, camcorder, and projection 
applications. However, when manufacturers 
contemplate using furnace annealing for 10-
in.-diagonal and larger displays, the issues of 
substrate cost, throughput, and yield become 
more significant. 

In the process evaluated by XMR and 
Xerox PARC, a fast-pulsed excimer laser is 
used to crystallize a-Si into poly-Si. Because 
the laser can heat the silicon to the proper 

XeCI Excimer Laser Crystallized Poly-Si 
TFT W=SO j.Jm, L=20 j.Jm 
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Fig. 2: The carrier mobility in laser-annealed poly-Si TFTs depends upon laser shot density, 
laser energy, and substrate heating, among other variables. 
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AMLCD manufacturing 
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Fig. 3: XMR's ELA 9/00 e.rcimer-laser annealing sysrem is composed of a 200- W 308-11111 XeC/ 
excimer laser rlwr genet-are up ro 667 mJ/pulse m 300 H:. a beam-delil·err and subsrrare-han­
dling sysrem, and rrc111slarion stages, 1'acuu1n chamber, and conrrol systems. The sysrem can 
anneal 20 suhstrates/hour. each as large as 350 x ./50111111. 

annealing temperature without heating the 
substrate past its damage threshold. relatively 
low-cost glass can be u ed as the substrate 
material. 

How Excimer-Laser Annealing Works 
The XMR study utilized a high-repetition-rate 
(300-Hz). fast-pulsed (-15-ns), 308-nm XeCI 
laser. The ultraviolet laser energy is strongly 
absorbed by the layer of deposited a-Si. where 
the energy produces high local temperatures 
and crystallizes a-Si into poly-Si. The laser 
beam wa shaped into a rectangle. the dimen­
s ion~ of which can be varied from 2 x 2 to 65 
x 65 mm - including very high aspect ratios 
up to 2 x 65 mm. The laser beam is scanned 
aero s the substrate su1face at sweep rates of 
up to 13.4 mm/s in combination with laser­
pulse repetition rates of up to I 00 Hz. The 
scanning pattern is a raster scan. with the 
beam perpendicular to the urface of the 
substrate. 

The laser's overlapping pattern of rectangu­
lar pulses is controlled with high precision by 
the motion of the stage and the optical train. 
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Thus. the system can integrate both a-Si and 
poly-Si devices on one substrate by selec­
tively annealing only those areas of a-Si 
which the designer wishes to convert to poly­
Si. 

XMR has developed a beam homogenizer 
that controls the size. energy intensity. and 
uniformity of the beam. The homogenizer 
converts the Ia er's qua i-Gaussian beam­
intensity profile to a uniform .. top hat .. profile 
that is essential to the annealing process 
(Fig. 1). 

Our study showed that condition must be 
controlled with high precision if the desired 
results are to be achieved. It may not be easy 
to tabilize laser crystallization at optimal 
peak energies if condition uch as substrate 
temperature. laser-energy inten ity. or film 
thicknes. are changed. Even small variations 
from optimal conditions may produce undesir­
able grain size and reduced mobility. as well 
as inconsistent crystallization. Factors such as 
shot density - the effective number of laser 
shots at any specific location- laser energy. 
and substrate heating can have significant 

consequences for the ultimate performance of 
the device (Fig. 2). 

Thus far. research indicates that optimal 
annealing can be accomplished with excimer 
lasers and low shot density if the energy-den­
sity levels are high enough. A I 0% dec rea e 
in the overlap. which effectively decreases the 
shot density by I 09C. can improve throughput 
rates by as much as an order of magnitude 
thanks to decreased scan (processing) times. 
Equally important are maintaining Ia er­
energy stability and beam uniformity to pro­
duce optimum uniformity in annealed devices 
on the flat-panel display (FPD). The ELA 
9100 is an excimer-laser annealing system 
that provides the high power. stability. unifor­
mity. and controlneces ary to create poly-Si 
devices (Fig. 3). 

The Study's Conclusion 
The ARPA-sponsored project concluded ear­
lier thi year. but research and proces 
improvement are ongoing. At the 13th IDRC. 
Strasbourg. France. August 31-September 3. 
1993. XMR and Xerox PARC jointly reported 
that excimer-laser crystallization produce 
device mobilities that are more than adequate 
for AMLCD applications without compromis­
ing uniformity. XMR presented results at the 
SEMICON/Kansai-Kobe FPD Technology 
Symposium (June 16-17. 1994) indicating 
equally good mobilities and device character­
istics that can be achieved u ing either 
PECYD a-Si or LPCYD a-Si. which should 
win broader acceptance for the process. 
Finally. this year at SID's Second Annual Dis­
play Manufacturing Technology Conference 
in Santa Clara. California (January 31-
February 2. 1995). a paper was presented that 
showed throughput rate can be increased by 
usi ng an ultra-long beam. with a high aspect 
ratio. that reduces the number of scanning 
pa ses required to anneal a substrate. thus 
improving process throughput. 

With the development of a well-defined 
manufacturing process and a tool that can 
readily control the key parameters. excimer­
laser annealing is now able to deliver reduced 
materials and process co ts. improved device 
performance. and the ability to mix a-Si and 
poly-Si device on the same substrate - thu · 
allowing the integration of CMOS drivers. 
We therefore believe that excimer-laser 
annealing is now a viable and attractive alter­
native for creating the poly-S i necessary for 
the most advanced AMLCDs. • 
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Automation Is Coming! 

Makers of automated semiconductor-manufacturing systems are 
applying their know-how to the needs of FPD fabricators. 

by James J. Costa 

T.E FLAT-PANEL-DISPLAY (FPD) industry is 
addressing the same issues today that the 
semiconductor industry faced in 1990. Major 
manufacturers dominate the industry, while 
second-tier and specialty fabrication facilities 
(FABs) are carving out important niches. 
Larger substrates are on the horizon, and man­
ufacturing quality and productivity are receiv­
ing great attention. 

In 1990, major shifts were occurring in the 
consumer marketplace for products that used 
semiconductors. External market forces (con­
sumer demand for new electronics products, 
product competition, and more cost-effective 
purchasing) and internal industry forces (new 
technologies, technology licensing, and strate­
gic alliances) drove the main players to base 
their next big competitive moves on price 
competition. Long-range strategists recog­
nized that price competition would only be 
possible by optimizing the FAB and that 
automation would be the heart of that process. 

We will now take a look at the parallels 
between semiconductor FABs and FPD manu­
facturing, and we will find that FPD manufac­
turers are well positioned to employ some of 
the robotic and automation products that have 
been proved by their semiconductor cousins. 
Fortunately for FPD manufacturers, main­
stream automation companies are now draw-

]ames]. Costa is Vice President of the 
Automation Systems Division of PRJ Automa­
tion, Inc., 805 Middlesex Turnpike, Billerica, 
MA 01821-3986; telephone 508/670-4270 ext. 
3369,fax 508/663-1825, e-mail info@pria. com. 
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ing upon their years of experience in semicon­
ductors to introduce the next generation of 
FPD robotics. 

Semiconductor Automation 
In 1995, more semiconductor FABs in North 
America have begun major automation pro­
grams or retrofits than in the previous 5 years 
combined. Three key end-user demands that 
have had dramatic impact upon semiconduc­
tor technology, processing, and materials han­
dling are the forces driving towards automa­
tion. 

Higher Performance. The use of more 
powerful semiconductors in a broad spectrum 
of existing and new applications quickly 
impacted the FAB floor. These new chips 
were physically larger, more valuable, much 
more complex, and had finer line geometries. 
These characteristics forced major process 
changes that could only be accomplished with 
automation and robotics. 

The higher chip densities raised the value 
of the wafers and therefore the cost of errors. 
New, more expensive process tools were 
developed that demanded higher utilization to 
achieve capital payback. Finally, the sheer 
volume through the FABs mandated increased 
attention to tracking work-in-process (WIP), 
storage-space requirements, and manufactur­
ing control. 

Lower Prices. FABs also had to meet mar­
ket demand for lower prices through better 
asset utilization (storage space and expensive 
process equipment), higher yields (cleanroom 
environments and reduced error rates), and 
significant improvements in productivity (via 
WIP control). 

0362-0972/95/1111-022$1.00 + .00 © SID 1995 

The need to lower prices has produced a 
drive to ever-increasing wafer sizes, which 
require ever-increasing levels of automation. 
The movement from I 00-mm-diameter wafers 
to 200 mm - and now to 300 mm - did more 
than simply raise the value per wafer. It also 
created a significant ergonomic and human­
risk issue. The increased weight of cassettes 
and pods, combined with the increased vol­
ume through the FAB, made manual tool 
loading and materials transport too dangerous, 
as well as impractical for yield and productiv­
ity reasons. 

Faster Time-to-Market and Product Dif­
ferentiation. As worldwide competition 
increases, bringing a technology to market 
quickly becomes crucial to a company's suc­
cess. In addition, it is difficult to pick up a 
major magazine today without seeing articles 
on added value and product differentiation. 
These issues are certainly evident in semicon­
ductor FABs- and in FPD manufacturing. 

But bringing new technologies to market 
quickly and responding to changing market 
requirements in an agile fashion d~mand that 
the FAB be able to respond quickly, re-tool as 
necessary, expand when required, and con­
stantly be under tight manufacturing control. 
Flexibility is critical. More set-ups and multi­
plexed operations increase demands upon 
cycle time, tool utilization, and WIP control. 

In the past 5 years, robotics and automation 
have had a dramatic impact on semiconductor 
FABs by: 

• Raising utilization of expensive process 
equipment and tools. 

• Reducing particulate contamination and 
increasing yields. 



• Addressing ergonomic and safety issues. 
• Lessening the need fo r very costl y c lean­

room space. 
• Reducing storage requirements. 
• Increasing manu facturing and WIP con­

tro l. 
• Improvi ng handling and yields fo r fragile 

and expensive product. 
• Providing manu facturing flex ibili ty and 

multiplexing. 
In short, automation provides us with the 

mo t cost-effecti ve way of transporting frag­
ile, high-value product through the FAB while 
max imizing yield. output , and safety. 

Components of an Automation System 
One of the most vexing issues in FPD automa­
tion is the degree to which leading FPD manu­
facturers have been fo rced to develop their 
own automation system strategy and cus­
tomize their automati on components. 

The four general areas in which automation 
can help obtain the most cost-effecti ve facility 
are automated storage and retrieval systems, 
materi als-transport systems, tool-loading sys­
tems, and materials-contro l software. 

The first opportunity to benefit from 
robotics is in automated storage/retrieval sys­
tems (ASIRS). The AS/RS "stockers·· in 
semiconductor fac ilities look like nearly fea­
tureless cabinets on the outside, but they allow 
max imum storage with a minimum footprint. 
There is no need fo r WIP build-up to be con­
centrated on the FAB fl oor. Current-genera­
tion stockers can easily be connected to auto­
mated materials-transport systems that can 
de li ver cassettes/pods to process tools down 
the aisle- or to the next building. 

The transport of materials is the second part 
of a comprehensive and flexible automation 
system, and is in many ways the heart of a 
network of storage, tool-loading, intermediate 
WIP, and proces -line automation equipment. 
In semiconductor facilities, automated guided 
vehicles (AGYs) and overhead monorail 
transp011 systems are both in common use. 
Automated FPD-process ing fac ilities use on­
surface rather than overhead transport because 
of the weight and size of the panels. These 
AGVs transfer materials between stockers 
and between a stocker and the process tools 
(Fig. 1). 

Once materi al is at a processing bay or sec­
tion, automated guided transport/loaders 
(AGTLs) bring the WIP to the robots that load 

PRI Automation , Inc. 

Fig. 1: This robot vehicle loads substrates into manufacturing tools. 

the process tool. These AGTLs use either 
tracks or paths defined by material embedded 
in the fl oor or appl ied to its surface. Because 
the on-surface paths can be moved as needed, 
these guided vehicles are very flex ible compo­
nents of the manufacturing system that can 
respond quickly to a need fo r pl ant expansion 

or revised product flow with minimal impact 
upon production. 

The third piece of the automation puzzle 
consists of tool-loading robots (see cover 
photo). Such systems are designed to maxi­
mize the utili zation and throughput of today ' s 

expensive dedicated process tools. For FPD 
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FPD manufacturing 

manufacturing. these systems mu t be able to 
handle the weight of the panels. the extended­
reach req uirements. the load orientat ion. and 
the required z-plane movement. which i ub­
stantially greater than that required of their 
counterpart in semiconductor proce ing. 

The fourth requirement is for an automation 
materials-control software (MCS) sy tern that 
i an integral part of the manufacturing host 
software. Manufacturing control mandates 
trier WIP lot tracking in the production and 
·rorage area. optimized material movement. 
and process-tool integration. Thi s. in turn. 
means that the roboti cs must be fully inte­
grated wi th the MCS and provide automatic 
update of WTP and in ventory tatus. 

When all four parts of the automation sy -
tem are present. there is till one fin al critical 
requirement which is common to every 
automation system: flexibility. It is difficult 
to overstate the need for automation and 
robotic to work wi thin the constraint of 

exist ing facilitie and process requirements. 
And any automation and robotics ystem must 
be able to accept facility changes without 
impacting production. Multiplexing of prod­
ucts within a given fac ility demands an 
automation y tern that can be reconfigured 
on the fly. An integrated and fl ex ible automa­
tion system must hand le complex material 
routing and processing change -and sti ll 
provide absolute WIP tracking and manufac­
turing control. 

Parallels between Semiconductor and 
FPD Automation 
The most significant differences between the 
very similar set of requiremems for FPD and 
emiconductor manu facturing are size and 

cleanroom requirements. Both industries face 
the same demand to maximize tool utili za­
tion . tigh tl y control WIP, process diverse 
products through the fac ility. handle large 
torage requirement . and maximize yield for 

FPD 360 X 465 

FPD 550 X 650 

Fig. 2: Th e semiconducTOr indusTr" ·s mainsTream si::.es of /50- and 200-mm diameTers compare 
TO The FPD indusTry's 350 x -!-50 1111n. Th e large si::.e. high H·eighT. and long reach ThC/l charac­
Teri::.e FPD processing a1nplijr The need fo r auTOII ICITion. 
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problematic products. 
The word that di tingui he FPD from 

semiconductor is .. BIG ... Large size. high 
weight. and long reach characteri ze FPD pro­
ce ing and amplify the need for au tomation. 
The ·emiconductor industry' main tream 
size of 150- and 200-mm di ameter compare 
to the FPD indusu-y's 350 x 450 mm. While 
the semiconductor industry contemplates 300-
mm wafers. the FPD indu try is already mov­
ing to 550 x 650 mm (Fig. 2). 

The impact of size upon an FPD facility is 
significant. A fully loaded FPD cassette/pod 
weighs several time more than it semicon­
ductor counterpart. The need to acce large 
cassettes/pod wi th a wider pitch and thicker 
end-effectors requires increased z-plane 
movement. Today. many robotic systems 
designed for the emiconductor industry can­
not handle uch large panels wi thout exce -
ive ag. do not have sufficient z-plane move­

ment. and are not able to load proces tools 
because of the weight and reach requirements. 

The second major difference. at lea t for 
today. i cleanroom requirements. A semi­
conductor facility cuiTently requires cleanli­
ness in the Cia s I to Class I 0 range - a maxi­
mum of 1-1 0 airborne panicles 0.5 !-IITI in 
diameter or more per cubic foot of air. FPD 
manufacturing requires Class 10 in ome areas 
-photoli thography. CYD. pasting. film print­
ing. and TIT fabrication - and can tolerate 
Class I 00 and higher in other proce. sing 
areas. But there are early indications within 
the FPD industry that thi range will collapse 
to the Clas I to Class I 0 level over the next 
few year . Tab le I provide an overall com­
pari on of current semiconductor vs. FPD 
demands. 

The Future of FPD Automation 
CuiTent-generation semiconductor automation 
must be significantly enhanced before it can 
sati sfy the req uirements of FPD manufactur­
ing. FPD robots must upport heavier 
weights. have longer reach , and offer faster 
cycle times. AS/RS stockers have to be sub­
stanti all y redesigned to handle the higher pay­
load and increased size of FPDs while retain­
ing their proven reliability and software con­
trol. Class I and Class I 0 mini-en vironments 
and ubstrate loaders must be developed for a 
wide variety of FPD sub trate size . Attention 
mu t be given to improved ca sette designs 
that can be tandardized- as is now being 



Table 1: Semiconductor vs. FPD Requirements. 

Issue/Need 

Cleanliness 

Product size 

Product weight 

Semiconductor 

Class I 

200-mm diameter- present 
300-mm diameter- 3 years 

Several ounces 

FPD 

Class I or 10 

360 x 465 mm - present 
550 x 650 mm - near future 
600 x 720 mm - 2 years 

> lib. 

Cassette/pod 
loaded weight 

<I 0 lbs. ( 4.5 kg) for 200 mm 65 lbs. (29.6 kg) for 600 x 720 mm 

Sag Not an issue now < I mm over entire surface 
(but may be for 300-mm wafers) . 

WIP storage 
(buffering) 

Very safe, compact vertical 
storage, 25-s cycle time, Class I, 
smallest possible footpr int, 
internal transport rating of 25 lbs. 
( II kg) 

Very safe, compact vertical storage, 
<60-s cycle time, Class 1- 10, 
smallest possible footprint, 
internal transport rating of 80 lbs. 
(36 kg) 

Transport • Intelligent • Humans 
monorails • Dumb conveyors 

• Dumb conveyors • Manual carts 
• Track-mounted AGVs • Intelligent AGVs 
• Humans 

Mini­
envi ronments 

Opti onal technology used with 
SMIF interfaces to process tools. 

Robotic mini-envi ronment tool 
loaders required to interface with 
process tool. 

Cluster tools Required Required 

MCS Required Required 

Robotic 
movement 

Good point-to-point repeatability. 
Relatively small z-axis range. 

Good point-to-point repeatability 
with highly linear movement. 
Large z-axis range. 

Lot tracking 
& control 

Transfer time 

Required 

<4 s per wafer 

done under a Un ited States Display Consor­
tium contract. Stockers must have internal 
robot systems that support 40-70-lb. cas­
settes/pods and have grippers with six times 
the load rating of their semiconductor equiva­
lents. 

Traditional semiconductor robotics suppli­
ers need to offer a very different tool configu­
ration to handle the large glass areas of FPDs. 
A major difference is in the robot end-effec­
tors for FPDs. These devices must be large 
enough to support the glass without allowing 
more than I mm of sag, be thin enough to fi t 
within the pitch of the cassette, and stiff 

Required 

< 10 s per plate 

enough not to deflect. Automation suppliers 
will have to work with FPD tool manufactur­
ers in the design of custom end-effectors fo r 
specific needs wh ile employing standard mod­
ules to minimize cost. 

Because of the panel sizes, FPD tool load­
ers add a fair amount of footprint to the too l. 
When you add a cassette 1/0 module with an 
AGV interface to the loaders, the systems 
become quite large. Following the introduc­
tion of the fi rst FPD automati on systems, cus­
tomers will surely push their suppliers to con­
figure the systems to reduce equipment foot­
prints. 

Conclusion 
The FPD industry is in the enviable position 
of being able to benefit fro m the best develop­
ments in well -proven semiconductor automa­
tion while avoiding the years it took to bring 
these developments to fruition. Ex isting auto­
mated storage and materials-transport systems 
are being applied to meet FPD-industry 
demands, and the next generation of high-per­
formance tool-loading robots for FPDs are 
now being introduced. 

The parallels between semiconductor and 
FPD processing suggest that this automation, 
combined wi th the evolving technology of 
FPD processes, will lead to sign ificant price 
reductions and pe1formance improvements in 
FPD manufacturing over the next decade. • 
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Sputtering Issues for Flat-Panel Displays 

Ceramic ITO sputtering targets cost more than indium-tin-alloy 
targets, but for large substrates they're worth the cost. 

by David Danovitch and Hung Dang 

E T-PANEL DISPLAYS (FPDs) requi re a vari ­
ety of thin-fi lm deposi ti ons. Tabl e I list a 
few widely used materials with some of their 
display applications. The trend towards larger 
displ ays translates into a growing need for 
large-area depositions, while the need for 
improved display performance, quali ty, and 
cost is placing more stringent demands on the 
characteristics and quality of the deposited 
films. 

Because sputtering techniques can provide 
excellent film uniformity across large surfaces 
while maintaining high deposition rates, they 
are becoming the deposit ion technology of 
choice for mo t FPDs. But what should one 
know about this technology, particularly in 
regard to manufac turing metallized glass for 
displays? 

Ceramic vs. Glass Substrates 
The longstanding use of sputteri ng techniques 
for depositing thin film s onto ceramic sub­
strates provides a starting point for FPD pro­
cess design. But even when identical metal­
lizations are being sputtered, there are funda­
mental di fferences between typical ceramic 
and glass materials that demand variations in 
the sputtering process. The most important of 

these di fferences are the coefficient of thermal 
expansion (CTE) and the surface fi nish (see 
Table 2). 

Borosil icate glass, often used in the manu­
facture of acti ve-matrix liquid-crystal di splays 
(AMLCDs), has a CTE of about 3 ppmfOC, 
compared to va lues of 6-9 fo r an alumina 

ceramic. Most meta ll izations have CTEs in 
the range of I 0-30 ppm/°C, so there wi II be a 
greater CTE mismatch - and a greater inter­
fac ial stress - in the case of such a glass . This 
can translate into inferior adhesion of the met­
allization to the glass substrate. To minimi ze 
this effect, the sputter-process engineer must 

David Danovitch is Advisory Engineer for 
substrate and packaging applications at IBM 
Canada, Ltd. , 23 Blvd. de l'Aeroporr, 
Bromont, Quebec, JOE 1 LO Canada; Tele­
phone 5141534-7073,fax 5141534-7300. 
Hung Dang is Senior Associate Engineer for 
sputtering at IBM Canada, Ltd. 

Fig. 1: A glass substrate is loaded into a de-magnetron sputtering sysrem ar iBM 's Bromont 
facility in Quebec. The first chamber is an in-line steam clean. 
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Table 1: Some sputtered materials 
for FPD applications. 

Material Sputtering Display 
Type Mode Application 

Cr/Cu/Cr Metallic Plasma 

Au Metallic Plasma 

AI Metallic Plasma, EL 

Cr Metallic Color filter 
(AMLCD) 

ITO Reactive LCD,EL, 
or Semi- FED (most 
reactive displays) 

pay special attention to those parameters that 
affect thermal stress, such as processing tem­
perature and metallization thickness - espe­
cially of the first adhesion-promoting layer. 

Glass is inherently smoother than as-fired 
ceramic; only with extensive polishing can the 
surface finish of ceramic approach that of 
glass. There are pros and cons related to this 
difference. On one hand, the smoother sur­
face of glass absorbs less humidity, so there is 
no need to drive off moisture with a high sput­
tering temperature. On the other hand, glass 
does not benefit from the interlocking nature 
of a rough surface, which is another challenge 
to film adhesion. As a result, making sure the 
glass surface is clean prior to sputtering is 
critical. 

Pre-Cleaning Glass Substrates 
An efficient pre-cleaning process is essential 
not only for optimal adhesion, but also to 
ensure the best possible visual fi lm quality. 
The properties required of a display product -
in contrast to a microprocessor, for example ­
result in different criteria for the inspected 
substrate. At IBM Canada' s facility in 
Bromont, Quebec, for instance, the in-line de­
ionized steam-cleaning operation integrated 
into the sputter equipment is sufficient for 
ceramics, but we found that glass substrates 
needed an effective brush-cleaning operation 
to remove all organic residues. The in-line 
steam-cleaning can then serve as a final com­
plementary step for dust and particle removal, 
while the responsibility for brush-cleaning 
resides with the glass supplier (Fig. 1). 

Sputter Process Design 
Minimizing thermal stress at the metalliza­
tion-glass interface is important for optimiz­
ing adhesion. Substrate temperature and met­
allization thickness - two critical parameters 
in the interfacial thermal-stress relationship -
can be controlled on a de-magnetron sputter­
ing system by adjusting the heater element 
and current settings, respectively. These 
adjustments are easy to make and are rela­
tively stable, allowing quick changeovers 
between ceramic and glass substrates or even 
between glass substrates of different CTE -
borosilicate vs. soda-lime glass, for example. 
Combined with an effective pre-cleaning 
strategy, appropriate settings consistently pro­
duce adhesion levels that exceed display 
requirements. 

Table 2: Comparisons of some typ­
ical properties of ceramic and glass 
substrates. 

Property Ceramic Glass 
Characteristics 

CTE (11 rni0 C) 2 3.6 

Surface finish 111m 6A 

Metallization 2-8 0.1-2 
thickness (!lm) 

Adhesion (psi) 2200 1000 

Pinhole Less More 
susceptibility 

Discolorations Tolerated Unacc. 

Sputtering ITO 
Indium-tin oxide (ITO), a semiconductor 
material combining relatively high optical 
transmittance with low sheet resistance, is by 
far the most commonly used material for 
transparent conductors in display products. 
The successful use, and even superior quality, 
of de-magnetron sputtering for ITO deposition 
has been documented previously. 1.2 

Depositing an oxide material such as ITO 
by sputtering is called a reactive sputtering 
process because oxygen is added to the argon 
gas of the sputtering chamber to react with the 
elemental indium and tin before they impinge 
upon the substrate surface. There are two 
approaches to reactive sputtering, which are 
largely related to the two categories of sput­
tering targets. 3.4 

The original approach to ITO reactive sput­
tering uses a metal-alloy target comprised of 
90% indium (In) and 10% tin (Sn). This pro­
cess is considered to be fully reactive in that 
the elements of the alloy target must be con­
verted to oxide form prior to reaching the 
glass substrate. This is accomplished by 
means of the oxygen present at a fixed ratio in 
the argon atmosphere of the sputtering cham­
ber. 

A more recent trend is the use of a sintered 
ceramic target - also known as an oxide target 
-containing 90% In20 3 and 10% Sn02. Here, 
there is a much lower level of oxygen in the 
chamber, which is used merely to maintain the 
oxide state of both the target material and the 
deposited material. Therefore, this approach 
is often called semi-reactive sputtering. 

In selecting the type of target - and, conse­
quently, the sputter mode- several issues 
must be weighed: 

• Target costs, 
• Attainability and controllability of 

deposited-film properties, 
• Target integrity, 
• Ease of changeover from/to other metal-

lizations and substrates. 
Each of these issues can be more or less 
important, depending upon the product line 
being produced in a particular manufacturing 
faci I i ty, the range ofiTO-fi I m properties 
required, and whether other products must 
share the same sputter system (Table 3). 

Table 3: Comparison of alloy vs. 
ceramic targets for de-magnetron 
sputtering of ITO. 

Target Type Alloy Ceramic 

Sputtering mode Reactive Semi-reactive 

Total sputter 0.2-0.3 0.2-0.5 
pressure (Pa) 

Ar/02 volume 85/15 98/2 
flow ratio 

Film property Limited Wide 
range 

Film-property Sensitive Stable 
control 

Target integrity Sensitive Robust 

Normalized 1.8 
target cost 
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metallization technology 

SHEET RESISTANCE (0 /0) 

1E+06 
TARGET TYPE 

1E+05 ·• ALLOY 
SUBSTRATE TEMPERATURE = 3oo•c ... CERAMIC 

1E+04 

SHEET RESISTANCE (0 /0) .... ······ ····· .... ..... 
1E+02 ····· ... .... ....... . ... ... 

•••• 
~ ... 

1E+03 . 
• 1E+01- TOTAL PRESSURE 

1E+02 ·• 0.25 Pa • 
1E+01 - SUBSTRATE TEMPERATURE = 3oo•c + 0.20 Pa 

1E+00 1E+00 
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 0.820 0.860 0.900 0.940 0.980 1.020 

CURRENT DENSITY (mA/cm2
) CURRENT DENSITY (mA/cm2) 

Fig. 2: Sheet resistivity obtainable with alloy \ 'S. ceramic sputtering 
targets. 

Fig. 3: Re/(l[il•ely small changes in the partial pressure of oxygen in 
the sputtering chamber can produce substamia/ changes in sheet resis­
tance when using alloy targets and jirlly reactive sputtering. 

All oy targets are relatively simple to manu­
fac tu re. and they have good compo. ition con­
trol and high density. which are highly desir­
able target characteristics . There are. how­
ever. two major drawback to InSn alloy tar­
get . The first is related to the melting point 
of the alloy. which is much lower than that of 
the oxide target. This limits the proce sengi­
neer's flexibility in varying putter parameters 
to obtain a wide range of film propertie . For 
example. adjusting cuiTent density i an easily 
controllable way to adjust heet resistance. 
Although the re lationship between heet re is­
tance and current den ity is similar for both 
target type . the higher current den itie are 
not avai lable with alloy target becau e they 
would threaten to melt the target and di lodge 
it from it mounting plate (Fig. 2). 

The second drawback to alloy targets 
relates to the fully reactive puttering itself. 
In this process. the exact partial pressure of 
oxygen in the sputtering atmosphere i critical 
to obtai ning fil ms of optimum resi ti vity and 
tran mittance. The process window i narrow 
and more difficult to maintain. and a small 
shift in total pressure can change the heet 
resi tivity by a factor of 7 (Fig. 3). 

Targets used in fully reactive puttering 
also have a high susceptibility to target poi­
soning: some of the oxygen contained in the 
pia ma will eventually reach the target and 
oxidize the surface. Because deposition rates 
are lower for the oxide than for the metal in 
the alloy, the deposition will vary a surface 
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oxidation progresses. This makes it difficult 
to match the sputter parameters with the 
desired film propertie con istently. In addi­
tion, the high oxygen level required for this 
mode requires additional chamber purging 
prior to any non-reactive depositions. 

A ceramic ITO target is manufactured by 
sintering indium- and tin-oxide powders. The 
critical parameter in a high-quality oxide tar­
get is its density . High density and high con-

sistency of that den ity ensure high, table 

sputter rates and uniform, high-quality films 5 

Historically. the difficulty of achieving high 

densities on a consistent ba i limi ted the use 

of oxide targets . Today. target manufacturer 

are able to control the porosity of the ceramic 

and produce targets with very stable densities 

that are greater than 90% of 7. 15 g/cm3 - the 

theoretical maximum (Fig. 4)5 

Arconium 

Fig. 4: An ITO (ceramic) sputtering target. (Photo courtesy of Arconium, Providence, Rhode 
Island.) 
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Fig. 5: A wide range of volume resistivities can be produced with 
ceramic sputtering targets by varying the sputter current density and 
substrate temperature. 

Fig. 6: Peak transmittance of the ITO fi lm is high and relatively con­
stant as current density to the ceramic sputtering target is varied. 

Although oxide targets are more expensive 
than their alloy counterparts, the semi-reacti ve 
nature of the deposition process eliminates the 
process-control problems that are seen with 
alloy targets. Oxygen parti al pressure is on ly 
required to avoid reduction of the oxide states, 
so precise control is not as critical. Since oxy­
gen requires a significantly lower partial pres­
sure when used in this way, target poi soning 
and chamber purge ti mes are significantly 
reduced. 

Havi ng high melting points, oxide targets 
can accept high current densi ties without the 
risk of melting. This permits a wide range of 
film properties, with volume resistivities as 
low as 2.3 x 104 Q-cm, sheet resisti vities as 
low as 4 Q/0 , and transmittance as high as 
92%, all obtained in manufacturing-level runs 
(Figs. 5 and 6) . 

Conclusions 
The ever-increasing demand for larger sizes, 
higher quality, and lower cost in FPDs is con­
sistent with large-volume de-magnetron sput­
tering for panel metallization. An understand­
ing of the specific characteristics of the sub­
strate and the properties of the display film are 
the keys to designing an effective and consis­
tent sputter manufacturing process. By select­
ing ceramic targets for ITO deposition and 
easy-to-adjust sputter parameters for substrate 
changeovers, de-magnetron sputtering can 
offer a wide range of metallization capabi lities 

- including those suitable for FPDs- without 
sacrificing cost or quality. 
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FPD MANUFACTURING PROGRAM STATUS 
(September 1995) 

During USDCs first 2 year , the Technical Council selected 23 priority programs covering various areas of process technology used in 
manufacturing FPDs. These include program for establi ·hing a U.S.-ba ed upply of equipment. materials. or proce s technology, using 
existing technical know-how, as well a both evolutionary and revolutionary technology advancements. Ten of the e program ha e been 
brought under conu·act and development has begun while others are in variou stage as ummarized below. 

TopidContractor 

Color filters 
Rohm & Haa.1, Shipley Co .. 
Clarkson Uni1·ersiry 

Color filter fabrication 

Pre-assembly te. t & inspection 
Photon D.mamics 

Treated substrates 
Donne(,· Applied Films 

Pol) mer coating 
SVC, FAS Technologies 

Dry etching 
Lam Research. 
La11-rence Li1·ermore National 
Labs, Uni1·ersin· of Wisconsin 

Glass supply 
TBA 

Gla s inspection 
Display In spection Systems 

Automated interconnect 
TBA 

Funding 
($!\1) 

1.8 

2.~ 

2.5 

'2.7 

15 .1 

1.4 

SDC 
n-site 

Several 

Xerox 

Several 

Planar 

Xerox 

OlS 

Statu 

Development under way: 
91119~ start 

Contract negotiations 

Development under way: 
3/'23/94 start 

Development under way: 
5112/9~ tart 

Current l\ lilestone 

Phase II development plan; 
sign-off 9115/95 

Anticipated signjng 9/95 

Delivery of the B-site tool 
10/30/95 

Delivery of final qualification 
lots to two SOC member ite 
9/1/95 -- -- --------

Developmem under way: Begin prototype system 
711 '219~ s_t_a_n _ _ _ _ _____ te_s_t_in..::g:...7_1_1_'2_19_5 _ _________ _ 

Deve lopment under way: 
6/20/9~ start 

On hold 

De,elopment under way: 
611 1/9~ start 

Contract negotiation 

Engineering prototype chamber 
design completed 9/26/95 

industrial machine design 
review I 0/24/95 

nticipated igning 9/95 

------
Spacer application 

Accudyne 
1.7 Standish Development under way; 

6/13/94 start 
Delivery of the B- ire tool 
10/30/95 

------ - - ------
Handling benchmarking 

Competiti1·e Strategies 

Handling (casseue design) process 
Pro~ressil'e System Technolo~ies 

Handling (tracking) process 
PRJ Automation. F/orod 

Factory modeling 

Large-area lithography 
Tamarack Sciemific 

Large-area ma k fabrication and blank . 

Direct Ia er imaging 

Wet processing 

PolariLers, UV & retardation film . 
Polaroid 

Literature translation & database 
management 

Glas cutting 

Dri ver infrastructure 

ac/dc con,eners/inverters 

Plast ic ubstrates 

Reactive ion etching 
Plasma-Tltemt 

0.'2 

0.6 

2.5 

2.1 

10.9 

0.4 

4.8 

High-resolution pattern lithography __ _ 

LC processing and alignment 

!A 

Several 

TBD 

Photonics 
Imaging 

Several 

!A 

TBD 

Source: SOC News. Vol, II. o. 7. September/October 1995 

Study completed 
10/1/9~ 

Development under way: 

Development under way: 
311/95 start 

Final report issued 3/95 

Complete type- I carrier design 
& fabrication 12/28/95 

Substrate handling system 
design revie\\ 9/'20/95 

-----=-
Evaluating proposals __ 

Development under way: 
3/1/95 stan 

RFP preparation 

RFP preparation 

E1aluating proposals 

Development under way: 
6/1/95 start 

On hold 

Issued for bids 
-----

RFP preparation 

____ P_,_.·oject deferr~ 

Evaluating proposals 

De,elopment under way: 

RFP preparation ----
RFP preparation 

Selection of awardee I 1/95 

Begin machine assembly 
1211/95 

Issue in 1995 

Issue in 1995 

Selection of awardee(s) 9/95 
----

Complete all major equipment 
specifications 91_9_5 ________ _ 

Proposal due data 9115/95 
-----

Issue in 1995 
--------

Selection of awardee 11/95 

Develop etch uniformity 
fixturing. 11/1/95 

Issue in 1995 
-----------------

Issue in 199" 
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Edited by JOAN GORMAN 

Wall-sized flat-panel display 
system 

RGB Spectrum, Alameda, California, has 
introduced ComputerWall®, a multiscreen 
flat-panel display system that will make large­
format displays more accessible to many more 
sites, especially to mobile command centers, 
where space restrictions have prevented the 
use of projector or large-monitor systems. 
The panels, introduced by Science Applica­
tions International Corp. (SAIC), are the 
largest full-color plasma displays currently in 
production and feature a full 21-in.-diagonal 
screen with a total depth of less than 2 in., 
260,000 displayable colors, and a wide view­
ing angle comparable to that achieved with 
CRTs. Four 21-in. screens can be grouped 
together to create a 42-in.-diagonal wall-sized 
display surface. ComputerWall can split a 
full-color 1280 x 1024-pixel-resolution com­
puter image across a four-screen array of pro­
jectors, monitors, or flat-panel screens, each 
displaying one-fourth of the total resolution . It 
easily connects to the RGB-monitor outputs of 
virtually all workstations and PCs. 

Information: RGB Spectrum, 950 Marina 
Village Parkway, Alameda, CA 94501. 
510/814-7000, fax 510/814-7026. 

Circle no. 1 

New CRTs for Imaging 

Hitachi America, Ltd., Montvale, New Jersey, 
has introduced the ACCUVUE® UX color­
monitor series featuring the new Hitachi 
UltraColorTM CRT. The 21-in. (19.9-in.-diag-
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onal viewable area) color CRT incorporates 

Hitachi's UltraFine™ dot-pitch asymmetric 

shadow-mask design and an advanced high­

frequency video amplifier. The new micro­
processor-based auto-scanning monitors pro­

vide edge-to-edge sharpness resolutions up to 

1600 X 1280 or 1600 x 1200 (UX4921) at 85 

Hz and sharper CAD images and enhanced 
character legibility for document imaging. 

Information: Hitachi America, Ltd. , Office 

Automation Systems Div., 110 Summit Ave., 
Montvale, NJ 07645. 201/573-0774, fax 

2011573-7660. 

Circle no. 2 

FPD robots 

Equipe Technologies, Sunnyvale, California, 

has introduced the FPD 400 series second­
generation Class I cleanroom-compatible 
LCD-handling robots which are specifically 

designed to process larger, next-generation 
FPDs. Handling payloads of up to 15 lbs., the 
robots have a radial reach of up to 30 in., plus 
end-effector length, and a vertical travel dis­

tance extending to 17 or 21 in. The FPD 400 

series reduces the average throughput transfer 
time from 8 to 6 s, enhancing high-volume 

production capabilities. The patented 

mechanical system and flexible printed-circuit 

board, with life expectancies of over 10 mil­

lion cycles, coupled with a high ESD toler­

ance of 21 kV , contribute to an MTBF of 
greater than 30,000 hours. 

Information: James Cameron, Equipe 
Technologies, 733 North Pastoria Ave., Sun­
nyvale, CA 94086. 408/522-0350, fax 

408/522-0358. 

Circle no. 3 

Industrial touch monitor 

Nortech Engineering, Inc., East Walpole, 
Massachusetts, has announced the CM 151 0, a 
15-in. industrial video monitor now available 
with resistive, capacitive, or surface-acoustic­
wave (SAW) touch screens . The monitor is 
totally self-contained in a sheetmetal enclo­
sure with the front panel sealed to NEMA-4 
ratings and is available in either a rack- or 
panel-mount configuration. The display has a 
resolution of 1280 x I 024 (non-interlaced), a 
0.28 dot pitch, and uses a 15-in. flat square 
CRT which allows image adjustment to the 
edge of the screen. Prices for the CM 1510 
touch screen start at $1825, including a serial 
or ISA bus touch controller; $995 without 
controller. 

Information: Mel Silverstein, Nortech 
Engineering, Inc., 153 Washington Street, 
P.O. Box 266, East Walpole, MA 02032. 
508/668-3490, fax 508/668-3568. 

Circle no. 4 

First outdoor kiosk 

Factura Kiosks, Inc. , Rochester, New York, 
has announced the DuraShell™, the industry's 
first outdoor interactive kiosk designed to 
withstand harsh environments and to meet 
UL/FCC, severe weather, and security 
requirements. DuraShell consists of a 
weatherproof enclosure, internal environment­
control module, and power-distribution sys­
tem, along with optional kiosk peripherals, 
such as touch monitor, credit-card reader, and 
other accessories. The kiosk is designed to 



afely house any standard PC system in an 
outdoor environment. thu providing com­
puter acce s to the general public in settings 
such a open-air transit stations. hopping 
centers. spor1s tadiums. or any other outdoor 
location. A standard off-the-shelf ki osk hou -
ing weighs 350 lbs. and includes enclosure. 
air-condit ioning and heating system, and 
power di stributi on sys tem. Pricing for the 
DuraShe WM outdoor-kiosk housing. in t OO­
unit quantities, is approx imately $2500 per 
unit: larger volume di scounts are ava ilable. 

In fo rmation: Factu ra Ki os ks, Inc., 882 Lin­
den Ave .. Rochester. Y 14625. 71 6/264-
9600. fax 7 16/264-9575. 

Circle no. 5 

Compact LCD graphic display 

Se iko In truments USA. Inc .. Torrance. Cali­
forni a, has anno unced the G 1226, the newest 
member of its high-contrast LC D graphic-dis­
play famil y that enables easy and economical 
upgrading from character-only to graphi c di -
pl ay fo r portable/hand-held equipment. data­
interface applications, pagers. phones. medi­
cal in trumentation. and data-collection termi­
nals. With a simple change in software, the 
new module accommodates European- and 
Asian-language characters, whi ch many 5 x 7 
character-only module do not. The G 1226 
fea ture a 128 x 64 dot-matrix LCD graphic 

display with a wide variety of optional font 
types and sizes. The user can also highlight. 
reverse out. or view waveform on the LCD. 
Built-in dri vers eliminate the need for an 
external contro ller, while an 8-bit MP inter­
face allows for design fl ex ibility. The module 
measures 93.0 (H) x 70.0 (V) x 11 .4 (T) mm 
(reflecti ve version). weigh 72 g (approxi ­
mate ly 2.5 oz.). and features a contrast ratio of 
4: I. a dot size of 0 .48 x 0.48 mm. a dot spac­
ing of 0.04 mm. a viewing area of 70.7 (H) x 
38.8 (V) 111111 , and a viewing ang le of 55°. 
Samples are available now, with production 
quantities ready fo r deli very fro m tock. In 
I 00-piece quant i tie . the G 1226 graphic dis­
pl ay is priced in the $64-70 range : the 
optional backlight version is $67-72. 

Information: Seiko Instruments USA. Inc .. 
2990 W. Lomita Blvd ., Torrance. CA 90505. 
3 10/5 17-7771 , fax 3 10/51 7-7792. 

Circle no. 6 

Digital-video cassette camcorder 

Matsushita Consumer Electronics Co., Secau­
cus, ew Jer ey, has announced the PV-
DV I 000, the first consumer digital-video cas­
sette (DV cassette) camcorder for the U .S. 
market. This new video fo rmat deli vers pic­
tures with the highe t horizontal resolution 
ava il able to consumer · today - 500 lines. 
nearly 20% more than a Ia erdisc and 50% 
more than a li ve TV broadcast - and records 
audio with CD quality. The signal-to-noise 
ratio of the PV-DV I 000 is 54 dB , an improve­
ment of 6- 9 dB over conventional analog sys­
tems and 2-3 times better than ex isting con­
sumer video equipment. A newly deve loped 
metal evaporated tape i used. which is avail­
able in 30- and 60-min length . With a width 
of onl y 6.35 mm and a cas ette shell approxi-

THE NEW Lithography 
LARGE AREA 

SCANNING PROJECTION 

High performance color 
EL panels by Planar Sys tems, Inc . 
Beaverton, O R 

Color fil ters (or AMLCD ( 720X) 
lmageQuest Technologies, Inc. 
Fremon ~ CA 

Put this new cost 
savings technology 

to work in your 
production line 

with the 
Tamarack 
Series 300 

• 500 x 600 mm substrates 
•4 micron resolution 
•large depth of field 

* Tamarack Sdentific 
1 040 N. Armando Street 

Anaheim CA 92806 
(714) 632-5030 

Fax (7 14) 632-1455 

Circle no. 32 



new products 

mately one-twelfth the size of a standard YHS 
videocassette, the tape can store up to I I 
Gbytes of information- the storage capacity 
of 7500 floppy disks. Since the image i digi­
tal , it can be viewed, edited, and manipulated 
on a personal computer or even sent through 
telephone line . The clarity of the picture also 
make the DY cassette suitable for u e with 
video printers to produce high-quality hard­
copy prints from home videos. The PY-
DY I 000 is comparable in size to a standard 
palmcorder and is ergonomically balanced to 
rest comfortably in the hand. 

Information: Matsushita Consumer Elec­
tronics Co., One Panasonic Way, Secaucus, 

J 07094. 

Circle no. 7 

High-voltage CRT driver 

M. S. Kennedy Corp., Cicero, New York, has 
introduced the MSK 645, a high-voltage high­
speed CRT dri ver with an output voltage of 70 
Yp-p with transition times typically le s than 
2.5 ns and a bandwidth of 150 MHz, making 
it suitable for driving high-performance mon­
itors with resolutions up to 1280 x 1024. To 
minimize external component count and max­
imize bandwidth by eliminating stray and lead 
capacitance the gain is set internally. The 9-
pin hermetic metal package is electronically 
isolated from its internal circuitry, allowing it 
to be directly mounted to the heat sink without 
insulating spacers. The case measures only 
1.9 x 0. 7 x 0.25 in . The MSK 645 is available 
in commercial and MIL-H-38534 creened 
versions. Evaluation units are available upon 
request. Pricing starts at $68 for I 00-piece 
quantities of the commercial version . 
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Information : Greg Overend, M. S. 
Kennedy Corp., 8170 Thompson Road, 
Cicero, NY 13039. 315/699-920 I, fax 
315/699-8023, e-mail: msk02@aol.com. 
Circle no. 8 

Compact high-efficiency power 
supply 

Keltron Power Systems, Inc. , Waltham, Mas­
sachu etts, ha introduced the SHY series of 
low-cost high-voltage power supplies engi­
neered specifically fo r CRT and other applica­
tions requiring extreme efficiency in the lower 
power ranges. The SHY eries provides 4-20 
W at 88% efficiency, while utilizing Keltron's 
Cast-in-the-Can design to reduce production 

costs without sacrificing quality . The mod­
ules incorporate a horizontal synch pin that 
allows OEMs to specify the same unit for a 
wide range of scan frequencies. These com­
pact power supplies measure 3.0 x 4.5 x I .9 
in . and are designed to fully comply with UL, 
CSA, and TUY standards. 

Information: Tony Saracco, Keltron Power 
Systems, Inc., 225 Crescent Street, Waltham, 
MA 02154. 617/894-8700, fax 617/899-9602. 
Circle no. 9 • 

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

Clearly ... 
Quality Displays 
Start With Quality 
Sputtering Targets 
PlasmArc"' understands reliable thin 
film coatings are vital to quality 
displays . And the ability to deliver 
consistent coatings depends on your 
choice of sputtering targets. 

PlasmArc"' offers a complete range of 
high quality sputtering targets for 
transparent conducting oxides and 
optical coating applications. Fully 
integrated manufacturing allows us to 
competitively supply all planar and 
rotary cathodes for standard and 
custom equipment. Our comprehensive 

Plasm Arc 
See Us at Display Works 96 

~AIICIINIIIM 

services include target 
manufacturing , bonding to 
backing plates and reclamation 
of spent materials . 

PlasmArc"' technical staff can 
provide you with innovative and 
effective approaches to optimize 
your production processes . Our 
products will be engineered to fit 
your needs no matter how complex 
your system requirements . 

PlasmArc"' . .. Clearly The 
Quality Choice For Your 
Sputtering Target Needs. 

For more info rmation , contact: 
PlasmArc"' 
50 Sims Avenue 
Providence , Rl 02909 
Te l: (401) 456-0800 
Fax: (40 1) 421-2419 
Toll Free (800 ) 343-0282 
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conrinued f rom page 4 

lawn is doing well , and the weeds along the 
road ide are al o doing ju t fine. everthe­
les . it left me to ponder. Tf a cupful or le s 
can cau e thi much trouble. what if it 's more? 

With full viewing brighrne s at any 
angle, the Pi xTech Field Emiss ion 
Display (FED) opens up new opportu­
nities in the design of instrumentation 
di plays. And the Pix Tech FED per­
fo rms as well as it looks: 

• Full 1 0° viewing angle, 
horizontal and vertical. 

• In tam on (5 econds) at any 
temperature. 

• Full video speed with no lag 
and no smear. 

• CRT-like picture quality in 
a 2jmm thin flat panel. 

• COTS and custom izes in 
monochrome or full color. 

Experiential Learning 101-B 
Ye . what if it is more? Not too long a!w, I 
visited a small ceramic company in the 
northeastern part of the U.S. that had been put 

From any angle, the Pix Tech FED 
give you new freedom to de ign 
display for application . . . without 
compromising performance. The FED 
is a power-efficient emissive display 
with no backl ights, color filters, or 
polarizers between the image and you. 
Call today for a data sheet on our 
tandard products, or to de cribe your 

requ irements for monochromatic 
or fu ll-color displays. 

~Pix Tech 
(415) 428-0963 

Fax: (41 5) 42 -0965 • - Fairchtld Dri1·e 
uire 22 • Mountain View, CA 94043 
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up for sale by its in vestors. It wa a nicely run 
company and could have been built into a 
much larger and quite ucce ful busine s. 
The only problem was that several years back, 
they had accidentally spilled 00 gallons of 
solvent that had leaked into the soil surround­
ing the back parking lot. The solvent was 
subsequentl y detected in the ground water. 
To try to remedy the problem. they now had a 
high-capacity well installed at each corner of 
the property. These well s continuously 
pumped in the ground water, which was then 
put through an elaborate fi Iter system to 
remove the re idual solvent, and then the 
cleaned water was pumped back into the 
underground aqui fe r. The installat ion and 
operation of thi s system was eating up all the 
profits of thi s mall company. The legal li a­
bility was large and would continue for many 
year to come. Once potenti al buyer found 
out about this. the negotiation invari ably 
came to an abrupt end. Today. the company 
is gone, but the well and pump are still there 
and still pumpi ng away. And the original 
in vestors are ti II bearing the cost and the I ia­
bility. 

Experiential Learning 101-C 
It was one of those typically warm and sunn y 
days in the .. South Bay: · The midmorning 
freeway traffic wa heavy but moving along at 
a ready 65-70 mph. Having left San Jose I 0 
miles behind me. I found my ex it and made a 
right turn off the freeway. I was fo llowing 
Bob Pressley's instructi ons for how to find 
Silicon Video's recently completed manufac­
turing facility. Accordingly. l would need to 
make just one more ri ght turn and then con­
tinue down the road for a few blocks and there 
it would be. T decided I could relax; 1 would 
be there in plenty of time for my appointment. 
This part of the .. South Bay .. is a mi x of 
den ely packed re idential housing and newly 
prouted indu trial complexe interspersed 

with a few remaining plots of farmland. One 
tructure. in particular. caught my eye because 

it stuck out like the proverbial ore thumb. It 
wa a large, cubical. windowles monolith . 
The surrounding parking lot was empty and 
weed infe ted. The landscaping around the 
building hadn 't seen a caring hand for year . 
Large piles of soi I dotted the property. along 
with a few pieces of earthmov ing equipment . 
It was the epitome of an abandoned. lonely, 
ugly place - a Back ro rhe Furu re scene gone 
bad. 



Later, a we drove to lu nch, I asked Bob if 
he knew what had happened to create thi s 
eerie cene. Well . guess what? The window­
less building had been a production fac ility 
for one of the large, very-well-known Silicon 
Valley semiconductor firm . According to 
Bob, they had had underground tanks that 
developed leaks and contaminated the oil 
over such a large area that even properties 
hundreds of yard away were now in volved. 
Bob had heard that it would be decades or 
longer before the mess would be cleaned up. 
What a stark contras t to the sparkling new 
fac ility that Si licon Video had recently made 
operati ona l! 

Experiential Learning 201 (Graduate-Level 
Course) 
It i yet another sun ny and warm early-sum­
mer day. but in a place very far from Sili con 
Valley. l am standing on a 14th-floor balcony 
wh ich sun·ound one of the several high-rise 
towers of Moscow State University. The trees 
are already a dense green, the students and 
professors are enj oyi ng the warm un as they 
go about their appointed activit ie . a pick-up 
ba ketball game is under way on the athletic 
fie ld below. and in the distance one can hear 
the sounds of racecars tuning up and practic­
ing fo r what will the next day be the first 
Grand-Prix-style auto race in Rus ia. From 
my 14th-floor vantage point. I can ee 
Moscow laid out before me. There are fewer 
tall building than in a typical .S. city and 
they aren't all clumped together. Above hori­
zon level. I can see for many mile . But as I 
lower my gaze, there is a thick browni sh haze 
covering the city. 

While not as traffic-bou nd as mo t U. S. and 
European c ities. there is nevertheless major 
rush-hour and all -other-hour traffic in 
Moscow. There are plenty of cars. trucks, and 
buses. But there is no po llution contro l -no 
catalyt ic converters, no electron ic engine 
modules. and no dreaded em ission-inspection 
stations. Until I experienced a dri ve in 
Mo cow traffic , I had fo rgotten what cars 
used to smell like before the auto companies 
were fo rced to make improvements. After a 
half-hour in Mo cow traffic, my eyes were 
watering, my th roat was burning. and the 
smell wa beginning to make me sligh tly nau­
seous. Some of the trucks and buses, with 
their exhausts pointed right at the cars next to 
them. spew out uch dense dark clouds that 
temporarily the road di sappeared from view. 

Clearly. in the former Soviet Union, pollution 
control was not nearly as important as sur­
vival. and although changes are occurring 
rapidly. this is till not one of high priority. 

Early on a Saturday morning. I went fo r a 
run along the river. There were considerably 
fewer cars. But even then, I wasn't sure if I 
was doing anything beneficial fo r my health . 

The Next Wave In 
Handheld Colorimeters. 

Looking for lab-grade colorimeter 
perfonnance in an affordable, handheld 
package? 

Look into the ; · • 
Sl.S 9400 from 
Graseby. 

Ideal for CRT-
display applications, the 9400 
does what no other handheld can: 
closely mirror the CIE tri-stimulus curve 
for a level of measurement accuracy 
you'd expect from a benchtop system. 

That's because the 9400 employs four 
proprietary detector/filter combinations 
(others use only three) to capture the 

blue-wavelength region with exacting 
precision- an area often measured 

inaccurately by other handheld 
colorimeters. 

What's more, measurement's 
a snap with menu-driven com­
mands, on-screen graphics, a 
bright LCD display tipped for easy 

viewing, and vacuum-seal suction 
cup that' easily deactivated. 

The Sl.S 9400 is shipping now at 
an easy-to-grasp price. For details, call 
(407) 282-1408. Fax (407) 273-9046. Or 
write Graseby Optronics, 12151 Research 
Parkway, Orlando, FL 32826. 

GRASEB~~-------­
r OPTRONICS 
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The exhaust fumes hung in the quiet morning 
air, long after each passing car had disap­
peared into the distance. A street-cleaning 
truck ahead of me was moving at about my 

THESE ARE 
IISTANDARD11 

HIGH VOLTAGE 
POWER 

SUPPLIES. 
BUILT TO 

THE HIGHEST 
STANDARDS. 

At Keltron Power Systems, 
"standard" means the highest 
quality components, 
meticulous fabrication and 
advanced engineering. All 
applications are welcome at 
Keltron Power Systems. 
Every Keltron High-Voltage 
OEM supply, including our 
new UHP, SHV and AHV 
Series, is designed for quick 
and cost-effective fine-tuning. 
All that's really standard is 
the price. Call or fax for a 
quote today. 

KELTRON 
POWER SYSTEMS, 
INC. 
A Preferred Technologies 
Company 
225 Crescent Street 
Waltham, MA 02154 
(617) 894-8700 
FAX (617) 899-9602 

running speed. I had to cross to the other side 
of the street to avoid the overpowering cloud 
of swirling dust and exhaust pollution. I 
promised myself that I would never again 

·t 11111111111 

UHPSERIES 
The UHP Series features our exclusive 
Forward-Fiyback circuit design, which achieves 
new levels of power and efficiency geared 
toward the Projection Industry. 
• 50 to 600 Watts • Ripple/Regulation 
• AC/DC Input under 1% RMS 
• 0-50KV Output, • Unlimited Arc/Short/ 
single/multiple, fixed/ Overload Protection 
adjustable • US & Foreign 
• Positive/Negative Patents Pending 
Polarity • UL, GSA, TUV 
• 80-90% Efficiency Suitable 
• 70-100KHz • Measures 7.5" x 
Frequency 4.25" x 2.0" (min) 
• Constant Current/ 15.0" x 4.8" x 2.5" 
Voltage Operation (max) 

SHV SERIES 
Featuring Cast in the Can design, our newest 
Series of High Voltage Power Supplies is the 
ideal choice for the CRT industry and others 
requiring high efficiency in the lower power 
range. These convertors can be synchronized 
with the monitor's horizontal deflection or can 
provide an output synchronization signal. Units 
run from $85 each in low volume to as little as 
$45 in high volume. 
• 4 to 20 Watts 
• AC/DC Input 
• 0-30KV Output, 
single/multiple, 
adjustable 
• 88% Efficiency 
• ?5-100KHz 
Frequency 

AHV SERIES 

• Unlimited Overload 
Protection 
• Designed to UL, 
GSA, TUV Standards 
• Measures 3.0" x 
4.5" x 1.9" (approx.) 

This high efficiency Forward-Fiyback topology 
with Pulse Width Modulation Control highlights 
our new switch-mode AHV Series High Voltage 
DC Modules. 
• 50 Watts 
• AC/DC Input 
• 5-30KV Output, 
single/multiple, fixed/ 
adjustable 
• Positive/Negative 
Polarity 
• 86% Efficiency 
•70-100KHz 
Frequency 

• Constant Current/ 
Voltage Operation 
• Ripple/Regulation 
under 1% RMS 
• Unlimited Arc/Short/ 
Overload Protection 
• Meets UL, GSA, 
TUV Standards 
• Measures 5.25" x 
3.0" x 1.9" (approx.) 
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complain about emission-inspection stations, 
especially since the air in the U.S. is today 
nearly one-third cleaner than in the 1970s, 
even with many more cars on the road. 

The Conclusion: Some Things I Have 
Learned 

I like the book by Robert Fulghum, All/ 
Really Need to Know I Learned in Kinder­
garten, in which he sums up, simply and con­
cisely, much of what we need to know to be 
decent human beings. So, with credit to and 
inspiration from Mr. Fulghum, here's my start 
on some things I have learned about building 
and operating laboratories and manufacturing 
plants. 

Play Fair- Don't try to take unfair advan­
tage of your employees, customers, suppli­
ers, or competitors. 
Don't Hurt People- Make sure you oper­
ate your facility in a way that is safe. 
Never put costs or product delivery ahead 
of safety. 
Keep Track of Your Things - If you bring 
something into your factory, do you know 
where it is or where it went? Shop-floor 
control and accounting are no harder than 
keeping track of your checkbook. 
Clean up Your Own Mess - Be responsi­
ble. A quality product isn't created at final 
inspection. 
Don't Leave Things Sitting Around­
You bought it, you paid for it, now do 
something with it. Keep only those things 
and those facilities that add immediate 
value. 
When You Make a Mistake, Admit It- If 
you can't deliver on time, let your customer 
know right away. Never put off giving bad 
news. It will be worse later. 
Don't Flush and Don't Throw Away­
There is no "away." If you have waste that 
can hurt you or others, putting it some­
where else does not take care of the prob­
lem. 
Have Fun, Keep Yourself Healthy, and 
Make Money- Don't forget to enjoy your 
work. Be good to yourself. If you do and 
observe these rules, the money will most 
likely take care of itself. 

Over time, I would like to refine and/or add to 
this list. But I need to hear your opinions and 
ideas to do that. The various means of com­
munication by which you can make your sug­
gestions are listed at the end of this column. 

As usual, in this month's industry-news seg­
ment, there is plenty to report. Late summer 



has apparently not caused any slowi ng of dis­
play-industry activi ty. We continue to show 
so lid progress and growth. 

Display-performance evaluation and di s­
play standards are becoming increasingly 
important as flat-pane l disp lay · proliferate. 
According to work done by Edward Kelley at 
NIST . existing measurement standards and 
pract ices may not adequately meet industry 
requirements for accuracy or ease of imple­
mentation. In order to better determine indu -
try mea urement needs and capabilities. IST 
is proposing to create a transfer standard and 
conduct an interlaboratory experiment- a 
round robin - between a mall number of dis­
play measurement facilities and Nl ST. A 
backli t target de igned to exerci e photomet­
ric capabilities a ociated with display mea-
urements will be ent to participating fac ili­

ties. The results will be analyzed and com­
pared (anonymou ly, if de ired) to provide 
input to the development of improved display 
standard . In addition. the experiment should 
provide valuable feedback to the participating 
laboratorie regarding their measurement 
capabilities. NIST is soliciting volunteer for 
the init ial mall-sca le experiment. However. 
if there is sufficient interest. further larger 
experiments may be planned. Those inter­
ested in participating can contact Ed Kelley 
a t NIST by phone at 301/975-3842 or by fa x 
301/926-3534. 

M atsushita E lectric Industria l Co., Ltd 
(MEl ). Osaka. Japan. has announced that they 
have developed 26- and 40-in. color plasma 
display panels. de igned for use in te levisions. 
under the direction of HK (Japan Broadcast­
ing Corporation ) and in collaboration with the 
DuPont Company of the U.S. and T exas 
Instruments Japan Limited . Twenty-six­
inch PDP samples for use in conventional 
televi ·ions are expected to be available in the 
fourth quarter of 1995. Forty-inch sa mple . 
designed for use in HDTV. are scheduled to 
reach the market in the summer of 1996. The 
panel were developed through a joint interna­
tional program in which HK proposed the 
ba ic technology. MEl establi hed the design 
and proce s technology. DuPont developed 
the ultra-high-preci sion thick-film technology. 
and TI developed the high-speed pu lse driving 
LSI circuits. Matsu hita will now also begin 
development of televi sion monitors and wall­
hanging TYs incorporating the e panels. with 
expected availability in 1996 for the 26-in . 
model and 1997 for the -lO-in. model. Mat-
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It Takffi A Tencor 
To Profile 
High-Procision 

Surl 
When surface quality is critical. •• 

For high-prechion mcasure­

mcm and QA of high-preci­

sion surfaces. Tcncor is the 

profiling instrument of choice. 

\'i "hether you·re monitoring sur­

face roughness. smoothness or 

"·m·iness. Etch depths. coating 

thickness or micro features .. 
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\X 'hether your surface is metal. 

plastic. ceramic. gla'>~. papt:r- ~ ·ou 

name it. Ten cor protllcrs gin~ you 

precise mea~u remenL' do" n to the 

suil-microinch range. To one tbou­

sandtb of a mil.' 

In~wmly. you get dozens of 

auromatical l)·-computed '>urface 

parameter'>. \'i"hich you can easily 

expon imo , ·our own >oft\\·are for 

e\(~n more data manipubtion. 

And Tencor profiler' accept 

sample size.'> from 'cry '>mall up to 

6"· by 6 .. by w· thick. So the 

pos>ibilities are endless .. 

For full detail;, . jw.t call: 

Metro logy Division 

Tencor Instruments 

3231 .'>cott Boub·arcl 

anta Clara. Californ ia 9105-1 
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CREATE A 
WALL-SIZED 
COMPUTER 
DISPLAY 

COMPUTERWALL ® 

SPLITS COMPUTER IMAGES 
ACROSS MULTIPLE SCREENS 

r~aoo"1 Simulation 

~ 
__. 

& multimedia 

~ r~ouo:l 
applications 

__. 
Autosync to 

rp-od) __. all computers 

ln~uts uf to 
(O:onl __. 1, 8~ X 024 

p1xes 

=SPECTRUM ® 
,_ _ _, a visual communications company •• 

950 Marina Village Pkwy, Alameda, CA 94501 
(510) 814-7000 Fax: (510) 814-7026 
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TNP'S FLAT PANEL DISPLAY MODEL 2424 
Semi Automatic Probe Station 

• Determines Device 
Characteristics, unifonnity 

• Measures Leakage Current 
• Tests for Opens and Shorts 
• Stages Up to 20" x 20" 
• MS Windows Environment 
• Integrate with Labview/ 

Metric Software 
• Interface with Laser Repair 
• Most Economical System 
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Special features Include: 
• Machine Vision 
• Robotic Auto Loader 
• Interface to KLA, PDI 

Inspection System 
(for defect repair, review, 
and classification) 

• Auto Focus 
• Motorized Turret 

User friendly Software 
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sushita has applied for 150 domestic and 20 
overseas patents. 

Lauren Palmateer has joined the Xerox 
Palo Alto Research Center (PARC) in Palo 
Alto, California, as a member of the technical 
staff in the Electronics and Imaging Labora­
tory, to work on liquid-crystal displays and 
scanners. Prior to joining Xerox, Lauren 
spent 12 years at IBM, the last five working at 
the IBM T. J. Watson Research Center on 
active-matrix LCD technology in support of 
IBM's joint-venture manufacturing facility, 
DTI. Lauren also chairs the SID membership 
committee. 

While at the Vacuum Micro-Electronics 
Conference in Portland, Oregon, I ran into 
Bernie Vancil , a former colleague from my 
Tektronix days. His specialty then was adapt­
ing dispenser cathodes for CRT use. He has 
since built up his own company, FDE Associ­
ates. In addition to supplying cathodes­
including a new, enhanced version of the tra­
ditional ox ide cathode- his company makes 
phosphor screens and provides engineering, 
testing, and consulting to the display-tube 
industry. 

Edward Ritz has established a consulting 
practice, also based in Portland, Oregon, spe­
cializing in electromagnetic fie lds, electron 
optics, and related display issues such as dis­
play quality characterization. Ed has over 25 
years of experience, including projects involv­
ing CRT displays, optoelectronics, and sur­
face acoustic wave (SAW) devices. He can 
be reached by phone at 503/644-1005. 

nView Corporation, Newport News, Vir­
ginia, has named Robert Hoke president and 
CEO. Hoke, who has served as an nView 
director since 1992, will remain a director. 
He succeeds James Vogeley, the company's 
founder and pioneer of electronic image pro­
jection products. In relinquishing his position 
as president and CEO, Vogeley wi ll continue 
to serve as a director and will concentrate his 
day-to-day activities in his capacity as 
n View's chief technology officer. Since 1987, 
Hoke has served as chairman of Kinetic Com­
puter Solutions, a Pacific Northwest micro­
computer training and development company 
and, since 1989, he has been president of 
TechnologyEdge, a marketing and manage­
ment consulting ftrm servi ng high-technology 
companies. Earlier, he was general manager 
of the Graphic Peripherals Division of Tek­
tronix, Inc. nView is a designer and manufac­
turer of computer and video projection prod­
ucts. 



Clint Hoffma n has jo ined Pa nasonic 
Broadcast and Television Systems Com­
pany. Secaucus. ew Jersey. as product mar­
keting manager fo r display products. Hi s 
product marketing re ponsibilities will range 
from broadca t and industrial monitors to 
CRT and LCD projectors. Prior to th is 
appointment. he wa sales and marketing 
manager fo r Mitsubishi Electronic display 
products. and was with that company in vari­
ous posi tions for 9 years. 

BIS Stra tegic Decisions. Norwell . Mas­
sachusett . has appointed J ohn Goetz as 
director of BIS ' Electronic Printer System 
Service and Norman McLeod to senior 
industry analyst in BIS's Hard Copy Suppl ies 
Service. They wi ll both report to Richard 
Norton, vice pre ident of the Imaging Tech­
nologies Group. which provides criti cal info r­
mation and analys is on developing imaging 
technologies, industries. distribution channels. 
and markets. 

NoRad Corpora tion. Los Angeles. Ca li­
fo rni a. a computer-monitor acces ori es manu­
fac turer and marketer. has named M ichelle C. 
Hartzell a pre ident. CEO. and a member of 
the Board of Directors. Ms. Hartze ll. a mem­
ber of senior management fo r the last 6 years, 
repl ace M ichael Hiles. a member of NoRad's 
founding group. Hile . who wa instrumental 
in NoRad's development of EMF miti ga ti on 
services. has chosen to resign in order to pur­
sue that bu ine s development opportunity 
independently. oRad wi ll now focus on the 
development and manufac ture of a full range 
of magnetic- and e lectric-field shielding prod­
uct fo r monitors, as well as gaussmeters. 

Pa trick G lennon has been appointed vice 
pre ident and general manager of SAES Get­
ters .S.A .. Colorado Springs. Colorado. In 
thi position. he will be responsible fo r all of 
the company's operati ons. He was fo rmerl y 
SAES Getters' marketing manager and has 
been with the company fo r 13 years. He 
replaces David Green, who wi ll now be 
respon ible fo r ·pecial projects. 

To keep the information network function­
ing and up to date. and to ·hare your thoughts 
(as more of you are beginning to do). you can 
reach me by e-mail at as ilzars@ arnoff.com. 
by te lephone at 609/734-29-+9. by fax at 
609/734-21 27. or by "bill-and-ad-de li very" 
technology (the mail ) c/o Jay Morreale at Pal­
isades Institute for Research Services. Inc .. 
20 1 Varick Street. Suite 1006. New York. Y 
100 14 . • 

BEA 1VIEW!! Another of the dazz ling array of fast. accurate measurement capabil i­
ties of the SS 200. This fully automatic te't "o.,trip> awa) .. the >hadow mask and al lows 
complete ana l yo., is of the beam in >econds. Include> con,·ergence. MTF. jiner. luminance. 
line width. contour map;. and an automatic teo.,t suite for ISO 92-+ I qualification testing. 
See theo.,e and many other tc>t functions performed at your location. Contact Micro' i;ion 
to be included in our next demonstration tour in your area. Call 1-800-931-31 8. 

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 
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Gamma Scientific's new RadOMAcam gives you absolute accuracy in display 
measurement. Featuring a unique, patent-pend ing AVS viewing system and 
polarization de-coupling , RadOMAcam combines state-of-the-art electronics with 
sophisticated camera technology. It works by superi mposing an image of the 
exact measurement aperature area onto the display image. You see exactly what 
you're measuring. No polarization. No shadowing. No inaccuracy. 

RadOMAcam comes with Windows ™-based spectral control and analysis 
software, and is ideal for CRT, LCD, and fl at panel display applications. 

See what you may be missing. Call Gamma Scienti fic today for a data sheet 
and pricing at 1-800-117-2768. 

R\ Gamma Scientific, 8581 Aero Drive, San Diego, CA 92123 
\}_). 819/279-8034 • (FAX) 819/578·9288 

Circle no. 44 



Acer Periphera ls 
Ad-Vance Magnetics, Inc. 
AEG Corp. 
AlliedSignal , lnc./ 

MicroOptic Devices 
Arconium Specialty Alloys 

Babcock Display Products 
Brewer Science, Inc. 

Canon, Inc. 
Capetronic USA (HK), Inc. 
Celco 
Cherry Electrical Products 
Chunghwa Picture Tubes, Ltd. 
Clinton Electron ics Corp. 
Compaq Computer Corp. 
Corning Inc. 
Corning Japan K.K. 

Dale Electronics, Inc. 
David Sarnoff Research Center 
Diagnosti c/Retrieval Systems, Inc. 
Display Inspection Systems 
Display Laboratories 
DISCOM/Display Components, Inc. 

Electron ic Des igns, Inc. 
Electro-Plasma, Inc. 
Endicoll Research Group , Inc. 
Epson America 

F-P Electronics 
Futaba Corp. 

Gamma Scientific 
Graseby Optronics 
Grimes Aerospace Company 

Hewlett-Packard Co. 
Hitachi , Ltd. 
F. Hoffmann-La Roche 
Honeywell , Inc. 
Hoy a Corporati on USA 

IBM Corp. 
ILC Technology, Inc. 
Imaging & Sensing Technology 
lncom, Inc. 
Industrial Electronic Engineers, Inc. 
Industrial Technology Research 

Institute 
Infinite Graphics 
In Focus Systems, Inc. 
lnfodex, Inc. 
lnnotec Group , Inc. 
Interface Products, Inc. 
I nterserv Corp. 
Interstate Electron ics Corp. 
ISE Electronics Corp. 

Kent Display Systems 

Libbey-Owens-Ford Co. 
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Litton Systems Canada Ltd. 
Litton Systems Canada Ltd. (2) 
Lora! Librascope 

Micron Display Technology 
Microphase Laboratories 
Microvi sion Corp. 
Minolta Corp. 
Motif, Inc. 
MRS Technology, Inc. 
MTL Systems 

Nippon Se iki Co. , Ltd. 
Norden Systems Westinghouse 
nView Corporation 

OIS Optical Imaging Systems, Inc. 
OKI Electric Industry Co., Ltd. 
Optical Coating Lab., Inc. 
Optrex America 

Photon Dynamics 
Photonics Systems, Inc. 
Pi xTech 
Planar Systems, Inc. 
Plas materials, Inc. 
Polytroni x 
Progress ive Systems Technology 

Q.C. Optics, Inc. 
Quantum Data Inc. 

Rank Brimar, Ltd. 
Raytheon Co. 
Regisbrook Group, Ltd. 

Schott Corp. 
Semiconductor Systems, lnc. 
Sharp Corporation- Japan 
Sony Corp. of America 
Sony Corp./Corporate Research 

Labs 
Standi sh Industries, Inc. 
Stanford Resources, Inc. 
Steag Micro Tech, Inc. 
Supertex , Inc. 
Syntronic Instruments, Inc. 

Tamarack Scienti fic Co., Inc. 
TEAM Systems 
Techneglas, Inc. 
Teledyne Electronic Technologies 
Terapi xel, Inc. 
Thomas Electronics, Inc. 
Thomson Components and Tubes 

Corp. 
Toshiba America, lnc. 

UL V AC Technologies, lnc. 

Viratec Thin Films Inc. 

Wande, Inc. 
WinTron 

Ad-Vance Magnetics, Inc. . .... 17 
Balzers Thin-Fi lm Components... . .. . 32 
Brooks Automation 
Crystaloid 
CTX Opto-Electronics Corp ... 
Dale Electronics .. 
Display Laboratories, Inc ....... 
ELD IM 

........ 5 
....... 52 

. .... 6 
...... 56 

..49 
..... ..45 

.. 25 H. L. Funk Consulting. 
Gamma Scientific 
Graseby Optronics .. 
Hirst-LCD 
lnterserv .... ... ... ...... . 

.... .. .. .. . 51 
.. ... 47 

.............. 17 
.... 9 

lntevac .................... . .............. 21 
Keltron Power Systems, Inc 
Klein Optical Instruments ...... 
Kurdex ......... 

........ ..48 
...55 

........ 52 
LCD Lighting ............. 17 
Libby-Owens-Ford ....... 53 
Microvision ...................... 51 
Mi nolta. .. ............ .... .... .. ..... 53 
The M~Shie ld Co... _ ..... ... 52 
Optrex America . .. ......... C2 

Business and Editorial Offices 
Palisades Institute for Research 

Services, Inc. 
20 I Varick Street 
New York, Y 10014 
Jay Morreale, Advertising Manager 
2 12/620-337 1 Fax: 2 12/620-3379 

Philips Display Components .............. 55 
Photo Research.. . C4 
Pi x Tech .. . 
Plasmarc ....... .. ..... . 

Plasma-Thenn 
PRJ Automati on .... 
Quantum Data .. 

...46 
.. ... 44 

............ II 
.. ... 7 
.. ... 3 

Rank Brimar ............ ...... .. .. ..45 
Raytheon .. .................... .. ..54 
RGB Spectrum . .. ............... 50 
Semiconductor Systems, Inc. .. .... 34 
Spire Corp., ..... 35 
Steag Micro Tech ........ 36 
Tamarack Scientific.. . .. ............ 43 
Team Systems ........ ... . .. 16,35 
Tencor Jnstmments ....... 49 
Texas Instruments .................... ... 28,29 
3M Optical Systems. .. .. 8 
T NP Instruments, Inc. .. 50 
Video Instruments........ .. ... 52 
Viratec Thin Films, Inc. ..33 
XMR.................... .. .. 10 
Y:unaha ............................... .... .... ..... C3 

Sales Office 
Palisades Institute for Research 

Services, Inc. 
20 I Varick Street 

ew York, Y 10014 
Erika Targum, Director of Sales 
2 12/620-3375 Fax: 2 12/620-3379 

Dale Electronics, lnc. , a company of Yishay Intertechnology, is a 
leading manufacturer of DC Plasma display products. We are offer­
ing an exciting and challenging opportun ity in the manufacturing 
and development of DC PDP's, in our Columbus, Nebraska faciljty. 

SENIOR DISPLAY MANUFACTURING ENGINEER 

The Successful candidate will: 
have 3-5 years experience with manufacturing and develop­
ment with thick film systems 
be able to communjcate clearly with suppliers and customers 
have a focused approach to y ie ld enh ancement and cost 
reductions 
provide technical leadership in advancing the technology and 
science for DC Plasma 

The ideal candidate will have a physics, material s, or chemical sci­
ence degree with 3-5 years experience in the field. Proven techni­
cal leadership and ability to be innovative are big pluses. 
We offer a competitive wage package and a full range of employ­
ee benefits. Qualified candidates should send their resume to: 

Dale Electronics Inc. 
Box 74 
Norfolk, NE 6870 I 

ATTENTION: Mike Sondgeroth 
Human Resource Manager 



measurement versatility. 
For brightness color, and CRTfrequency, 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 performance 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. 

PHOTO RESEARCH 
DMSION Of I<OUMORGEN INSTRUMENTS CORPORATION 

The PR-880 ... 
"Ahead­

Automatically." 

9330 DeSoto Avenue, Chatsworth, CA 91311-4926 USA 
( 1 ) 341 -5151 FAX: ( 1 ) 341-7070 

Circle no. 55 (Please send literature) 

Circle no. 56 (Please have salesman call) 

North America Sales Representalives:CALIFORNIA SCIENTIFIC SPECTRUM (Nonhern) Ph (408) 997-8410 (Southern) Ph: (71 4) 770-1251 COLORADO SOUTHWESTERN ENG INEERING Ph (303) 
581-9526 FLORIDA ELECTRO·OPTICS.INC Ph: (407) 645-1000 ILLINOIS BROOKS ENGINEERING Ph. (312) 271·2452 NEW JERSEY ANALECTRO.INC. Ph (BOO) 247-3581 ENMARKASSOCIATES. 
INC. Ph: (908) 752-3660 NEW MEXICO SOUTHWESTERN ENGINEERING Ph (505) BB1·3677 OHIO MECOM INC. Ph: (419) 457·3231 TEXAS SOUTHWESTERN ENGINEERING Ph: (214) 340-1741 
VERMONT DLG ASSOCIATES Ph (SOB) Bll-7880 WASHINGTON NORTHWEST TECHNICAL Ph: (206) 523-7228 
lnlernalional Sales Represenla/lves: AUSTRALIA HAD LAND PHOTONICS Ph (61) (3) 560·2366 BELGIUM ANALIS SA Ph (81) 2250B5 FINLAND · HELSINKI DEX OY INFRA Ph. (358) 200 600 
700 FRANCE INSTRUMAT SA Ph. (1) 69-2B-27-34 GERMANY OPTEEMA ENGINEERING GmbH Ph. (212) 67352 HOLLAND LANDRE-INTECHMIJ B.V. Ph: (20) 56 ·96 · 611 HONG KONG LIBERO 
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 OONGHWA 
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) B1·343· 
4836 TAIWAN TITAN ELECTRO-OPTICS CO Ph. (BB6) 2-788·9500 TURKEY ATOTEST Ph (312) 229·9B04 Alllrademarks are property of Kollmorgen Patents Pendtng. 
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