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We Can Put Any 
Bright Idea On Display. 

Whatever your LCD needs - standard or custom - Optrex can offer an effective, cost-efficient solution. 

For over 30 years, manufacturers have rel ied upon Optrex for technologically-advanced character, monochrome, color and custom LCD 

configurations. Founded as a joint venture between Asahi Glass Co. LTD. and Mitsubish i Elearic Corp., Optrex provides technical design 

and support through our own sales organization, and through more than 100 sales and distribution offices worldwide 

For more information call Optrex, or see your electronics distributor today. 

OPTREX Circle no. 11 
A M E A I C A, I N C . 

44160 Plymouth Oaks Blvd. • Plymouth, M l 48170 • ( 313) 416-8500 • FAX: (3 13) 416-8520 
OJ997, Opt rex America Inc. All Rights r..eserved. 



COVER: Tosililx1's 15-iu. TFT pane/using ciliral smeclic
A ami-Jerrneleciric uw1erials H·as demonstrated via video 
a/ FLC '97. Tile display "has breml11aking pe1jimnance. 
With this de,·e/opment, smectic mmeria/s can srartw clull
lenge the nemaric hegemony, '' reports Beugt Su~bler in1he 
anicle beginning on page 20. 

Credit: Toshiba 
{Photo supplied courtesy of Paul Surguy) 

For more on what 's coming in Informal ion Display, and for 
other news on infonnation-display technology, check the 
SID Web s ile on the World Wide Web: http: //"~'w.sid.org. 

Next Month in 
Information Display 

SID '98 Preview Issue 
Marketing rugged displays 
SID '98 preview 
CIC5 repott 
EID ' 97 report 

INFORMATION DISPLAY (ISSN 0362-0972) is published ekv<n 
tim"$ a year for th\.' Society for Information Display by Palisr~drs 
lnstitutc.: fc 1r Rc.:scarch Services. Inc .. 201 Vnrick Street, Nt.'w York. 
NY 1001~: David Slm\.'r, Chief Executive Officer, Leonard H. Klein, 
President; L:aura M~mgtmicllo, Secretary/Treasurer. EDITORIAL 
AND BUSINESS OFFICES: Jay Morreale. Managing Editor. 
Pnlis:1dcs Institute for R('s~arch Services. lm: .. 201 Varick Street, 
Nl!w York. NY 10014: telephone 212/620-3371. Send manuscripts to 
the attention of the Editor. I D. Director of s~lles: Erika Targum. 
P;~lis;.1d~.:s Institute for Research Services. Inc., 20 1 Varick Street. 
Suite 1006. New York, NY !00!4: 211/610-3375. SID 
HEADQUARTERS. fo r correspondence on subsn iptio ns and 
m..:ml>t:rship: Socicty for Jn fom1ation Display, 1526 Brookhollow 
Drive. Suite 82. Sarua Ana, CA 92705-5-421; telephone 7 14/5-45-
1526: rax 7 14/545· !547. SUBSCRIPTIONS: tnronnat ion Display is 
distributed without charge to those qu:tlificd and 10 SID members as 
:1 tx~ncfit or membership (annual dues 555.00). Subscriptions to 
oth.:r:\: U.S. & C:anad:1: $36.00 one year. 55.00 single copy; 
elsewhere: S72.00 one year, 56.50 ~i nglc copy. PRINTED by 
Shcrid:m Printing Company. Alpha. NJ 08865. lltird-clas.s poswge 
paid :11 E..1St01t, PA. PERMISSIONS: Ahstr.tcling is pcmlillcd with 
cr .. 'tlit to the source. Libmri..:s nrc permitted to photocopy beyond the 
limits of the U.S. cupyright law for private usc of patrons. prO\•iding 
01 ft.•c of S2.00 per anicl..: is paid to the Copyright Clcamnce Center, 
21 Congr..:!'>s Street, S:t lcm. MA 01970 (reference serial code 0362-
0972/98/S 1.00 + SO.OO). Instructors ar.: p..:rmillcd to photocopy 
isol:u..:d :tniclcs for nont·ommcrcial classroom lL'iC without f.:c. This 
permission doc5. 110 1 apply tu :my special rcpons or lists published in 
1his magazine. For oth..:r copying, r.:print ur republica tion pcnnission, 
write to Socicly fur Jnfonn;uion Display, 1526 Brookhollow Drive. 
Suite 82. S:uun Ann. CA 92705-5421. Copyright ® 1998 Society for 
lnfonnation l)bplay. All rights reserved. 

5 Official Monthly Publication of the Society for Information Display 

IIITUn1•1n I lUll 
FEBRUARY 1998 
VOL. 14, NO. 2 

niCDI DU 
2 Editorial 

4 

12 

Japan: "We Must Learn from the U.S." 
Ken Werner 

The Display Continuum 

Planting Tulip Bulbs in February ... 
Aris Silzars 

Electronics Development for Field-Emission Displays 

Combining amplitude-modulation and pulse-width-modulation drive 
schemes gives FED-panel designers the best of both worlds. 

Robert T. Smith 

16 Creating Dynamic HMis for Modern Display Systems 

How can we economically design and maintain human-machine 
inte1jaces that must often outlive the hardware and software plat
forms they are built to run on ? 

Paul A. Bennett 

20 Canon Shows New-Generation FLCD at FLC '97 in Brittany 

After years of difficulties, Canon may have gotten the big-screen 
FLCD solution right. 

Bengt Stebler 

23 Calendar 

24 How Ferroelectric Liquid-Crystal Devices Work 
Understanding the operation of the various FLCDs presented at FLC 
'97 makes their advantages and disadvantages clear - and may even 
make it possible to pick winners and losers. 

Paul Stu·guy 

28 SMAU '97: International - and Very Ita lian 

FPD monitors appeared in quantity at Europe's second-largest IT 
show, but the force was still with CRTs in Milan. 

Bryan Norris 

36 New Products 

45 SID ' 98 Hotel Reservation Information 

48 Sustai ning Members 

48 Index to Aclvet1isers 

Informal ion Display 2!98 1 



Japan: "We Must Learn from the U.S." 

Shortly before attending the International Display 
Workshops in Nagoya in November, I found myself 
at a reception on the top floor of a company office 
tower in Tokyo, speaking with the General Manager 
for International Planning of a major Japanese elec
tronics company and the Tokyo Bureau Chief for 
Forbes. The GM agreed with the man from Forbes 
that if two banks merge in New York, one of their 

office towers will be empty in a few months, but when two banks merge in 
Japan, both buildings remain full of people. 

"Why?" asked the man from Forbes. "The answer is here," said the GM, tap
ping his index finger on his forehead- meaning in the Japanese m.ind. Laying 
people off is simply something that large Japanese companies don't think they 
can do. "If Fujitsu or Mitsubishi were to fire 10,000 people today, I would fire 
10,000 tomorrow - but I will not be first." 

The executive went further. Although individual Japanese companies may do 
well, he does not see the political will in Japan to make the hard decisions that 
could ultimately get the economy on track. "People have lost confidence in gov
ernment," and although manufacturing is efficient, white-collar productivity is 
very low. 

Seemingly everyone in Japan recognizes there is a serious problem and does 
not hesitate to talk about it. And it's interesting to see where at least some mem
bers of the Japanese goverrunental establishment are looking for solutions. In a 
keynote address delivered at the International Display Workshops in Nagoya on 
November 19, 1997, K. Suzuki, Director ofTeclmology Development at the 
Japanese Ministry of Posts and Telecommunications (MPT) - who was fi lling in 
for Akio Motai, the MPT's Deputy Vice-Minister for Technology Policy Coor
dination, who had been scheduled to deliver the address - spoke very openly 
about inforn1ation and telecommunication technologies policy in Japan. 

Japan is in a serious economic situation, he said, with low growth in formerly 
key industries and a very high cost of doing business. The MPT is looking to 
info-commmlications - the combination of information technology and telecom
mmlications - as the key to reforming Japan's economic stmctures. 

Suzuki gave U.S. President Bill Clinton more credit as a visionary technology 
planner than he usually gets at home, speaking admiringly of Clinton's vision 
for a National Infonnation Infrastmcture and his goals of developing a next-gen
eration Internet and a global cmnmllllications stmcture. Suzuki noted that the 
annual growth in info-com industries is 23.3 % compared to 9.6% for industrial 
growth overall. The MPT wants to institute a digital infrastmcture for Japan, 
including optical fiber to every Japanese home by 2005. 

Among other initiatives are promotion of new businesses through competition, 
merit-based pay, and an environment conducive to labor flexibility. The MPT 
wants to encourage more open research, and Suzuki spoke approvingly of the 
new Yokosuka Research Park, which includes both Japanese and non-Japanese 
companies. He also spoke of establishing ATSI- the Asia-Pacific Telecommu
nications Standards Institute - to be modeled after ANSI in the U.S. 

Suzuki spoke admiringly of the U.S. portfolio of info-com companies, which 
is five times the size of Japan 's, and implied that the lively economy in the U.S. 

continued on page 43 
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Powerful Video Generators. 
The Smart Choices . ..... -.. -------~ .... -- .. 

Standalone Units from $2950 
If you want a very flexible Video 
Generator, the Astro VG-823 is a 
high performance, lightweight and 
compact unit that offers the capability 
to test any high resolution display 
system up to 1600xl280 at high 
refresh rates. 

With a RB-649 controller it's a 
bench top video generator. With the 
RB-614C Remote Box it's perfect for 
the manufacturing area and it can 
easily be programmed and operated 
from a PC via RS-232C- that's true 
multi functionality. 

DIGITAL 

If you service, repair, evaluate or 
engineer modern Flat Panel De,~ces, 

the Astro VG-826 is the Digital 
Generator for you. 

It's small and light enough to fi t in 
your briefcase, yet has the perfonnance 
to drive any single or multiplexed 
Flat Panel Device with a resolution of 
24 bits per pixel up to a multiplexed 
frequency of 120MHz. 

It can be programmed and oper
ated from a PC or with the RB-646 
"Remote" frontpanel or operated 
only with the RB-614C Controller. 

PC-BASED 

PC-Based Units front $2500 
This is the best PC-Based Video 
Generator if you work with Display 
Systems up to a 1600xl280 resolu
tion. Its "DDC" capability is an 
increasingly important asset in service 
& manufacturing applications. 

The UNI-VG-D250pc allows 
VESA-D.P.M.S. testing and the ability 
to import preset data files from other 
sources as "test patterns'~ 

The user interface is DOS- and 
Windows 3.1 and very easy to operate. 

Call 1-800-338-1981 Visit www. team-systems.com 
____________________________________ 71 __ JE~.~!! 
TEAM Systems, Inc. 2934 Corvin Drive, Santa Clara, Cailifonia 95051 "Test And Measurement Technology " 
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tltis talk? 

Planting Thlip Bulbs in February .. . 

by Ads Silzars 

As the keynote speaker finished his talk, a colleague 
whispered in my car, "Dich1 't we hear this same talk 
ten years ago?" I smiled and nodded vigorously in 
agreement. A keynote speaker at a major teclmical 
conference repeating ten-year-old material? Didn't 
anyone on the technical-program conmtittee screen 

The opening session had followed pretty much the standard format for teclmi
cal conferences, with the obligatory introductions of the conference and program 
chaim1en and the usual polite but content-free welconting remarks. And then, as 
again dictated by tradition, came the introduction of the first keynote speaker. 
This was followed by the customary warm, welconting round of applause. 

Yet, in spite of this all-too-predictable COI1U11encement, the first day's ope1ting 
session of a major techrtical conference is always, for me, the most exciting. 
Maybe it 's because it triggers memmies of past first days at school each fall -
times of anticipation and excitement before the newness of the experience has 
worn off. I especially like the keynote sessions because they often provide a 
1tice overview of where our industry is headed. 

This keynote speaker's intent had been just that - to tell us what new opportu
Itities we could expect over the next ten years for displays and dashboard elec
tronics in the automotive industry. And tltis he did rather eloquently by first 
describing the stringent automotive criteria for ruggedness, temperature range, 
brightness, contrast, viewing angle, long life, and low cost. Next, he suggested 
candidate technologies covering the predictable gamut of vacmm1 fluorescent 
displays (VFDs), active and passive LCDs, with a brief mention of ELand some 
future-looking projections for FEDs. The closing remarks re-emphasized that 
cost and styling issues are the most important deterntinants for which new dis
play technologies may get used. 

And yes, indeed, the problem was that, unbeknownst to this speaker, we had 
been seeing and hearing most of these same projections in other talks by auto
motive-industry experts over the past ten years - a decade rich in display-tech
nology progress, but in wltich the automotive industry's display-usage projec
tions had changed hardly at all. Had the automotive industry fa llen into some 
kind of previously Lmdiscovered time-warp singularity, a singularity where time 
moves at about one-tenth earth speed? 

Back( . . . to the future?) in 1986, I too had predicted some modest progress in 
the area of automotive electronics and displays. I thought that smely by 1996 
we would see some new implementations of electrmtics in automobile dash
boards. But rea lity could not be denied. Last year I had to adntit that this was 
my biggest technology forecasting ntiss of the last decade. And, dam it, I was 
trying so hard to be conservative - and was, compared to every other futurist ! 

Why are we consistently so far off in our expectations when it comes to elec
tronics in automobiles? Even industry insiders mislead us by prontising a 
ntigration to electro1tic dashboards that never happens. At least it hasn ' t hap
pened in the last thirty years . Shouldn' t automobiles be one of the great oppor
tunit ies for new flat-panel-display teclmologies? Well, shouldn ' t they? ... 

continued on page 40 
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Ergonomically position your flat panel 
monitors, laptops and keyboards whet·ever 
you need them- with Ergotron's 
Adjustable Rotating Mounting S olutions 

Laptop 
Mounting 
Solutions 

• E~GO II:::::COn® 
1.800.888.8458 http://www.ergotron.com 
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Rat Panel Display Perfonnanc:e Measureotent Systems 
•!• Chromlnance 

rl Tests displays up to 47• automatically 
.~~ulliCI~:t VESA basic and extended tests 

"''.WMtS PR, Topcon, and Minolta instruments 
any monitor, module, or cell assembly 
configurations for every application 

Viewing angle •!• VESA testing 

Westar is a leading international supplier of flat panel test and interface solutions to the 
aerospace, computer, and FPD product industries. To learn more, contact us in the US at: 

4) 298-8748, ext. 286, or visit our web site at www.westar.com/esg 
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Finish the job! You've protected your reticles from ESD and particles in the 

photolithography area. How about reducing wafer contamination in diffusion 

areas and wet benches? Ionizing only a few areas of the fab leaves the rest of 

your process exposed to static charge-related problems. An ESD event can happen 

anywhere, ca using equipment lock-up and product damage. 

The more areas you ionize, the better-protected you' ll be. 

With the threat of equipment downtime and device failures, your potential for 

static charge-related loss is far greater than the cost of a complete, fab-wide ion

ization plan. Ionizing your entire facility will provide incremental productivity 

gains with greater throughput, yield and profits. 

Don't leave your process exposed! Call 1-800-367-2452, 

510-548-3640 or visit us on the web at www.ion.com. 
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Monitor Auto Alignment System 

08000 is the best-selling single
camera monitor auto alignment 
system. It is now available for CRT 
and TV applications. 

Product Applications: 
Monitor/TV production automation 

J ITC/yoke production automation 
QNQC inspection 

J Field repair 
Engineering test instrumentation 

J Display product qualification 

Alignment and Measurement Functions: 

J Purity C ~~ 
J Geometry 

Colorimetry aiY .-=-= 
J CRT I Yoke Integration • ~ 

Convergence ~~ 
J Voltage 
_) Focus 

Irs VERY WELL 
MADE IN TAIWAN 

05100 is a portable MPEG-11 Trans
port Stream generator specifically 
designed for digital audio visual 
applications. 

Product Applications: 

0 Set-Top Box and ATV development 
) MPEG-11/ ATV IC development 
'-' Set-Top Box and ATV demonstration 

Set-Top Box production testing 
J Set-Top Box qualification 

Key Features: 
J Transport streams compliant with ATSC, 

DVB and DAVIC specifications 
J Build in standard test sequences 

Jitter generation capability 
Programmable test sequence 

IIIII 
IIIII 
IIIII 
IIIII 

J Generate EMM and other system information 
Memory card Interface 
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Terrestrial Cable 

Set- Top Box 

DynaColor, Inc. 4F, No. 10, Lane 609, Sec. 5, Chung Hsin Road, 
San-Chung City, Taipei Hsien, Taiwan, R.O.C 

E-mail:dynacolr@ms2.hinet.net 
Tel:886-2-2781938 Fax:886-2-2781817 

~'~ ~~ 
Where Total Solubon ~a way of kfe 
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PixTech FED Standard LCD 

Well sure, most LCDs look swell 
when viewed head on. 

Ideally, users of your LCD-display equipment will have a head

on view, like a TV or lap-top computer. But, in the real world, 

they must often work with the instrument's display off to the 

side, or even rack-mounted. What do LCD users see then? 

Does the image reverse? Does it fade to unviewable faint

ness? Do even the "improved viewing angle" displays still 

require the "LCD bend and stoop" to see anything 

Consider the display user's visual task ... in real world appli

cations. How easy (or difficult) is it for your customer to see 

what is on the screen of the instrument with YQY£ 

name on it? 

recognizable on the screen? 

Screen images have 
not been retouched or 
enhanced in any way. 

10°J< 
·~ . tt1el" d 0 0 (I Pix Tech's field ,ttt I "*' emission displays (FEDs) 

t1 0 d are as bright and sharp at 80 de-

~ • ... ~ e v grees off-axis as they are at zero degrees. 

~ ...... • Left and right; up and down. No neck-craning here. 

d t: ... e This clear, undiminished viewing angle makes working with 

~ • 11111 PixTech FED displays much more user friendly and work-

~ place-efficient. And lets you, the equipment manufacturer, 

1111!111 Ill" get a real leg-up on the competition. So specify PixTech 

FEDs. Everyone (except chiropractors) will thank you for it. 

~Pix Tech 
Flat panel displays for the real world. 

3350 Scott Boulevard, Bldg. 37 • Santa Clara, CA 95054 
(408) 986 8868 • Fax: (408) 986 9896 

1 888 PIXTECH • www.pixtech.com Circle no_ 19 
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By providing the world with the best 

sputter coated film technology for 

over a decade, Courtaulds Performance 

~ilms has helped a wide variety of 

industries launch innovative products. 

Brighter longer -lasting ~L lamps, transparent 

touch panels, membrane switches, specialty 

two-side-coated satellite blankets, and miniaturized 

fine-line flex circuits have all benefited from the 

consistency and cost effectiveness of Courtaulds' sputter 

coated films. Backed by our superior coating technology, 

engineering, and technical support, Courtaulds will help you convert 

ideas into realities. So, no matter what the application. bring 

your ideas to Courtaulds. We have your film needs covered. 

COURT AULDS 
PERFORMANCE FILMS 

21034 Osborne Street • Cdnogd Pdrk. Cdlifornid 91304 • ~ ~ ~ .M2- 5744 • ~AX: ~ ~ ~ .M2-6519 
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Electronics Development for 
Field-Emission Displays 

Combining amplitude-modulation and pulse-width-modulation 
drive schemes gives FED-panel designers the best of both worlds. 

by Robert T. Smith 

T.E FIELD-EMISSION DISPLAY'S (FED's) 

electron source makes a flat CRT possible. 
The flat-CRT display is composed of a large 
number of e lectron emitters in an addressable 
matrix. Each addressable location of the 
matrix corresponds to a display pixel that is in 
close proximity to the phosphor screen. 
Therefore, the fla t CRT does not need a 
deflection system. 

Unlike CRTs, which use raster addressing, 
FEDs can use line-by-line addressing. This 
results in dwell times much longer than those 
produced by the flying spot of a conventional 
CRT. The longer dwell time permits lower 
pixel current for a given brightness, thus elim
inating the problems of beam divergence and 
phosphor saturation that occur in high-bright
ness CRTs. 

The electronics for the FED have several 
functions. The standard analog video signals 
must be converted to a form appropriate for 
driving the FED. And ultimately, the drivers 
must accurately control the charge that 
impacts the phosphor screen. 

Much of what has been written about FEDs 
concerns the physical structure of the display 
and ways of fabrica ting the emitters. But as 
more FEDs approach commercialization, it 
has become important to think about the vari-

Robert T. Smith is a member of the technical 
staff at Mororola 's Flat Panel Display Divi
sion, 7700 S. River Pkwy., Tempe, AZ 85284; 
telephone 602/755-5072, f ax 602!755-5066, 
e-mail: ayrk60@email.luor.com. 
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ous ways of controlling the delivery of charge 
to the screen and to determine which tech
llique is best suited for a particular situation. 

FED Basics 
The potential barrier at the surface of a metal
lic conductor binds electrons to the bulk of the 
material. This potential barrier is called the 
work function, and is defined as the potential 
difference between the Fernli level and the 
height of the barrier. For an electron to leave 
the material, the electron must gain an energy 
which exceeds the work function. This can be 

accomplished in a number of ways, including 
thermal excitation (thernlionic emission), 
electron and ionic bombardment (secondary 
emission), and the absorption of photons 
(photoelectric effect). Fowler-Nordheim enlis
sion or field emission differs from these other 
forms of emission in that the enlitted electrons 
do not gain an energy which exceeds the 
material work function. 

Field emission occurs when an externally 
applied electric fie ld at the material surface 
thins the potential barrier to the point where 
electron tunneling occurs, and thus differs 

Cross Section of Cathode Array 

SEM of FED Cathode 

Fig. 1: Tlte FED is a sharp point with a connecting electrode, a dielectric layer, and an iso
lated extraction gate in close proximity. A voltage between the gate and the point generates a 
highfield, which allows electrons to be liberated through tunneling. 
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Fig. 2: An FED must be enclosed in a vacuum package to prevent destruction of the cathode by 
ionization, the formation of plasmas, and arcing. 

greatly from thermionic emission. Since there 
is no heat involved, field emitters are a "cold
cathode" electron source. 

One needs to apply an electric field on the 
order of 30- 70 MV/cm at the surface of a 
metallic conductor to produce significant tun
neling current. For example, if an electrode is 
placed l 11m from the smface of a conductor, 
it would take 1000 V between the electrode 
and cathode to induce significant current flow. 
Obviously, a flat -panel display (FPD) that is 
addressed at 1000 V is of little use. There
fore, "field enhancement" is used to lower the 
necessary addressing voltages. 

The FED is a sharp point, or whisker, with 
a connecting electrode, a dielectric layer, and 
an isolated extraction gate in close proximity 
(Fig. 1). If a positive potential is applied 
between the gate and cat110de, a lllliform elec
tric field is produced in the dielectric. But the 
presence of the emitter produces a compres
sion of the equipotential lines at the tip, and 
thus a high electric field. This is field 
enhancement. 

Field enhancement is a geometric property 
and is strongly dependent on the sharpness of 
the tip. Note that the dielectric must hold off 
the un-enhanced fie ld, so fie ld enhancement is 
essential for operation of the FED. With field 
enhancement, a reasonable voltage applied to 
the extraction gate results in electron emission 
at the point. 

The Vacuum Package 
From the foregoing brief description of field 
emission, one might suppose that the emission 
of electrons into a gassy medium might be a 
problem because ionization, the formation of 
plasmas, and arcing would cause destruction of 
t11e cathode. It is for this reason that the FED -
like the CRT- is a vacuum device. To make a 
display, a vacuum package is needed (Fig. 2). 

The cathode is composed of row and col
umn conductors separated by an insulating 
layer. These layers are deposited on an insu
lating substrate, such as glass. The locations 
where the rows and columns cross define a 
pixel. The row conductors serve as the 
extraction gate, and the colunm conductors 
connect to the cathodes. 

The anode is the phosphor screen and is 
composed of the phosphor powders, which are 
deposited within a black matrix. The entire 
anode is covered with a thin alUlllinurn layer, 
which bleeds off the electrons that bombard 
the screen. The cathode and screen, along 
with spacer materials, are aligned, sealed, and 
evacuated to complete the vacuurn package. 

Electron emission from each pixel is con
trolled by a forward bias between the gate and 
cathode. Once released from the confmes of 
the bulk material, the emitted electrons are 
accelerated toward a phosphor screen. The 
voltage applied to the screen must be higher 
than the gate voltage or the emitted electrons. 
The screen (anode) voltage must also be high 
enough so that most of the electrons' energy 
remains once they penetrate the alUITiinum 
layer covering the phosphor particles. 

A typical current-voltage response for an 
FED pixel with a resistive ballast layer is 
shown in Fig. 3. The resistive layer elimi
nates current runaway, which could otherwise 
lead to a damaged cathode panel. Non
uniform pixel emission is also inlproved - but 
not elinlinated - by using the resistive layer. 

The Display System 
To complete the FED system, various subsys
tem components are needed to control opera
tion of the vacuum package (Fig. 4) . Other 
than the vacuum package, the subsystems 
include the video controller, panel controller, 
and row and column drivers. The component 

subsystems will differ depending on whether 
the input is analog or digital. 

For an analog composite video signal con
taining red, green, and blue (RGB) infonna
tion and timing signals , a video controller is 
used. The controller samples the analog sig
nal, digitizes it, and separates it into RGB 
components. Horizontal and vertical timing 
infonnation is also extracted from the com
posite input. The video controller then pre
sents the digitized video infonnation to the 
panel controller in the fonn required by a 
standard digital video interface specification. 
This standard specifies digital RGB data up to 
18 bits in parallel, horizontal and vertical 
sync, a pixel clock, and a data valid signal. 
Other processing that may be required in the 
video controller are gamma correction and 
adjustment of color saturation, brightness, and 
contrast. 

In order to keep the FED compatible wit11 
other FPD technologies that accept digital 
input, the panel controller must accept the 
standard digital-interface signals and extract 
the signil ls necess!lry to drive the FED row 
and column drivers. In most cases, the signals 
appearing at the digital interface are used 
directly by the row and column drivers, and 
the functionality of t11e panel controller is 
minimal. However, depending on the drive 
approach used and on the design of the 
drivers, some functionality may be required 
on the panel. 

Line-by-line addressing is used to display 
an image on the FED. Typically, the row con
nections are the FED gates, and the columns 
are the FED cathodes. The rows are scanned 
sequentially from top to bottom. As each row 
is selected, the columns are used to modulate 
the current in the pixels of the selected row. 

The voltage applied across the pixel is the 
difference between the row-select voltage and 
the column voltage. For white level - a cur
rent level that produces "white" on the screen 
- a pixel current between l and 10 IJA is 
needed, depending on factors such as bright
ness, phosphor efficiency, and anode voltage. 
For a typical FED, a gate-cathode voltage of 
approxinlately 80 V is required to achieve full 
white brightness. The pixel OFF current for 
black level is 50 V or less. The modulation 
voltage used to control the intensity of each 
pixel is the difference between the white and 
black levels, or about 30 V (Fig. 3). 

As a result, the row-select voltage is not 
required to switch to 0 V for the OFF state 
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FED system design 

and the row driver can be referenced to a de 
offset. Rise and fall times for the row and 
column signals in the FED determine the 
maximum scan rate and gray scale of the dis
play - and, therefore, the highest possible res
olution. The high-voltage output devices in 
the driver must be sized to supply enough 
transient current to support the required scan 
rates for the display. 

From a functional standpoint, the row 
driver is a very simple circuit that provides 
only a row-select signal as the display is 
scanned from one line to the next. The col
umn driver presents gray-scale image infor
mation to the pixel and differs from the row 
driver both in functional complexity and 
bandwidth performance. 

Gray Scale 
There is more than one way to modulate the 
pixel intensity with the column driver, and 
there are tradeoffs with each approach, includ
ing power consumption, susceptibility to cath
ode defects, ability to drive the required load, 
and display uniformity. The leading 
approaches are amplitude modulation (AM), 
pulse-width modulation (PWM), and a mixed 
AM/PWM approach. Each of these 
approaches can be used with column drivers 
configured as either voltage or current sources. 

Current vs. Voltage 
If gray scale is achieved by modulating a volt
age source, we must confront the problem of 
non-uniform pixel emission. The problem 
arises because, if we modulate a voltage 
source, all pixels must emit the same current 
at a given voltage. Individual emitters do not 
emit uniionnly under these conditions, so uni
formity is attained by having each pixel con
sist of many individual emitters. Uniformity 
is attained statistically. 

This approach works, but at the expense of 
a larger pixel, which increases capacitance 
(reducing bandwidth and increasing power) 
and will limit the smallest pixel pitch that can 
be attained in an FED. 

The other option is to control emission with 
a dependent current source. Here, as the row 
is selected the column voltage is allowed to 
float to a value corresponding to the current 
set in the dependent current source. The only 
requirement is that the row-select voltage be 
high enough to accommodate all possible cur
rents in all pixels of the display. Because a 
current source is used, the need for redun
dancy in the pixel design is greatly reduced, 
which reduces capacitance. Unfortunately, 
since current is limited to the emission level -
which happens to be much smaller than the 
charging current - the column's voltage-slew-

Emission Currentvs. Voltage 
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Fig. 3: This is a typical current-voltage response for an FED pixel with a resistive ballast 
layer, which eliminates current runaway. 
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ing ability can be compromised and become a 
bandwidth-limiting factor. 

Pixel leakage, the most common cathode 
defect, also affects the drive electronics. 
Except for a dead short between rows and 
columns, a voltage-drive approach would not 
be affected by leakage. But even low levels of 
leakage in a pixel will cause intensity distor
tions when a current-drive approach is used. 

Amplitude Modulation 
Intensity variation of the pixel by AM can be 
accomplished with either voltage or current 
drive to the columns. With either approach, 
the column driver forces a level proportional 
to the pixel brightness, which is held for the 
entire row-select time. Design of the AM col
umn-driver circuit is relatively simple, but it 
must maintain high accuracy, particularly at 
low emission levels. The FED has an expo
nential response, so 256 gray levels require 
accuracy in the millivolt - or nanoampere -
range at low luminance levels. Transient 
power is minimized because the voltage 
excursions from one row-select time to the 
next are minimal. 

With an AM voltage source, the display 
will suffer from non-wliform.ity at low lumi
nance levels. The ballast resistance of the 
pixel produces unifonn emission only if a sig
nificant voltage drop occurs across the ballast. 
At low enlission levels this voltage drop is 
small, so pixel emissions tend to become very 
non-uniform . 

Pulse-Width Modulation 
Pixel intensity can also be modulated in time. 
The pixels are operated at a constant current 
by either a voltage or current source. Dming 
a row select, the pixel is on for some fraction 
of the line time. Dark pixels are not turned on 
at all and white pixels remain on for the entire 
row-select time. Gray scale is achieved by 
varying the ON-time of the pixel between 
these two extremes. 

Since the driver is digital, the output accu
racy can be substantially relaxed from what it 
is in AM approaches. Unfortunately, transient 
power is maximized because the same voltage 
transitions occur whether the pixel is at a low 
or high luminance level. In addition, the slew 
rate is dependent upon the required number of 
gray levels and can be quite high. Pulse widths 
on the order of 100 nsec may be required. 
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Fig. 4: To complete the FED system, a video controller, panel controller, and row and column 
drivers must be added to the vacuum package. The component subsystem will differ depending 
on whether the input is analog or digital. 

AM/PWM 
A combination of AM and PWM has distinct 
advantages over the PWM-only approaches. 
The main problem with PWM is the very 
short pulse widths needed for low-luminance 
pixels. Very short pulse widths require very 
fast rise and fall times and very high charge 
currents. AM/PWM relaxes this requirement 
by splitting the video data byte into N nibbles. 
N current sources with currents scaled to the 
proper magnitude are operated in PWM by the 
appropriate nibble. The resulting current 
pulses are summed at the column connection. 
This reduces the number of discrete time 
increments per row-select time from 2" to 
2'1/N, where n equals the number of video bits. 

This AM/PWM approach can be applied 
with voltage sources as well. Consider the 
possible values of emission current from the 
pixel. For the case of N = 2- and 8-bit video, 
there are four possible values, one of which is 
the OFF-state. This can be implemented as a 
voltage driver with four possible output states 
corresponding to each of the three possible 
emission currents and the pixel OFF-state. 

Where Are We Now? 
The FED holds the promise of providing a 

very high-quality CRT-like image in a thin, 
low-power package. The video controllers 
that have been developed for the LCD industry 
apply equally to an FED, and there are existing 
IC processes that would support the row and 
colunm driver needs for PEDs. (In addition, 
custom drivers have been developed.) 

At Motorola we have demonstrated that a 
cost-effective electronics drive system can be 
designed that is compatible with existing flat
panel electronics and can provide up to 8 bits 
of gray scale. With these developments, easy 
integration of PEDs into new products should 
be straightforward. Prototype PEDs from sev
eral manufacturers are available, and mass
production is expected in 1998. 
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Creating Dynamic HMis for 
Modern Display Systems 

How can we economically design and maintain human
machine interfaces that must often outlive the hardware 
and software platforms they are built to run on ? 

by Paul A. Bennett 

.EYSICAL DISPLAY DEVICES, such as cath
ode-ray tubes (CRTs) or active-matrix liquid
crystal-display (AMLCD) panels, present 
information to a system's users. The physical 
display screen is the most tangible element of 
a display system, but from the user's perspec
tive it fades into the infrastructural back
ground. What really matters to a system's 
user is the data the system presents to him or 
her. Human-machine interfaces (HMis) are 
designed to optimally present data to users 
performing complex tasks. 

HMis are typically found in special-pur
pose computing environments, rather than in 
general-purpose environments like PCs. HMI 
elements tend to be dynamic, changing their 
appearance as a result of changes in data. 

The appearance of HMis tends to be closely 
related to their function, often as software 
altematives to the electro-mechanical instru
mentation they are increasingly replacing. 
Examples of HMis include such things as dis
plays in aircraft "glass cockpits" (Fig. 1), 
screen displays for a variety of medical instru
ments, and new electronic instrwnentation 
packages for vehicular use. 

Virtual Prototypes, Inc. 

Paul A. Bennett is manager of technical mar
keting at Virtual Prototypes, Inc. , 4700 de Ia 
Savane, Suite 300, Montreal, QC, Canada 
H4P 117; telephone 514/341-3874./ax 
514/341-8018, e-mail: bennett@ VirtualProto
types.CA. 

Fig. 1: Complex human- machine intelj'aces (HM!s), such as this primary flight display, require 
extensive development and more efficient development methods. 
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The Boeing Company 

Fig. 2: A typical avionics display driven by embedded VME hardware. 

Building HMis 
The generation of the images one sees as the 
HMI must be progranuned along with the 
other behaviors of the system, such as control
ling devices and retrieving data from them. 
The traditional approach to building HMis has 
been to laboriously hand-code programs using 
text editors. These programs are then turned 
into executable programs by a suite of soft
ware-development tools that includes a com
piler, assembler, linker, and debugger. 

HMis have tended to become more complex 
over the years as greater demands are made of 
human operators and of the HMis designed to 
assist them. This increasing complexity has 
led to the development of a variety of tools for 
reducing the risks involved in developing 
HMis for today 's high-quality displays. 

Until recently, however, the problem with 
HMI prototyping tools has been that prototyp
ing was all they did. A user would develop a 
graphical prototype of the HMI to be built. A 
team of programmers would then be sat down 
in front of the prototype and told, "Build that!" 

This approach to HMI development resulted 
in wasting most of the effort that went into 
building the HMI prototype because ti1e HMI 
had to be developed all over again, usually by 

hand-coding it in some high-level language 
such as C. In the normal course of these pro
jects, someone would discover an emerging 
market requirement, or that something had 
been overlooked, or ti1at standards had 
changed - but only after a significant invest
ment in code had been made. Then, the code 
would have to be thrown out or substantially 
modified. No wonder HMI projects developed 
a reputation for being perennially late. 

Software Portability 
The continuing development of computing 
hardware and software technologies has also 
influenced the development of HMis. 
Today's leading-edge hardware may not be 
available for purchase 5 years from now, and 
software technologies evolve with similar 
rapidity. This creates a real problem for com
panies that must develop, maintain, and 
evolve their products over a period of years. 
Avionics systems, for example, are frequently 
installed in aircraft ti1at fly for decades. Cus
tomers must be confident ti1at manufacturers 
will be able to support these systems for the 
life of the aircraft, even if today's generation 
of hardware is no longer available. 

Software portability thus becomes one of 
the most important issues related to the devel-

opment of HMis for long-lived systems. 
HMis developed today must be deployable on 
virtually any present or future computing plat
form and on any present or emerging display 
teclmology. 

Developing Software fm· HMis 
Fortunately, a new generation of software 
tools has been developed that is revolutioniz
ing the development of HMis. These virtual 
prototyping tools - which include V APS, a 
product of my own company, Virtual Proto
types, Inc. (VPI) - have been developed to 
help companies interactively design, develop, 
build, test, and deploy HMis for a wide vari
ety of applications and platforms in a graphi
cal, interactive, point-and-click fashion. 

Users begin by drawing the graphical ele
ments of their application. As the graphical 
elements are developed, they can be assigned 
functional ity from among a large number of 
behaviors known to ti1e virtual prototyping 
system. This converts the static graphics of a 
traditional prototype into dynarnic objects. 
Objects tims become, for example, dials, 
lights, knobs, or switches, depending on the 
developer's requirements. 

In the V APS implementation, each type of 
object has characteristic data entry or exit 
points called "plugs," which can be con
nected to chmmels ti1at transport data between 
the objects and between processes. The visual 
representation of object plugs and of chmmels 
allows for data connections to be performed 
in a point-and-click fashion. Event-based 
logic can also be defmed in a point-and-click 
fashion. 

Once the graphical, behavioral, data-manip
ulation, and logical elements of an HMI have 
been developed, they can all be tested in an 
integrated, interactive fashion within the vir
tual prototyping development environment, 
where the HMI will behave exactly as it will 
in the final product. Should changes be 
required, the various elements of the HMI can 
be edited iteratively and retested. 

In our V APS implementation, once the 
HMI has been developed to the user's satis
faction, the system can output the ANSI C 
code that exactly implements tl1e HMI. This 
code, generated from the HMI, can then be 
cross-compiled to a wide variety of comput
ing, graphics, and display environments, 
including real-time operating systems (RTOS) 
and ruggedized embedded systems (Fig. 2). 
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The secret to an application's portability 
lies in the software architecture implemented 
uniquely by V APS (Fig. 3). The specifics of 
an HMI developed by a user are encoded in 
the generated C code which occupies the top 
layer in the architecture. 

The next lower layer consists of V APS 
libraries which implement the functionality 
called for in the specific HMI the user has 
developed. This layer is essentially applica
tion-invariant, but has been cleverly con
structed so that, when the final application is 
constructed by the linker, only the code 
required for the specific application is 
included in the fmal product. At its lowest 
interface, this layer makes graphics calls that 
are implemented by the Graphics Porting 
Library layer beneath it. 

Cross-Platform Portability 
The Graphics Porting Library layer can be 
used to port the V APS graphics to a new 
graphics applications programming interface 
(API) that occupies the next lower level, 
inunediately above the firmware and hard
ware on which the graphics will be executed. 

This architecture allows an HMI applica
tion to be moved to a new computing environ
ment by changing only one layer, the graphics 
porting layer, which is independent of the spe
cific application. In the V APS system, once 
the graphics library has been ported to a new 
graphics API, any V APS application can be 
rehosted to that platform in a matter of min
utes. Such short iteration times facilitate the 

continual improvement of an HMI's quality 
without negatively impacting product dead
lines. The graphics API hides the details of 
the display hardware from the applications. 
Thus, HMis are easily moved to many kinds 
of display hardware driven by a variety of 
computing platforms, including PCs, UNIX 
workstations, and ruggedized VME or other 
embedded hardware. The possible display 
devices include traditional CRTs in a lab or 
AMLCD panels in aircraft or vehicles. 

Because virtual prototyping systems make it 
easy to rehost an application to a variety of 
computing environments, it is now possible for 
a number of groups within an organization to 
use the same software and benefit from cross
functional portability. For example, if a manu
facturer is developing an avionics product, the 
application can be turned into an executable 
program for execution on the embedded system 
that is to be installed in the aircraft, on a UNIX 
system for a variety of simulation uses, or on a 
PC to help in the creation of documentation. 

Arrangements can be made so that all con
cerned users are automatically provided new 
versions of the executable software on the 
platform that is appropriate for their work. 
This might be done weekly or as specific 
milestones are achieved, enabling everyone in 
the organization to be working with the same 
software, automatically generated from the 
same specification. 

Developing HMis in this way gives a much 
larger number of people an early opportunity 
to work with the HMI software than would 

I Generated C Code (Application-Specific) l 
I V APS Libraries (Application-Independent) I 

I Graphics Porting Library (Platform-Specific) I 

I Graphics Application Programming Interface I 
I Firmware I 
I Hardware I 

Fig. 3: Structure of a virtually prototyped HMI deployed using VAPS. 
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otherwise be the case. Problems can thus be 
spotted much earlier in the product-develop
ment process. 

Software-Investment Protection 
Hardware and software technologies are con
stantly changing. Graphics cards, for example, 
are continually evolving, as are their drivers 
and the display devices attached to them. Last 
year's X/Motif becomes this year's Win32 and 
maybe next year's Java. Display-resolution 
requirements are in constant flux. 

Storing the specification for an HMI inde
pendently of a specific hardware or software 
environment protects a customer's investment 
in HMI software. Of course, it must be possi
ble to convert the specification easily into an 
executable for whatever hardware or software 
environment is chosen for the HMI product's 
next implementation. The ability to generate 
C code provides this capability. 

In the V APS system, one can define and 
edit the HMI visually, then store the HMI 
specification in a platform-independent way. 
The C code that implements a specific HM1 is 
treated as an enabling step that bridges the gap 
between the HMI specification and the execu
tion platform. The approach minimizes the 
investment required to move HMI software to 
a new platform. Investments in HMI software 
development are thus preserved while the way 
is paved to inexpensive product improvement 
as the need arises. 

Conclusion 
HMI designers are cons tantly improving the 
advanced data-display and control mecha
nisms for their products. In addition, comput
ing and display technologies are constantly 
evolving, sometimes faster than complex 
HMis can be built. Therefore, ease of devel
opment and software portability have emerged 
as paramount requirements for the develop
ment of complex HMI projects . 

These characteristics are provided by 
V APS, which facilitates high-quality and 
timely implementation of the HMis required 
in large projects, allowing them to be brought 
to market rapidly while minimizing the risk 
arising from the HMI software-development 
process. Indeed, HMI virtual prototyping sys
tems change the way in which HMI develop
ment is done, increasing the efficiency of an 
organization by encouraging more parallelism 
in the HMI development workplace. • 



High resolution, full color, 
video-capable miniature 
displays are now shipping. 
Displaytech is the on(y licensed company in the 

world producing ferroelectric liquid crystals on VLSI. 

MARRYING THE PROVEN TO THE REVOLUTIONARY 

Micro display and projection applications capitalize 
on advances in CMOS processing and recent Displaytech 
FLC breakthroughs. Low-cos t, mirror-surfaced integrated 
circuit chips provide high quality, active matrix backplanes 
to which ultra-thin films of high speed FLCs are applied. 
Displaytech devices combine the latest CMOS improvements 
with state-of-the-art FLC materials-resulting in displays that 
are designed to be small , exploiting high-volume, low-cos t 
manufacturing methods. These no-compromise, fully digital 

Wafer-based CMOS manufacturing 
assures cost efficiencies with established 
production methods. As a reflective 
medium for Surface Stabilized Ferro
electric Uquid Crystals (SSFLCs), this 
marriage has proven a superior con
struct for micro displays. 

displays are ready for design 
integration into demanding 
product applications. 

ULTRAFAST SWITCHING 

Using standard CMOS voltages, 
FLC materials provide microsec
ond switching. This incredible 
switching speed enables 24-bit 
color at full video frame rates. 

COLD STORAGE WITH HOT PERFORMANCE 

Over twelve years of intensive research have yielded FLC 
materials usable from -5 to + 70°C ( -40 to +85°C storage). 

READY FOR PRIME TIME CONSUMER APPLICATIONS 

Displaytech production-ready ChronoColorTM Displays combine 
key features required for near-eye and projected applications: 
excellent image quality, high efficiency, lightweight cons truction, 
easy design integration, and low cost. FLCs provide significant 
technical advantages for batte1y -powered, portable, full color 
displays with applications in handheld devices (PDAs and digital 
cameras), eyeglass-mounted display systems, and more. Contact 
Displaytech at 1.800 .397.8124. 

©1998, Displaytech Inc., 303.772.2191 . www.d isplaytech.co m 
2602 Clover Basin Drive, Longmont, Colorado 80503-7603. 

Both front and rear projection 
systems are leading applica
tions for Displaytech high 
resolution displays, now in 

- production. Full 24-bit color 
is delivered in a convenient, 
flexible circuit package, 
shown actual size. 

Displaytech ChronoColor technology 
delivers crisper, cleaner full screen 
images without scrolling or reformat
ting-from a panel measuring just 
I 0.4 mm (0.4") diagonally. 

,...-

[ 

+-x-T~ I 

Actual screen enlargement of a 
VGA ChronoColor Display. With full 
color on every pixel, ChronoColor 

technology eliminates subpixelation 
artifacts common with active matrix 

LCD triads. High (Ill factors exploit the 
full CMOS active area with no black 
matrix. Images are smooth and colorful, 
text is comfortable and continuous. 
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Canon Shows New-Generation 
FLCD at FLC '97 in Brittany 

After years of difficulties, Canon may have gotten 
the big-screen FLCD solution right. 

by Bengt Stebler 

IN 1987, Christian Destrade and his co
workers at the University of Bordeaux called 
the liquid-crystal community to the First Inter
national Conference on Ferroelectric Liquid 
Crystals. This initiated a series of conferences 
that celebrated its tenth anniversary last July, 
when the Sixth International Conference on 
Ferroelectric Liquid Crystals (FLC '97) was 
held in France once again. (Intervening meet
ings had been held in Goteborg, Boulder, 
Tokyo, and Cambridge, UK.) 

The venue this time was the Ecole Normale 
Superieure de Telecommunications in Brest, 
Brittany, with organization by Professor Jean
Louis de Bougrenet and his team from the 
school's optics department. 

Although the scientific program was domi
nated by research papers, it was comple
mented by a nwnber of live demonstrations of 
FLC applications in spatial light modulators, 
optical correlators, and other optical devices . 
Several papers discussed the exciting progress 
in smectic FLC displays, including develop
ments at Canon, Denso, Toshiba, and Dis
playtech. 

Bengt Stebler is Professor of Physics at 
Chalmers University of Technology, Physics 
& Engineering Physics, Division of Micro
electronics & Nanoscience, Liquid Crystal 
Group, S-41296 Goteborg, Sweden; telephone 
+46-31-772-3380,Jax +46-31-772-3436, 
e-mail: stebler@.fy.chalmers.se. His activities 
have been in semiconductors, magnetism, and 
liquid crystals. 
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J. 0. Yxell 

Fig. 1: Bon nard's Dining Room Towards the Garden (1933), as shown on Canon 'sfirst-gener
ation FLC screen. The FLC's complete absence of flicker is ideal for showing art because the 
screen looks much like a printed page. 
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Commercial Development of Ferroelectrics 
It appears that there are four ways in which ferroelectric liquid crystals are being used for 
commercial displays. These are the passive-matrix bistable FLCD, the passive-matrix anti 
ferroelectric LCD, the active-matrix AFLC, and the active-matrix silicon-backplane FLCD. 
Table 1 sununarizes the companies that are involved- to a greater or lesser extent - in 
developing these displays. 

Table 1: Summary of Display Companies and Their Interests 

FLCD AFLCD Silicon AM 
Company Passive Matrix Passive Matrix Backplane AFLCD 

Canon X 

Casio X 

CRL X X 

Displaytech X X 

GEC X 

Nippondenso X 

Samsung Display Devices X 

Sharp X X 

Tappan X 

Toshiba X X 

The chemical companies supporting the development and production of materials for 
research and commercial production were also present. The leading company in ordinary 
FLC materials is Hoechst, which was giving away copies of their 1997 catalogue at FLC 
'97, while in AFLCs, Chisso seems to be the main supplier. ROLIC, a smaller FLC-material 
supplier, was also present. 

Some electronics companies have developed their own materials: Toshiba for the active
matrix AFLC display, Canon for its passive-matrix FLCD, and Displaytech for its silicon
backplane device. 

- Paul Surguy 

This table and the accompanying text originally appeared in a slightly different form in 
Stanford Resources' monrltly newslerter Electronic Display World, Vol. 17, No. 8. 

LargeFLCDs 
In 1995, Canon brought the ftrSt smectic dis
play to market. This 15-in. color display used 
a cell gap of only 1.1 !Jm and the quite 
extreme pretilt of 18° at the alignment sur
face. It used a so-called C1 chevron-layer 
structure (see accompanying article by Paul 
Surguy), and each one of the 1280 x 1024 pix
els could have 16 different color states via 
subdivision into four subpixels. 

A spatial dithering technique called error 
diffusion is used to compensate for the low 
number of colors, and produces a reasonably 

good rendition of color shades (Fig. 1). The 
FLC materials used are a factor of 2 from 
video speed, which means that they produce 
moving pictures only across half the screen or 
when scamting 512 lines. 

For several years FLC researchers have 
been awaiting the advent of smectic-C* mate
rials, which are characterized by a tempera
ture-independent smectic-layer thickness. 
Such materials would make quasi-bookshelf 
(QBS) structures instead of folding the LC 
layers into the chevron structures that make 
the lives of display designers exceedingly 

complicated. It now seems that smectic-C* 
materials have finally been engineered with a 
sufficiently broad temperature range to be 
able to replace chevron materials. This has 
important consequences because the QBS 
structure has a much ltigher transmittance and 
also allows zero pretilt. This improves the 
viewing angle to the hemispherical one typical 
for all in-plane-switching LCDs. 

To show the impact of these new materials, 
Canon brought a demonstrator to the confer
ence - essentially the old panel, but with some 
important modifications. The cell gap had 
been doubled to 2.0 !Jill, the aspect ratio had 
been designed for HDTV, and the screen reso
lution had been increased to XGA level (1024 
X 768). 

Each pixel is composed of three RGB 
stripes measuring 100 x 300 !Jm, each of 
which is subdivided in turn into four subpix
els. This gives 16 different states per color 
and 4096 different color shades per pixel. 
The 2-!Jm gap wi ll greatly simplify manufac
turing relative to the panel that is currently 
being manufactured. 

The glass plates with the new FLC material 
had been inserted in the old frame and were 
addressed by the same drivers. Because there 
were not enough drivers for the increased num
ber of pixels, one picture is repeated more 
than three times over the full screen (Fig. 2). 
Nonetheless, the demonstrator succeeds in 
showing that FLC is capable of gray scale even 
if- on a fine scale - each subpixel has only 
two states. For this reason, Canon calls the 
technology "Digital Full Color." The close-up 
(Fig. 3) and macro close-up (Fig. 4) of the 
screen further illustrate how the halftones -
though generated graphically - are already 
quite satisfactory. The new chevron-free mate
rials allow an update frequency of 18Hz in a 
gap of 2 !Jm. Dual scan is required for video. 

The variety in the similar, but still different, 
QBS smectic technologies under development 
in other Japanese companies are equally fasci
nating. Professor A. Fukuda described how, 
after years of developing small anti-ferroelec
tric panels for the automotive industry, Denso 
Corp. fina lly decided to aim at large desktop 
panels. The company now has a prototype 
with a 17-in. diagonal, video speed, and the 
easily achievable gray scale characteristic of 
the anti-ferroelectric symmetric driving 
scheme. The company hopes to begin large
volume manufacturing in two years - the 
same time frame as for Canon's new panel. 
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Bengt Stebler 

Fig. 2: Canon 's prototype has new, chevron-free FLC materials. Reflections are from light 
bulbs in the ceiling. 

At the other end of the size scale, Dis
playtech, Inc. (Boulder, Colorado, USA) 
showed their delightful full-color VGA video
speed active-matrix m.icrodisplay using FLC 
on a reflective crystalline CMOS backplane. 
In this ChronoColor"' device, 4 bits of gray are 
generated in the time domain for every color. 
Although the optical viewer of this 8-nun
square display is still a little primitive, the 
potential of the device is immediately clear, 
not only for virtual reality but also for small 
high-resolution video displays, which are being 
developed for mobile phones of the future. 

Perhaps the most fasc inating presentation at 
FLC '97 was given by Dr. K. Takatoh from 
Toshiba Corp. on applications of FLC and 
AFLC materials to AMLCDs. Here is also an 
example of a rather sensational kind of mate
rials development. If an electric field is 
applied perpendicular to the optic axis of a 
clliral orthogonal smectic material, the optic 
axis will tilt out. This is the electroclinic 
effect, which has found some uses in the QBS 
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geometry but has been hampered by the very 
small value of available tilt. 

Recently, however, Mitsubishi Corp. has 
synthesized new materials with a tilt that is an 
order of magnitude higher - and achieved at a 
lower voltage. Part of the secret seems to be 
that these materials are disordered to an extent 
that is quite tmusual in smectics. How tl1e 
molecules are organized in detail was not 
revealed, but it looks as if the long molecular 
axes are tilted completely at random, giving a 
smectic-A structure similar to a model pro
posed long ago by the crystallographer A. de 
Vries at Kent State University. 

In Japan these new materials go by the 
name "thresholdless anti-ferroelectrics," but 
scientists in the West conjecture them rather to 
be chiral smectic-A because of the symmetry 
of the phase. With regard to their very large 
electroclinic coefficient, one conference partic
ipant coined the name "magiclinic materials." 

The Toshiba 15-in. TFT panel using these 
materials in a 2-pm-wide cell gap has breath-

Bengt Stebter 

Fig. 3: This close-up of the screen in Fig. 2 
shows that the generation of halftones is 
satisfactory although there are no gray 
levels in the binary-mode FLC. 

Bengt Stebler 

Fig. 4: In this macro close-up of the same 
screen, each of the individual300 x 300-J.lm 
pixels can be seen. 



Toshiba (Photo courtesy of Paul Surguy.) 

Fig. 5: The Toshiba 15-in. TFT panel using chiral smectic-A anti-ferroelectric materials 
demonstrated via video at FLC '97 had breathtaking pe1jormance. 

taking performance (Fig. 5), as was demon
strated on a video - although an actual display 
was not shown. With thls development, it 
seems that smectic materials have fmally 
reached a maturity where they can start to 
challenge the nematic hegemony in passive as 
well as active displays. 

Common to all these smectic technologies 
is the superior viewing angle from the perfect 
in-plane switchlng, the very high speed (in 
principle, already permitting time-sequential 
color), and the perfect separation of color and 
gray shades . (This is in marked contrast to 
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twisted-nematic (TN) displays, in which 
changes of gray level always influence the 
hue to some extent.) 

Also common to the smectic teclmologies 
has been the fact that the panels cannot sup
port pressure - thumb pressure, for instance, 
which may change the cell gap - without 
destroying the QBS structure. Fortunately, 
spacer technologies are now available that 
render a display rigid, so the know-how is 
keeping pace with the challenges presented by 
these promising materials. • 
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How Ferroelectric Liquid-Crystal Devices Work 

Understanding the operation of the various FLCDs presented at FLC '97 makes their advantages 
and disadvantages clear - and may even make it possible to pick winners and losers. 

by Paul Surguy 

E RROELECTRJC LIQUID-CRYSTAL (FLC) 

phases were known to exist in the rnid-1970s, 
when researchers discovered that chlralliq
uid-crystal molecules fonn tilted smectic 
phases, such as the smectic-C phase. 

The lack of symmetry in the tilted and lay
ered smectic-C phase, coupled with the lack 
of symmetry in the chirll l molecules, gives 
rise to a permanent electric dipole. In the bulk 
of such a material the molecules twist from 
layer to layer, fanning a helix in such a way 
that the permanent dipole averages to zero in 
the bulk. However, in "Ferroelectric Liquid 
Crystals: A Review," Molecular Crystals and 
Liquid Crystals, Vol. 40 (1976), Bob Meyer 
speculated that if the helix of a smectic-C 
FLC could be suppressed by making the FLC 
layer very thin, then a macroscopic ferroelec
tric dipole should exist and this might have 
some interesting bistable properties (Fig. 1). 

As shown in the figure, the molecules l.ie at 
an angle 8 to the plane of the layers and can 
rotate around a cone. The two stable states 

Fig. 1: Although their operating principle 
differs fro m that ofTN-LCDs, FLCDs 
also have (a) a bright transmitting state and 
(b) a dark non-transmitting state. The 
optical response to alternating polarity pulses 
(c) clearly shows the bistability of FLCDs. 

Paul Surguy is Senior Principal Engineer at 
CRL, Dawley Road, Hayes, Middlesex, UK 
UB3 JHH; telephone +44-181-848-9779,/ax 
+44-181-848-6565, e-mail: psurgu @crl. co. uk. 
Portions of this article originally appeared 
in Stanford Resources' monthly newsletter 
Electronic Display World, Vol. 17, No. 8. 
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Cell 
substrates 

Smectic C liquid crystal layers 

Fig. 2: Like other LCDs, the FLCD modulates the intensity of polarized light passing through 
it, in this case by acting like a classical half-wave plate- but one whose optic axis can be reori
ented by an applied field. Light enters the FLCD through an entrance polarizer, with the light 's 
polarization direction either parallel or perpendicular to the optic axis. The light passes 
through the FLCD unchanged and cannot emerge from the exit polarizer. Applying a pulse of 
suitable polarity reorients the FLC molecules so that the optic axis makes an angle of 45° to the 
incoming polarized light, which is then transmitted. 

are on opposite sides of the cone and in the 
horizontal plane. The orientations of the fer
roelectric dipoles of these two stable states are 
labeled Pl and P2. 

Like other LCDs, the FLC device (FLCD) 
modulates the intensity of polarized light 
passing through it. The basic principle of 
operation is that of a classical half-wave plate 
with an optic axis that can be reoriented by an 
applied field. Light enters the FLCD through 
an entrance polarizer, with the light's polar
ization direction either parallel or perpendicu
lar to the optic axis (Fig. 2). The light passes 
through the FLCD unchanged and cannot 
emerge from the exit polari zer, which is per
pendicular to the entrance polarizer. 

Applying a pulse of sui table polarity reori
ents the FLC molecules so that, ideally, the 
optic axis makes an angle of 45° to the incom
ing polarized light - which sets the angle 
28-45°. The light is then transmitted accord
ing to the equation for polarized light travel
ling through a half-wave plate. 1 A pulse of 

opposite polarity would switch the FLCD 
back to the original state [(Fig. l(c)]. 

This is an idealized model of the FLCD 
since, in practice, the surface molecules don't 
move as the bulk switches. As a result, there 
is twisting and bending of the structure, and 
so-called chevron structmes can also arise. 
But the model does represent a sufficiently 
good approximation for considering display 
applications. 

Advantages and Disadvantages of 
FLCDs 
The obvious advantage of the FLC effect is 
the existence of two stable and optically dis
tinguishable states which can co-exist with 
zero applied electric field. This bistability 
enables information to be written on a ferro
electric display and be maintained indefmitely 
without consuming any further power. The 
same property has a particular benefit for mul
tiplexed passive-matrix displays, in which the 
information is written a line at a time. In 

these displays, there is no need to refresh 
lines where the information does not change 
because the FLC does not decay with time. 

l11ere is, of course, a trade-off when mov
ing images are displayed because the lines 
have to be refreshed at around 25-60 Hz to 
prevent movement artifacts. The trade-off is 
between the number of lines that can be writ
ten and the refresh rate, since the number of 
lines that can be written in a given time is lim
ited by the switching speed of the FLC. 

Switching speed is the most frequently pro
claimed advantage of FLCs, which can switch 
in tens of microseconds at room temperature. 
The switching time is very dependent on the 
applied electric field, and the faster switching 
times of a few microseconds are usually 
only achieved with applied voltages of more 
than 30 V. 

A disadvantage of the FLC effect is that it 
is inherently binary, which makes displaying 
gray shades intermediate between black and 
white more difficult. The usual method of 
obtaining gray scale involves using subpixels 
or multiple sub-fran1es to dither the black and 
white states in either space or time to create a 
spatially or temporally averaged gray shade. 

In the past, concerns were voiced about the 
mechanical stability of the FLC structure. 
The structure was inherently more crystal-like 
than nematic LC materials, and so more sub
ject to distortion-induced flow when the 
FLCD was dropped or prodded. This flow 
disrupts the LC structure, causing the device 
to fai l. Recently, however, more rugged dis
play structures have been developed, which 
reduce the distortions experienced in ordinary 
use to a level where no damage results. 

At FLC '97, held in Brest, Brittany, France, 
a range of variants for this ferroelectric tech
nology were discussed (see accompanying 
article by Bengt Stebler). Here's a summary. 

Passive-Matrix Ferroelectric Displays 
This original - and simplest - form of ferro
electric display is the one described earlier in 
this article. It was the subject of numerous 
R&D projects in the early 1980s, but to date 
only Canon has taken it to market. Canon, 
which developed a 16-color 1280-line 15-in. 
display back in 1992, presented their latest 
prototype at Brest - a 15-in. 1024 x 768 dis
play using subpixels to generate gray scale. 
l11ere were four binary-weighted subpixels 
per color, giving a total of 4096 colors, but the 
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Fig. 3: Silicon-backplane FLCDs are similar to active-matrix displays except that the active 
matrix is formed 011 ordinDiy single-crystal-silicon chips, with the FLCD built on top. 

aperture ratio was low at just over 50%. 
Canon demonstrated the panel with only a 
series of still-video images because the update 
rate of the screen was not fast enough for a 
full -motion-video rate. 

Although passive-matrix FLCDs were orig
inally hailed as the best way of achieving 
large-area direct-view displays, they have not 
yet been proved in this application - mainly 
because of a lack of adequate means for pro
clueing gray scale. 

Silicon-Backplane Devices 
An important and longstanding use of FLCs 
has been in miniature displays based on sin
gle-crystal-silicon backplanes. These devices 
are similar to active-matrix displays except 
that the active matrix is formed on ordinary 
single-crystal-silicon chips, with the FLCD 
built on top (Fig. 3). The advantage of these 
displays over conventional active-matrix 
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twisted-nematic (TN) displays is that they can 
be written with very high frame rates, making 
it possible to produce color on the display 
using the color-sequential technique rather 
than color filters. 

In this technique, color is produced by writ
ing a frame containing just the red parts of the 
picture and then flashing a red light [usually a 
light-emitting diode (LED)], then writing a 
frame of green information and flashing the 
green light, and finally a frame of blue infor
mation and flashing a blue light. This is clone 
at a frame rate sufficiently high for flicker to 
be imperceptible to the observer. 

Because these displays have no color fi l
ters, they generally have higher luminous effi
ciency. They also provide higher perceived 
resolution because the color is not split into 
subpixels. The same color-sequential princi
ple can also be used for projection displays, 
with the flashing LEDs replaced by a color 

wheel synchronized to the display and illumi
nated by a projection lamp. This color-wheel 
teclmology is already used in some projectors 
based on the Texas Instruments Digital 
Micromirror Devicenl. 

Since silicon-backplane displays are limited 
by the size and cost of silicon wafers - and by 
the size of the display that can be made with a 
reasonable yield at a reasonable cost - this 
technology is restricted to miniature displays 
that can be used for projection and head
moUilted applications. 

Antiferroelectric Displays 
By far the most popular topic at Brest was 
antiferroelectric liquid-crystal (AFLC) devices 
and materials. These are very similar to ordi
nary ferroelectric materials and devices in that 
they are fast, have a wide viewing angle, and 
show some hysteresis - often referred to as 
tristable switching - so that they can be multi
plexed without an active matrix. Unlike ordi
nary FLCs, they are not fu lly bistable, so they 
have the significant advantages of being able 
to display analog gray scale and being driven 
by ac wavefom1s (Fig. 4). 

An interesting recent development has been 
the use of AFLCs in active-matrix-addressed 
displays. This combination of technologies 
promises fast-switching displays (for true 
video rate) with excellent gray-scale fide lity. 

Low-Power and Polymer Displays 
One of the attractions of FLCDs has been 
their potential for low-power portable dis
plays: once an image is written on an FLCD, 
no power is required to maintain it. However, 
apart f rom gray scale, two other problems 
have restricted the use of FLCDs in these 
applications. One is the low contrast of 
approximately 40: 1; the other has been insuf
ficient ruggedness. In an attempt to overcome 
these drawbacks, FLCs have been incorpo
rated into polymer networks, similar to the 
way in which nematic liquid crystals have 
been incorporated into polymer-dispersed liq
uid-crystal (PDLC) displays. 

What of the Future? 
Tlus was one of the quest ions being debated 
in the final panel discussion at the end of the 
conference in Brest. The clear majority opin
ion was that there is a place for FLC displays 
-particularly in silicon-backplane devices, 
where high resolution, high speed, and gray 



Fig. 4: Unlike ordinary FLCs, antiferroelec
rric LCs (AFLCs) are not fully bistable, so 
they can display analog gray scale. In this 
typical electro-optic characteristic for an 
AFLCD, the gray scale is selected over the 
voltage range V ,v-V o. V0 being the holding 
voltage that maintains the selected gray level. 

scale can be achieved and where there are 
appropriate applications in head-motmted and 
projection displays. As far as large direct
view displays are concerned, most attendees 
seemed to believe that the only route forward 
was to use AFLCDs on active-matrix sub
strates. These s hould be able to outperform 
conventional AMLCDs - which use a TN 
effect - in both speed and viewing angle, and 
thus provide the performance expected of 
monitors with diagonals in excess of 15 in. 

Arguably, this view was confirmed by the 
15-in. anti ferroelectric active-matrix display 
that Toshiba presented - but did not exhibit -
in one talk. The company said it expected to 
market the display in about 2 years, after the 
AFLC material is further developed. 

When considering the longer-tenn future, 
some people suggested that the price of the sil
icon-backplane devices could be brought down 
enough for them to be used in virtual-reality 
games. This comment was based on the fact 
that the simple silicon chips used for the back
planes can be made very cheaply in large vol
ume, and that assembly costs and liquid-crys
tal costs should also be relatively low. 

So, for those people who are wondering 
what happened to ferroelectrics, the answer is 
that FLCs still appear to be of interest for a 
range of applications, including both miniature 
displays and large direct-view passive- and 
active-matrix displays, and are certainly of 

great academic interest. The release of high
volume products has, however, not yet been 
realized. Probably the best hope for the com
mercialization of this enigmatic technology is 
the silicon-backplane miniature display. 

Note 
1The equation for polarized light travelling 
through a half-wave plate is 

I=! sin246sitr --' ( ndt.n) 
o A. , 

where /0 is the transmission through parallel 
polarizers, 6 is the tilt angle of the FLC 
molecule (see Fig. 1), C.n is the birefringence 
of the liquid crystal , dis the cell spacing (see 
Fig. 2), and A. is the wavelength of the inci
dent light. • 
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SMAU '97: International - and Very Italian 

FPD monitors appeared in quantity at Europe 's second
largest IT show, but the force was still with CRTs in Milan. 

by Bryan Norris 

I International Information and Conmm
nications Technology Exhibition (SMAU) -
Italy's premier information-technology (IT) 
trade show and Europe's second largest- was 
again held at the permanent Fiera Milan site, 
this time from TI1ursday, October 2, to Mon
day, October 6, a little earlier than usual. This 
34th SMAU fair was once again larger than the 
previous year's. TI1ere were 2600 exhibitors 
(compared to 2300 in 1996), with booths occu
pying 86,000 m2 (as opposed to 79,000 in 
1996) in 24 (compared to 20) of the large halls. 

Visitor numbers were slightly down at 
357,000 compared to 387,000 last year, 
despite - or maybe because of - the brilliantly 
fine and warm weather. Also, the SMAU 
organizers had designated Friday and Monday 
as trade-exclusive days, allowing (theoreti
cally) the general public in only on the other 
three days. Separate entrances gave the dif
ferent types of visitors specific routes to suit 
their supposed interests. 

The contention that SMAU is international 
was proved by the significant number of 
exhibitors and professional visitors coming 
from a host of countries: Australia, Brazil, 
Canada, China, Gennany, Great Britain, 
Greece, India, Ireland, Israel, Japan, Malta, 

B1yan Norris is the Senior Partner and 
founder of Bryan Norris Associates, Consul
tants in Electronics, 7 Biddenham Turn, Bid
denham, Bedford MK40 4AT, U.K.; telephone 
+44-(0)-1234-26-7988,/ax +44-(0)-1234-26-
2345, e-mail: bnorris@kbnet.co.uk. He is a 
contributing editor to Information Display 
Magazine. 
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Morocco, Portugal, Russia, Spain, Syria, Tai
wan, Thailand, Tunisia, Turkey, Ukraine and, 
last but not least, the USA. 

But having said that, the show is una
shamedly Italian, both in outlook and in the 
product portfolios promoted. For example, 

Sambers 

Fig. 1: There's not much margin in the 14-in. PC monitors still popular in Italy, but several 
mamifacturers are finding healthier margins in public-information monitors. Sam.bers ' EV 
model is being used in ai1port installations extending ji"om the new Malpessa Ai1port in Milan 
to Australasia. 
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Eiki 

Fig. 2: Large plasma panels were being used to provide easy-to-read information on many 
stands at SMA U. A notable example on the Videosel stand was that from the Japanese company 
Eiki, which has ties to Fujitsu General. 

the most popular monitor group on display 
was still the SVGA 14-in. with (perfectly ade
quate) MPR-II. By contrast, at the Orbit 
Show in Basel, held the previous week in 
neighboring Switzerland, the most popular 
was the high-end 17-in. with TCO '95. 

To put things into a local perspective, dur
ing the second quarter of 1997, over 53% of 
the monitors sold in Italy were 14-in. and only 
11 % were 17-in. However, in Switzerland 
during the same period, over 50% of the color 
CRT monitors sold were 17-in. models and 
just 2.2% were 14-in.! Nonetheless, most of 
the new displays from the major VDU suppli
ers seen in Switzerland were also being exhib
ited in Milan, together with some unique 
brands from Italy itself. And there were exu·a 
products from many Far Eastern suppliers 
who recognize that they can sell into the much 
larger, although not so demanding - in terms 
of specifications - Italian market. 

A batch of local monitor makers, intro
duced to you in previous SMAU show reports, 
contributes significantly to the expertise that 
Ital ian companies have built up in supplying 
the multimedia and infonnation-display niche 
markets with large-screen monitors. Although 
CA&G still makes well over 200,000 moni-

tors a year - mostly 14- and 15-in. models
the company continues to look to its 28-, 29-, 
and 34-in. public-information display (Pill) 
monitors to provide its greatest reward. 

Finzi, the local and long-established pro
duction arm of Philips, has its factory at 
nearby Sarom10, where the Philips 28/29- and 
32/33-in. (16:9) PID monitors are made. Its 
new PID 600 model on display at SMAU is 
now being installed in the Frankfurt and Brus
sels airports. Also still produced at Saronno 
are Philips' flagship product, the Brilliance 
210CS Cyberscreen®, and the Brilliance 201 
21-in. models, plus special monochrome and 
color 14-, 17-, 20-, and 21-in. monitors 
designed specifically for medical applications. 

Seleco sti ll offers its 28-in. units, but is 
increasing promotion of its projector ranges 
for multimedia applications. Sambers - with 
production up around 20% in 1997 and its 
phoenix-like brandname Hantarex now sell
ing in 60 countries around the world- will 
make over 50,000 (mostly large-screen) moni
tors in 1997. W ormation-display models, 
such as the EV model (Fig. 1), are being used, 
for example, in airport installations extending 
from the new Malpessa Airport in Milan to 
Australasia. And the Sambers/Hantarex 42-

in. standalone plasma-display panel was at 
last going into volume production. On numer
ous stands at the show, large plasma panels 
were being used to provide easy-to-read infor
mation, which is the natural function of these 
products, and a notable example on the 
Videosel stand was that from the Japanese 
company Eild, which has ties to Fujitsu Gen
eral (Fig. 2). 

FPD Monitors 
In addition to state-of-the-art plasma moni
tors, other flat-panel-display (FPD) products 
took some of the limelight. The measure of 
excitement generated in Milan by the FPDs 
heralds their meaningful sales in Italy, most 
particularly with respect to LCD standalone 
monitors. 

111e prize for the most eye-catching stand 
and LCD-monitor product range must go to 
the Italian - yes, Italian - manufacturer 
McPerson. The host of varied and brightly 
colored LCD monitors on the McPerson stand 
- which made the neighboring Compaq stand 
luuk positively dull- included the TFT 10.4-
in. VGA, TFT and DSTN 12.1-in. SVGA 
"Sierra" range, and the TFT 14.5- and 15.1-in. 
XGA and DSTN 15.5-in. XGA "Tango" 
range. All were full -featured, including OSD 
and multimedia (Fig. 3). Established in 1993 
- and initially specializing in the production, 
assembly, and sales of "latest-generation" 
notebooks and multimedia accessories -
McPerson is located at Pordenone, armmd the 
coast northeast of Venice. It is claimed that 
the new 4000-m2 factory there has a produc
tion capability of over 30,000 notebooks and 
60,000 multimedia monitors a year! 

But the CRT Still Rules 
The trusty CRT monitor was still coming up 
trumps at SMAU, with considerable enthusi
asm being generated by the latest screen size, 
the 19-in. On view at the show were 19-in. 
models from the early suppliers, notably the 
CM751ET from Hitachi itself on its distribu
tors' stands, AD/'s MicroScan 6P (on distribu
tor Digitrouica 's stand), and Priuceton 's 
E090 on the crowded Computer House booth. 

Newcomers to this screen size, Nokia and 
Philips each managed to show 19-in. w1its 
with w1ique featw-es. 111e Nokia 446Xpro has 
a very high horizontal scan frequency (to 107 
kHz), and the Philips Brilliance 109 has an 
optional plug-in USB module. 
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Other companies showed they would soon 
be joining the 19-in. club by including their 
forthcoming 19-in. models on their price lists, 
although their products were not on display. 
Acer's 99c was to sell fo r Li re 1690k 
(US$980); Compaq's V90 was listed at Lire 
1924k (US$1116); and in local PC assembler 
a11d peripherals distributor l11tercomp's cata
log, MAG's DJ800 was offered at Lire 2000k 
(US$ 1160). 

LG ltalia, now one of the major players in 
the ItaUan-branded market, was disappointed 
that it was unable to show off its 99i. Al
though the first of these models will, like all 
the other current 19-in. displays, be fitted ini
tially with the Hitachi tube, LG plans to be 
using its own 19-in. CRT by the second quar
ter of 1998. 

Panasonic too was forecasting that its 
small-footprint own-ntbed 19-in. model would 

be available in the spring of 1998. In the dis
plays section of the enormous Panasonic 
stand - which covered over half of Hall 21's 
floor area - a special exhibition demonstrated 
the company's commitment to its new range 
of compact tubes and, thus, monitors . 

All the international monitor suppliers were 
naturally keen to demonstrate their other new 
CRT-based products at SMAU. Well-known 
companies such as LG, Mitsubishi, NEC, 
Nokia, Panasonic, Philips, Samsung, and 
Sony each had prestigious booths and, in addi
tion, were also promoting their products 
through their various distributors. 

Other international moni tor houses relied 
on distributors to make the show visitors 
aware of their new models. For example, AD/ 
monitors were to be seen on distributor Dig
itro~tica's stand, and Daewoo models were 
exhibited on the Executive stand. Eizo dis-

McPerson 

Fig. 3: Italian manufacturer McPerson showed a full range of attractively packaged LCD mon
itors at SMA U, of which this is an example. 
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plays were prominent on exclusive distributor 
Epso11 's booth, as well as on numerous other 
dealer stands, and iiyama employed Concor
dia Graphics to promote its high-end range. 

During the show, it was stated tltat 
Hywzdai had formed a joi11t venntre called 
DHI witl1 its major distributor Data Pool. 
Meanwhile, Datamatic, which had been sell
ing Samtron monitors very successfully in 
Italy for a number of years, responded to 
Samswzg's virtual withdrawal of the brand 
from the marketplace by delivering increas
ingly significant quantities of the new Korean 
brand Hansol to the Italian market. 

The Pan-European trend for local PC 
assemblers to use a branded monitor on their 
PCs and to sell that brand to bring in "sur
vival" revenues was also much in evidence in 
Milan. Computer House Store uses - and 
sells - LG and Samszmg monitors; Frael has 
AOC displays; and lntercomp appeared to be 
completely converted to using MAG monitors 
on its PCs. 

It was interesting to note some peculiarly 
Italian aspects of the Italian monitor market. 
Acer's extensive stand included a large moni
tor-display wall, and the wide range of models 
offered included the "Basic 14-in." 48-kHz 
unit [for Lire 379k (US$220)] and the 
AcerView 34e and 54e 54-kHz 15-in. units 
[for Lire 399k (US$231) and Lire 449k 
(US$260), respectively]. Lemon Computers 
offers the "economical option" of a 48-kHz 
14-in. monitor for Lire 344k (US$200), or a 
64-kHz 15-in. monitor for Lire 499k 
(US$289), a 75-kHz 17-in. model for Lire 
1019k (US$59 1), or a (rarely sold) 85-kHz 
20-in. model for Lire 2429k (US$1409). 

LG provides its 14-in. 44i for Lire 349k 
(US$214) and Samsrmg tlte 3Ne 31.5- 38-kHz 
14-in. for Lire 359k (US$248). Semio, the 
local supplier from Florence, was predicting 
that sales of its Taiwanese-made Boxer and 
industrial Techno brands would be up nearly 
30% in 1997 over 1996, but that the percent
age of its 14-in. sales would be down only 
some 5-10% from the 65 % 1996 share. 

On the other hand, all the international PC 
houses now boast a range of high-spec moni
tors. Local manufacturer Olivetti, now a sub
sidiary of Piedmont, no longer (publicly) 
offers a 14-in. model, just 54- and 69-kHz 15-
in., 69- and 92-kHz 17-in., and 107-kHz 21-
in. models! ZDS, still French in outlook, 
unveiled its new range of Korean-made motu-



tors at the show: one 14-in., three 15-in., and 
two 17-in. models. German SNI exhibited its 
extensive range of ergonomically and ecologi
cally friendly monitors, which included the 
13.8-in. LCD monitor already selling well in 
Europe (including Italy) . 

From the United States, Compaq's 24-in. 
Trinitron,.'-tubed P1610 and its 15. 1-in. 
TFT500 LCD monitor were generating inter
est, although competing with the company's 
usual razzmatazz products. A fringe display 
product in the form of Apple's "Twentieth 
Anniversary Macintosh," the 12.1-in. SVGA 
LCD-PC (with 32MB expandable to 136MB, 
CD-ROM, etc.) was also attracting a great 
deal of attention. And, last but not least, 
MicroTouclz used the occasion of SMAU to 
announce to the world an agreement with 
IBM to market a dual-branded range of one 
14-in., two 15-in., and one 17-in. touch-screen 
monitors. 

There was much to be learned at SMAU, 
which continues to prove its worth as one of 
the world's major IT shows. It is a must for 
all those interested in the Southern European 
display markets - and it provides that extra 
Italian piquancy. • 

Please send new product releases or 
news items to Information Display, 
cjo Palisades Institute for Research 
Services, Inc., 201 Varick Street, New 
York, NY 10014. 
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18th International Display 
Research Conference 
(Asia Display '98) 

SEOUL, KOREA 
SEPT. 28 - OCT. 1, 1998 

• An internalional conference on display 
research and development aspects of: 

Display Fundamentals Display Devices 
- Hard Copy & Storage Input Systems 
- Integrated Devices and Applications. 
- Image and Signal Processing. 
-Color Perception Human Factors 

COMPUTER AIDED DRAFTING • PHOTOMASK SERVICES • PHOTOPLOTTING SERVICES 

If you require high precision, large-area photomask generation, 
see what Advance Reproductions Corporation has to offer. We 

are experts in t he f ield of photomasking technology and 
have been successfully serving t he electronics industry 

for over 25 years. The new demand for large-area 
photomasks is quickly emerging for Lead Frame, 

LCD, Plasma Display, Bump Mask, Shadow 
Mask and Chemical Milling applications. 

Advance's large-area photomask services 
division is available to assist you with all 

of your large-area photomask require
ments. For more information 

regartling all of our high quality 
services, contact our technical 

sales department at the 
number below or visit 

our web site at www. 
advancerepro.com 

Circle no. 24 

License PIVOT SOP~~ 

~ 
trj 

Your customers will see more, and you'll see more customers! 
Rotate your LCD display 90, 180 or 270 degrees without quitting the active application. 
Compatible with Windows®3.1 x, 95 and NT 4.0; and Mac/OS® 
Great for LCD monitors. kiosks. notebooks. ail-in-one and tablet computers. 

For more information on licensing PIVOT SOFTWARf®, conlact: 
Mikel Eslrin, Vice President of Sales at Portrait Displays, Inc. 
Tel: +1(510) 227·2700 ext 222 FAX: +1(510) 227-2705 
Email: meslrin @ portrait. com Internet: WWW.PORTRAIT.COM 

Circle no. 25 

• Portrait 
Displays, Inc . 



JOIN US IN BOSTON TO SEE AND HEAR 
WHAT'S NEW IN DISPLAY TECHNOLOGY. 

·The Technical Program will consist of 180 original and 
invited papers with 80 more in a Poster Session, all orga
nized in five parallel tracks: 
- AMLCDs and Display Manufacturing 
- Applications and LC Technology 
- CRTs and Emissive Displays 
-Applied Vision, Human Factors, Display Measurement, 

and Hardcopy/Imaging Systems 
- Large-Area Displays and Display Systems 
• The Seminar Program will once again draw on 
industry leaders for three days dedicated to short 
courses, technology overviews, and display applications. 
• Over 200 vendors will demonstrate the latest in displays, 
components, and equipment. 
• Evening Panel Discussions, an Exhibitor Reception, 
a Conference Luncheon, and an evening Social 
Event will complement the technical program. 

14 
SEPTEMBER 

Fourth International 
Conference on the Science 
and Technology of 
Display Phosphors 

BEND, OREGON 
SEPTEMBER 14- 17, 1998 

· An international conference on the future 
prospects of phosphors for· 
- ELDs- EEDs 
- CRTs - Plasma Displays 
- PL Devices- LC Backlights 

For additional information: 
Law·en Kinsey 
Society for Information Display 
1526 Brookhollow Drive 
Santa Ana, CA 92705-5421 
714/545-1526, fax -1547 
socforinfodisplay@mcimail.com 

SEPTEMBER 
18th International Display 
Research Conference 
(Asia Display '98) 

SEOUL, KOREA 
SEPT. 28- OCT. 1, 1998 

• An international conference on disolay 
research and development aspects of: 
-Display Fundamentals Display Devices. 
-Hard Copy & Storage Input Systems. 
- lnteorated Deyices and Applications 
- Image and Signal Processing 
-Color Perception Human Factors 

.... D m Since 1962, a professional worldwide interdisciplinary society 
D.l 1 committed to the advancement of information display. 

~ ~ ... 

NOVEMBER 
Sixth Color Imaging 
Conference: Color Science, 
Systems & Applications 

SCOTTSDALE, ARIZONA 
NOVEMBER 17 - 20, 1 9 9 8 

• An international multidisciplinary forum 
for dialooue on· 

Creation and capture of Color Images 
-Color Image reproduction and 

interchange 
-Co-sponsored with IS&T. 



• Custom Glass 
Melting in Platinum 

• Laboratory Test Melts 
• Production Volumes 
VI OX considers our cus
tomers' needs for purity, 
service. and confidentiality 
all important. Look to us as 
a partner, able to deliver the 
ultimate in custom melted, 
fritted, or powdered glass 
products. We can melt to 
your proprietary formula, up 
to 2000 pounds in a single 
platinum pot. This provides 

_.. uniform consistency. 
So team up with 
VIOX's 40 years of 
glass manufacturing for 
a great composition. 
For more informa· 
lion or a sample 
melt, contact: 

VI OX 
CORPORATION 

6701 Sixth Ave. S. 
Seattle, WA 98108 
(206) 763-2170 
Fax (206) 763-2577 
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VIDEO MATE 
Video to LCD Scan Converters 

VIDEOMATE 3 PAL video to SuperVGA LCD scan 
converter card. 
VIDEOMATE 4 video and VGNSuperVGA to XGA scan 
converter and seater card. 
Also from Imagine Graphics - specialists in display technology: 

* Multi-channel graphics cards 
* Multi-channel MPEG-1 and MPEG-2 decoder cards 
* Graphics device driver development 
* Graphics cards and drivers for 16 x 9 plasma and 

CRT disp lays 
* Custom computer graphics and digital video design 

and development 

'm"'"" ""'h,,!~AS~~c~ 
Lancaster House, Tel: +44 (0)1727 844744 
61 Lancaster Road, Fax: +44 (0)1727 811660 
St. Albans AL 1 4ER email: sales@imagine-g.com 
England Web Site: www.imagine-g.com 
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Before you buy another video 
test generator, take this test: 

Will yours test high-end monitors? 

Will yours adjust sync resolution in single pixels? 

Can you plug it into your PC? 

Compare our Model 801GL-ISA with 
video test generators costing much more: 
• Fully programmable, full function 

• Up to 150 MHz video clock rate 

• Extremely accurate and stable 

• MS Windowsn • interface 

• Create custom images or use over 80 popular 
standard video formats and 60 test images on-board 

• Low cost, only$ 1995 USD 

Qu£\nTUiil i>£\T£1" 

2111 Big Timber Road • Elgin, IL 60123 USA 
Phone: (847) 888·0450 • FAX: (847) 888-2802 
URL: http://www.quantumdata.com 
E-mail: sales@ quantumdata.com 
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Taiwan's Largest LCM Manufacturer 
* SOLOMON Technology is ISO 9001. 
* We 100% TEST: Electrical, Visual, Optical, Environmental. 
* Lowest failure rate in the industry: Less than 1/10th of 1%. 

(Failure rates to not include freight damage or misuse) 
* Over 300 standard designs to choose from. 
* We stock our most popular designs for immediate delivery. 
* Simple modifications to our standard designs to fit your 

special needs is not a problem. 
* Complete custom design is our specialty. From simple LCDs 

to ALL-IN-ONE PCB solutions to maximize cost savings. 
* State of the art COB, TAB & COG machines on line Q-1 '98 

in our new Kaohsiung facility. 

SOLOMON 
21038 Commerce Pointe Drive, Walnut, California 91789 
Sales (909) 468-3732 ext 3039 Fax (909) 869-6258 
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Increase EMI/RFI 
Protection vvith 
DURALAN II™ 
High Performance Windows, 
Lenses and Filters 

Laminated Within the Filter 
Various Conductors Available 

Abrasion Resistant Surface I 
Anti-Glare Finishes 
Various Transparent Colors 
Contrast Enhancement 

New. High Performance. 
Small. Affordable. 

Lightweight and portable, the new Video Instruments 
Model 875 practically fits in the palm of your hand. Yet 
the number of patterns and rates that can be down
loaded from your P.C. to the unit is virtually unlimited. 
Talk about versatile! 

Call 1-800-962-8905 U.l. U1~;; i;~;~~;;;~ecs. 
2155 Bellbrook Avenue • Xenia, OH 45385-4043 

Phone: 937-376-4361 • Fax: 937-376-2802 
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GRAPHIC$ AND flfi:TRON I I:S 

For additional information call 609/825-8900, 
FAX: 609/825-8969, or visit our Web site at : 
www.silver-cloud.com 
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FIT A I :·I, At Th~mas Electronics, c.RT solutions 
t Le come m all shapes and mes. 

We give you more color and monochrome CRT options ... from 0.6 to 36 inches in diameter. 
Each CRT we produce can be supplied for the life of your design. Our 4S year heritage has been buUt 
on fast response, partnership, and trust. We build value into the products we produce and quality 
into the systems you design. For CRT design, you're in great shape with Thomas Electronics. 

THOMAS ELECTRONICS 
Clear Vision ... By Design 

Thomas Ele<troni<s, In<., 100 Riverview Drive, Way~~e, NJ 07470 U.S.A. Tel. 201.696.5200 Fax 201.696.8298 
Circle no. 32 
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Highly reflective mobile color 
TFT-LCD 

Sharp Corp., Camas, Washington, has devel
oped and will begin mass production of the 
HR-TFf Super Mobile LCD. By eliminating 
the backlight, this new highly reflective dis
play uses one-seventh the power, is one-third 
thinner, and is 50% lighter than conventional 
transmission-type LCDs. The display gets 
brighter and easier to see as the surroundings 
get brighter, even in direct sunlight. It 
achieves a 30% reflective rate of incidental 
Light, a contrast of 10:1, and displays 260,000 
colors. The HR-TFf Super Mobile LCD is 
capable of displaying moving images with a 
high-speed response rate of 50 msec, compa
rable to cwTent transmission-type LCDs. 
Because the display uses a highly efficient 
reflective function for the picture-element 
electrode, double images, which have been a 
problem with transmission types, are elimi
nated, even when viewing the display from an 
angle. Production of the HR-TFf Super 
Mobile LCD will begin with a 2.5-in. model 
for use in audiovisual products in 1998. This 
will be followed by models of 4-6.5 in. for 
use in portable information tools and by 8.4-
in. models for use in mobile PCs. 

Information: Sharp Electronics Corp., 5700 
N.W. Pacific Rim Blvd., M/S 20, Camas, WA 
98607. 1-800-642-0261, 360/834-2500, fax 
360/834-8903. 
Circle no. 1 

Two-page color SXGA FPD 

dpiX, A Xerox New Enterprise Company, 
Palo Alto, California, has introduced the 
Expression 100, a 19-in.-diagonal high-resolu
tion color fl at-panel-display (FPD) module 
that provides a two-page viewing area, bright 
saturated colors, and wide viewing angle. The 
largest AMLCD manufactured in North 
America, the Expression 100 is designed to 
replace bulky 20-21-in. CRT monitors. Its 
1280 x 1024 workstation-class resolution and 
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Digital True ColorTM technology support h tll 
24-bit color, and its fast response times sup
port fu ll-motion video at 30 frames/sec - ideal 
for real-time video imaging applications. The 
wide field of view is achieved without com
promising real-time video rates. Unlike 
CRTs, it is immune to magnetic fields, and it 
displays distortion-free images from center to 
corner. Sample units of the Expression 100 
are currently available for under $10,000. 
Production is scheduled for the first quarter 
of 1998. 

Information: dpiX, Inc., 3406 Hillview 
Ave., Palo Alto, CA 94304. 650/842-9600, 
fax -9808. 

C ircle no. 2 

Multimedia pivot LCD 

ViewSonic Corp., Walnut, California, has 
announced the VPA150 ViewPanel®, a 15-in.
diagonal multimedia pivot LCD designed for 
applications where space, weight, and power 
consumption are as vital as the need for a 
large, crisp display. With its unique pivot 
capabilities through PerfectPortrait™ soft
ware, the VPA150 is ideal for spreadsheets 
and graphics using the regular landscape 
mode. When in portrait mode, the screen 
height is comparable to that of a standard 21-
in. monitor, enabling it to display a full 8.5 x 
11-in. or A4-size page of text. Its slim 6.7-in. 
profile takes up 75% less space than a 17-in. 
CRT monitor, and its low 40-W power con
sumption offers up to 70% in energy savings. 
Weighing only 12.8 lbs., the new VPA150 
View Panel® display is extremely portable. Its 
high performance is due to ViewSonic 's 

LuCiDTM teclmology that combines an 
AMLCD with 200 nits of backlight power, 
supported by 1024 x 768 XGA resolution at a 
refresh rate of 75 Hz. Other features include 
On View® controls, which guide users in mak
ing screen and LCD signal adjustments via 
pushbuttons and an on-screen menu; View
Match®, which helps users to match screen 
colors to printer output; and View Meter®, 
which takes out the guesswork in refresh-rate 
configuration. The VPA150 ViewPanel® is 
designed for both PC and Mac® systems. It 
has an estimated street price of $2195 and an 
MSRP of $2395. 

Infom1ation: ViewSonic Corp., 381 Brea 
Canyon Rd., Walnut, CA 91789. 1-800-888-
8583, 909/869-7976, fax 909/468-3756. 

Circle no. 3 

Plug-and-play miniature VGA 
display 

Central Research Laboratories (CRL), Mid
dlesex, U.K., has introduced the VGA2+, a 
video-interface version of their 640 x 480 
VGA monochrome miniature display. The 
new device retains all of the design features of 
the VGAl spatial light modulator and is now 
compatible with CCIR (50 Hz) and RS170 (60 
Hz) video input. Measuring only 34 mm on 
the diagonal, the VGA2+ supports a full 
image at full line resolution, allowing pro-
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grammable image formatting, and accepts a 
wide input-voltage range. 111e device comes 
complete with its own interface to allow users 
to simply plug and play. Full specification 
and pricing information will be available early 
in 1998. Devices will be available with no 
minimum order quantity. 

Information: Claire Harrison, CRL, Hayes, 
Middlesex, U.K. +44-0181-848-6444, fax 
+44-0 181-848-6677. 

Circle no. 4 

Interactive AMLCD touch
screen system 

Information Display Systems, Inc., Wilming
ton, Delaware, has introduced the Custom
TouchTM flat-panel interactive display system 
for public multimedia kiosks. The AMLCD 
interactive touch-screen system was designed 
specifically for multimedia operations and as 
an alternative to bulky conventional CRT
based kiosks. The system features a large, 
bright screen that users can tilt to a comfort
able viewing angle. 111e benefits to designers 
of public multimedia systems include design 
freedom, an attractive platform that can be 
incorporated into many exhibit styles, and a 
single screen/computer unit that allows more 
flexible use of display space. The advantages 

to businesses and developers are easy integra
tion into retail, lobby, trade-show, and other 
exhibits; significantly reduced costs; adapt
ability for multiple uses; and greater conve
nience for shipping, setup, and maintenance. 
111e system's easy portability eliminates the 
need for lift trucks and fu ll crews with carpen
try skills or teclmical expertise in multimedia 
applications . 

Information: Edward A. Wesolowski, Jr., 
President, Information Display Systems, Inc., 
1514 Brandywine Blvd., Wilmington, DE 
19809. 302/764-8602, fax 302/764-6609. 

Circle no. 5 

Portable video wall 

Pioneer New Media Technologies, Long 
Beach, California, has introduced a fully self
contained multiscreen projection system suit
able for retail, concourse, and hospitality loca
tions. The 100-in. system, which boasts a 
smaller footprint and lower cost than conven-

tionalmultiscreen projection systems, consists 
of four 50-in. projection-cube units mounted 
together in a lightweight metal-frame cabinet 
with a depth of only 37 in. The system fea
tures an advanced full-function video proces
sor with optional control and interface soft
ware. When equipped with a variable scan 
card, the system can display data and graphic 
images generated by most PCs. The modular 
design allows for easy servicing, and the unit 
can be divided into two parts for convenient 
transportation. 

Information: Pioneer New Media Tech
nologies, Inc., 2265 E. 220th St., Long Beach, 
CA 90810. 1-800-926-4329,310/952-2111 , 
fax 3 10/952-2990. 
Circle no. 6 

AMLCDs with multisync 
capability 

DATA MODUL, Inc., Hauppauge, New 
Y ork, hils intrnrltt cP.cl thP.ir RATRON 20 . 1- in . 

color AMLCD monitor that fil ls the need for 
active-matrix displays with multisync capabil
ity. Its slim profile, small footprint, and zero 
emissions are ideal for crowded hospital 
emergency rooms and frnancial trading areas. 
Eyestrain is mininuzed by the monitor's quick 
response, superior readability, and !ugh 
refresh rate, resulting in flicker-free inmges. 
The sharp contrast, lack of distortion, brilliant 
colors, and 1280 x 1024-pixel SXGA resolu
tion are also suitable for CAD/CAM and 
graphics applications. Equivalent to a 23-in. 
CRT, the new 20.1-in. plug-and-play LCD 
monitor has a power consumption of only 72 
W, about 35% of that of a CRT, and an 80° 
viewing angle (vertical and hori zontal). 
BATRON monitors can be customized to 
meet specific customer needs. 

Information: Peter Mazza, DATA 
MODUL, Inc., 120 Commerce Dr. , Haup
pauge, NY 11788. 516/95 1-0800, fax 
516/951-2121. 
Circle no. 7 

Flat-panel 3-D color display 

Dimension Technologies, Rochester, New 
York, has mmounced the 2012XL Virtual 
WindowTM, a 12. 1-in. 1024 x 768 XGA flat-
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panel autostereoscopic display that allows 
both single and fu ll-motion stereoscopic 3-D 
images to be viewed in full color. The display 
is housed in a cabinet that boasts a footprint 
about 10% that of a conventional display. 
The 2012XL can be used with a variety of 
operating platforms and accepts S-Video and 
standard NTSC input signals. This display 
provides high-quality images in true three 
dimensions without the need to wear special 
glasses or use other cumbersome viewing 
devices. 

Information: Dimension Technologies, 
Inc., 315 Mt. Read Blvd., Rochester, NY 
14611. 716/436-3530, fax 7 16/436-3280. 

Cit·cle no. 8 

LED automotive-lighting 
assembly 

Hewlett-Packard Co., Palo Alto, California, 
has a1mounced the implementation of its 
SnapLED technology in the center high
mount stop lamps of the 1998 Ford Explorer, 
available in showrooms now. The assembly 
enables automotive manufacturers to design 
integrated exterior tail lamps, stop lamps, and 
turn lamps using LEDs instead of conven
tional incandescent lamps. The flexibility of 
the LED lighting assembly allows automotive 
stylists to create more innovati ve designs 
while delivering lower power consumption. 

38 !tiformation Display 2/98 

Unusually shaped thin tai1lamps accommo
dating the curvature of the vehicle's body are 
now possible. Expensive sheet-metal tooling 
and assembly costs associated with the body 
cutouts required for incandescent bulbs are 
eliminated, allowing vehicle manufacturers to 
increase trunk space. The SnapLED assembly 
employs HP's TS aluminum indium gallium 
phosphide (AllnGaP) materials. The LEDs 
are so bright that they pemlit a reduction in 
the total number of LEDs required for tail
lanlp and stop-lamp applications. Enlitting 
true red-orange and amber, the super-bright 
LEDs are not dependent on lens color. The 
assembly is available now, with some stan
dard-sized modules available for sale and 
sampling. Actual cost will vary based on 
design and wi ll provide up to $10 savings per 
car compared with incandescent-bulb assem
blies. 

Information: Hewlett-Packard Company 
Inquiries, 5301 Stevens Creek Blvd., P.O. 
Box 58059, Santa Clara, CA 95052-8059. 1-
800-537-7715, ext. 9967. 

Circle no. 9 

Portable spectroradiometer 

Photo Research, Chatsworth, California, has 
aJmounced the PR-705/7 15 SpectraScan(!), a 
portable stand-alone spectroradiometer 
designed to quickly measure the color and 
intensity of light sources, displays, and reflec
tivejtransnlissive samples with NIST-trace
able accuracy. The PR -705 measures spectral 
power distributions in the visible range 
(380-780 nm), a11d the PR-715 extends the 
range to the near-infrared (380-1068 mn) . 
This multiple-aperture (1- 6) device is the 
most sensitive spectroradiometer in its class 

and can measure lunlinance levels as low as 
0.003 cd/m2 (0.001 fL). One of the key fea
tures that makes the PR-705/715 an essential 
tool for both R&D and QC/ QA testing is its 
ability to measure areas as small as 0.02 mm 
(0.001 in.) with the highest accuracy and 
repeatability . 

Information: Photo Research, Inc., 9330 
DeSoto Ave., Chatsworth, CA 91311-4926. 
818/341-5151, fax 818/341-7070. 
Circle no. 10 • 

Internet Consulting 
and 

Database Research 

Get on the "Net." Training, lec
tures, Web sites, and consulting 
by the former Executive Director 
of the Internet Society. Visit the 
SID homepage at 

http://www.sid.org 

Database research . Patent 
Searches, Technical Literature, 
Competitive Analysis , Market 
Research, Demographics 

H.L. Funk Consulting 
7 Diane Court 

Katonah, NY 10536 
Telephone/Fax: 914-232-3530 

E-mail: 
consult@ hlfunk.com 
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Almost nothing has a bigger impact on product preference than the visual performance of a display. 

OCLI's image enhancement technology delivers vivid colors, high contrast and crisp resolution on 

direct view and projection displays. The difference is an immediately visib le improvement that wi ll win 

over even the most discriminating customers, the moment they see it. 

Contact us for more information: www.ocli.com 
USA (707) 545-6440 (888)312-0848 EUROPE (49) 6162-93030 JAPAN (81) 3-3225-8974 
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continued from page 4 

"Faste1~ sleeke1~ meaner" ... "Sumptuous 
luxwy and superb pe1jormance." "Respon
siveness unlike any other." "An zmcom11wn 
blend of classic aud contempormy design. " 

"Live now, you ' ve arrived ... " Ah yes, here 
we are at the annual Seattle Auto Show. 
Seven lnmdred cars, sport-utility vehicles, and 
pickup trucks, and I'm determined to look 

HOW WOULD YOU MEASURE 
YOUR DISPLAY REFLECTIONS? 

EZContrast well known display 
measurement solution now provides: 
> DiHuse illumination measurements 
> Specular illumination measurements 
> BRDF analysis 
> Automatic angular dynamic adiustment 

Over +I- 80° incidence, 0-360° azimuth angle while maintaining a measurement 
speed of less than 1 mn for luminance measurements. 
Compatibility with main display characteristics measurement standards (ISO, VESA ... ) . 

• ••••• •• - -- r---- ------- -

ELECTRONIC S FOR DISPL AYS AND IMAGI NG DEVICE S 

4 rue Alfred Kastler 14000 CAEN · France 

ELDIM Phone:+ 33 2 31 94 76 00 - Fax :+ 33 2 31 47 37 77 

EMail : eldim@eldim.fr - Internet address : http:/ j www.eldim.fr 
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inside every one of them. The goal I have set 
for myself is to figure out once and for all 
why there has been such a lack of progress in 
getting electronic displays into these vehicles. 
And along with that I want to try to improve 
my accuracy for predicting what will happen 
during the coming decade. 

I have started my self-assigned task with a 
preliminary calculation that if I look at ten 
"cars" - actually there are considerably more 
pickup trucks and sport-utility vehicles than 
traditional cars - each minute, I can cover the 
whole show in about the tin1e it would take me 
to run a half-marathon. I won't have to cover 
as much distance; nevertheless, I'll have to 
move right along, especially if I want to allow 
some extra time to spend on those models 
which may have some really interesting dis
plays. Fortunately, I have picked a time when 
the crowds are still light - but they will most 
likely be increasing as my tour progresses. 

I move quickly from vehicle to vehicle. 
Most requi re only a momentary glance. Right 
away I decide to spend more time with the 
"concept" cars. I make the seemingly reason
able assumption that they are indicators of 
directions for the future. However, to my sur
prise, I see less dashboard electronics in the 
concept cars at this show than I remember 
seeing in those at shows ten years ago. Most 
of the emphasis appears to be on heavily 
sculptured shapes and what to me looks like 
gaudy styling. Batrnobile-based inspirations 
are prevalent Bright metallic colors and 
strangely shaped bucket seats are major 
trends. The dashboards are all curves and cir
cles and other conical cross sections. But the 
gauges look conventional and mechanical. 
No flashing lights and no flat-panel displays. 

I look at the new GM electric car, which is 
being leased in a few selected areas of the 
country through Saturn dealerships. I am told 
that the dashboard is electronic and that the 
display technology is LED. Since it's not 
turned on, I can't verify that, but the rectangu
lar display box looks small and rudimentary . 

Everywhere I look I see conventional round 
gauges. Finally, at the Cadillac booth I fmd 
my fi rst electronic display. But it's the same 
VFD display that the top-of-the-line model 
has used for several years now. It's really 
quite a nice display, with some well-thought
out extra features, but it's only in tl1at one 
model. The other Cadillac models have 
mechanical dashboards. The Lincoln Town 
Car also has a VFD that looks much like the 



Cadillac's. But the other Lincolns are like the 
other Cadillacs - with gauges that are round 
and mechanical. 

More fast-paced looking. By now, I'm 
doing better than my goal of ten vehicles each 
minute. Not that I'm rushing, mind you. 
There really isn't much interesting to see. 
Mostly, the cars are indistinguishable from 
one another. I'm beginning to feel like I am 
lost in a forest of giant, brightly colored 
metallic jelly-beans. 

After a few hundred more cars, I come to 
the BMW booth. Aha! the gauges are con
ventional but the 700-series has a built-in 
global positioning system (GPS). Finally, an 
electronic display. It 's a backlit LCD, just 
like the one I had on an Avis rental car not too 
long ago. Apparently, a function has come 
along that could not be implemented with a 
round mechanical gauge! The BMW imple
mentation looks like it was inspired by one of 
the early James Bond movies. It 's really quite 
nice in the way it makes the dashboard look
much classier than the A vis-installed round
post-on-the-center-console, although no dif
ferent in functionality or appearance from the 
5-in. display in the rental car. Well fmally, I 
have found one example of a flat-panel-dis
play application. 

At the Mercedes booth, the only hint of 
electronic displays is for the odometer and 
outdoor-temperature displays. Not too sur
prising from this conservative company. But 
isn' t the odometer rather important? Isn't that 
a risky place to experin1ent with a new tech
nology? But then, I guess the gas or engine
temperature gauges wouldn 't be any less 
risky. 

More cars and more round mechanical 
gauges. I'm still having trouble accepting that 
the only thing new that the concept cars are 
offering is "batmobile" styling. 

Another hundred or so vehicles blur by my 
now-tiring eyeballs. I think I can see the end 
in sight. I'm even begirming to fee l about as 
tired as I would near the end of a mini
marathon. 

One of my last stops is at the Lex us booth. 
Here I fmc! another built-in GPS system, like 
the BMW's. It looks even better than the 
BMW one. The rest of the gauges are still 
mechanical but the lighting is in1pressively 
dramatic. l11e dials literally glow. Are they 
using supplemental soft-UV Lighting? I can 't 
tell for sure. The dashboard itself is the most 
impressive I've seen all day. The stereo sys-

tem is described as top-of-the-line by 
Nakamichi, with 280 W of audio power. But 
in stark contrast to the dashboard instrumenta
tion, it has one of the worst-looking seg-

mented-LC displays I have seen in quite some 
time. The contrast is poor. The colors appear 
as a dark gray on an olive-green faintly lit 
background. l11e symbols are rudimentary 

MEASURING DISPLAYS OR LEOS? 
WE GIVE YOU THE ENTIRE SPECTRUM! 

For every application there is a perfect solution. Our range of scan
ning and array based spectrometers offers a new perspective in pro
duction testing, quality control and research. 

G•o-t m - .... - ' ·· 

, 

With the capability to measure all of the 
optical parameters you need within 
seconds, our Compact Array Spectrometer, 
the CAS140B, is ideally suited for testing 
displays and LEDs. A wide selection of 
interchangeable measurement adaptors 

can be attached by optical fibers for unri
valed versatility. 

As the market leader in LED optical test instrumentation, innovation 

has always been our strength. It is re-assuring to know that we offer 
you complete solutions for spectroradiometry, photometry, transmis
sion/reflection and polarization measurements. 

FOR THE PERFECT SOLUTION - PHONE, FAX OR E-MAIL US TODAY! 

Headquarters: Instrument Systems GmbH, Germany, Phone +49·89-4549430 
Fax +49-89-454943t 1 E-mail: info@instrumentsystems.de 

North America: Instrument Systems, Canada, Phone 613-729-0614 
Fax 613-729-9067 E-mail: info@instrumentsystems.com 

Internet: www.instrumentsystems.com 
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geometric shapes. As a representative of the 
display community, I am embarrassed by what 
I see. Any VFD would put this LCD to shame. 

there more for us in the display comnnmity? 
And what about 2007? Wil l there be an auto
motive-electronics revolution and, if so, when 
will it happen? Perhaps, the question we must And that was all there was. Why wasn't 

First to make it. 
First to market. 

You've got to have talent, vision, and a real 
sense of urgency to develop products that 
will outlive the competitions'. And no-

body knows that better than Symbol 
professionals. Here. we're busy deploying 
new technical acheivements while the 
competition Is still trying to imitate our last. 
Quite simply: We're better. We're faster. 
And we're the first. 

DISPlAY ENGINEER 
You will be responsible for the design, evaluation, selection and manufacturing/ 
quality support of flat panel display technologies CLCD. LED. etcJ. evaluating 
latest market trends and technologies preparing recommendations for usage 
of the particular displays for Symbol's line of mobile computing products. Work 
with manufacturing engineering to help increasing yield through failure analysis 
and with display suppliers. 

Qualified applicants should possess a BSEE: MSEE preferred, along with a 
minimum of 5 years' experience with the principles, techniques and 
applications of flat panel technologies, display theory of operations as well 
as backlighting, technology and LCD graphic controllers. Dept: ODE 

There has never been a better time to make the move to Symbol. In addition to 
the excitement and challenges associated with joining a rapidly growing and 
successful company, you'll receive a competitive salary and benefits package 
which include a 401 (k) plan. We also offer a generous relocation package, a 
diverse work environment and an off-site day care facility. For immediate 
consideration, please send/fax your resume with salary requirement to: 
Symbol Technologies, Attn: Human Resources, One Symbol 
Plaza, MS-A 12, Holtsville, NY 117 42-1300. Fax: (516) 738-3814. 
For more information about us, visit our website at 
http://www.symbol.com 

We are an equal opportunity 
employer m/f/d/v. 
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first answer is, What problem are we 
proposing to solve in attempting to replace 
mecha nica l gauges with electronic ones? 

The mechanical gauges are reliable, they 
are inexpensive, and they provide a crisp
looking display that can be seen under all 
lighting conditions. Furthermore, the 
mechanical gauges "feel" right in an automo
bile that has its roots as a mechanical creation. 
The radio and clock can be electronic because 
they are considered add-ons or accessories 
subject to upgrading or replacement. But the 
gauges, they are integral to the soul of the 
machine - an expression of its character and 
personality. 

Electronic displays don't yet look and feel 
as robust or precise as their mechanical coun
terparts. In fact, one of the minor hits of the 
show was an automobile clock with "real 
hands" on it. Furthermore, electronic displays 
don't provide any new capability in these 
appUcations. That, of course, wasn't the case 
in airplane cockpits, where the proliferation of 
mechanical inclicators was overwhelming the 
available front-panel space and the pilots' 
abi li ties for visual information management. 

And finally, we must not forget the automo
tive industry's overriding drive for low com
ponent costs. If mechanical gauges are even 
one cent cheaper than electronic ones and if 
they meet the minimum functional needs, then 
cars will continue to have mechanical gauges. 
It's that simple. It's like writing a mathemati
cal equation. The answer is unambiguous. 

If dashboard gauges aren 't going to benefit 
from electronics, then what? The natural 
opportunity for electronic displays in ground
based vehicles lies in adding new functions 
such as GPS and in enhancing the already 
existing ones such as built-in cell phones and 
audio entertainment systems. Perhaps in the 
future there will also be voice-responsive 
computers combined with heads-up displays 
for interactivity while the vehicle is being 
driven. These new functions are the ones that 
will benefit from various new display tech
nologies. Of course, most police vehicles 
already have laptop computers permanently 
mounted for easy driver access, as do car
rental airport vans. 

Getting the traclitional instrwnent panel -
with speedometer, tachometer, fuel-level 
gauge, and other basics - to go electronic may 
indeed be like planting tulip bulbs in Febru
ary. In many parts of our world, that is a time 
of year when the ground is frozen hard and 



the weather is cold. If you try hard enough, 
you may be able to dig a hole into this 
uninviting soil and manage to stick that bulb 
in the ground and cover it up. But you will 
most Ukely freeze your fingers and the bulb 
may never come up when spring does arrive. 
Trying to design and sell an electronic-display 
speedometer into the mainstream automotive 
market during the next decade may be about 
as difficult. The spring thaw may not occur 
lllltil a lot more displays make it into cars by 
way of GPS, telephones, and entertainment 
systems. Only then, and if display costs have 
dropped way below what we can offer today, 
are we likely to see the dashboard go elec
tronic. Can any of you see this automotive 
spring thaw occurring any sooner? 

I know! ... Here's the answer. What we 
need is the electronic version of Grolllldhog 
Day. How about if each year we pick a candi
date display for the automotive market. This 
display has to be cheaper than the mechanical 
gauges it seeks to replace. We will put an 
image of a groundhog on this display, and if 
the sun comes out and washes out the image 
so that you can't see the groundhog anymore, 
we will have six more years of being frozen 
out of the automotive market. All the news 
media will come. We will all dress up in 
fancy suits. And we will all be famous. What 
a splendid idea ! 

I fully expect to revisit this topic again in 
2006 or 2007 on the tenth anniversary of the 
by-then-famous Electronic Groundhog Day. 
But if in the meantime you have some 
thoughts to offer regarding my prognostica
tions, or you would like to volwlteer your ser
vices to help organize tllis important event, 
you need not wait that long. In fact, I would 
be interested in hearing from you sooner 
rather than later. To respond, you can reach 
me by e-mail at sil zars@ibm.net, by phone at 
425/557-8850, by fax at 425/557-8983 or by 
vehicle-with-mechanical-gauges-delivered 
mail at 22513 S.E. 47th Place, Issaquah, WA 
98029 . • 

Please send new product releases or 
news items to Information Display, 
cjo Palisades Institute for Research 
Services, Inc. , 201 Varick Street, New 
York, NY 10014. 

SID '98 
Symposium, Seminar, 

and Exhibition 

Anaheim, California 

Anaheim Convention Center 

May 17-22, 1998 
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Fourth International 
Conference on the Science 
and Technology of 
Display Phosphors 

BEND, OREGON 
SEPTEMBER 14-17, 1998 

• An international conference on the future 
prospects of phosphors for 
- ELDs- FEDs 
- CRTs- Plasma Displays 
- PL Devices - LC Backlights 

28 
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18th International Display 
Research Conference 
(Asia Display '98) 

SEOUL, KOREA 
SEPT. 28 - OCT. 1, 1998 

• An international conference on display 
research and development aspects of: 
- Display Fundamentals. Display Devices. 
-Hard Copy & Storage Input Systems 
- Integrated Devices and Applications 
- Image and Signal Processing 
-Color Perception, Human Factors 

editorial 

continued fro m page 2 

is due, in no small measure, to this portfolio. 
It was clear that the MPT sees a Japanese 
technological environment that will look more 
like the U1lited States' in the future, but it was 
also clear that centrally directed programs in 
which the min istries pick technology wi1mers 
will sti ll play a very large part. That puts a 
tremendous burden on Japan's technocrats to 
make the right choices. 

For an extended period that ended about 5 
years ago, it seemed that the very air Japanese 
executives and government policy-makers 
breathed put them in touch with cosmic eco
nomic currents, and that they could not make 
serious mistakes. Toward the end of that 
same period, the U1lited States seemed to have 
irrevocably lost its way. Now the magical air 
seems to be blowing over North America, and 
all of Asia seems to be floundering. 

But one tiling we know about winds is that 
they change. Perhaps they will be blowing 
Japan 's way when her technocrats choose 
their next list of wumers. 

- Ken Werner 

We welcome your comments and sugges
tions. You can reach me by e-mail at 
kwerner@netaxis.com, by fax at 203/855-
9769, or by phone at 203/853-7069. The con
tents of upconling issues of ID are available 
on the ID page at the SID Web site 
(http://www .sid.org). 
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SID '98 
ANAHEIM, CALIFORNIA 

MAY 17- 22, 1 9 9 8 
• SID's MAJOR ANNUAL EVENT 
• An International Symposium Seminar 

and Exhibition- Featuring· 
- Technical Sessions - Poster Session 
-Author Interviews - Evening Panels 
-Short Courses- Applications Seminars 
-Technical Seminars -Applications Ses-

sions 
-Product Exhibits 
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1en reasons to 
go with 10ddco: 

All-Ceramic Hot Bar· Computer Controlled 
Temperature & Force TOODCO PATENTED TECHNOLOGY 

• Superior thermal uniformity • Precise repeatability 

• Superior planarity (flatness) • Reduce process variation 
• Software configurable for ACF heat 

seal or solder applications 
• No voltage or current on pans or traces 

• Accommodates 
variety of 
glass stages 

• Recordable, 
repeatable 
setrings for 
quick product 
change over 

Automated Vision 
System· 
• Speeds alignment task 
• Improves accuracy and 

repeatability 
• Fine pitch <90 micron capable 

• Upper and lower cameras -

• Optimize efficiency 
and quali ty 

• Precise marching 
of pans and bonder 

- • Universal tab feature 

Auxiliary 
Termocouples 
• Process 

development tools 
• Characterize the 

acrual bond surfuce 
• Record measured 

data 

Graphical 
User 
Interface· 
• Simplifies 

process 
development 

• Easy ro learn 
• Easy to use 

--

Toddco's Flat 
Panel Display 
Workstations 
offer you exclus ive 
design features that 
provide the most 
effective and profitable 
nat panel repair, 
rework operations, 
high-mix production 
and prototyping. 

Our hot bar is all
ceramic whid1 ensures 
consistent temperature 
and pressure across 
the bond suli"ace. A 
universal glass stage 
means you get faster 
and more accurate 
product change-over 
from model to model. 

More models to 
choose from, more 
industry-specific features 
and more application 

_ experience than 
any other vendor 
makes Toddco General 
the manufacturer of 
choice for the flat panel 
industry. 

Contact Toddco 
General today, and frnd 
out how we conuibute 
to the success of our 
customers worldwide. 

Real· Time Data 
Acquisition 

Toddco General, Inc. 

CD) Selection & Service 
• More price performance 

optio ns 
• More auromarion options 
• Technical and application 

engineering support 

• View and plot 
real-dmc values. 

• Data for reports and 
quality assurance 

• Parr/lot histories 

protection 
• Eliminate unauthorized 

access or changes 
• Control profile and 

sequence revisions 

13535 Danielson St. 
Poway, CA 92064 
Fax: (6 19) 877-2 110 

E-mail: 
sales@toclclco.com 

Web: 
http://www. toddco.com 
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HOTEL RATES AND CODES 

1. Anaheim Marriott Hotel (Headquarters Hotel) 
Code: MARRI 
Single: $145.00 
Double: $165.00 
Additional Person: $ 20.00 

2. Anaheim Hilton & Towers 
Code: HILTON 

Main Building 

Single: $150.00 
Double/Twin: $180.00 
Additional Person: $ 30.00 

3. Howard Johnson's 
Code: HOJO 
Single/Double/Triple/Quad: $69.00 

4. Quality Hotel Maingate 
Code: QUAL 

Lanai 

$180.00 
$210.00 

Towers 

$210.00 
$240.00 

Single/Double/Triple/Quad: 

Standard 

$90.00 

Studio Suite 

$115.00 



Interface Solutions 
for flat panels 

Speed up development and product realisation time with our high quality flat panel intetface controllers for 
your LCD, Plasma or EL projects. Suitable for small or high volume projects and monitor production. 

Analog - Computer 
AC series: A range of interface 
controllers for LCD, Plasma or EL, to 
connect to analog graphics source. 
YGA (640x480), SVGA (800x600), 
XGA (1024x768), SXGA (1280xl024). 

SV-Series: A combination interface for 
both computer graphics and video (PAL, 
NTSC) for LCD & Plasma. 

Bus card- PC 
DC series: Includes PCI bus LCD 
graph ics card for provid ing LCD digital 
signal output from a PC. 

~ NEC analog panels are also supported. 

Digital Vievv 

Video - PAL/NTSC 
PN series: Advanced multi system 
video interface fo r TFT LCD and 
Plasma panels. 

Accessories: A wide variety of 
support accessories. 

Enclosure options: 
• Open frame kits: panels & interface 

controllers in easy to use frames. 
• Industrial display systems 

Desktop monitors 
LCD multimedia systems 

USA: Tel: 408-287 4935, Fax: 408-287 3952 
England: Tel: (0)1438-816 600, Fax: (0)1 438-816 909 
Hong Kong: Tel: 2861 3615, Fax: 2520 2987 

Internet: www.digitalview.com 
Email: sales@digitalview.com 
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Miniature & Sub-Miniature Fluorescent 
Lamps for In-Flight Entertainment Displays 

LCD Lighting is your best source 
to design and manufacture minia
ture & sub-miniature fluorescent 
lamps used as replacements or 
original equipment for In-Flight 
Entertainment Displays. Cold 
cathode lamps are available in 
standard lengths and diameters 
of 2.6mm to 1 Omm; hot cathode 
lamps in 8mm to 20mm. 

The World Leader in LCD Backlighting ... 

Our abil ity to manufacture 
special multiple-bend complex 

lamp shapes offers unique 
advantages to our customers. 

Most importantly, we wi ll meet 
your requirements and deliver 
the solution. LCD phosphor 
engineering can fulfill your 
chromatic requirements in stan
dard, tri-band, or custom blend. 
Lamp design can incorporate 
any environmental, electrical, 
and dimming requirements. 
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We can also provide the wiring 
harnesses, connectors, or heater 
assemblies that accompany many 
of our lamps. Contact us today 
with your lamp needs. 

LCD 
liGHTING, INC. 
37 Robinson Blvd., Orange, CT 06477 
Phone: 203 795·1 520 • Fax: 203 795-287 4 
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Intense 
All this color in an LCD? Absolutely. The patented LCiD '" , 

Liquid Crystal Intense Display, uses a proprietary dot matrix 

liquid crystal display design to give you every advantage of an 

LED, and more. 

LCiD "' gives you a solution for applications that require 

features of both LCD and LED technologies. LCiD '" offers the 

reduced power requirements and cost efficiencies of an LCD, 

while it simulates the high intensity and emissivity of a 

typical LED. Plus, you get the added advantage of 

readability in direct sunlight, higher information content than 

typical LEDs, and the abi lity to produce displays in virtually 

any color. 

When it comes to extreme co lor in a cost-effective, low 

power package, the most intense so lution is LCiD TM . 

As a designer and manufacturer of custom displays and 

display systems for the world's premier electronic OEMs, 

Three-Five Systems is known for its innovative solutions to 

tough display challenges. To learn more about how Three-Five 

Systems' custom display solutions can revo lutionize your 

products and your business, please contact us. 

THREE-FIVE SYSTEMS, INC.™ 

Three-Five Systems, Inc. 
Tempe • 602-389-8600 Fax: 602-389-8801 

Three-Five Systems Ltd. 
Europe • 44-1793-549100 Fax: 44-1793-549135 
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We Display Excellence 

Three-Five Systems, Inc. 
www.threefive.com email: Display@threefive.com 



With the SS200 family, 

you can precisely, 

automatically, and 

completely measure 

display performance

and that includes 

flat panels. 

Complete tur·nkey 
system with computer, 
6-axis positioner, 
monitor, software, and 
SS200 camera system. 
Automatica lly performs 
spatial and luminance 
mcaslll'cmcnts. 

You can easily field upgrade 
to the more powerful SS210 
package, which provides all 
SS200 functions, plus rut 
integrated spectJ·ometer for 
spectral analysis and color 
measurements. Includes 
response time measure
ment capability. 

For nat panel testing, a field upgrade to 
U1e SS220 is easy. The SS220 provides 
spectrometer-based off-axis measurement, 
color analysis, color shin and luminance 
testing. Cou pled wiU1 the SS210, lltis is U1e 
most comprehensive test system ever 
o!Tcred- at a fraction of the cost of 
individual test instruments. All tests are 
per·formed at Nl T-traceable accuracy. 
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If you checked all of the 
above and would like more information, 
call Microvision at (800) 951-5188. 

IMICROVISION 
I Dedicated to the Needs of the Display Industry 

550 High St., Suite 108/ Aubum, CA 95603 
Tel: (530) 888-8344/ Fax: (530) 888-8349 
Toll Free: I (800) 93 1-3188 
Email : microvsn.com 
Web site: http://www.microvsn.com 

lntern~tionalllcps: 

J~p~n - AIIGO COlli'., 06 339 5366 
Tai11an - SUI'EIILI K TECH., 02 705 7090 
Korea - tJ & I' INT'L, 02 546 1457 


