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UNITED STATES DISTRICT COURT
CENTRAL DISTRICT OF CALIFORNIA

Lawrence E. Tannas, Jr., | Case No. SACV11-00609 JVS (AGRx)

dba Tannas Electronics, v
Plaintiff ) COMPLAINT FOR PATENT INFINGEMENT
Temt ey ) OF U.S. PATENT NOS. 7,525,633 AND

v. ) 7,535,547

Luxell Technologies, ?

Inc.; and DOES 1-10, ;
Defendants [DEMAND FOR JURY TRIAL]

For its Complaint against the above-named defendants,
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unless stated otherwise.

Jurisdiction And Venue

1 This czuse of action arises under the United States
patent laws {Title 35 of the United States Code) This Court
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has original Ju
§§ 1321 and 133

Z Venue
§ 1381 (b) (1) be

in this Distric

3. Venue
§ 1351 (b) (2) be
omissions givin

and/or a substa

action is situa
4. Plain
Electronics (he
this District
5. Upon
Technologies, I
corpcration wit
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risdiction over all Counts pursuant to 28 U.S.C.
g.

1s proper in this District pursuant to 28 U.S.C.
cause Defendant Luxell Technologies, Inc. resides
T, and all Defendants reside in this State

is proper in this District pursuant to 28 U.S.C.
cause & substantial part of the eveénts or

g rise to the claims occurred in this District,
ntial part of property that is the subject of the

ted 1n this District

Parties
tiff Lawrence E. Tannas, Jr., dba Tannas
reafter “Tannas”) is an individual residing in
information and belief, Defendant Luxell
nc. (hereafter “Luxell”) is a Canadian
th & principal place of business in Mississauga,

Ontario CANADA.
5 Tannas presently is not aware of the true names and
capacities ¢f DOES 1-10.
Count 1
Patent Infringement of U.S. Patent Ko. 7,825,633
/ On April 28, 2009, Unlited States Patent No. 7,525,633
(“the '623 Patent”), titled "METHODS COF CUSTOMIZING THE PEYSICAL
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Z{l SIZE AND SHARPE OF COMMERCIRI, OFF-THE-SHELF {COTS) ELECTRONIC
- 30 - e )
<l DISPLAYS", was issued tTo Tannas
4 . .
8. Tannzas 1s the owner of the ‘633 Patent, and has been
5 - - -
at all relevant times
6
9. The '633 Patent is presumed valid pursuant to
7
. 35 U.S.C. § 282
e 10. A true and correct copy of the '633 Patent is attached
10| hereto as Exhibit 1.
1 In violation of 35 U.8.C. § ‘ tell, and :
11 11 n violation of U.5.C. § 271(g), Luxell, and DOES
1.2 3 4 — Lt “ N =
1-10, have, and continue to, without authority from Tannas,
130 ‘
import into the United States, offer to sell, sell, and/cr use
14
within the United States, within this District and other
15
.. Districts, products (hereafter “Accused Products”) which are
20
19 made by & process that infringes one or more claims of the ‘633

19 12. The BAccused Products are not materizlly changed by
20 e - -
subseguent processes.
21 . . e . -
13. The Accused Producis are not trivial and nonessential
22 _
components of another product
23
14. Tannas has been and continues tc be damaged by the
24
o5 acts of infringement of the '633 Patent alleged in herein, in an
2¢l amount to be proven at trial
27 15. Tannas has been and continues tTo be irreparably harmed
28| by the acts of infringement of the '633 Patent alleged herein
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|
2 16. The acts of infringement of the ‘633 Patent alleged
2 . . . . , -~ . L. ~ - R .
) VI herein have been willful, and with the full knowledge of the
4 . . o
existence of the '¢23 Patent
5
Count 2
6 Patent Infringement of U.S. Patent No. 7,535,547
7 17. On May 19, 2009, United States Patent No. 7,535,547
8 {(“the '547 Patent”), titled "CUSTOMIZED ELECTRONIC DISPLAY AND
S
METHODS OF CUSTOMIZING THE PHYSICAL SIZE AND/OR SHAPE THEREOFY,
10 '
was issued to Tannas
11
18. Tannas is the owner of the ‘547 Patent, and has been
12
1.l &t all relevant times.
14 19. The '547 Patent is presumed valid pursuant to
15 35 U.s.C. § 282.
16 20. A true and correct copy of the '547 Patent is attached
17 -
hereto as Exhibit 2.
18 ) _ ' ) o -
21 In violation of 35 U.S.C. & 271{(g), Luxell, and DOES
19
1-10 have, and continue to, without authority from Tannéas,
20 '
51 import into the United States, offer to sell, sell, and/or use
29 within the United States, within this District and other
23| Districts, Accused Products which are made by a process that
24] infringes one or more claims of the ‘547 Patent.
25 " - : . . o .
22. The Accused Products are not materially changed by
26 .
subseguent processes.
27
28
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2z 23 The Accused Products are not triviel and nonessential
. 3 components of another product
4 - . ‘ . . _
24 Tannas has been and continues to be damaged by the
: ‘ | .
acts of infringement of tThe '547 Patent alleged in herein, in an
o
amount to be proven at trizl.
7
5 25. Tannas has been and continues to be irreparably harmed
o| by the acts of infringement of the '547 Patent alleged herein.
10 26. The acts oif infringement of the ‘547 Patent alleged
herein have been willful, and with the full know } f the
11l n h b 11ful ; h th 11 knowledge of th
12 s £ . e -
existence of the '547 Patent.
13
FokFok ok k ok ARk
14
WHEREFORE, Plaintiff, Tannes, respectfully reguests
15
Judgment as follows
16
17 A. Pursuant to 25 U.S5.C. § 283, the Court preliminarily

z . Pl ~ ~
20| concert or active participation with any of them, from Ifurther
21 G Sl : = [l R} AN

acts of infringement of the '633 Patent and the ‘547 Patent.
22

B. Pursuant to 35 U.S.C. § 284, Tannas be awarded

23

damages, interest, and costs, including treble damages.
24 :
o5 C. Pursuant to 35 U.S.C. § 285, the case be declared

easonable attorneys Ifees.

26 exceptional, and Tannas be awarded

27 D. Tannas be awarded pre-judgment and post-judgment
: J S s )
28| interest accoxding to law
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(57) ABSTRACT

Electronic displays are physically reshaped and/or resized 1o
meet custom specifications for special applications such as
avionics, where Commercial Off-The-Shelf (COTS) Liquid
Crystal Displays (LCDs) are not typically used. Customiza-
tion includes cutting the physical display 1o specified dimen-
stons 1o fit into a targer opening, and resealing the displav to
preserve proper cell spacing and assure basic functionality.
The target opening is typically a contro] panel or dashboard
opening, such as in the cockpit of an airplane. The sealing
process may include improving the onginal seal, and/or pro-
viding additional seals. Additional seals may protect sensitive
areas against chemical corrosives or contamination, humid-
ity, electrostatic damage, etc., and/or prevent light frompass-
ing around the edge of the display image area. Elecuic con-
finuity may need to be reestablished for electric leads affected
during the customization process, and electronic drivers may
need to be reattached 1o the display. Additional modifications
and/or enhancements may be made to the display during
reshaping and/or resizing,. For example, TABs or COGs may
be relocated, added, removed, replaced. and/or reoriented:
eleciric circuits may be replaced and/or supplemented with
circuits having different funcuionality; the display medium
may be altered and/or replaced; polarizers, filters, and/or
films mav be added, removed, and/or replaced. The custom-
ized display may then be ruggedized by attaching a suitable
bezel (face plate) and frame (support hardware) thereto, and
the completed, customized display unit may then be installed
i the target location and integrated with swrounding hard-
ware and electronics.
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1
METHODS OF CUSTOMIZING THE
PHYSICAL SIZE AND SHAPE OF
COMMERCILAL OFF-THE-SHELF (COTS)
ELECTRONIC BISPLAYS

This application is & coutinuation of application Ser. No.
09/812,370, filed Mar. 16. 2001 now U.S. Pat. No. 6,380,999,
winch is a continmation of application Ser. No. 09/274.427,
filed Mar. 22, 1999, now U.S. Pat. No. 6.204,906 on: Mar. 20,
2001.

FIELD OF THE INVENTION

The present invention relates generally to electronic dis-
plavs, and more particularly 1o the customization of an orig-
nal display by physical aleration of the size and/or shape
thereof, such that the customized display may be used in
installations not considered achievable with the original dis-
play.

DEFINITIONS

In this application. COTS is used as an acronym for “Com-
mercial Off-The-Shelf”; FPD is used as an acronym for “Flat-
Panel Displav”; LCD is used as an acronvm for “Liguid
Crystal Display™; PDLC is used as an acronym for “Polymes-
Dispersed Liquid Crystal”, AMLCD is used as an acronym
for “Active Matrix Liquid Crystal Display™; TAB is used as an
acronym for “Tape-Automated-Bonding™; COG is used as an
acronym for “Chip-On-Glass™; UV 1s used as an acronym for
“ultraviolet”, VLSI is used as an acronym for “Very Large
Scale Integration”, and HDTV is used as an acronym for
“High-Definition Television™. All of these terms are well-
known in the art.

BACKGROUND

Electronic displays are commonly used 1o portray data in
the forms of visual 1ext and/or other images, so the data may
be interpreted and/or acted upon. Typically, the operator of
equipment associated with the displav will control the equip-
ment based in part on the interpretation of the data displaved.
A simple exampie 1s an airplane pilot who views a control
panel display representing surrounding air waffic. and who
then controls the airplane to avoid the raffic.

The displays and their associated bezels (face plates) and
frames (interfacing and supporting hardware) are typically
built to demanding specifications for durability, reliabiliry,
and operating life, due to industry requirements, and the
resulting displays have relatively complex electrical, chemi-
cal, optical, and physical characteristics. Each particular
application, for example, may require specific performance
characteristics from the display, such as the abiliry to accom-
modate or withstand varving conditions of temperature,
hmmidity, radiation, ambient Iight, shock, vibration, impact,
chemicals, salt spray, water and fiuid condensation. immer-
sion, or other environmental, electrical, physical, and/or other
conditions. Due to the high costs associated with such varving
and demanding specifications, for any particular application
it 1s thus economically necessary for manufacturers to pro-
duce a commmon design in lagh production volume, resulting
in COTS displays all having substantially the same charac-
teristics for a variety of physical sizes. The sizes vary, butthe
shapes are generally rectangular with an aspect ratio of
approximately taree to four. Common television and com-
puterdisplays typically have an aspectratio of approximately
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three 1c four, and are typically square. HDTV displays typi-
cally have an aspect ratio of nine 1o sixteen.

For specialized applications where the market may not be
large enough for COTS manufacturers to emter, buvers of

s displays are required 1o bave displays custoni-built to fit their
size and shape requirements, ai a cost up to Ten times greater
than the cost of @ COTS display baving identical functional-
ity. Alternatively, buvers may choose 1o incorporate a COTS
display into ap existing control panel or dashboard opening

10 by physically altering the size and/or shape of the control
panel opening 10 match the size and/or shape of the COTS
display. For most applications, however, such modifications
cannot be made withour disturbing the surrounding instru-
ments, controls, and displays already incorporated nto the

15 control panel. Such is the case, for example. on an airplane
contro} panel or other vehicle control pane! where large num:-
bers of instruments and controls are ughtly and efficiently
packed into a relatively small arez 10 begin with. And even if
the appropriate modifications could be made, they are typi-

20" cally cosi-prohibiuve.

To overcome the above-referenced drawbacks in the prior
art, it would thus be desirable 10 provide systems and methods
for customizing .a COTS display 1o meet the size and shape
requirements of a target contro! panel opening, such that the

5 purchaser of the COTS display may avoid paving the extra

costs associated with having a display custom-built from
scrarch. Such systems and methods would be advantageous
{or displays that have relatively high 1ooling costs and rela-
tvely low volume production associated therewith.

30 A particular industry where Tigh-cost custom-built dis-
plays are used is the avionics industry, which traditionally
used square panel openings to house mechanical control
devices. To retofit airplane contro] panels with electronic
displavs, the industy began manufacturing square displays,

35 aia relatively high cost and relatively low volume compared
to the COTS non-square displays which are commercially
used 1n 2 wide variety of applications. In fact, the control
panels in newly-buill airplanes designed to use electronic
displays, are still ofien made with square panel openings,

4¢ despite the COTS displays being non-square. in order 1o
maintain the well-established and familiar control panel con-
figurations. .

Since a completed electronic display is delicate and rela-
tively complex, most experts in the filed would not expect that

45 customizaton of the displays as desired could be accom-
plished by physically cutting an original display, changing its
size and/or shape, and resealing it, while maintaining its same
basic functionality. For example, most experts would not
expect that a display designed to be a four-inch by six-inch

s¢ display with 480 rows by 640 columns of picture elements
(pixels) could be cut down to the size of a four-inch by
four-inch display with 480 rows by 480 columns, and still
operate successfully.

”

I
7

SUMMARY-OF THE INVENTION

A%
™

Typically, 2 COTS display comprises two plates, front and
back, holding drive electronics on the edges. The plates are
typically glass or plastic, and may have polarizers, filters,

6 image enhancement films, and/or viewing angle enhance-
ment films attached thereto. Row and column orthogonal
electric leads distributed throughowt an umage-generating
medium are contained between the plates, and a perimerter
seal holds the plates together while isolating and protecting

65 the image-generating medium from the outside environment.
The row and column electric leads transcend the seal to exter-
nal Jeads to which elecwonic drivers are attached. The elec-
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ronic drivers are Typically VLSI circuits bondecd to TAB
substrates amached 1o the display. or directly attached 1o the
display as COG. In some instances the VLSI electronic drjv-
ers are made in-sitt with the display picture elements.

The present invention involves systems and methods for
customizing a COTS display by modifying the physical size
and/or shape of the COTS display 1o meet the requirements of
a target application. This is accomplished by cutting the
phivsical COTS display 1o reduce its physical size and/or
shape, and then resealing the display 1o achieve the desired
performance. The basic functionality of the COTS display
remains intact. That is, the customized display will have a
new size and/or shape. and may have altered electronic driv-
ers. image-generating media, rearranged electronics. addi-
tional seals. additional films, etc., and may acwmally have
ephanced functionality. However, the customized display wili
be able 10 operate in a targer application designed to interface
with a display of the same type (e.g.. AMLCD) as the original
{e.g.. COTS;j display.

When the plates are cut, internal electronics might also be
cut, often requiring reestablishunent of electrical continuity.
Similarly, the display elecuonics may be removed. reai-
tached. or otherwise modified, and filters, polarizers, and/or
other films associated with the display and typically attached
externally to the plates may be cut, 1o conform to the custom-
ized display size andfor shape. Thus the opportunity exists to
add enbanced functionality 1o the display. A custom bezel and
frame may then be used to house the display. allowing for
additional ruggedization of the entire unit.

16

o

20

2%
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more restrictive and severe than the environments for which
COTS displays are designed. Similarly. simulators for sima-
Tions such as those described above may also require rugge-
dization of'the customized Unit.

One aspect of the present invention thus invoives custom-
izing an elecwonic display by cutting the display along
desired dimensions resulting in a target display portion and an
excess display portion. and applymg & first seal berween the
plates along an exposed edge of the targer display portion.
said first seal creating a barrier to prevent the image-generat-
ing medium from escaping out of the area berween the plates.
wherein the basic functionality of the display remains intact.
A second seal and/or a third seal may be added.

Another aspect involves customizing an electronic display
by cutting the display elong desired dimensions resulting in a
target display portion and an excess display portion, applying
a first seal along an exposed edge of the target display portion
berween the plates, applying a second seal over the first seal,
and applying a third seal over the second seal, wherein the
basic functionality of the display remains intact.

Another aspect of the present invention involves creating a
customized electronic display comprising a substamially flat
fromt plate having an upper surface and a lower surface. a
substantiallv flat back plate having an upper surface and a
lower surface, said back plate positioned behind said front
plate and substantially paralle] thereto, a perimeter seal posi-
tioned berween said plates and forming an enclosed cell area
defined by the lower surface of the front plaie, the upper
surface of the back plate, and the perimeter seal, an image-

To resea] the display, an adhesive is applied along at least 3¢ generaling medium contained within said cell area, elecincal
the cut edge or edges. A second seal may be added 10 mini- conductors diswibuted throughout said image-geperating
mize the penetration of hurnidity and other contaminants in1o medium, a substamially flar first polarizer atrached to the
the display media (e.g.. liquid crystal material) inside the upper surface of said front plate, said first polarizer having 2
display cell. A third seal serving as a mask may also be perimeier, 2 second seal positioned over the perimeter seal,
applied to prevent back light typically used with LCDs from 35 and a first silicone bead positioned over the perimeter of the
passing through the display around the ourer edges of the first polarizer. A third seal may be added.
display 1mage area. Systems and methods are thus described for customizing

Electronic drivers, typically VLSI circuits (bonded to TAB an original (e.g. COTS AMLCDY) dispiav to meset the size
substrates attached to the display. or anached directly 1o the and/or shape requirements of a target location. Other objects
display as COG) may be added, repositioned and/or reai- 40 and advantages of the present invention will be apparent from
tached as needed. and the circuitry on the display plates may the detailed description which follows, when read in conjunc-
be altered 1o make electrical connection to ‘the new VLSI tion with the agsociated drawings.
circuits. Filters, films, polarizers, etc., may then be cut and/or
installed as desired. and additional coraponents such as heat- BRIEF DESCRIPTION OF THE DRAWINGS
ers, optical elements, infrared filters, touch panels, transduc- 43
ers, etc., may be added 1o alter and/or enhance durability or FIG. 14 is a plan view of a typical COTS AMLCD.
functionality of the display. FIG. 1B is 2 cross-sectional view of FIG. LA, along line

Finally, the reshaped and/or resized, and/or otherwise 1B-1B, with the column TABs removed from the cross-sec-
altered display is placed in a custom bezel and frame with tion for purposes of clariry.
appropriate ruggedization characteristics. The bezel and 50 FIG. 24 is 2 plan view of a customized display made from
frame are designed 10 accommodate the newly sized and/or  the COTS AMLCD shown in FIG. 1.4, by curting along line
shaped display in a suitable manner, and to aliow for proper 2-2in FIG. 1, and then resealing.
mechanical and electrical attachment to the target location, FIG. 2B is a cross-sectional view, along line 2B-2B, of the
such as an avionics box or display panel. The bezel and frame ~ customized display shown in FIG. 24, with the column TABs
also are configured for instaltation such that appropriate light- 55 removed from the cross-section for purposes of clanty.
ing, optical elements, wransducers, heaters, infrared filters, FIG. 3 15 a plan view of a customized display. showing

- touch panels. eic., associated with the target application oper- additional special cuts that might be required as part of the
ate properly. The frame thus protects the display and inter- Ccustomization.
faces the display with the target location, such as an avionics FIG. 44 is a partial cross-sectiopal view of a cusiomized
box or display panel. Suitable adhesives, sealants, conformal 60 display having staggered cuts on the opposing plates, show-
coalings, potting compounds, electrical and thermal conduc- ing first and second seal lavers.
1ors. screws, clamps, rivets, connectors, gaskets, etc., may be FIG. 4B is a partial cross-sectional view of a customized
used as necessary or desired to further ruggedize the unit and display having aligned cuts on the opposing plates, showing a
install it into its target location. Ruggedization may be third seal laver.
required, for example, before instaliing the customized unit 65 FIG. 4C is 2 partial cross-sectional view of a customized
into environments of vehicies, ships, submersibles. missiles, display having an exiended lower plate for use to attach
aircraft, spacecrafi, portable equipment, etc., which tend beE helﬁectronjc drivers Or jumper wires.
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DETATILED DESCRIPTION OF THE INVENTION

FIGS. 14 and 1B show & typical rectangular. non-square
COTS AMLCD 10. before resizing and/or reshaping, bur
afier disassembly from its original bezel. frame. and other
associated hardware and electronics. The external compo-
nents associated with the display 10 other than the circuit
boards 15 and the components bonded or attached 1o the
display plates 207 and 265, have beer removed for clarity.
Such external components would preferably be removed
prior 1o performing the customization of the display 10 as
described herein.

The display 10 comprises a front plate 20fand a back plate
24k, each preferably made of glass or plastic. The plates 26
are held together by a perimeter seal 25 such as 2 UV curing
urethane as s known in the art. and are also typically further
secured within a bezel (not shown) which is in tarn secured to
a frame or other hardware (not shown) for attachment 1o the
target location. Polarizing films 30/ and 305. filters (not
shown), image enhancement films (not shown), retardation
films (not shown), viewing angle enhancement films (not
shown), and/or other films may exist on the front and/or back
outer surfaces of the plates 20. The original display image
arez 40 defined by the manufacmrer of the COTS AMLCD 15
indicated by dashed perimeter line 45. (Dashed line 50 rep-
resents the desired nght edge of the display image area 40
afier customization, as will be described shortly). A light-
blocking mask (not shown) is tvpically placed between plates
26 and covers a perimeter area form the outer edge of the
display image area 40, and extending outwardly to a sufficient
diswance w serve its purpose. Typically, the distance will be up
1o the edge of the bezel, or 10 the inner edge 55 of perimeter
seal 25 as indicated by arrows 60 in FIG. LA, Without the
mask, light escaping around the edge of the display image
area 40 might cause distraction to & person viewing the dis-
play 10.

Row and column electronic drivers 657 and 65¢ respec-
tively are bonded 1o TAB substrates 70r and 70c respectively,
which in turn are bonded 1o the edges of the plates 20 using
electrically-anisotropic adhesives 75 as is known in the art. In
avionics, bent TABs (not shown) are often used to save panel
area. In addition or alternatively, the drivers &5 may be
aunached directly 1o the plates 20 as COGs. The electronic
drivers 65 are preferably at jeast VLSI circuits. having corre-
sponding external leads 80r 80c¢ electrically connecied
through perimeter seal 25 1o the row and column electric leads
85r, 85¢ respectively (see FIG. 24). For simplicity, only a few
leads 8¢ from onlv one row TAB 70r and Two column TABs
70c are shown m FIG. 24, but it 1s to be understood that each
row TAB 70r-and each column TAB 70¢ may have dozens or
even hundreds of mdividual Jeads 80 as is known in the art
The row and column electric leads 85 are distributed through-
out an image-generating medium such as iquid crystal mate-
rial (normally transparent) contained between the plates 26,
as seen in FIG. 2A. The perimeter seal 25, in addition to
holding the plates 20 together, isolales and protects the
image-generating medium from the outside enviromment.
The TABs 70 are bonded or soldered to circuit boards 15. and
are electrically connected to external sources via connections
90 10 circuit boards 15, and as is well known 1 the art. COGs
(not shown) may be electrically connecied 10 the edges of the
display plates 20 which are connected electrically via ribbon
cables 1o exiernal sources, as 1s known in the art. Again, for
simplicity onty a few connections 9¢ are shown in FIG. 24,
bui 1t is 1o be understood that they may be provided as destred
or needed.

&

To customize the COTS AMECD 120 of FIG. 1A an
exampie will be described wherein the display 10 (and circuit
boards 135} are cut along line 2-2 in FIG. 1 to reshape the
display 10 to fit into a square target panel opening. such as that

: ofanairplane control panel. The resulting customized display
1¢' is showr in FIGS. 2A and 21B. The customization of a
COTS display 10 may be done in varying degrees, as neces-
sarv or desired, and the examples provided herein are notto be
viewed as seting forth required techniques unless specifi-

16 cally so stated.

The COTS display 10 is preferably first mounted into &
fixture (not shown) 1o stabilize the display 10 in preparation
for curting. The fixture may also be used 1o maintain cell
thickness (the distance berween the plates 20) and desired

15 dimensions. Pari orall of the fixture may be the VPI FAST-24

mode} glass-cutting machine made by Villa Precisior Inter-
national, Phoenix Ariz.

The display 16 is then cur to its desired shape along the
desired dimensions. which in our exampie is 2 square. Thecut
or cuts mayv be performed in a single step, by laser cutung,
sawing, grinding. etc., or in multiple sieps wherein the first
step is a tracing or preparatory step. For example, the desired
dimensions might first be scribed, etched. traced. etc., and the
display 10 may then be broken along the scribe dimensions.
25 Any method sufficient to ensure a substantially smooth cut is

acceptable. Scribing with 2 precision glass-cutting machine

with vacuum-holding and optical alignment capability has
been shown 1o be sufficient. AMLCDs are typically made
with 2 borosilicate hard glass and approximately 60 pounds of

¢ pressure has been shown to be sufficient for scribing the glass.
The scribe wheel is preferably made of diamond or 1s 0f a hard
carbide type. A small wheel (e.g.. ] mm 1o 4 mm in diameter)
with 2 sharp angle (e.g.. approximately 100 degrees) has been
shown 10 be sufficient. ar a nominal cutting speed. Each plate
20 should be scribed separately. The optical alignment feamre
of the machine is heipful t ensure thar the corresponding
scribe lines on opposing plates 20/ and 205 are coincident or
displaced as desired. Alignment marks placed on COTS dis-
plavs by manufacturers may be used for alignment in the
4¢ glass-cutting machine.

Circuit boards 15 may alse be cut by techmgnes known i
the art, as indicated by cut-line 2-2, as can TABs 7¢. However,
if & dimension line calls for cutting through an electronic
driver 62, the driver may need to be relocated and/or replaced.

45 If polarizers 30 or other films are present, it is possible 1o cut
them simultaneously while cutting the plates 26, but it 1s
preferable that thev are scored first to create a target polarizer
portion for further use in the customization process, and an
excess polarizer portion that may be discarded. The excess

50 polarizer portions are then removed prior 1o cutting the plates

20. Doing so allows unobstructed access 1o the plates 2¢ for

cutting the plates 20. After scoring the films, simple peeling
away of the unwanted portions has been shown 1o be suffi-
cient.

Thus, the specific dimensions of the score lines to remove
the films should be selecied 1o substantially correspond to the
target cutting dimensions, but be offset radially inward a
shight amount. The goal is to allow the original films 1o remain
intact over the target display 1mage area 4¢' while sull pro-
60 viding unobstructed access to the plates 20 for cutting the
plates 20. For example, in FIG. 14, the target display image
area 4" is defined by the square A-B-C-D, and the targer
cutting line for the plates 2§ s shown as line 2-2. The targer
score line for the polarizers 30 and other films present might
be line 95. Afier scoring, all portions of the films 1o the night
of line 95 will be peeled away. Similar procedures would be
used for each display plate 267, 205. That will leave sufficient

20
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leeway 106 berwesn the targer cutting line 2-2 for the plates
20, and the newiv-exposed edge (defined by line 95} of the
polarizers 30 and films. Additonally. the remaining portions
ofthe original polarizers 3¢ and films will still cover the target
display image area 4€".

immediately. or soon afier the display 10 1s cur (either by
direct curting or by seribing and breaking. for example), the
display 1§ is oriented 1o prevenr the liquid crvstal material or
other image-generating medium from escaping due to any

o

&
cess. Addiionally. the mask 125 may be placed arounc the
emire perimeter of the cell. substantially overlaying the ongi-
nal perimeter seal 25 and original mask.

If internal electronics &3 are cut. electrical continuiry may
need 10 be reestablished as will be described shortly. Simi-
larly. new VLSI circuits 65 may be needed. or the dimension
lines may intersect a TAB 7¢ or COG location (see FIG. 3 for
example). and therefore the TABs 70 or COGs wouid be
removed and reattached with the same or new VLS circuits

newly-exposed unsealed edges. Precision glass-breaking 1¢ &5 by techmigues used in the industy for repairing displays.
machines are available from Villa Precision International. The configuration of the TABs 70 and/or COGs may be
Phoenix Ariz. Manual breaking, after scribing. by one skilled changed 1o accommodate size and packaging requirements.
in the art. merely using hands and fingers. has been found to The circuitry on the display plates 2¢ may be aliered 10 make
be sufficient. After breaking, a simple manual re-orientation electrical connection to the new VLSI circuits. The COG
of the display 3¢ has been shown 10 be sufficiently tmely. 13 circuits may be changed to TABs 70, and vice versa. The TAD
Typically, the image-generating medium is not viscous substrate. 7¢ itself may be changed to bent tabs, for example,
enough to escape. The excess display porton (1¢5 m FIG. 10 accommodate new packaging requirements.
1A). may be discarded. while the target display portion (114 I 1t is desired to replace the liquid crystal marenal, the
in FIG. 1A) is retained for further customization. material may be extracted and replaced with another image-
The newlv-exposed plate edges are then cleaned and wiped 20 generating medium, to enhance or alter performance. If the
dry of any excess liquid crystal material using, for example, a extraction is 1o be done first, then only a single break m the
dry cotton swab. Care should be taken to not use fiuids, as seal 25 is needed 1o drain or suck out the original material.
fiuids might contaminate the liquid crystal material. Liquid However. ™o breaks in the seal 25 may be used—one t©
crystal material is then drained or wicked out of the cell 1o apply pressure and the other to apply suction for extraction of
allow for a replacement seal line 115 10 be placed along the 25 the material. With two breaks, the new image-generating
then newiy-exposed and newly-unsealed plate edges. The medium may be pumped or fed into the pressure end concur-
replacement seal 115 is installed by applying an adhesive rently with the suction on the other end, thus allowing the new
along the cut edge and preferably in berween the plates 28 10 Image-generating medium 1o displace the old matenal in a
reseal the display 1€'. The adhesive is preferably chosen to single process. Other techniques are known in the industry for
have proper mechanica! properties to preserve the cell spac- 3¢ refilling the cell.
ing. For example, precision micro-spheres may be mixed mto Thus, additional modifications and/or enhancements that
the adhegive 10 ensure spacing. The adhesive should also have may be made to the display during reshaping and/or resizing
a proper viscosity 1o allow it to flow inwardly sufficiently to mclude relocating. adding, and/or removing. TABs 70 or
fill any void in the cell between the plates 20 and the liquid COGs; replacing electric circuits and/or supplementing with
crystal material. Low-viscosity UV curing urethane of the 33 circuits having different functionality: altering and/or replac-
methacryiate family have been shown 1o have the desired ing the display medium: and/or adding. removing, and/or
characteristics. A wetting and/or thinning agent mey be used replacing polarizers, filters, and/or films.
as needed. In addition, these urethanes interface with the Turning now 1o FIG. 3, a display 1¢' with addinonal special
Hquid crystal material without adverse effects, as 15 well- cuts 13¢, 135, and 144, for a custom avionmics application is
known ir the field of PDLCs. Curing time of approximately 4¢ shown. In this example, the corners 150 and 153 are 1o be
five minutes has been shown to be sufficient. removed to allow for the protrusion of screws and other
The adhesive and display 1¢* may peed 1o be outgased ¢ mechanical and electrical objects from the target control
remove any trapped gases and voids, as the adhesive 1s being panel, and one edge 160 is to be trimmed as indicated by
cured. Both the outgassing and the curing may be accom- cut-line 140. Additonally, circular cuts 145/ and 1455 are
plished by techniques well-known in the art. After curing, 2 45 required for promwusion of a shaft or other object such as a
second seal 12¢ is preferably added, then outgased and cured mechanical indicator. The circuit boards 15, seals 25, and
as necessary. A UV curing lamp(s) and/or heater(s) may be most of the TABs 70 have been removed for clarity of the
mounted in & vacuum chamber for ease in outgassing and drawing. In this example, one of the dimension lmes 140
curing. The second seal 120 is preferably silicone, and is requires-a cut through the present location of a TAB 76, such
applied 10 minimize the penetration of humidity and contami- 5¢ that the TAB 70 may need 1o be removed and reattached,
nants into the liquid crystal material inside the cell. The either before or after cutting.
silicone seal 120 is preferably thermally set, as is known in the The row and/or column leads (85 and 85crespectively) are
art. The silicone seal 120 may have black ink, dve. or pigment exposed at points 165 by a staggered cut of the plates 20, and
added thereto 1o produce a substantially black-colored sili- may be cleaned and prepared as is known in the art, prior
cone, and may be applied up 10 the outer perimeter of the 55 being connected to a TAB 7¢ or COG. The techniques previ-
target display image area 40, to prevent back light from ously described may be used for the special cuts 134, 135,
passing through the display 10" around the outer edges of the 140, and 145. However, as exempiified by the circular cuts
target display image area 4¢'. 145, this example shows a sitnation wherein the electrical
Alemaiively, an optional mask or third seal 125 may be continuity of the row and/or column leads (85» and 85c¢
added to the newlv-exposed plate edges over the silicone seal 6¢ respectively) will need to be reestablished.
126. and applied up to the outer perimeter of the target display The proper electrical conneciions may be reestablished
1mage area 4¢'. The mask 125 1s shown partially broken away using a jumper wire which reconnects the broken leads by
in FIG. 2A. It should be dark (preferably black). and may be waversing & path outside of the display image area 4{". For
tape, ink, sealant, adhesive, plastic, or any other suitable example, one such path is along the expesed portion of a plate
marerial. At least one of the dark silicone seal 128, or the ¢35 20 from one end of the plate 20 10 the other (see 176 in FIG.
optional mask 125, are preferred. 1o replace any of the orgi- 3). Another such path may be through the circular cutouts (see
nal mask (not shown) removed during the customization pro-E hIijS in F1G. 3), where there may be an exposed surface ponion
’ exXh’
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175 on the back plate 206 due 1o staggerad cutting (e.g.. the
circuiar cutour 1457 on the front plaie 207 may have & larger
diameter than the circular cutout 1455 on the back plate 206,
as seen in FIG. 3. Alternatively, the condnctive paths may be
mounted on or integrated within the under surface of the
mechanical indicator 10 be placed within the circular cutouts
145, This mev be accomplished using. €.g.. a wire. & polvim-
ide tape circuit with anisotropic conductive adhesive. or a
circuit board with appropriate electrical connectors.

For desired dimensions such as the circular cutout. some
amount of the image-generating medium may escape at vir-
tally any orientation of the display 1€' due to gravity. Keep-
ing the plates 20 substantally fiat, however, should minimize
such escape. due to surface tension between the image-gen-
erating medium and the plates 26, as well as due to the jow
viscasity of the image-geperating mediam. Any escaped
material. however, may be replaced using techmiques
described herein and/or known in the art. The exposed edges
of the plates 20 due 1o the circular cutour areas 145 should be
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deterioratec ar the edges. These seals 185 would further pre-
tect the polarizers 3¢ from such damage. In fact. to ruggedize
a COTS display 10 for avionics use, all permeable seam lines
and arsas sensitive 10 moisture may be covered with silicone
seals. In particular. the polarizer edges. the liquid crystal cel]
seal 25, plastic electronics packages. and any exposed con-
ductors or metal electrodes mav need to be covered. The
silicone has the effect of occupying all chemically active sites
and cross-linking to inhibit water molecules from accumulat-
g in the silicone and at the silicone swface interface being
protected. Additionally, silicone is used 1o suppress corona
discharge and electrostatic detrimenta] effect on, around, and
near conduciors.

These additional silicone seals may be applied at any 1ime
during the process, but it is preferred that they are applied
after the COTS display 16 is cur and the first seal 115 has been
reapplied. It should be done then because silicone chemically
attaches 0 most surfaces and 1s not easily removed by con-
ventional chemicals or cleaning agents or by surface cleaning

sealed using the techuniques described herein. 20 techniques. Also, once cured, the silicone 1s pot readily

Turning now to FIGS. 44, 4B, and 4C, various sealing bonded 10 by other materials. This includes the body of the
techniques will be described in more detail. Each of these silicone. as well as any surface the silicone wetied, even after
drawings shows a partial cross-section of & customized dis- removal by conventional techniques. Because of the unique
play 10, from a similar perspective as in FIGS. 1B and 2B, properties of silicone adhesives and sealants, they should be
and iike FIGS. 1B and 2B, the column TABs 7¢c have been 23 used sparingly and appropriately by a person skilled in the art
removed for clarity. of sealants or silicone use. Conformal coatings, such as poly-

The display 1§ may be cur to various pre-sealing arrange- imide, may also be used 10 cover the exposed electric leads
ments, some of which are shown in FIGS. 44, 4B, and 4C. and provide additional protection thereto.

The staggered cut. shown in FIG. 4A, provides an extra 4 third seal or mask 125 may also be used to prevent back

xposed surface 180 on the back plate 265 1o support the 30 light from passing through the display 1¢" around the outer
second seal 126, and the second seal 126 will generally be edges of the target display image area 40'. Typically, a COTS
stronger as compared 1o the second seal 120 on an evenly cut display 10 has a black mask in the plane of the image or
set of plates 20 as shown in FIG. 4B. Though neither the image-generating medium. The third seal 125 should be
second seal 120 nor the third seal (the light mask 125) are applied 10 the top and bottom of the plates 26, up to the edge
required, they are both preferred. 35 of thetarget display image arez 40" (best seen in FIG. 2A), 10

The first seal 115 is an adhesive and serves the purpose of wap the light and prevem its escape due to parallax between
barricading the image-generating medium from leaking out, the plates. Opaque layers in varying degrees of opacity may
as well as mechanically holding the plates 26 together at the be used. Aliernativelv or in addition, black absorbing dves or
proper spacing. By way of example, the cell gap (space pigments may be included in the first sea] 115 and/or second
berween the plates 20) for AMLCDs is typically 6 microme- 40 seal 12¢.
ters with tolerances of 0.1 micrometers. Glass beads, or suit- Other seals may be added 1o further enhance the sealing,
able objects, may be added 1o the seal material 1 aid in ruggedization and performance of the completed display unit.
preserving the minimum cell thickness. The adhesive must be For example, 2 thermal conductive perimeter seal may be
chemically compartible with the image-generating medinm. added 1o conduct heat to or from the display 10'. An additional
The compatibiliry, reacting and mixing of urethanes, epoxies, 45 adhesive layer, such as polvsulfide, may be used to bond the
and water emulsions, with liquid cryvstal materials, have been display glass cell 10 a metal frame. Conformal coatings such
swudied extensively in the field of PDLC displays. The TV- as polyimide may be used to ruggedize various parts.
curing adhesives used 1o repair automobile glass cracks FI1G. 4C shows a cutung arrangement resulting in an
would be suitable here as the environmental conditions may extended bottom plate area 196, which may be used 1o attach
be similar. 5¢’ TaBs 7¢ or COGs or jumper wires as desired.

The second seal is a silicone adhesive and serves the pur- The basic functionality of the original display remains
pose of a humidity and moisture barrier. A family of silicone jtact. That is. the customized display may have a new size
encapsulants and adhesives has been developed for the elec- and/or shape, and may have altered electronic drivers, image-
tronics industry to prevent humuidity and moisture from generating medium. rearranged electronics, addinonal seals.
attacking electonic parts. As used with the methods 53 additional films, etc., and may actually have enhanced func-
described herein, the use of silicone 1s designed primarily to tionality. However, the customized display will be able 1o
keep water molecules away from the liquid crystal matenial, operate in a targe! application designed to interface with a
polarizers, and display electronics. Silicones such as Svlgard displav of the same type as the original display. For example,
brand by Dow Corning Corporation, part mumbers 527 and a COTS AMLCD, having gone through a customization pro-
184, may be used. The humidity and moisture protecting 60 cess as described herein, will be able to function in an avion-
properties of silicone are well-known 1n the electronics pack- ics application designed to mnterface with an AMLCD. The
aging induswy. cusiomized display would respond appropriately 1o electrical

As a further ruggedizing measure, 2 silicone seal or bead signals designed 1o be input o the COTS display. Pixels onthe
183 (similar to the second seal 128) may be applied along all customized display would continue to operate as they would
cut edges, orall edges, of the polarizers 30 and other films, as 65 in connection with the COTS display. The speed of response.
seen in FIGS. 4A, 4B, and 4C. For example. when submaitted contrast ratic, gray shades, etc., of the customized display
10 avionics Temperature/humidity Testing, the polarizers 3(}E hwﬂould operate as they would in connectior with the COTS
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display. The uitimate image {text. graphics. pictures. etc.)
would thus appear appropriately on the dispiay image area of
the customized display.

While certain smbodiments are illustrated i the drawings
and are described hereir, including preferred embodiments. 1t
will be apparent 1o those skilled in the art thar the specific
embodiments described herein may be modified withou
departing from the invemive concepts described.

For example, depending upon the specific requirements for

A
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§. The method of claim 1. wherein image-generaiing
mediun is removed from the arez between the plaiss along
the exposed edge by wicking or draining.

9. The method of claim 1. wherein the step of applying the
adhesive further comprises curing the adhesive 10 create the
first seal. the first seal disposed within the arez berween the
plates sucl thar the first seal comacts inner surfaces of the
front and back plates.

16¢. The method of claim 1. further comprising ourgassing

2 particular applicatior. various combinations of the custorm- 16 the electromic display 1o remove wapped gases from the area
izing techmigues described herein may be applied. The seals between the plates.
113. 120, 125, and 185. may be applied i different combi- 11. The method of clairs 1. wherein the display is cut by:
nations, different amounts or ratios, and varylng seguences, scribing the front and back plates along scribe dimensions;
depending on the application. Some of the seals may be and
omitted or used redundantly as the application may require. 15 breaking the front and back plates along the scribe dimen-
Additionally, though the examples used herein generally sions.
referred 1o COTS AMLCD:s as used in avionics where square 12. The method of claim 11, wherein the fromt and back
displays are used. the concepts are equally applicable to ather plates are scribed using a sharp-angled wheel having a diam-
tvpes of LCDs or other display technologies, and for other eter berween one and four miliimeters.
industrial applications including those requiring other cus- 26 13. The method of claim 1. wherein internal electronics of
tomized shapes. Furthermore, though the examples used the displav are cut when the display is cut.
show only one set of row TABs and two sets of column TABS, 14. The method of claim 1. wherein intemal electrical
in practice that may be switched, or there may be two sets of circuits are cut when the display is cut, the method further
each, and the gquantiry of each may vary, all as 1s desired or comprising reestablishing electrical continuiry of the internal
needed for 2 specific applicanon. 25 electrical circuits that are cut.
Accordingly. the invention is not 1o be restricted except by 15. The method of claim 14, wherein electrical continuity
the claims which foliow. 1s reestablished using a jumper wire.
- . L 16. The method of claim 1, wherein the front and back
What is claimed 15: M ’ .
1. A mefhod for changing the physical shape of an elec- plates are stflggered whern the display 1s cut 10 provide an
i A o - 3¢ exposed surface on the back plate.
tronic display, wherein the display comprises front and back 17 The method of claim 5. wherein image-cenerating
plaies, a perimeter seal spacing apart the plares and defining JoAnem # C o Ry n’ =
: p X = - L medium is removed from the ares berween the plates along
an enclosed cell area between the plates, image-generating the ex ¢ edoe by wicking or draining
medium contained in the area berweer: the plates and within © SXposec & £ > e ng Of CEtIAg. .
the borders of the perimeter seal. the method comprising the ‘18.lThehmed100 o claim 5 Wheremﬂne Step of applying the
s R | ‘ = 35 adhesive further comprises curing the adbesive 1o create the
steps oL . o . . first seal, the first seal disposed within the area between the
cating the'dlslplay alqng desx‘red cnmenmo?s ¥ fesultmg}n 8 plates such that the first seal contacts inner surfaces of the
target dlsp;ay.poruon and an excess mspiay portion, from and back plates.
thereby br_eakmg the perimeter seal and creating an 19. The method of claim 3, further comprising mounting
exposed edge of the target display portios that extends . @ displav in a &t =
PRI - - A - play in a fixture,
fera grst side edge of the display 10 a second side edge 20, The method of claim 19, wherein the display is
or ﬂ_]e mgplay: . . mounted in the fixture to maintan cell thickness before cui-
removing image-generating medium from between the ting the display.
plate§ along tl}e exposed edge 10 create & void between 71. A method for changing the physical shape of an elec-
the plates: and . ) 45 tonic display, wherein the display comprises fromt and back
app]_ymg‘gn adhesive ﬂ;at ﬂow-s in between the plates 1o fill plates, a perimeter seal spacing apart the plates and defining
the void, the adhesive creating 2 first seal 10 prevent the an enclosed cell area betweer the plates, image-generating
image-generating medium from escaping out of the area medium contained in the area between the plates and within
berweer the plates. o the borders of the perimeter seal, the method comprising:
. 2. Tng method of claim 1. further comprismgmounting the 5, curing the display along desired dimensions resulting in a
display in 2 fixture. target display portion and an excess display porton,
3. The method of claim 2, wherein the display is mounted therebv breaking the perimeter seal and creating au
in the fixture w maintain cell thickness before cutting the exposed edge of the target display portion that extends
display. from a firsi side edge of the display 1o a second side edge
4. The method of claim 2, wherein the display is mounted 33 of the display;
in the fixture 1o stabilize the display inpreparation for cutting removing image-generating medium from between the
the display. plates along the exposed edge; and
5. The method of claim 1, wherein the adhesive comprises app]vmg an adhesive that flows between the p}ates such
a low-viscosity adhesive capable of flowing wmwardly thart the adhesive contacts inner surfaces of the from and
berween the plates to fill the void between the plates along the 60 back plaies, the adhesive creating a first seal 10 prevent
exposed edge. the image-generating medium from escaping out of the
6. The method of claim 1, further comprising applving a area between the plates.
second humidity seal along the exposed edge over the first 22. The method of ciaim 21, wherein the first seal does not
seal. extend out from the area between the plates along the exposed
7. The method of claim §, further comprising applying a 63 edge.
third masking seal over the second seal for preventing back 23, The method of ciaim 21, further comprising applying a
light from passing through the exposed edge. = hse%cond seal along the exposed edge over the first seal.
X
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24. The methoé of claim 23, wherein the from and back
plates are staggered when the dispiav 1s cut 10 provide an
exposed inner swface on the back plate. and wherein the
second seal 15 applied along the exposed inner surface of the
back piate over the first seal.

2%5. The method of claim 21, further comprising wiping any
excess image-generating medium along the exposed edge
before applving the adhesive.

26. The method of claim 21. furtber comprising mountng

S5
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34. A meathod for changing the phvsical shape of an elec-
tromic display. wherein the display comprises front and back
plates, a perimeter seal spacing apart the plates and defining
an enclosed cell area between the plates, image-generating
medium contained in the enclosed cell arez between the
plates and within the borders of the perimeter seal, the display
comprising ar original display image area, the method com-
prising:

identifying & target cutting line that intersects the original

the display i & fixture. 10 cusplax image area anc% e?;tend‘s frcuia a ﬁrsw side edge of

27. The method of claim 26, wherein the display is the cusplay 10 a secona .Sld(_i eagf: ot Fhe €1_1splg3':
mounted in the fixture to maintain cell thickness before cut- CUT‘tlug".EhC‘dISP lay along tne}argex cutung 11ne‘10 separate
ting the display. the display o 2 target display portion and an excess

:'S. The méthod of claim 26, wherein the display 1s display portio. thereb;\ \ creatng an expose? gc}ge that

. TR Lo s extends from the first side edge 1o the second side edge.
xftlountgd in the fixmure w0 stabilize the display in preparation the tareet display portion defining a target display image
IOT’;‘K;EE EJJZL(;;S; 13} 'claim 21, wherein the adhesive has a e ﬂmi'is smalier thax; the orj%i el ci}spla§f image area;

=7 =L $ removing image-generating mednun from between the
viscosity sufficient that the adhesive flows inwardly between plates along fhe e)mosedhedge;
thf: plates to fill any void between the plates along theexposed apiﬂying an azlhesjve-a]ong_ the exposed edge berween the
eage. first and second side edges that flows in between the

30. The method of claim 21, further comprising outgassing plates such that the adhesive contacts inner surfaces of
the electronic display after applving the adhesive to remove the front and back plates: and
trapped gases from the area berween thie plates. curing the adhesive 10 create a first seal in berween the

31. The method of claim 21, further comprising applying 2 23 plates along the exposed edge to reseal the image-gen-
second humidiry seal along the exposed edge over the first erating medium and prevenr the image-generating
seal. medium from escaping from between the plates,

32. The method of claim 31. further comprising applying a 35 The method of claim 34, wherein the onginal display
third maslding seal over the second seal for preventing back ~ Hageareass rectangular and the target display image area is
light from passing through the exposed edge. 30 square. . L ,

33. The method of claim 21, further comprising applying 2 36. The nq].ethod ofclfum 34, further comprising discarding
masking seal along the expoised edge for prev?amiﬁg back the excess display pOrtoL.
ligin from passing through the exposed edge. L
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i
CUSTOMOIZED ELECTRONIC DISPLAY AND
METHODS OF CUSTOMIZING THE
PHYSICAL SIZE AND/OR SBAPE THEREOF

This application is 2 continuation of application Ser. Ne.
10/105,473, filed Mar. 20, 2002, whick is & continuation of
Ser. No. 09/812.370, filed Mar. 16, 2001, now U.S. Pat. No.
6,380,999, which is a continuation of application Ser. No.
09/274.427, filed Mar. 22, 1999, now U.S. Pat. No. 6.024.906,
on Mar. 20, 2001,

FIELD OF THE INVENTION

The present invention relates generally 1o electronic dis-
plavs, and more particularly to the customizarior of an origi-
nal display by physical alteration of the size and/or shape
thereof. such that the customized display may be used
instaliations not considered achievable with the original dis-
play.

DEFINITIONS

Inthis application, COTS is used as an acropym for “Com-
mercial Off-The-Shelf”; FPD is used as an acronym for “Flat-

Panel Display™, LCD is used as an acronym for “Liquid ~

Crystal Display™; PDLC is used as an acronym for “Polymer-
Dispersed Liquid Crystal”, AMLCD is used as an acronym
for “Active Matrix Liquid Crystal Display™; TAB isused as an
acronym for “Tape-Automated-Bonding™; COG is used as an
acronym for “Chip-On-Glass™; UV is used as an acronymn for
“ultraviolet”, VLSI is used as an acronym for “Very Large
Scale Integration”, and HDTYV is used as an acronym for
“High-Definition Television”. All of these terms are well-
known in the art.

BACKGROUND

Electronic displays are commonly used to portray data in
the forms of visual text and/or other images, so the data may
be interpreted and/or acted upon. Typically, the operator of
equipment associated with the display will contro] the equip-
ment based in part on the interpretation of the dara displayed.
A simple example is an airplane pilot who views a control
panel display representing swrounding air traffic, and who
then contwols the airplane to avoid the traffic.

The displays and their associated bezels (face plates) and
frames (interfacing and supporting hardware) are Typically
built to demanding specifications for durability, reliabiliry,
and operating life, due to industry requirements, and the
resulting displays have relativelv complex electrical, chemi-
cal, optical, and physical characteristics. Each particular
.application, for example, may require specific performance
characteristics from the display, such as the ability to accom-
modate or withstand varving conditions of temperature,
humidiry, radiation, ambient ight, shock. vibration. impact,
chemicals, salt spray. water and finid condensation. Immer-
sion, or other environmental, elecwrical, physical, and/or other
conditions. Due to the high costs associated with such varying
and demanding specifications, for any particular application
1t 1s thus economically necessary for manufacturers 10 pro-
duce a common design inhigh production volume, resulting
in COTS displays all having substanually the same charac-
teristics for a variety of physical sizes. The sizes vary, but the
shapes are geperally rectangular with an aspect ratio of
approximately three to four. Conunon television and com-
puter displays typically have an aspect ratic of approximately
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three 1o four. and are rypically square. HDTV dispiays tvpi-
cally have an aspect ratio of nine 1o sixieen.

For specialized applications where the market may not be
large enough for COTS manufacturers 1o enter. buvers of
displays are required o have displays custon:-builtto fit their
size and shape requirements. at 2 cost up 10 tep times greater
than the cost of 2 COTS display having identical functional-
ity. Alternatively, buvers mayv choose to incorporate a COTS
dispiay inic an existing contro! panel or dashboard opening

¢ by physically altering the size and/or shape of the control

pane] opening 1o match the size and/or shape of the COTS
displav. For most applications, however, such modifications
cannot be made without disturbing the surrounding instu-
ments, controls, and displays already incorporated mnto the
control panel. Such is the case. for example. on an airplane
control panel or other vehicle control panel where large num-
bers of instruments and controls are tightly and efficiently
packed into a relatively small area to begin with. And even if
the appropriate modifications could be made, they are typi-
cally cost-prohibitive.

To overcome the above-referenced drawbacks in the prior
art, it would thus be desirable to provide systems and methods
for customizing & COTS display to meet the size and shape
requirements of a target conwrol panel opening, such that the
purchaser of the COTS display may avoid paying the extra
costs associated with having a display custom-built from
scratch. Such systems and methods would be advantageous
for displays that have relatively high tooling costs and rela-
tively low volume productior associated therewith.

A particular industry where high-cost custom-buili dis-
plays are used is the avionics industry, which traditionally
used square papel openings 10 house mechanical control
devices. To rewofit airplane control panels with electronic
displays, the industry began manufacturing square displays,
a1 a relatively high cost and relatively low volume compared
1o the COTS non-square displays which are commercialiy
used in a wide variety of applications. In fact, the control
panels in newly-built airplanes designed 1o use.electronic
displays, are still often made with square panel openings,
despite the COTS displayvs being non-square, in order t©
maintain the well-established and familiar control panel con-
figurations.

Since a completed electronic display 1s delicate and rela-
tively complex, most experts in the filed would not expect that
customization of the displays as desired could be accom-
plished by physically cutting an original display, changing its
size and/or shape, and resealing it, while maintaining its same
basic functionality. For example, most .experts would not
expect that a display designed to be a four-inch by six-inch
display with 480 rows by 640 columns of picture elements
(pixels) could be cut down to the size of & four-inch by
four-inch display with 480 rows by 480 columns, and still
operate successfully.

SUMMARY OF THE INVENTION

Typically, a COTS display comprises two plaies, front and
back, holding drive electronics on the edges. The plates are
typically glass or plastic, and may have polarizers, filters,
image enbancement films, and/or viewing angle enhance-
ment films anached thereto. Row and column orthogonal
electric leads distributed throughowt an image-geperating
medinm are contained between the plates, and a perumeter
sea) holds the plates together while isolating and protecting
the 1mage-generating medivm from the outside environment.
The row and column electric leads transcend the seal to exter-
nal leads to which electronic drivers are amached. The elec-
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tronic drivers are typicaliv VLSI circuits bonded to TAB
substrates artached 1o the display, or directly attached to the
display as COG. 1n some instances the VLS] electronic driv-
ers are made in-sitv with the display picture elemens.

The presem invention involves systems and methods for
customizing a COTS display by modifying the physical size
and/or shape of the COTS display to meet the requirements of
& target applicaton. This is accomplished by cutting the
physical COTS display to reduce its physical size and/or
shape, and then resealing the display 1o achieve the desired
performance. The basic functionality of the COTS display
remains intact. That is, the customized display will have a
new size and/or shape, and may have altered electronic driv-
ers, image-generating media, rearranged electronics, addi-
tional seals, additional films, etc.. and may acwally have
enhanced functionality. However, the customized display will
be able 1o operate in a target application designed to interface
with a display of the same type (e.g.. AMLCD) as the onginal
{e.g.. COTS; display.

When the plates are cut, internal electronics might alsc be
cut, often requiring reestablishunent of electrical continuiry.
Similarly, the display elecwronics may be removed, reat-
tached, or otherwise modified, and filters, polarizers, and/or
other films associated with the display and typically attached
externally to the plates may be cut. 1o conform to the custom-
ized display size and/or shape. Thus the opportunity exists to
add enhanced functionality to the display. A custom beze] and
frame may then be used to house the display, allowing for
additional ruggedization of the entire unit.

To reseal the display. an adhesive 1s applied along at least
the cut edge or edges. A second seal may be added to mini-
mize the penetration of humidiry and other contaminants into
the display media (e.g., liquid crystal material) inside the
display cell. A third seal serving as a mask may also be
applied to prevent back light typically used with LCDs from
passing through the display around the outer edges of the
display image area. .

Electronic drivers, typically VLSI circuits (bonded to TAB
substrates attached to the display, or attached directly to the
display as COG) may be added, repositioned and/or reat-
tached as needed, and the circuitry on the display plates may
be altered to make electrical connection 1o the new VLSI
circuits. Filiers, films, polarizers, etc., may then be cut and/or
installed as desired, and additional components such as heat-
ers, optical elements, infrared filters, touch panels, transdnc-
ers. etc., may be added 1o alter and/or enhance durability or
functionality of the display.

Finally, the reshaped and/or resized, and/or otherwise
altered display is placed ina custom bezel and frame with
appropriate ruggedization characteristics. The bezel and
frame are designed to accommodate the newly sized and/or
shaped display in a suitable manner, and to allow for proper
mechanical and electrical attachment to the targer location,
such as an avionics box or display panel. The bezel and frame
also are configured for installation such that appropriate light-
ing, optical elements, wansducers, heaters, infrared filters,
touch panels, etc., associated with the target application oper-
ate properlyv. The frame thus protects the display and inter-
faces the display with the target location, such as an avionics
box or display panel. Suitable adhesives, sealants, conformal
coatings, potting compounds, electrical and thermal conduc-

1018, Screws, clamps, rivets, connectors, gaskets, etc.. may be
used as necessary or desired 1o further ruggedize the unit and
install it into its target location. Runggedization may be
required, for example, before installing the customized unit
into environments of vehicles, ships, submersibles. missiles,
aircraft, spacecraft, portable equipment, etc., wiunchtend 1o be
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more restrictive and severe than the environments for which
COTS displays are designed. Similarly. simulators for situa-
tions such as those described above may also require ru
dization of the customized unit.

One aspect of the present invention thus involves cusiom-
izing an elecuonic display by cutting the display along
desired dimensions resuliing in a target display portion and an
excess display portion. and applving e first seal between the
plates along an exposed edge of the target display portion.
said first seal creating a barrier to prevent the image-generaz-
ing medium from escaping out of the area berween the plates.
wherein the basic functionality of the display remains intact.
A second seal and/or a third seal may be added.

Another aspect involves customizing an electronic display
by cutting the display along desired dimensions resulting in a
target display portion and an excess display portion. applying
a first seal along an exposed edge of the target display portion
berween the plates, applying a second seal over the first seal,
and applying a third seal over the second seal, wherein the
basic functionality of the display remains intact.

Another aspect of the present invention involves creatng a
customized electronic display comprising & substantially flat
fromt plate having an upper surface and a lower surface, a
substamiially flat back plate having an upper swrface and a
lower surface, said back plate positioned behind said front
plate and substantially paralie] thereto, a perimeter seal posi-
tioned between said plates and forming an enclosed cell area
defined by the lower surface of the front plate, the upper
surface of the back plate, and the perimeter seal, an image-
generaling medium contained withir said cell area, electrical
conductors distributed throughout said image-generating
medium, a substantially fiat first polarizer attached to the
upper surface of said front plate, said first polarizer having a
perimeter, a second seal positioned over the perimeter seal,
and a first silicone bead positioned over the perimeter of the
first polarizer. A third seal may be added.

Systems and methods are thus described for customizing
an original (e.g. COTS AMLCD} dispiay 1o meet the size
and/or shape requirements of a target locarion. Other objects
and advantages of the present invention will be apparent from
the detailed description which follows, when read in conjunc-
tion with the associated drawings.
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BRIEF DESCRIPTION OF THE DR AWINGS

FIG. 1A is a plan view of a typical COTS AMLCD.

F1G. IB is a cross-sectional view of FIG. 1A, along line
1B-1B, with the column TABs removed from the cross-sec-
tion for purposes of clarity.

FIG. 24 1s a plan view of a customized display made from
the COTS AMLCD shown in FIG. 1A, 'by cutting along line
2-2 in FIG. 1, and then resealing.

FIG. 2B is a cross-sectional view, along line 2B-2B. of the
customized display shown in FIG. 2 A, with the column TABs
removed from the cross-section for purposes of clarity.

FIG. 3 1s a plan view of a customized display, showing
additional special cuts that might be required as part of the
customization.

FIG. 4A is a partial cross-sectional view of a customized
display having staggered cuts on the opposing plates, show-
mg first and second seal lavers.

FIG. 4B is a partial cross-sectional view of a customized
display having aligned cuts ox the opposing plates, showing &
third seal layer.

FIG. 4C 1s a partial cross-sectional view of 2 customized
display having an extended Jower plate for use o attach
electronic drivers or jumper wires.

Exh 2
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DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1A and 1B show a Typical rectangular. non-square
COTS AMLCD 10, before resizing and/or reshaping. bur
afier disassembly from its original bezel, frame, and other
associated bardware and electronics. The exiernal compo-
nents associated with the display 16 other than the circuit
boards 15 and the components bonded or attached to the
display plaies 207 and 205, have been removed for clariry.
Such external components would preferably be removed
prior to performing the customization of the display 16 as
described herein.

The disptav 16 comprises a front plate 20/ and a back plate
205, each preferably made of glass or plastic. The plates 28
are held together by a perimeter seal 25 such as 2 UV curing
urethane as is known i the art, and are also Typically further
secured within a bezel (not shown) whick is in turn secured 1o
a frame or other hardware (not shown) for attachmenr 1o the
target location. Polarizing films 36/ and 306, filters (not
shown), image ephancement films (not shown), retardation
films (not shown), viewing angle enhancement films (not
shown). and/or other films may exist on the front and/or back
outer surfaces of the plates 20. The original display image
ares 46 defined by the manufacturer of the COTS AMLCD 1s
indicated by dashed perimeter line 45. (Dashed line 56 rep-
resents the desired right edge of the display image area 40
afier customizatior., as will be described shortly). A light-
blocking mask (not shown) is typically placed between plates
20 and covers a perimeter area form the outer edge of the

3¢ pressure has been shown to be sufficient for scribing the glass.

display image area 46, and extending ourwardly w asufficient  The scribe wheel is preferably made of diamond or is of a hard
distance 1o serve its purpose. Typically. the distance will be up carbide Type. A small wheel (e.g., ] mmto 4 mum in diameter)
1o the edge of the bezel, or to the inuner edge 55 of perimeter with a sharp angle {e.g., approximately 100 degrees) bas been
seal 25 as indicared by arrows 60 in FIG. 1A. Withour the shown 1o be sufficient, at 2 nominal cutting speed. Each plate
mask, light escaping around the edge of the display image 35 20 should be scribed separately. The optical alignment feature
area 40 might cause distraction to a person viewing the dis- of the machine is helpful 1 ensure thar the corresponding
play 10. scribe lines on opposing plates 20/ and 205 are coincident or

Row and column electronic drivers 65+ and 65¢ respec- displaced as desired. Alignment marks placed on COTS dig-
tively are bonded to TAB substrates 767 and 76c respectively, plays by manufacturers may be used for alignment in the
which in turn are bonded to the edges of the plates 20 using 4¢ glass-cutting machine.
electrically-anisotropic adhesives 75 as is known in the art. In Circuit boards 15 may also be cut by technigues known in
aviomics, bent TABs (not shown) are often used 1o save panel the art, as indicated by cut-line 2-2, as can TABs 70. However,
area. In addition or alternatively, the drivers 65 may be 'if a dimension line calls for cutting through an electronic
amached directly 1o the plates 2¢ as COGs. The electronic driver 65, the driver may need to be relocated and/or replaced.
drivers 65 are preferably at least VLSI circuits, having corre- 45 If polarizers 3¢ or other films are present, it 1s possible to cut
sponding exiernal leads 80r, 86¢ electrically connected them simultaneously while cutting the plates 20, but it is
through perimeter seal 25 1o the row and column electric leads preferable that they are scored first to create a target polarizer
857, 85crespectively (see FIG. 24). For simplicity, only a few portion for further use in the customization process, and an
leads 80 from only one row TAB 707 and two column TABs excess polarizer portion that may be discarded. The excess
70c are shown in FIG. ZA, but it is 10 be understood that each 50 polarizer portions are then removed prior to cutting the plates
row TAB 70r and each column TAB 76¢ may have dozens or 20. Doing so allows unobstructed access to the plates 2¢ for
even hundreds of individual leads 80 as is known in the art. cutting the plates 20. Afier scoring the films, simple peeling
The row and column electric leads 83 are distributed through- away of the unwanted portions has been shown to be suffi-
out an image-generating medium such as liquid crystal mate- clent. i
rial (normally iransparent) contained between the plates 20, 55 Thus, the specific dimensions of the score lines 1o remove
as seen in FIG. 2A. The perimeter seal 25, in addition to the films should be selected to substantially correspond to the
holdmg the plates 20 together, isolates and protects the target cutting dimensious, but be offset radially inward a
image-generating medium from the outside environment. slight amount. The goal isto allow the original films toremain
The TABs 70 are bonded or soldered 1o circuit boards 15, and imtact over the target display image area 4¢' while sull pro-
are electrically connected to external sourees via connections 6¢ viding unobstructed access fo the plates 20 for cutting the
94 10 circuit boards 5, and as is well known i the art. COGs plates 2¢. For example, in FIG. 1A, the target display image
{not shown) may be electrically connected to the edges of the area 40’ 15 defined by the square A-B-C-D, and the target
display plates 20 which are connected electrically via ribbon cutting line for the plates 20 is shown as line 2-2. The target
cables 1o external sources, ds 15 known in the art. Again, Tor score line for the polarizers 30 and other films present might
simplicity only a few connections 90 are shown in FIG. 24, 65 be line 95. After scoring, all portions of the films to the right
but it is 1o be understood that they may be provided as desired of line 95 will be peeled away. Similar procedures would be
or needed. = huaed for each display plate 207, 205, Thar will leave sufficient
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To customize the COTS AMLCD 1¢ of FIG. 1A. au
example will be described wherein the display 10 (and circuit
boards 13) are cur along line 2-2 in FIG. 1 to reshape the
display 10 to fit into a square target panel opening,. such as that
of an airplane control panel. The resulting customized display
10 is shown in FIGS. 24 and 2B. The customization of a
COTS dispiay 10 may be done in varying degrees, as neces-
sary or desired, and the examples provided herein are notto be
viewed as setting forth required techniques unless specifi-
cally so stated.

The COTS display 10 is preferably first mounted into a
fixture (not shown) to stabilize the display 1€ in preparation
for cutting. The fixture may also be used 1o maintain cell
thickness (the distance betweern the plates 20) and desired
dimensions. Part or all of the fixture may be the VPI FAST-24
mode] glass-cutting machine made by Villa Precision Inver-
national, Phoenix Ariz.

The display 10 is then cut 1o its desired shape along the
desired dimensions, wiiich in our example is a square. The cut

¢ or cuts may be performed in a single step, by laser cutting,

sawing, grinding, eic., or in multiple steps wherein the first
step is a tracing or preparatory siep. For example, the desired
dimensions might first be scribed, etched, traced, etc., and the
display 10 may then be broken along the scribe dimensions.
Any method sufficient to ensure a substantially smooth cut is
acceptable. Scribing with a precision glass-cutting machine
with vacuum-holding and optical alignment capability has
been shown to be sufficient. AMLCDs are typically made
with a borosilicate hard glass and approximately 60 pounds of
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leaway 160 berween the target cutting line 2-2 for the plates
20, and the newly-exposed edge (defined by Imme 95) of the
polarizers 30 and fiims. Additionally, the remaining portions
ofthe original polarizers 3¢ and films will still cover the target

display image area 4('.
Immediately, or soon after the display 10 is cut (either by
irect cutting or by scribing and breaking, for example). the
display 16 is oriented 1o prevent the liguid crystal material or
other image-generating medium from escaping due 1w any
newlv-exposed unsealed edges. Precision glass-breaking
machines are available from Villa Precision Imternational,
Phoenix Ariz. Manual breaking, after scribing. by one skilled
in the art, merely using hands and fingers, has been found to
be sufficient. After breaking, a simple manual re-orientation
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cess. Additionally. the mask 125 may be placed around the
emtire perimeter of the cel}, substantially overlaying the origi-

nal perimerer seal 25 and original mask.
I internal electronics 85 are cut, electrical continuity may
s need 10 be reestablished as will be described shortly. Simi-
larly, new VLSI circuits 65 may be needed. or the dimension
lines may mtersect a TAB 7¢ or COG location (see F1G. 3 for
example). and therefore the TABs 70 or COGs would be
removed and reattached witl: the same or new VLSI circuits
65 by techmgues used in the industry for repairing displavs.
The configuration of the TABs 7¢ and/or COGs may be
changed to accommodate size and packaging requirements.
The circuitry on the display plates 2¢ may be altered to make
electrical connection to the new VLSI circuits. The COG

of the display 1¢' has been shown to be sufficiemly timely. 13 circuits mav be changed 1o TABs 70, and vice versa. The TAB
Typically, the image-generating medium is not viscous substrate 70 itself mayv be changed 10 bent tabs, for example.
enoungh to escape. The excess display portion (165 in FIG. 10 accommodate new packaging requirements.
1A). may be discarded, while the target display portion (11¢ If 1t is desired to replace the liquid crystal material, the
i FIG. 1A) is retained for further customization. material may be extracted and replaced with another image-
The newiv-exposed plate edges are then cleaned and wiped 2¢ generating medium. 1o enhance or alter performance. If the
dry of any excess liquid crystal material using, for example, & extraction 1s to be done first, then only 2 single break in the
dry cotton swab. Care should be taken to not use finids, as seal 23 is needed to drain or suck out the original material.
fiuids might contaminate the liguid crvstal material. Liquid However, two breaks in the seal 25 may be used—one 10
crysial material is then drained or wicked out of the cell to apply pressure and the other 10 apply suction for extraction of
allow for a replacemern seal line 115 10 be placed along the 25 the material. With two breaks, the new image-generating
then newly-exposed and pewly-unsealed plate edges. The medium may be pumped or fed into the pressure end concur-
replacement seal 115 is installed by applying an adhesive rently with the suction on the other end, thus allowing the new
along the cut edge and preferably in between the plates 20 to image-generating medium to displace the old material in 2
reseal the display 10'. The adhesive is preferably chosen to single process. Other technigues are known in the industry for
have proper mechanical properties to preserve the cell spac- 3¢ refilling the cell.
ing. For example, precision micro-spheres may be mixed into Thus, additional modifications and/or enhancements that
the adhesive 1o ensure spacing. The adhesive should also have may be made to the display during reshaping and/or resizing
a proper viscosity to allow it to fiow inwardly sufficiently to mchide relocating, adding, and/or removing, TABs 70 or
fill any void in the cell between the plates 20 and the liquid COGs; replacing electric circuits and/or supplementing with
crystal material. Low-viscosity UV curing urethane of the 35 cirenits having different functionality; aliering and/or replac-
methacrylate family have been shown to have the desired ing the display medium; and/or adding, removing, and/or
characteristics. A wetting and/or thinning agent may be used replacing polarizers, filters, and/or films.
as needed. In addition, these urethanes imterface with the Turning now to FIG. 3, a display 1€ with additional special
Liquid crystal material without adverse effects, as is well- cuts 130,135, and 140, for a custom avionics application 1s
known in the feld of PDLCs. Curing time of approximately 40 shown. In this example, the corners 150 and 155 are to be
five minutes has been shown to be sufficient. removed to allow for the protrusion of screws and other
The adhesive and display 1¢' may need to be outgased 10 mechanical and electrical objects from the target comtrol
remove any trapped gases and voids, as the adhesive 1s being panel, and one edge 160 is 1o be trimmed as indicated by
cured. Both the outgassing and the curing may be accom- cui-line 140. Additionally, circular cuts 145/ and 145b are
plished by techniques well-known in the art. After curing, a 43 required for prowrusion of a shafi or other object such as a
second seal 120 is praferably added, then outgased and cured mechanical indicator. The circuit boards 15, seals 25, and
as necessary. A UV curing lamp(s) and/or heater(s) may be most of the TABs 70 have been removed for clarity of the
mounted in a vacuum chamber for ease in outgassing and drawing. In this example, one of the dimension lines 140
curing. The second seal 120 1is preferably silicone, and is requires a cui through the present location of 2 TAB 70, such
applied to minimize the penetration of hurmidity and contami- 50 that the TAB 70 may need 1 be removed and reattached,
nants into the liquid crystal material inside the cell. The either before or afier cutting. _
silicone seal 120 is preferably thermally set. as 1s known in the The row and/or column leads (85 and 85c respectively) are
art. The silicone seal 120 may have black ink. dve, or pigment exposed at points 165 by a staggered cut of the plates 20, and
added thereto 10 produce a substantially black-colored sili- may be cleaned and prepared as is known in the art, prior to
cone, and may be applied up to the auter perimeter of the 55 being connected to 2 TAB 70 or COG. The techniques previ-
target display image area 40, to prevent back light from ously described may be used for the special cuts 130, 135,
passing through the display 10" around the outer edges of the 149, and 145. However, as exemplified by the circular cuts
target display image area 4€". 145, this example shows a situation wherein the electrical
Alternatively, an optional mask or third seal 125 may be contimiity of the row apd/or column leads (85r and 85c¢
added 10 the newly-exposed plate edges over the silicone seal 60 respectively) will need 10 be reestablished.
120, and applied up 10 the outer perimeter of the target display The proper electrical connections may be reestablished
image area 40. The mask 125 is shown partially broken away using a jumper wire which reconnects the broken leads by
in FI1G. 2A. It should be dark (preferably black), and may be waversing 2 path owside of the display image area 4¢". For
tape, ink, sealant, adhesive, plastic, or any other suitable example, one such path is along the exposed portion of a plate
material. At least one of the dark silicone seal 126, or the 65 26 from one end of the plate 20 to the other (see 170 in FIG.
optional mask 125, are preferred, to replace any of the origi- 3). Another such path may be farough the circular cutouts (see
nal mask (not shown) removed during the customization. pro-E hl 5 510 FIG. 3), where there may be an exposed surface portion
’ XN .
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175 on the back plate 205 due 1o staggered cutiing (e.g.. the
circuiar cutout 145/ on the front plate 20/ may have a larger
diameter than the circular cutowt 1455 on the back plate 206.
as seen in FIG. 3). Alternatively, the conductive paths may be
moured on or integrated within the under surface of the
mechanical indicator to be placed within the circular cutouts
145, This may be accomplished using. e.g.. a wire, a polyim-
ide tape circuit with anisotropic conductive adhesive, or a
circuit board with appropriate electrical connectors.

B
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deterjorated ai the edges. These seals 185 would further pro-
tect the polarizers 30 from such damage. In fact. to ruggedize
a COTS display 10 for avionics use. all permeable seam lines
and areas sensitive to moisture mayv be covered with silicone
seals. In particular, the polarizer edges, the hiquid crystal cell
seal 25, plastic electronics packages. and any exposed con-
ductors or metal electrodes may need o be covered. The
silicone has the effect of occupying all chemically active sites
and cross-linking to inhibit water molecules from accumulat-

For desired dimensions such as the circular cutout, some 1¢ ing in the silicone and ai the silicone surface interface being
amount of the image-generating medium may escape ar vir- protecied. Additionally, silicone is used to suppress corona
wally any orientation of the display 1€ due to graviry. Keep- discharge and electrostatic detrimental effect on, around. and
ing the plates 20 substantially fiar, however, should minimize near conductors.
such escape. due to surface tension between the image-gen- These additional silicone seals may be applied at any time
erating medium and the plates 20, as well as due to the low 13 during the process. but ii i¢ preferred that they are applied
viscosity of the image-generating medium. Any escaped afrer the COTS display 10 is cut and the first seal 115 hasbeen
material, however. may be replaced using techniques reapplied. It should be done then because silicone chemically
described herein and/or known in the art. The exposed edges attaches 1o most surfaces and is not easily removed by con-
of the plates 20 due 1o the circular cutout areas 145 should be ventional chemicals or cleaning agents or by surface cleaning
sealed using the techniques described herein. 20 techniques. Also, once cured, the silicone is not readily

Turning now to FIGS. 4A, 4B, and 4C, various sealing bonded 1o by other materials. This inciudes the body of the
techniques will be described in more detail. Each of these silicone, as well as any surface the silicone wetied, even after
drawings shows a partial cross-section of a customized dis- removal by conventional technigues. Because of the unique
play 10, from a similar perspective as in FIGS. 1B and 2B, properties of silicone adhesives and sealants, they should be
and like FIGS. 1B and 2B, the cotump TABs 70¢ have been 25 used sparingly and appropriately by a person skilied m the art
removed for clarity. of sealauts or silicone use. Conformal coatings, such as poly-

The display 10" may be cut to various pre-sealing arrange- imide, may also be used 10 cover the exposed electric leads
ments, some of whick are shown in FIGS. 44, 4B, and 4C. and provide additional protection thereto.

The staggered cut, shown in FIG. 4A, provides an extra A third seal or mask 125 may also be used 1o prevent back
exposed surface 180 on the back plate 20b to support the 3¢ lght from passing through the display 10" around the outer
second seal 120, and the second seal 120 will generally be edges of the target display image area 4¢". Typically, a COTS
stronger as compared 1o the second seal 120 on an evenly cut display 10 has a black mask in the plane of the irage or
set of plates 20 as shown ip FIG. 4B. Thongh neither the image-generating medium. The third seal 125 should be
second sea] 120 nor the third seal (the light mask 125) are applied 1o the top and botom of the plates 20, up 1o the edge
equired, they are both preferred. 35 ofthe target display image area 4¢' (best seen In FIG. 24), to

The first seal 115 is an adhesive and serves the purpose of wap the light and prevent its escape due to parallax between
barricading the image-generating medium from leaking out, the plates. Opaque lavers in varying degrees of opacity may
as-well as mechanically holding the plates 2¢ together at the be used. Alternatively or in addition, black absorbing dyes or
proper spacing. By way of example. the cell gap (space pigments may be included in the first seal 115 and/or second
berween the plates 20) for AMLCDs is typically 6 microme- 46 seal 120.
ters with tolerances of 0.1 micrometers. Glass beads, or suit- Other seals may be added to further enhance the sealing,
able objects, may be added to the seal material to aid in ruggedization and performance of the completed display unit.
preserving the minimum cell thickness. The adhesive must be For example, a thermal conductive perimeter seal may be
chemically compatible with the image-generating medium. added to conduet heatto or from the display 10'. An additional
The compatibility, reacting and mixing of wethanes, epoxies, 43 adhesive layer, such as polysulfide, may be used to bond the
and water enmulsions, with liquid crystal materials. have been display glass cell 10 a metal frame. Conformal coatings such
studied extensively in the field of PDLC displays. The UV- as polyimide may be used to ruggedize various parts.
curing adhestves used 10 repair aumiomobile glass cracks FIG. 4C shows a cutting arrangement resulung in an
would be suitable here as the environmental conditions may extended bottom plate area 190, which may be used 1o attach
be similar. s0 TABs 7¢ or COGs or jumper wires as desired.

The second seal is a silicone adhesive and serves the pur- The basic functionality of the original display remains
pose of a humidity and moisture barrier. A family of silicone intact. That is, the customized display may have a new size
encapsulants and adhesives has been developed for the elec- and/or shape, and may have altered electronic drivers, image-
womics industry to prevent humidity and moisture from generating medium, rearranged electronics, additional seals,
attacking electronic parts. As used with the methods ss additional films, etc., and may actuallv have enhanced func-
described heremn. the use of silicone is designed primarily to tionality. However, the customized display will be able to
keep water molecules away from the liquid crystal material, operate in a target application designed to interface with a

-polarizers, and display electronics. Silicones such as Sylgard display of the same type as the original display. For example,
brand by Dow Coming Corporation, part numbers 527 and a COTS AMICD, havipg gone through a customization pro-
184. may be used. The humidity and moisture protecting 60 cess as described herein. will be able 1o function in an avion-
properties of silicone are well-known in the electronics pack- ics application designed 1o interface with an AMLCD. The
aging mdusmy. customized display would respond appropriately 1o electrical

As a further ruggedizing measure, a silicone seal or bead signals designed 10 be inpurtothe COTS display. Pixels on the
185 (similar to the second seal 12§) may be apphed along all customized display would continue 10 operate as they would
cut edges. orall edges, of the polarizers 3¢ and other films, as 65 in connection with the COTS display. The speed of response,
seen in FIGS. 44, 4B, and 4C. For example, when submitted contrast ratic, gray shades, eic., of the customirzed display
e avionics temperature/emidity tesing, the polarizers 30E hwﬁuld operaie as they would in connection with the COTS

Xi
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display. The ultimate image (1ext, graphics. pictures, eic.)
would thus appear appropriately on the display umage area of
the customized display.

While certain embodiments are illustrated in the drawings
and are described herein, including preferred embodiments, it
will be apparent w0 those skilied in the art that the specific
embodiments described hersin meay be modified without
departing from the inventive concepts described.

For example, depending upon the specific requirements for
a particular application, various combinations of the custom-
izing techniques described herein may be applied. The seals
115, 120, 125, and 185, may be applied in different combi-
nations, different amounts or ratios, and varying sequences,
depending on the application. Some of the seals may be
omitted or used redundantly as the application may require.

Additionally, though the examples used herein generally
referred to COTS AMLCDs as used i avionics where square
displays are used. the concepts are equally applicable 10 other
tvpes of LCDs or other display technologies, and for other
industrial applications including those requiring other cus-
tomized shapes. Furthermore, though the examples used
show only one set of row TABs and two sets of column TABS,
in practice that may be switched. or there may be two sets of
each, and the guantity of each may vary, all as is desired or
needed for a specific application.

Accordingly, the invention is not to be resticted except by
the claims whick follow.

What is claimed 1s:

1. A method for changing the physical shape of an elec-
ronic display. wherein the display comprises a front plate, a
back plate, electrical circuits for operating the display, and
liquid crystal material sealed in an area berween the plates,
the method comprising: :

mounting the display in a fixture to maintain cell thickness;

cutting the display along desired dimensions resulting in a

target display portion and an excess display portion.
thereby exposing an edge of the target display poruon
that extends from a first side edge of the display to a
second side edge of the display;

draining or wicking hiquid crystal material from between

the plates along the exposed edge of the target display
portion:

applying an adhesive along the exposed edge, the adhesive

flowing berween the plates; and

curing the adhesive 1o create a first seal between the plates

along the exposed edge.

2. The method of cldim 1, wherein the display comprises 2
perimeter seal spacing apart the plates, and wherein the cui-
1ing step comprises breaking the perimeter seal.

3. The method of claim 1, wherein the adhesive comprises
a low-viscosity adhesive capable of flowing inwardly
between the plates to fill any void between the plates along the
exposed edge.

4. The method of claim 1. wherein the fixture stabilizes the
display in preparation for cutting.

5. The method of claim 1, comprising the additional step of
outgasing the electronic display afier the step of applying the
adhesive 1o remove rapped gases and voids from between the

plates.

6. The method of claim 1, further comprising applving a
second humidity seal along the exposed edge over the first
seal.

7. The method of claim 6. further comprising a third mask-
ing seal over the second seal for preventing back hght from
passing through the exposed edge.
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€. The method of claim 1. wherein the display is cut by:

scribing the front and back: plates along scribe dimensions

with a scribe wheel: and

breaking the front and back plates along the scribe dimen-

sions.

9. The method of claim 1, wherein the adhesive 1s cured by
exposure to ulraviolet light.

16, A method for changing the physical shape of an elec-
tronic display. wherein the display comprises front and back
plates. a perimeter seal spacing apart the plates and at least
partiallv defining an enclosed cell area between the plates that
comprises an original display image area having a rectangular
shape, image-generating medium confained in the area
between the plates and within the borders of the perimeter
seal, the method comprising the steps of:

cutting the display along desired dimensions that intersect

across the onginal display image arez resulling in a
target display portion and an excess display porfion.
thereby breaking the perimeter seal and exposing an
edge of the target display portion that extends from a first
side edge of the display to an opposite second side edge
of the display, the target display portion comprising a
target display image area that is smaller than the original
display image area;

removing image-generating medium from between the

plates of the target display portion along the exposed
edge; and

applying an adhesive that flows between the plates along an

exposed edge of the target display portion, the adhesive
creating a first seal to reseal the area between the plates
and prevent the image-generating medium from escap-
ing out of the area berween the plates of the target dis-
play image area.

11. The method of claim 18, further comprising mounting
the display in a fixture to maintain cell thickness before cut-
ting the display.

12. The method of claim 10, wherein the adhesive com-
prises a low-viscosity adhesive capable of flowing inwardly
berween the plates to fill any void between the plates along the
exposed edge.

13. The method of claim 1€, comprising the additional step
of outgasing the electronic display afier the step of applying
the adhesive 1o remove trapped gases and voids from between
the plates.

14. The method of claim 10, further comprising applying a

econd humidity seal along the exposed edge over the first
seal.

15. The method of claim 14, further comprising a third
masking seal over the second seal for preventing back light
from passing through the exposed edge.

16. The method of claim 10, wherein the display 1s cut by:

scribing the front and back plates along scribe dimensions

with a scribe wheel; and

breaking the front and back plates along the scribe dimen-

sions. )

17. The method of claim 10 is cut such that the target

, display image area is square.

18. A method for changing the physical shape of an eiec-
tronic display, wherein the display comprises front and back
plates, a perimeter seal spacing apart the plates and defining
an enclosed cell .area between the plates, image-generating
medium contained in the area between the plates and within
the borders of the perimeter seal, the method comprising the
steps oft

Exh 2
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13 14
cuming the display along desired dimensions resulling in 2 applying a bead of adhesive along the exposed edge of'the
) target display portion and an excess display portion. 1arget display portion afier applying the first adhesive.
thereby exposing an edge of the target display porton: 19. The method of claim 18, wherein the bead of adhesive

removing image-generating medium from berween the
plaies along the exposed edge;

applying & first adhesive along the exposed edge. the first
adhesive fiowing in between the plates:

comprises silicone.
20. The method of claim 17, wherein image-generating
medium is removed from between the plates along the

curing the first adhesive to create a first seal along the exposed edge by wicking.
exposed edge of the target display portion that is Jocated
berween the plates; and ¥ o% & w %
xh 2
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UNITED STATES DISTRICT COURT
CENTRAL DISTRICT OF CALIFORNIA

NOTICE OF ASSIGNMENT TO UNITED STATES MAGISTRATE JUDGE FOR DISCOVERY

This case has been assigned to District Judge James V. Selna and the assigned
discovery Magistrate Judge is Alicia G. Rosenberg.

The case number on all documents filed with the Court should read as follows:

SACV1l- 609 JVS (AGRx)

Pursuant to General Order 05-07 of the United States District Court for the Central
District of California, the Magistrate Judge has been designated to hear discovery related
motions.

All discovery related motions should be noticed on the calendar of the Magistrate Judge

NOTICE TO COUNSEL

A copy of this notice must be served with the summons and complaint on all defendants (if a removal action is
filed, a copy of this notice must be served on all plaintiffs).

Subsequent documents must be filed at the following location:

Western Division [X] Southern Division Eastern Division
312 N. Spring St., Rm. G-8 411 West Fourth St., Rm. 1-053 3470 Twelfth St., Rm. 134
Los Angeles, CA 90012 Santa Ana, CA 92701-4516 Riverside, CA 92501

Failure to file at the proper location will result in your documents being returned to you.

CV-18 (03/06) NOTICE OF ASSIGNMENT TO UNITED STATES MAGISTRATE JUDGE FOR DISCOVERY
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Name & Address:

Neal M. Cohen

Vista IP Law Group LLP
2040 Main Street, Suite 710
Irvine, CA 92614

UNITED STATES DISTRICT COURT
CENTRAL DISTRICT OF CALIFORNIA

Lawrence E. Tannas Jr., dba Tannas Electronics CASE NUMBER
SACV11-00609 JVS (AGRXx)
PLAINTIFR(S)
V.
Luxell Technologies, Inc.; and DOES 1-10
SUMMONS
DEFENDANT(S).

TO: DEFENDANT(S):

A lawsuit has been filed against you.

Within __21 _ days after service of this summons on you (not counting the day you received it), you

must serve on the plaintiff an answer to the attached E‘(complaint O amended complaint

[J counterclaim [J cross-claim or a motion under Rule 12 of the Federal Rules of Civil Procedure. The answer
or motion must be served on the plaintiff’s attorney, Neal M. Cohen , whose address is
Vista IP Law Group LLP, 2040 Main Street, Suite 710, Irvine, CA 92614 . If you fail to do so,

judgment by default will be entered against you for the relief demanded in the complaint. You also must file
your answer or motion with the court.

Clerk, U.S. District Court

e, PR 7O 207 By ROLLS ROYCE P§§ Vs
Deputy Clerk feohat g

(Seal of the Court)

[Use 60 days if the defendant is the United States or a United States agency, or is an officer or employee of the United States. Allowed
60 days by Rule 12(a)(3)].

CV-01A (12/07) SUMMONS
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VIHi(a). IDENTICAL CASES: Has this action been previously filed in this court and dismissed, remanded or closed? E( No O Yes
If yes, list case number(s):

VHI(b). RELATED CASES: Have any cases been previously filed in this court that are related to the present case? [J No D(Yes
If yes, fist case number(s): SA CV 10-1742 AG (MLGx)

Civil cases are decmed related if a previously filed case and the present case:
(Check all boxes that apply) (3 A. Arise from the same or closely related transactions, happenings, or events; or
#B. Call for determination of the same or substantially related or similar questions of law and fact; or
#C. For other reasons would entail substantial duptication of labor if heard by ditferent judges; or
&D. Involve the same patent, trademark or copyright, and one of the factors identified above ina, b or ¢ also is present.

IX. VENUE: (When completing the following information, use an additional sheet if necessary.)

(a) List the County in this District; California County outside of this District; State if other than California; or Foreign Country, in which EACH named plaintiff resides.
O Check here if the government, its agencies or employees is a named plaintiff. If this box is checked, go to item (b).

County in this District:* California County outside of this District; State, if other than California: or Foreign Country

Lawrence E. Tannas, Jr., dba Tannas Electronics - Orange County

(b) List the County in this District; California County outside of this District; State if other than California; or Foreign Country, in which EACH nained defendant resides.
3 Check here if the government, its agencies or employees is a named defendant. 1f this box is checked, go to item (c).
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Luxell Technologies, Inc. - CANADA
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Note: In land condemnation cases, use the location of the tract of land involved

X. SIGNATURE OF ATTORNEY (OR PRO PER): ' T 4 Date April 18, 2011

Notice to Counsel/Parties: The CV-71 (JS-44) Civil Cover Sheet and the information contained herein neither replace nor supplement the filing and service of pleadings
or other papers as required by law. This form, approved by the Judicial Conference of the United States in September 1974, is required pursuant o Local I%ule 3-1 isnot filed
but is used by the Clerk of the Court for the purpose of statistics, venue and initiating the civil docket sheet. (For more detailed instructions. see scparate instructions sheel.)

Key to Statistical codes relating to Social Security Cases:

Nature of Suit Code  Abbreviation Substantive Statement of Cause of Action

861 HIA All claims for health insurance benéfits (Medicare) under Title 18, Part A, of the Sacial Security Act, as amended.
Also, inctude claims by hospitals, skilled nursing facilities, etc., for certification as providers of services under the
program. (42 U.S.C. 1935FF(b))

862 BL All claims for “Black Lung” benefits under Title 4, Part B, of the Federal Coal Mince Health and Safety Act of 1969.
(30 U.S.C. 923)

863 DIWC All claims filed by insured workers for disability insurance benefits under Title 2 of the Social Security Act, as
amended; plus all claims filed for child’s insurance benefits based on disability. (42 U.5.C. 405(e)

863 DIWW All claims filed for widows or widowers insurance benefits based on disability under Title 2 of the Social Security
Act, as amended. (42 U.S.C. 405(g))

864 SSID All claims for supplemental security income payments based upon disability filed under Titie 16 of the Social Security
Act, as amended.

865 RS All claims for retirement (old age) and survivors benefits under Title 2 of the Social Security Act, as amended. (42

US.C. ()
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