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Development of Plastic Sul:!_strate Technology for 
Active Matrix Liquid Crystal Displays 

• .

Final tteport 
CRADA No. TC-761-93 

!Jate: July 9., 1998 

A. Parties
The project was a relationship between the Lawrence Live1:more National Laboratory
(LLNL) and RaychE1]1 Corporation.

B. Project Scope

Project Description: 

University of California 
Lawrence Livermore National Laboratory 
7000 East A venue, L-795 
Livermore, CA 94550 
Paul Carey 

Raychem Corporation 
300 Constitution Drive 
Menlo Park, CA 94025-1164 
Hundi Karnath 
(650) 361-3333

Raychem Corporation (RYC) and the La\vrence Livermore National Laboratory (LLNL) 
conducted a development program with the goal to make rugged, low-cost., high­
resolution flat panel displays based on RYC's proprietary Nematic Curvilinear Aligned 
Phase (NCAP) liquid crystal and LLNL's patented processes for the formation and doping 
of polycrystalli.ne silicon on low-temperature, flexible, plastic substrates. 

The "program demonstrated that: 

1. Thin-film transistors (TFT's) of adequate performance could be fabricated on
low-cost, optical quality plastic substrates using a mix of conventional and laser
processing. The maximum processing temperature of 100°C developed by the
project is the lowest polysilicon TFT fabrication process reported to date.

2. TFTs fabrkated on polyester provided adequate on/ off current switching
capability: to switch RYC's NCAP materi�l.
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The original proposed program included an l%nonth Phase I and an 1$-month
follow-on Phase IX The original objective of J?~ase I was to demonstrate TFT performance
suitable to make a 3-inch-diagonal, monochrorhe display with 24 x 24 pixel resolution
using a silicon TFT on plastic substrate technology.

The Phase I performance targets for the TFT’s and integrated displays were;

● Contrast ratio-5:1 at SO%on reflection with a diffuse Lambertian reflector in a
diffuse lighting environment

● Switching speed less than 35 msec for video rate -

* Viewing arigle greater than 70 degrees for all directions -

Display Resolution (pixels) Q4X24 900X900
Pixel Pitch {,um) 3000 80
pixel capacitance (pF) 90 0.064
charge current @A) >1.4 >0.037
off-current (nA) <10 <0.007
current ratio >140 >5,000

In l%we II, the transistor technology in Phase I was refined with the goal to fabricate a
3-inch-diagonal, monochrome display with 300 dots/irwh resolution. The display
performance targets were identical to those listed for Phase L However, the higher
rcscdution required an improvement in the TFT. characteristics. The revised performance
rcquirernenis are listed above along with the low resolution requirements.

C Technical Accomplishments
This program demonstrated a low temperature fabrication process capable of makmg
polysilicon TFT’s on polyester substrates using a maximum temperature of only 100”C.
This technical demonstration is the first step towards the manufacturing and marketing
of fbible display products. lhese products can potentially widen the $20 billion flat
panel market with new appJ.ications that are enabled by the unique characterbtics of
plastic as compared to glass.

.
Milestones & Deliverables..

Scheduled I Actual
‘base k 24x24pixel 3 inch diagonal a-Si T’FT displayon plastic 12/95 ~ -

Pcdarmance: (i) 51 contrastratioat 50%on reflection with a dfiusc
Larnbe&anreflector in a diffuse lighting environment.
(ii)%vitchirigspeedless than35msccfor video rate.
@i)Viewing angle greater than 70 degrees for all directions.
(iv)Pixel capacitance =90pF

‘base lf. 300.x300 pixel 3 inch diagonal a-Si T.FT display on plas”tic. I 06/97 I -
Perfommnce: (i)Samc as in l?hasc I for contrast, speed, and viewing angle-

(ii)l?ixel capacitance = 37fF

7/9/9s
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‘I?bme I: 1- LargeGateArea @J&L>100~m)a-%TFTon l?lastic with I(cIn) > 1.4pA
2- LargeGateArea (W&L>100p) Mi ITT on PIzMticwithI(off)<10nA

I

3- LargeGateArea (W&L>100pm] a-SiTFToq.J?l&icwith I(on)/I(o~ >1
l?hase 11: 4- Smaller Gate Area (W&L43pn~) a-Sl TFT on Plastic with I(on) > 37nA

5- Smaller Gate AIca (M7&L<80pm) a+i TFT on Plastic with I(of~< 7 pA
6- Smaller Gate Area (W&Lc80pm) a-Si T1-”fon Plastic with I(on)/I(of~ >

05/95
05/95
06/95
01/97
01/97
02/97

OZ1/96
08/95”
0s/95”
04/96
O+t/~6
07/96

5,UO0
“TIT’s fabricatedcm’Si wafersubstrate;TITs onplasticeqxcted 8/95

I I

..

D. Expected Economic Impact
This type of fiat panel display on flexible substrates can be made less expensively LAng

high volume roll-to-roll processing techniques which may- increase market
opportunities. ,

E. Partner Contribution
RYC had planned to use its liquid crystal and display and module construction
technologies and assen~bly expertise necessary to fabricate an operational display.
However, RYC was unable to perform this phase of the project due to a reevaluation of
their research and economic priorities in the display field- RYC did provide professional
expertise in substrate selection and disp~ay design. Further, RYC furnished the plastic and
test substrates as well a~ the photomasks necessary to complete the processing.

I?. Documents/Reference List

-
Many unofficial weekly reports were written for this project- This final report is the only
one required for the project.

Back~rmnd Intellectual T?ropertv(HI?]

LLNT.

IL-S807

.

IL-9435

IL-9436

“Crystallization and Doping of Amorphous Silicon on LowTemperature
Plastic; James L. Kaschrn.itter, Joel B. Truher, Kurt H. Weiner, Thomas W.
Sigmon

.

“Method for Materials Deposition 13yAblation Transfer Processing:’ Kurt H.
Weiner

“Fabrication Technique for Amorphous Silicon Thin Film Transistor With
A I?olycrystdline Sificon Surface channel Region For Enhanced ~omvard
Current U-iv%” Kurt EL Weiner

7/9/9s
.. -~.-,,.>m:,Tm,.. ......,,:.# -,,-! .——..-



.JUL-09-98 THU09:35 AM LLNLIPfiC
. . .
. .. .

Final [<eportTC-761-93

FM NO, !3254238$88 P. 06

Pab% 4

RYC

4,18~,700

4,435,047

4,55fj,2&l

4,595,445

4,613,207

4,693,%0

4,726,662

4,722,456

4,~06,9~

4,878,741

J,$j50,052

4,992,201

4,99i,940

5,016,982

5,075,789

5,113,272

..

“Elastomeric polyurdhane film coiitaining dispersed discrete aggregates of
liquid crystal and method of making the same”; William J. Benton, Joseph
R. Quigley; issued 1/S/80 -

“Encapsulated liquid crystal and method”; James L. Fergason; issued 3/6/84
.

“Low birefringenc~ encapsulated liquid crysta~ and optical shutter using
same”; ]ames L.”Fergason; issued 12/3/85

.
“Colored encapsulated liquid crystai apparatus using enhanced scattering”’;
James L. Fergason; issued 6/24!86

‘(Liquid crystal projector and method’”;James L- Fergason; issued 5’/23/86

“Double layer display”; Richard Wiley; issued 9/15/~7

‘“~i~playhavingaprismatic lens system@ a prismatic refk?ctive system”;
Douglas A. Cromack; issued 2/23/%

“Scattering display for contrast enhancement including target’”; James L-
Fergason, Robert Parker; issued 3/22/88

‘Display device utilizing a plurality of NCAP liquid crystal modules;
Charles W. McLaughlin, James L. Fergason, Robert parker; issued 2/21/~9

“Liquid crystal color display and method”’;James L. Fergason; issued
11/7/89

‘%ncapsulatcd liquid crystal apparatus with polymer additive” James L.
Fergason, Ning S. Fan; issued 8/21/90

“Latex entrapped NCAP liquid crystal composition, method, ~d
apparatus”; Kenneth N, Pearlman; issued 2/12/91

“G&n reflector liquid crystal display”; Andrew L. IX&a, Jmnes McCoy, “
l&hard Wiley; issued 2/12/91

“Liquid crystal display having a capacitor for overvolhge protection”;
James L. Fergason, Manoocher Mohebban; issued 5/21/91

“Displays having improved contrast”; Philip J. Jones, A. Brian Macknick,
Larry j. white; issued 12/24/91

“Three dimensional semiconductor display using liquid crystal”; Robert H.
Rcamey; issued 5/12/92

7/9/98
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5,132/823

5,136,403

138,472

5,156,432

5,182,663

5,202,063

5,X16,747

5,216,530

5,233,445

5,307,185

08/(i28,497

08/059,02$

08/074,570

08/105,658
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“Multipurpose liquid crystal display having means for removably
positioning the retroreflector”; HurLdiKamath, Philip Jones; issued 7/21/92

+.
“Display having light scattering ek+ctro-optical e~ement”; Philip J. Jones,
Akira Tornita; issued 8/4/92 .““.

“’Display having Iight scattering centers”; Philip J. Jones, Akira T~mita,
Mark 1?.Wartenberg; issued 8/11/92

“Encapsul~ted liquid’ crystal apparatus having low off-axis haze and
operable b-ya sine~wave power source”; Paul S,. D.rzaic, Peter H. Van
Konynenburg; issued 10/20/92

“Liquki crystal display having improved retroreflector; Philip J. Jones;
issued 1/26/93

“Metl~od for making encapsulated liquid crystal material’”; Brackin L.
Andrwvs; Gilbert Garza, Mark F. Wartenberg, William Seeley; issued
4/13/93

“Polymer dispersed Iiquid crystal display with birefringence of the liquid
crystal at least 0.23”; Richard C. Wiley, Paul S. Drzaic; issued 4/27/93

“Encapsulated liquid crystal ha~’ing a smectic phase”; Kenneth
N.l?earlman, James L. Fergason, Ning S. I%; issued 6/1/93

“Active matrix liquid crystal display with average dielectric constant
greater than 6 m,d less than 1.8 meq/g cyano groups”; Hundi P. Kamath,
Robert H. ?leamey, Mark F. Wartenberg, Stephen S. Moore, Philip J. Jones;
issued 8/3/93

“Liquid crystal projection display with complementary color dye added to
longest wavelength imaging element”; Philip J. Jones, Wayne Montoya,
Htidi 1?.Kamath, Akira Tornita; issued 4/26/94

“Encapsulated liquid crystal structures, apparatus containing the same, rind
m&hods themfor”; Mark F. Wartenbe&,lIarr&te Atkins, Robert H.
Rca.mey, Laurence Welsh, James Strain; Janusz Wojtowicz, Wayne
Montoya, Paul S. Drzaic, John Havens, Akira Tomita, Aldrich N. K. Lau;
filed 3/9/93

“Method of making liquid crystal material”; Robert H. Reamey; filed 5/6/93

‘fApparatus for projecting colored images”; Philip J. Jones; filed 6/7/93

“E1ectro’deposition method of applying encapsulated liquid crystal material

07

.

to eiech-odes”; Robert H- Reamey; fied 8/12/93
—

—“..
7/9/98
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0S/139$82

08/196,924

08/217,5s1

not yet
known

not yet
known

“Chiral nernatic liquid crystal composition and devices comprising the
same”; l%ilip J. Jones; filed 10/18/93

“Projector”; Akira Tomita; filed 2)15/94 >.

‘“Method of making ~iquid crystal composite”; Robert H. Reamey, John
Mazza.nti; Mark WarEenberg, Gil Garza, John Havens, Anne Gonzales,
Kathleen Ri Zio, ~arriette Atkins, Kevin Malloy; fried 3/24/94

..

“Liquid crystal composite and method of making”; John Havens; Kathleen
Di Zio, Anne Gonzales, Robert H. .Reamey, Harriette Atkins, Jinlong
Cfi,eng;filed 3/24/94

“Amphiphilic tclomers”; Aldrich N. K. Lau; filed 3/31/94

CRADA Subiect Inventions

LLNL

CIL-9814

cTL-
10092

cK,-
10117

m“

CIL-
10128

“Method for Formation of Thin Film Transistors on Plastic Substratcsfl Paul
G. Carey, Patrick M. Smith, Thonuas W. Sigmcm, and Randy C. Acevcs (IIotc: “
pafenf nwardcd i~ 5/98. mvaitirzg pafeutnundw).

“Deposition of Dopant Impurities and Pulsed Laser Drive-In~ Paul
Wickboldt, Paul G. Carey, Pa hick M. Smith, AIbert R. Ellingboe, and Thomas
W. Sigrnon

‘%fethod for Formation of Display l?iXeIs Driven by Silicon Thin Film
Transistors on Piastic Substrates.” Paul G. Carey and Patrick M. Smith

..

“Me&od for Formation of Active Matrix Liquid Crystal Displays on l?lastic
Substrates,” Paul G. Carey, Patrick M. Smith, John Havens, and Phil Jones

~“
Work cm this CRADA ended on October 31,1996. Because RYC chose not to combine the
LLNL and RYC technologi~~ into an active rnatix display on plastic, RYC elected not to
pursue commercial applications of this technology. RYC opted not to ficense any
technologies from this project.

7/9/98
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Particirmnt’s sim-iaturc of the final report indicates the fol.lowi-ns
1)

2)

3)

4)

5)

P. 09/17

Th; l?artici~ant has reviewed the-final report and concurs with the statements made
therein.
l-he Participant agr&s that any modifications or changes from the initial proposal
were discussed and agrked to during the te~ of the p@ec~-
The Participant certifies that ail reports either completed or in process are listcci and all
subject inventicnw and the dissociated inte~lectual property protection measures
generated by his/her respective company and attributable to the project have been
disclosed and included in Section E or are inchded on a list attached to this report.
The Participant certifies that if tar@le perscnal property was exchanged during the
agreement, all has either been returned to the initial custodian a-r transferred
permanently.
The Participant certifies that proprietary information has been retulmed or ciestroycd
by LLNL.

[;. 22!g& %~/if’
Paul =y ilate

Raychem Corporation Lawrence Liverrnore National Laboratory
Technical Director

Attachment I – Final Abstract
Attachment 11- Project Accomplishments Summary
Attachment HI – Final Quarterly Report
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for Active Matrix Liquid Crystal Displays

Final Abstract
Attachment I

CRADA No. TC-761-93

July 9,1998 Revision: 2

Raychem Corporation (RYC) and the Lawrence Livermore National
Laboratory (LLNL) conducted a development program with the goal to make
rugged, low-cost, high-resolution flat panel displays based on RYC’S
proprietary Nematic Curvilinear Aligned Phase (NCAP) liquid crystal and
LLNL’s patented processes for the doping of polycrystalline silicon and the
fabrication of thin film transistors (TFTs) on low-temperature, flexible, plastic
substrates.

‘I’he program demonstrated that thin-film transistors (TFTs) of adequate
performance could be fabricated on low-cost, optical quality plastic substrates
using a mix of conventional and laser processing. The maximum processing
temperature of 100”C developed by the project is the lowest polysilicon TFT
fabrication process reported to date.

Lawrence Livermore National Laboratory is operated by the University of California for
the U.S. Department of Energy

Technical Transfer Initiatives Program, P-O. Box 808 L-795, Livermore, CA 94551
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Development of Plastic Substrate Technology for
Active Matrix Liquid Crys&l Risplays

project AccompMunents Summary (Attachment H) .
CRADA NO. TC-761-93

Date: July 24,1998 Revision:’ 6

A. Parties
The project was a relationship between the Lawrence Liverrnore National
Laboratory (LLN-L) and Raychem Coloration.

University of California
Lawrence Livermore National Laboratory
7000 East Avenue, L-795
Livermore, G 94s50

Raychem Corporation
300 Constitution Drive
Menlo Park, C4 94025-3164

B. Background
The manufacture of flat panel displays (FI?Ds) is projected to be a $20 billion ~d&ry
by the y~, 2000. Although many alternatives exist to produce FI?Qs, the active
matrix liquid crystal dispIay (AM-LCD) implemented using twisted nernatic (TIQ)
Iiqtiid crystal (LC) technology k emerging as the dominant product in the area. In
1993 at the beginning of this CRMIA, Japanese manufacturers led hi boih the
development and commeraalization of this Me of. display. However, the LC
technology they implemented had several critical manufacturing problems which
kept the price of the display very figh. For figh contrast ope=ti~n, tie ~gh~- .

absorb@g TN LC films needed to maintain a cor@ant thida-tessand be.back& by
pokrized light. That necessitated the use of polarizers, very accm-ate spacing -
betwe~ tie front and back display plates, and a power cmstuning backlight .
assembly. Moreover, fulI color displays required a color filter. AU of these
components were expensive, to”getherrepresenting as much-as half the display cost.
They abo iniqduced packaging complexity and yield problems. Furthermore, the
backlight brightness limited operation in harsh ambient light conditions while “ “ .
birefringence of &e TN-K restricted the viewing angle. FirIally, the need for
consta& LC film thickness necessitated the use of rigid #.a.ss substites whi+ are
heavy and susceptible to brealkage.

“. ,--~,-.- .,-,.,~+ . . ,,, . ., , .,, . . .,,. . ~-..,.. .,. ‘:-m ..,.. ,,, . -. --- ..——.. ——.
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RaychemCorporation (RYC) had developed an alternative type of liquid crystal
which dealt with many of these problems. .IWnatic Curvilinear Aiigned Pluise
(NCAP) LCS achieve high COntraStby scattering light, rather than absorbiilg it. This,
“intqrn, el.kinates the need for polxms and battery-dr+ning bac.k@ghts.As a
-result, the LC. can operate in reflective mode with excellent contrast. The thickness
of a solid NCAP liquid crystal film is highly uniform. Since such films are solids,
they do not require the use of spacers as do conventional liquid crystal displays. It is
also possible to incorporate dyes into the NCAI? films during their manufacture. As
a result, color filters can be eliminated. Since the display is reflective, it operates
under the harshest lighting conditions, and because it relies on Eght scitiering, the
“l,ieTv~g angle & ~aeased- c~~equently, incorporationOftl.-is type of liquid crystal

into an AM-LCD. prorniscs a si=wificantreduction in price along with a substantial
increase in performance.

To take full advantage of NCAP technology. however, the W-LCD substrates
needed to be plastic. By repiacing glass with plastic, the substrate cost w+ lowered,
the display weight was reduced by 50’XO,and breakage during production and use was
no longer an issue- However, processing the thin-film trmsistom (ITTs) that were
required to operate the display had not been possible because of the low deformation
temperatures of plastic (-lOO°C).

Beginning in 1985, the Lawrence Livermore Natioml Laboratory (LLNL) began
developing plsed laser processing techniques that allowed fabrication of the
necessary TFTs at extremely low substrate temperatur~s. Using pulsed laser
annealing, the thermal enero~ needed to build good quality TFTs was localized to
the first few micrometers of the substrate suxface in the area of the TFT”device. Even
though high. temperatures” were realized within the processed area, the bulk of “the
substrate never exceeded IOWC. These area-selective processing techniques were
ideal for pmc=sing on plastic and opened the possibili~ of fabricating plastic-based
AM-LCDs.

..

A new type of AM-LCD became possible by combining fie unique advantages of the
RYC?S NCAP liqtid crystal technology and the LLNL pulsed excimer laser
processing- TIE proposed technologyhad the potential to fill the @owing markets ~
for lap-top computers- In addition, new markets ccnddbe created by tihg ~

advantage of the unique characteristics of a plastic display which included flexibili~. .
low-cost, and.very large size.
. .

C Description
The purpose of this CRADA was to develop technology necessary to make flexible”
active rnatix displays on plastic using IXNL’s low ternpelature TFT process that - “
could be combined with NC’S NCAP liquid crystal rnateria~-

. .
. .

LLNL accomplished its task of fabricating TITs on polyester s&strates having the
necess.q.electrical performance to make display pixels. RYC viewed this -

. ..
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accomplishment as an unexpected milestone. However, LLN L and RYC were
, umable to combine their technologies into an agtive mati display on plastic,

because the addition~l rnone~ ~vesfi~t required tO dO so W= denied fiy RYC .
management.. .

D. Expected Economic Impact
LLNL’s success in making TFT’s cm polyester may result in potential manufacturing
cost reductions if a roll-to-roll fabrication process can be designed and implemented.
Much investment still needs to made to realize this cost reduction.

The industry would benefit by lowering its rnanufactuing costs and opening new
types of display products. Consumers benefit by ha@g more display choices at
lower cost.

E. Benefits to IX3E
The United State.. Government has designated the. manufacture of fiat panel
disp~ays as a critical National capability. At the time the CWID#i was imj+mented.,
more than 95”/0of these displays were manufactured overseas. The lack of a large
volume. domestic source for any type of flat panel technology put the U.S. at a
competitive disadvantage. More importantly, as defense systems become more
reljant on flat panel technology, the lack of an on-shore source threatened the
NationalSecurity. In response to this problem, the Department of Energy
established a program to speed the development of emerging flat panel
technologies. The process innovations resulting from tis project can directly
influence the competitive position of current ~d future U.S. manufacturers of the
dominant flat-pane~ technology, active matrix liquid crystal displays and potentially
make available advanced visualization systems for Military ‘and Intelligence
applications.

LLNL has supported research in the area of pulsed laser doping technology since
1985 through a combination of iriternal research spending and ARPA funding. As a
result, the GILD program at LLNL became a world leader in the area of shallow
junction formation for. advanced Ks. As an integral part ~f the work, the ?2i_lYs
researche= developed wodd+ass processing equipment and test facilities. This long

“ term strategy reixdted in major advances and promised to pay off in terms of major
contiacfs to design and ‘develop ”evenmore advanced doping proces+s and
equipment for future, single-wafer, fkxibk manufactming environments. -

The proposed d~play program built directly upon the accomplishments of the
“advanced IC processing initiative. By adapting the laser equipment present “atLLNL
to the requirements of display substrate processing, this program made the
apparatus a much more powerful and unique tool. The program also took
processing and test expertise g&ed from IC related work and expanded it “~to the ~
field of amorphous and pdysilicon WIs. ‘1’&Ls,”MNL, as a research facility gained
expertise in crystzdline, polycrystalline, and amorphous sficon device technology
and processing.In relationtocorecornpekncies,prod@s resulting from this work
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can be utilized for “virtual reality and advanced visualization of data, meshing well
with two major. efforts at the Lab.

F. Induslxy Area
Electronics, fiat panel displays, semiconductors

G Project Status
This project was completed in September of 1996 when it was terminated by LLNL.
RYC was Qv$n the opportunity to continue funding the project as a Funds-h
CRADA, but management decided not to take the risk

H- LLNL Point of Contactfor Project Information
LLNL was represented by Paul Carey, I%incipal Investigator, 925/+!22-4427;
925/u-T309 (fax); and Patrick %n.iti, ~rjnci~ai Investigator, 925/422-66S3;
92s/+K?2-7309 (fax), both of the Physics Directorate.

r. Company Size and Point(s] of Contact
RYC was represented by Il. Hundi I&math, Director of Ilispla y Technology,
650/361-3333; 650/3614913 (fax). Company sales are $1.7 billion, and’ the company
empIoys 8500 people. The primary contm% during the project were Ils. John
Havens and Phil Jones, nei’ther of whom are still employed by RYC. In fact, Dr.
Katnath is also no longer employed by RYC- Steve Moore is probably the mo& likely
current employee who has knowledge bf this project.

J Project Examples
LLNL demonstrated swithing pixels with our TFT’s switching RYC’S’S NCAP
material. Also, our 4 indh diameter plastic substrates make great show and tell
iten+s, and have been used for this purpose many times.

K IWease of Info~tion

I certify that all information contained in this report is accurate and releasable to the
best ~f rny”?amwkdge. I

-xc- “-qm l.yg “
Karena McISirdey, Director Date
Industial Pa@e&ips

.

and Cmmneraalization
.-
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Release Of Information

I have reviewed the attached l?rojectAccomplishment %rnmary pqmed by
Lawrence IMermore National Laboratory and agree that the information about our
CPW3A~ay be released for external distribution.

Steve Mm!re
Raychem Corporation
Technical Director

.. .. . . . .. .,--.-m . . . . . .7.. +.=, ——-. — . ..— .—.
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Milestones and DefJVerables: 

Lawrence Livermore National Laboratory 

List Ille """ll'<I• S<f cl mie.tones fot al phases of Ille CR.ADA. Comiru,e on a separ.z1e page l necessary. 
Re;,o,t 1!ltf cnangcs kom 1he origi>aJ CRAOAll< ptev<>uS qnneny ,epoa on the C!WlA Olange Femi. 

Completion Date: 

1 - (Phase I) 24x24 pixel 3 inch diagonal a-Si TFT display on plastic. 

Performance: (i) 5:1 contrast ratio at 50% on reflection with a diffuse 

Lambertian rellector in a diffuse fighting environment. 

(ii) Switching speed fess than 35msec for video rate.

(iii) Viewing angle greater than 70 degrees for all directions.

(iv) Pixel capacitance =90pF

2 - (Phase II) 300x300 pixel 3 inch diagonal a-Si TFT display on plastic. 

Performance: (i) Same as in Phase I for contrast. speed, and viewing angle. 

(ii) Pixel capacitance = 371F

Milestones: 

Phase I - 1 - Large Gate Area (W&L>100µm) a-Si TFT on Plastic with !(on) > 1.4µA 

2 - Large Gate Area (W&L>100µm) a-Si TFT on Plastic with l(off)< 10nA 

3 - Large Gate Area (W&l>100µm) a-Si TFT on Plastic with l(on)/l(oll) > 140 

Phase II - 4 - Smaller Gate Area (W&L<80µm) a-Si TFT on Plastic with l(on) > 37nA 

5 - Smaller Gate Area (W&L<80µm) a-Si TFT on Plastic with l(oll)< 7 pA 

6 - Smaller Gate Area (W&L<SOµm) a-Si TFT on Plastic with l(on)/l(oll) > 5.000 

• TFrs fabricated on Si wafer substiate: TFrs on plastic expecte<l 8195

Please initial: YES X Verilicalioo of participants' in-kind contribution was made in 
accordance with LI.NL policy. Explain basis of verification: 

---

I believe the participant's in-kind contribution is consistent with that agreed upon in the CAAOA 

because the participant met the milestones that were described in the contract. 

Ust any subject inventions f:tf either party (indude IU: for LI.NL inventions), additional background intellectual 
property, patents applied for, software copyrights. publications, awards, ficenses granted or reportable economic inpacts 
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NO 

We have filed an invention disclosure related to fabricating these Si TFT devices using an ablation printing technique. 

Verification that all equipment and proprietaiy infonnation has 
been relumed to the initial ov.ner or permanently transferred 

Acconipllshments 

Oescobe Technical/Non-Technical lessons learned and other observations. 
Summarize cause$"justilicalioo of deviations from original scope of work. 

See attached. 

Reviewed by CRADA project Program Manager: 

Reviewed by Karena McKinley, Director, LLNUtP&C: 

Direct questions regarorng this Report to IP&C Resource Manage!, Carol Asher, at (510) 422-7618 
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