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CUSTOMIZED ELECTRONIC DISPLAYS AND
METHODS OF CUSTOMIZING THE
PHYSICAL SIZE AND/OR SHAPE THEREOF

teristics for a variety of physical siZes. The siZes vary, but the
shapes are generally rectangular With an aspect ratio of
approximately three to four. Common television and com

RELATED APPLICATION DATA

puter displays typically have an aspect ratio of approximately
three to four, and are typically square. HDTV displays typi
cally have an aspect ratio of nine to sixteen.
For specialiZed applications Where the market may not be

This application is a continuation of application Ser. No.
10/888,151, ?led Jul. 9, 2004, issuing as US. Pat. No. 7,535,
547 on May 19, 2009, Which is a continuation of Ser. No.

large enough for COTS manufacturers to enter, buyers of
displays are required to have displays custom-built to ?t their
siZe and shape requirements, at a cost up to ten times greater
than the cost of a COTS display having identical functional
ity. Alternatively, buyers may choose to incorporate a COTS
display into an existing control panel or dashboard opening

10/103,473, ?led Mar. 20, 2002,noW US. Pat. No. 7,525,633,
issued Apr. 29, 2009, Which is a continuation of Ser. No.
09/812,370, ?led Mar. 16, 2001, now US. Pat. No. 6,380,999
issued Apr. 30, 2002, Which is a continuation of application
Ser. No. 09/274,427, ?led Mar. 22, 1999, now US. Pat. No.
6,204,906 issued Mar. 20, 2001.

by physically altering the siZe and/or shape of the control
panel opening to match the siZe and/or shape of the COTS
display. For most applications, hoWever, such modi?cations
cannot be made Without disturbing the surrounding instru

FIELD OF THE INVENTION

ments, controls, and displays already incorporated into the
The present invention relates generally to electronic dis
plays, and more particularly to the customization of an origi

20

nal display by physical alteration of the siZe and/or shape
thereof, such that the customized display may be used in
installations not considered achievable With the original dis

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 ef?ciently
packed into a relatively small area to begin With. And even if

the appropriate modi?cations could be made, they are typi

cally cost-prohibitive.

play.
25

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 Display”; LCD is used as an acronym for “Liquid

30

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 is used as an
acronym for “Tape-Automated-Bonding”; COG is used as an
acronym for “Chip-On-Glass”; UV is used as an acronym for

35

“ultraviolet”, VLSI is used as an acronym for “Very Large
Scale Integration”, and HDTV is used as an acronym for
“High-De?nition Television”. All of these terms are Well
knoWn in the art.

To overcome the above-referenced drawbacks in the prior
art, it Would thus be desirable to provide systems and methods
for customiZing a COTS display to meet the siZe and shape
requirements of a target control 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 production associated thereWith.
A particular industry Where high-cost custom-built dis
plays are used is the avionics industry, Which traditionally
used square panel openings to house mechanical control
devices. To retro?t airplane control panels With electronic

displays, the industry began manufacturing square displays,
40

BACKGROUND

Electronic displays are commonly used to portray data in
the forms of visual text and/or other images, so the data may

at a relatively high cost and relatively loW volume compared
to the COTS non-square displays Which are commercially
used in a Wide variety of applications. In fact, the control
panels in neWly-built airplanes designed to use electronic
displays, are still often made With square panel openings,
despite the COTS displays being non-square, in order to

be interpreted and/or acted upon. Typically, the operator of
equipment associated With the display Will control the equip

maintain the Well-established and familiar control panel con

ment based in part on the interpretation of the data displayed.
A simple example is an airplane pilot Who vieWs a control

Since a completed electronic display is delicate and rela
tively complex, most experts in the ?led Would not expect that

?gurations.

panel display representing surrounding air tra?ic, and Who
then controls the airplane to avoid the tra?ic.

customiZation of the displays as desired could be accom
50

The displays and their associated beZels (face plates) and
frames (interfacing and supporting hardWare) are typically
built to demanding speci?cations for durability, reliability,
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 speci?c performance

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
55

SUMMARY OF THE INVENTION
60

Typically, a COTS display comprises tWo plates, front and
back, holding drive electronics on the edges. The plates are

chemicals, salt spray, Water and ?uid condensation, immer
sion, or other environmental, electrical, physical, and/or other
conditions. Due to the high costs associated With such varying

typically glass or plastic, and may have polariZers, ?lters,
image enhancement ?lms, and/or vieWing angle enhance

and demanding speci?cations, for any particular application
it is thus economically necessary for manufacturers to pro

duce a common design in high production volume, resulting
in COTS displays all having substantially the same charac

(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.

characteristics from the display, such as the ability to accom
modate or Withstand varying conditions of temperature,

humidity, radiation, ambient light, shock, vibration, impact,

plished by physically cutting an original display, changing its

65

ment ?lms attached thereto. RoW and column orthogonal
electric leads distributed throughout an image-generating
medium are contained betWeen the plates, and a perimeter
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seal holds the plates together While isolating and protecting

install it into its target location. RuggediZation may be

the image-generating medium from the outside environment.

required, for example, before installing the customiZed unit
into environments of vehicles, ships, submersibles, missiles,
aircraft, spacecraft, portable equipment, etc., Which tend to be

The roW and column electric leads transcend the seal to exter
nal leads to Which electronic drivers are attached. The elec
tronic drivers are typically VLSI circuits bonded to TAB

more restrictive and severe than the environments for Which

substrates attached to the display, or directly attached to the
display as COG. In some instances the VLSI electronic driv
ers are made in-situ With the display picture elements.
The present invention involves systems and methods for

COTS displays are designed. Similarly, simulators for situa
tions such as those described above may also require rugge
diZation of the customiZed unit.
One aspect of the present invention thus involves custom

customiZing a COTS display by modifying the physical siZe

iZing an electronic display by cutting the display along

and/ or shape of the COTS display to meet the requirements of

desired dimensions resulting in a target display portion and an
excess display portion, and applying a ?rst seal betWeen the

a target application. This is accomplished by cutting the
physical COTS display to reduce its physical siZe and/or
shape, and then resealing the display to achieve the desired
performance. The basic functionality of the COTS display

plates along an exposed edge of the target display portion,

neW siZe and/ or shape, and may have altered electronic driv

said ?rst seal creating a barrier to prevent the image-generat
ing medium from escaping out of the area betWeen the plates,
Wherein the basic functionality of the display remains intact.

ers, image-generating media, rearranged electronics, addi

A second seal and/ or a third seal may be added.

remains intact. That is, the customiZed display Will have a

tional seals, additional ?lms, etc., and may actually have
enhanced functionality. HoWever, the customiZed display Will

Another aspect involves customiZing an electronic display
20

be able to operate in a target application designed to interface
With a display of the same type (e.g., AMLCD) as the original

(e.g., COTS) display.

betWeen the plates, applying a second seal over the ?rst seal,
and applying a third seal over the second seal, Wherein the

When the plates are cut, internal electronics might also be

cut, often requiring reestablishment of electrical continuity.
Similarly, the display electronics may be removed, reat
tached, or otherWise modi?ed, and ?lters, polariZers, and/or
other ?lms associated With the display and typically attached
externally to the plates may be cut, to conform to the custom
iZed display siZe and/ or shape. Thus the opportunity exists to
add enhanced functionality to the display. A custom beZel and

25

front plate having an upper surface and a loWer surface, a
substantially ?at back plate having an upper surface and a
30

tioned betWeen said plates and forming an enclosed cell area
35

de?ned by the loWer surface of the front plate, the upper
surface of the back plate, and the perimeter seal, an image
generating medium contained Within said cell area, electrical

conductors distributed throughout said image-generating

the display media (e. g., liquid crystal material) inside the
display cell. A third seal serving as a mask may also be

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

loWer surface, said back plate positioned behind said front

plate and substantially parallel thereto, a perimeter seal posi

miZe the penetration of humidity and other contaminants into

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

basic functionality of the display remains intact.
Another aspect of the present invention involves creating a
customiZed electronic display comprising a substantially ?at

frame may then be used to house the display, allowing for
additional ruggediZation of the entire unit.
To reseal the display, an adhesive is applied along at least
the cut edge or edges. A second seal may be added to mini

by cutting the display along desired dimensions resulting in a
target display portion and an excess display portion, applying
a ?rst seal along an exposed edge of the target display portion

40
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be altered to make electrical connection to the neW VLSI

circuits. Filters, ?lms, polariZers, etc., may then be cut and/or
installed as desired, and additional components such as heat

medium, a substantially ?at ?rst polariZer attached to the
upper surface of said front plate, said ?rst polariZer having a
perimeter, a second seal positioned over the perimeter seal,
and a ?rst silicone bead positioned over the perimeter of the
?rst polariZer. A third seal may be added.
Systems and methods are thus described for customiZing
an original (e.g. COTS AMLCD) display to meet the siZe
and/or shape requirements of a target location. Other objects
and advantages of the present invention Will be apparent from
the detailed description Which folloWs, When read in conj unc
tion With the associated draWings.

ers, optical elements, infrared ?lters, touch panels, transduc
ers, etc., may be added to alter and/or enhance durability or

50

functionality of the display.
Finally, the reshaped and/or resiZed, and/or otherWise

FIG. 1A is a plan vieW ofa typical COTS AMLCD.
FIG. 1B is a cross-sectional vieW of FIG. 1A, along line
1B-1B, With the column TABs removed from the cross-sec

altered display is placed in a 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 target location,
such as an avionics box or display panel. The beZel and frame

55

FIG. 2A is a plan vieW of a customiZed display made from

60

touch panels, etc., associated With the target application oper
ate properly. 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
tors, screWs, clamps, rivets, connectors, gaskets, etc., may be
used as necessary or desired to further ruggediZe the unit and

tion for purposes of clarity.

the COTS AMLCD shoWn in FIG. 1A, by cutting along line
2-2 in FIG. 1, and then resealing.

also are con?gured for installation such that appropriate light

ing, optical elements, transducers, heaters, infrared ?lters,

BRIEF DESCRIPTION OF THE DRAWINGS

65

FIG. 2B is a cross-sectional vieW, along line 2B-2B, of the
customiZed display shoWn in FIG. 2A, With the column TABs
removed from the cross-section for purposes of clarity.
FIG. 3 is 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
ing ?rst and second seal layers.

US 8,068,206 B2
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(not shoWn) may be electrically connected to the edges of the
display plates 20 Which are connected electrically via ribbon

FIG. 4B is a partial cross-sectional vieW of a customized

display having aligned cuts on the opposing plates, showing a
third seal layer.
FIG. 4C is a partial cross-sectional vieW of a customized

display having an extended loWer plate for use to attach
electronic drivers or jumper Wires.

5

cables to external sources, as is knoWn in the art. Again, for
simplicity only a feW connections 90 are shoWn in FIG. 2A,
but it is to be understood that they may be provided as desired
or needed.

To customize the COTS AMLCD 10 of FIG. 1A, an

example Will be described Wherein the display 10 (and circuit

DETAILED DESCRIPTION OF THE INVENTION

boards 15) are cut along line 2-2 in FIG. 1 to reshape the
display 10 to ?t into a square target panel opening, such as that

FIGS. 1A and 1B shoW a typical rectangular, non-square

COTS AMLCD 10, before resizing and/or reshaping, but
after disassembly from its original bezel, frame, and other

of an airplane control panel. The resulting customized display

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 to the

COTS display 10 may be done in varying degrees, as neces
sary or desired, and the examples provided herein are not to be

10' is shoWn in FIGS. 2A and 2B. The customization of a

vieWed as setting forth required techniques unless speci?

display plates 20f and 20b, have been removed for clarity.

cally so stated.
The COTS display 10 is preferably ?rst mounted into a

Such external components Would preferably be removed
prior to performing the customization of the display 10 as

?xture (not shoWn) to stabilize the display 10 in preparation

described herein.

The display 10 comprises a front plate 20fand a back plate
20b, each preferably made of glass or plastic. The plates 20
are held together by a perimeter seal 25 such as a UV curing
urethane as is knoWn in the art, and are also typically further
secured Within a bezel (not shoWn) Which is in turn secured to
a frame or other hardWare (not shoWn) for attachment to the

for cutting. The ?xture may also be used to maintain cell
20

dimensions. Part or all of the ?xture may be the VPI FAST-24

model glass-cutting machine made by Villa Precision Inter
national, Phoenix Ariz.
The display 10 is then cut to its desired shape along the
25

target location. Polarizing ?lms 30f and 30b, ?lters (not
shoWn), image enhancement ?lms (not shoWn), retardation
?lms (not shoWn), vieWing angle enhancement ?lms (not

desired dimensions, Which in our example is a square. The cut

or cuts may be performed in a single step, by laser cutting,
saWing, grinding, etc., or in multiple steps Wherein the ?rst
step is a tracing or preparatory step. For example, the desired

shoWn), and/ or other ?lms may exist on the front and/or back

outer surfaces of the plates 20. The original display image

thickness (the distance betWeen the plates 20) and desired

30

dimensions might ?rst be scribed, etched, traced, etc., and the
display 10 may then be broken along the scribe dimensions.

area 40 de?ned by the manufacturer of the COTS AMLCD is

Any method suf?cient to ensure a substantially smooth cut is

indicated by dashed perimeter line 45. (Dashed line 50 rep

acceptable. Scribing With a precision glass-cutting machine
With vacuum-holding and optical alignment capability has

resents the desired right edge of the display image area 40
after customization, as Will be described shortly). A light

blocking mask (not shoWn) is typically placed betWeen plates

been shoWn to be suf?cient. AMLCDs are typically made
35

20 and covers a perimeter area form the outer edge of the

display image area 40, and extending outWardly to a suf?cient

The scribe Wheel is preferably made of diamond or is of a hard
carbide type. A small Wheel (e.g., 1 mm to 4 mm in diameter)

distance to serve its purpose. Typically, the distance Will be up

With a sharp angle (e.g., approximately 100 degrees) has been

to the edge of the bezel, or to the inner edge 55 of perimeter
seal 25 as indicated by arroWs 60 in FIG. 1A. Without the

40

mask, light escaping around the edge of the display image

45

plays by manufacturers may be used for alignment in the

glass-cutting machine.
Circuit boards 15 may also be cut by techniques knoWn in

area. In addition or alternatively, the drivers 65 may be

attached directly to the plates 20 as COGs. The electronic
drivers 65 are preferably at least VLSI circuits, having corre

shoWn to be su?icient, at a nominal cutting speed. Each plate
20 should be scribed separately. The optical alignment feature
of the machine is helpful to ensure that the corresponding
scribe lines on opposing plates 20f and 20b are coincident or
displaced as desired. Alignment marks placed on COTS dis

area 40 might cause distraction to a person vieWing the dis

play 10.
RoW and column electronic drivers 65r and 650 respec
tively are bonded to TAB substrates 70r and 700 respectively,
Which in turn are bonded to 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

With a borosilicate hard glass and approximately 60 pounds of
pressure has been shoWn to be suf?cient for scribing the glass.

50

the art, as indicated by cut-line 2-2, as can TABs 70. HoWever,
if a dimension line calls for cutting through an electronic
driver 65, the driver may need to be relocated and/ or replaced.
If polarizers 30 or other ?lms are present, it is possible to cut

sponding external leads 801’, 80c electrically connected

them simultaneously While cutting the plates 20, but it is

through perimeter seal 25 to the roW and column electric leads

preferable that they are scored ?rst to create a target polarizer
portion for further use in the customization process, and an
excess polarizer portion that may be discarded. The excess

85r, 850 respectively (see FIG. 2A). For simplicity, only a feW
leads 80 from only one roW TAB 70r and tWo column TABs
700 are shoWn in FIG. 2A, but it is to be understood that each
roW TAB 70r and each column TAB 700 may have dozens or
even hundreds of individual leads 80 as is knoWn in the art.
The roW and column electric leads 85 are distributed through
out an image-generating medium such as liquid crystal mate

55

polarizer portions are then removed prior to cutting the plates
20. Doing so alloWs unobstructed access to the plates 20 for

cutting the plates 20. After scoring the ?lms, simple peeling
60

rial (normally transparent) contained betWeen the plates 20,
as seen in FIG. 2A. The perimeter seal 25, in addition to

holding the plates 20 together, isolates and protects the

target cutting dimensions, but be offset radially inWard a
slight amount. The goal is to alloW the original ?lms to remain

image-generating medium from the outside environment.
The TABs 70 are bonded or soldered to circuit boards 15, and
are electrically connected to external sources via connections
90 to circuit boards 15, and as is Well knoWn in the art. COGs

aWay of the unWanted portions has been shoWn to be suf?
cient.
Thus, the speci?c dimensions of the score lines to remove
the ?lms should be selected to substantially correspond to the

65

intact over the target display image area 40' While still pro
viding unobstructed access to the plates 20 for cutting the

plates 20. For example, in FIG. 1A, the target display image

US 8,068,206 B2
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area 40' is de?ned by the square A-B-C-D, and the target
cutting line for the plates 20 is shown as line 2-2. The target
score line for the polariZers 30 and other ?lms present might
be line 95. After scoring, all portions of the ?lms to the right
of line 95 Will be peeled aWay. Similar procedures Would be

image area 40.‘ The mask 125 is shoWn partially broken aWay
in FIG. 2A. It should be dark (preferably black), and may be

tape, ink, sealant, adhesive, plastic, or any other suitable
material. At least one of the dark silicone seal 120, or the

optional mask 125, are preferred, to replace any of the origi
nal mask (not shoWn) removed during the customiZation pro

used for each display plate 20], 20b. That Will leave suf?cient
leeWay 100 betWeen the target cutting line 2-2 for the plates

cess. Additionally, the mask 125 may be placed around the

20, and the neWly-exposed edge (de?ned by line 95) of the
polariZers 30 and ?lms. Additionally, the remaining portions

entire perimeter of the cell, substantially overlaying the origi
nal perimeter seal 25 and original mask.

of the original polariZers 30 and ?lms Will still cover the target
display image area 40.
Immediately, or soon after the display 10 is cut (either by

display 10 is oriented to prevent the liquid crystal material or
other image-generating medium from escaping due to any

If internal electronics 85 are cut, electrical continuity may
need to be reestablished as Will be described shortly. Simi
larly, neW VLSI circuits 65 may be needed, or the dimension
lines may intersect a TAB 70 or COG location (see FIG. 3 for
example), and therefore the TABs 70 or COGs Would be

neWly-exposed unsealed edges. Precision glass-breaking

removed and reattached With the same or neW VLSI circuits

direct cutting or by scribing and breaking, for example), the

machines are available from Villa Precision International,

65 by techniques used in the industry for repairing displays.

Phoenix AriZ. Manual breaking, after scribing, by one skilled
in the art, merely using hands and ?ngers, has been found to
be suf?cient. After breaking, a simple manual re-orientation
of the display 10' has been shoWn to be suf?ciently timely.
Typically, the image-generating medium is not viscous
enough to escape. The excess display portion (105 in FIG.

The con?guration of the TABs 70 and/or COGs may be

changed to accommodate siZe and packaging requirements.
20

electrical connection to the neW VLSI circuits. The COG

circuits may be changed to TABs 70, and vice versa. The TAB

substrate 70 itself may be changed to bent tabs, for example,
to accommodate neW packaging requirements.

1A), may be discarded, While the target display portion (110
in FIG. 1A) is retained for further customiZation.

25

The neWly-exposed plate edges are then cleaned and Wiped
dry of any excess liquid crystal material using, for example, a
dry cotton sWab. Care should be taken to not use ?uids, as

?uids might contaminate the liquid crystal material. Liquid
crystal material is then drained or Wicked out of the cell to

30

alloW for a replacement seal line 115 to be placed along the

If it is desired to replace the liquid crystal material, the
material may be extracted and replaced With another image
generating medium, to enhance or alter performance. If the
extraction is to be done ?rst, then only a single break in the
seal 25 is needed to drain or suck out the original material.
HoWever, tWo breaks in the seal 25 may be usedione to

apply pressure and the other to apply suction for extraction of
the material. With tWo breaks, the neW image-generating

then newly-exposed and newly-unsealed plate edges. The
replacement seal 115 is installed by applying an adhesive
along the cut edge and preferably in betWeen the plates 20 to
reseal the display 10.‘ The adhesive is preferably chosen to

The circuitry on the display plates 20 may be altered to make

medium may be pumped or fed into the pressure end concur

have proper mechanical properties to preserve the cell spac

rently With the suction on the other end, thus alloWing the neW
image-generating medium to displace the old material in a
single process. Other techniques are knoWn in the industry for

ing. For example, precision micro-spheres may be mixed into

re?lling the cell.

the adhesive to ensure spacing. The adhesive should also have
a proper viscosity to alloW it to How inWardly suf?ciently to

Thus, additional modi?cations and/or enhancements that
may be made to the display during reshaping and/ or resiZing
include relocating, adding, and/or removing, TABs 70 or
COGs; replacing electric circuits and/ or supplementing With
circuits having different functionality; altering and/or replac

?ll any void in the cell betWeen the plates 20 and the liquid

35
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crystal material. LoW-viscosity UV curing urethane of the
methacrylate family have been shoWn to have the desired
characteristics. A Wetting and/ or thinning agent may be used

ing the display medium; and/or adding, removing, and/or
replacing polariZers, ?lters, and/or ?lms.

as needed. In addition, these urethanes interface With the

liquid crystal material Without adverse effects, as is Well
knoWn in the ?eld of PDLCs. Curing time of approximately
?ve minutes has been shoWn to be su?icient.
The adhesive and display 10' may need to be outgased to
remove any trapped gases and voids, as the adhesive is being
cured. Both the outgassing and the curing may be accom

45

shoWn. In this example, the corners 150 and 155 are to be
removed to alloW for the protrusion of screWs and other

mechanical and electrical objects from the target control
50

plished by techniques Well-knoWn in the art. After curing, a
second seal 120 is preferably added, then outgased and cured
as necessary. A UV curing lamp(s) and/or heater(s) may be
mounted in a vacuum chamber for ease in outgassing and

curing. The second seal 120 is preferably silicone, and is
applied to minimiZe the penetration of humidity and contami
nants into the liquid crystal material inside the cell. The
silicone seal 120 is preferably thermally set, as is knoWn in the
art. The silicone seal 120 may have black ink, dye, or pigment
added thereto to produce a substantially black-colored sili
cone, and may be applied up to the outer perimeter of the

55
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Alternatively, an optional mask or third seal 125 may be

panel, and one edge 160 is to be trimmed as indicated by
cut-line 140. Additionally, circular cuts 145f and 14519 are
required for protrusion of a shaft or other object such as a
mechanical indicator. The circuit boards 15, seals 25, and
most of the TABs 70 have been removed for clarity of the
draWing. In this example, one of the dimension lines 140
requires a cut through the present location of a TAB 70, such
that the TAB 70 may need to be removed and reattached,
either before or after cutting.
The roW and/or column leads (85r and 850 respectively) are

exposed at points 165 by a staggered cut of the plates 20, and
may be cleaned and prepared as is knoWn in the art, prior to
being connected to a TAB 70 or COG. The techniques previ

target display image area 40,‘ to prevent back light from
passing through the display 10' around the outer edges of the
target display image area 40.‘
added to the neWly-exposed plate edges over the silicone seal
120, and applied up to the outer perimeter of the target display

Turning noW to FIG. 3, a display 10' With additional special
cuts 130, 135, and 140, for a custom avionics application is

ously described may be used for the special cuts 130, 135,
140, and 145. HoWever, as exempli?ed by the circular cuts
65

145, this example shoWs a situation Wherein the electrical
continuity of the roW and/or column leads (85r and 850
respectively) Will need to be reestablished.

US 8,068,206 B2
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The proper electrical connections may be reestablished

184, may be used. The humidity and moisture protecting

using a jumper Wire Which reconnects the broken leads by
traversing a path outside of the display image area 40.‘ For

properties of silicone are Well-knoWn in the electronics pack

aging industry.

example, one such path is along the exposed portion of a plate

As a further ruggediZing measure, a silicone seal or bead

20 from one end of the plate 20 to the other (see 170 in FIG.

185 (similar to the second seal 120) may be applied along all

3). Another such path may be through the circular cutouts (see

cut edges, or all edges, of the polariZers 30 and other ?lms, as
seen in FIGS. 4A, 4B, and 4C. For example, When submitted

145 in FIG. 3), Where there may be an exposed surface portion
175 on the back plate 20b due to staggered cutting (e.g., the
circular cutout 145f on the front plate 20f may have a larger
diameter than the circular cutout 14519 on the back plate 20b,
as seen in FIG. 3). Alternatively, the conductive paths may be

to avionics temperature/humidity testing, the polariZers 30
deteriorated at 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 may be covered With silicone

mounted 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.

seals. In particular, the polariZer edges, the liquid crystal cell
seal 25, plastic electronics packages, and any exposed con
ductors or metal electrodes may need to be covered. The

silicone has the effect of occupying all chemically active sites
and cross-linking to inhibit Water molecules from accumulat
ing in the silicone and at the silicone surface interface being
protected. Additionally, silicone is used to suppress corona

For desired dimensions such as the circular cutout, some

amount of the image-generating medium may escape at vir

tually any orientation of the display 10' due to gravity. Keep

20

discharge and electrostatic detrimental effect on, around, and

ing the plates 20 substantially ?at, hoWever, should minimiZe

near conductors.

such escape, due to surface tension betWeen the image-gen
erating medium and the plates 20, as Well as due to the loW

during the process, but it is preferred that they are applied

viscosity of the image-generating medium. Any escaped
material, hoWever, may be replaced using techniques

These additional silicone seals may be applied at any time
after the COTS display 10 is cut and the ?rst seal 115 has been
25

reapplied. It should be done then because silicone chemically

described herein and/or knoWn in the art. The exposed edges

attaches to most surfaces and is not easily removed by con

of the plates 20 due to the circular cutout areas 145 should be

ventional chemicals or cleaning agents or by surface cleaning
techniques. Also, once cured, the silicone is not readily
bonded to by other materials. This includes the body of the

sealed using the techniques described herein.
Turning noW to FIGS. 4A, 4B, and 4C, various sealing
techniques Will be described in more detail. Each of these
draWings shoWs a partial cross-section of a customiZed dis

30

silicone, as Well as any surface the silicone Wetted, even after

play 10,‘ from a similar perspective as in FIGS. 1B and 2B,

removal by conventional techniques. Because of the unique
properties of silicone adhesives and sealants, they should be

and like FIGS. 1B and 2B, the column TABs 700 have been

used sparingly and appropriately by a person skilled in the art

removed for clarity.

of sealants or silicone use. Conformal coatings, such as poly
imide, may also be used to cover the exposed electric leads

The display 10' may be cut to various pre-sealing arrange
ments, some of Which are shoWn in FIGS. 4A, 4B, and 4C.
The staggered cut, shoWn in FIG. 4A, provides an extra
exposed surface 180 on the back plate 20b to support the
second seal 120, and the second seal 120 Will generally be

35

stronger as compared to the second seal 120 on an evenly cut

40

display 10 has a black mask in the plane of the image or
image-generating medium. The third seal 125 should be
applied to the top and bottom of the plates 20, up to the edge
of the target display image area 40' (best seen in FIG. 2A), to
trap the light and prevent its escape due to parallax betWeen

45

the plates. Opaque layers in varying degrees of opacity may

and provide additional protection thereto.
A third seal or mask 125 may also be used to prevent back

light from passing through the display 10' around the outer
edges of the target display image area 40.‘ Typically, a COTS

set of plates 20 as shoWn in FIG. 4B. Though neither the
second seal 120 nor the third seal (the light mask 125) are

required, they are both preferred.
The ?rst seal 115 is an adhesive and serves the purpose of

barricading the image-generating medium from leaking out,
as Well as mechanically holding the plates 20 together at the

be used. Alternatively or in addition, black absorbing dyes or

proper spacing. By Way of example, the cell gap (space
betWeen the plates 20) for AMLCDs is typically 6 microme

pigments may be included in the ?rst seal 115 and/ or second
seal 120.
Other seals may be added to further enhance the sealing,

ters With tolerances of 0.1 micrometers. Glass beads, or suit
able objects, may be added to the seal material to aid in
preserving the minimum cell thickness. The adhesive must be

50

For example, a thermal conductive perimeter seal may be

chemically compatible With the image-generating medium.
The compatibility, reacting and mixing of urethanes, epoxies,
and Water emulsions, With liquid crystal materials, have been
studied extensively in the ?eld of PDLC displays. The UV
curing adhesives used to repair automobile glass cracks

55

Would be suitable here as the environmental conditions may
be similar.

encapsulants and adhesives has been developed for the elec
tronics industry to prevent humidity and moisture from
attacking electronic parts. As used With the methods
described herein, the use of silicone is designed primarily to
keep Water molecules aWay from the liquid crystal material,
polariZers, and display electronics. Silicones such as Sylgard
brand by DoW Corning Corporation, part numbers 527 and

added to conduct heat to or from the display 1 0 .' An additional
adhesive layer, such as polysul?de, may be used to bond the
display glass cell to a metal frame. Conformal coatings such
as polyimide may be used to ruggediZe various parts.
FIG. 4C shoWs a cutting arrangement resulting in an
extended bottom plate area 190, Which may be used to attach
TABs 70 or COGs or jumper Wires as desired.

The basic functionality of the original display remains

The second seal is a silicone adhesive and serves the pur

pose of a humidity and moisture barrier. A family of silicone

ruggediZation and performance of the completed display unit.

60

intact. That is, the customiZed display may have a neW siZe

and/or shape, and may have altered electronic drivers, image

generating medium, rearranged electronics, additional seals,
additional ?lms, etc., and may actually have enhanced func
tionality. HoWever, the customiZed display Will be able to
65

operate in a target application designed to interface With a
display of the same type as the original display. For example,
a COTS AMLCD, having gone through a customiZation pro
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5. The method of claim 1, Wherein the image-generating

cess as described herein, Will be able to function in an avion

ics application designed to interface With an AMLCD. The

medium is removed to create a void in the area betWeen the

customized display Would respond appropriately to electrical

plates, and Wherein the adhesive ?oWs into the area betWeen

signals designed to be input to the COTS display. Pixels on the
customized display Would continue to operate as they Would
in connection With the COTS display. The speed of response,
contrast ratio, gray shades, etc., of the customized display
Would operate as they Would in connection With the COTS

the plates to ?ll the void When the adhesive is applied along

the exposed edge.
6. The method of claim 1, further comprising applying a
second humidity seal along the exposed edge over the ?rst
seal.
7. The method of claim 6, further comprising a third mask

display. The ultimate image (text, graphics, pictures, etc.)
Would thus appear appropriately on the display image area of

ing seal over the second seal for preventing back light from

the customized display.

passing through the exposed edge.
8. The method of claim 1, Wherein the display is cut by:

While certain embodiments are illustrated in the draWings

and are described herein, including preferred embodiments, it

scribing the front and back plates along scribe dimensions;

Will be apparent to those skilled in the art that the speci?c
embodiments described herein may be modi?ed Without

breaking the front and back plates along the scribe dimen

and

departing from the inventive concepts described.

sions.

For example, depending upon the speci?c requirements for

9. The method of claim 1, Wherein the adhesive is cured by
exposure to ultraviolet light.
10. A method for changing the physical shape of an elec

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

20

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.

partially de?ning an enclosed cell area betWeen the plates that

comprises an original display image area, image-generating

Additionally, though the examples used herein generally
referred to COTS AMLCDs as used in avionics Where square
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tomized shapes. Furthermore, though the examples used

across the original display image area resulting in a
30

each, and the quantity of each may vary, all as is desired or
needed for a speci?c application.
Accordingly, the invention is not to be restricted except by
the claims Which folloW.
I claim:
1. A method for changing the physical shape of an elec

tronic display, Wherein the display comprises a front plate, a
back plate, electrical circuits on inner surfaces of the plates
for operating an original display image area of the display, a

medium contained in the area betWeen the plates and Within
the borders of the perimeter seal, and electrical circuits on

inner surfaces of the plates extending through the original
display image area, the method comprising:
cutting the display along desired dimensions that extend

displays are used, the concepts are equally applicable to other
types of LCDs or other display technologies, and for other
industrial applications including those requiring other cus
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

tronic display, Wherein the display comprises front and back
plates, a perimeter seal spacing apart the plates and at least

target display portion and an excess display portion,
thereby breaking the perimeter seal, cutting at least some
of the electrical circuits, and exposing an edge of the

target display portion;
35

applying an adhesive along the exposed edge, the adhesive
?oWing in betWeen the plates; and
curing the adhesive to create a ?rst seal betWeen the plates

along the exposed edge.
11. The method of claim 10, Wherein the adhesive com

prises a loW-viscosity adhesive capable of ?oWing inWardly
40

betWeen the plates to ?ll any void betWeen the plates along the

perimeter seal spacing apart the plates, and image-generating

exposed edge.

medium sealed in an area betWeen the plates and Within the

12. The method of claim 10, further comprising outgassing
the electronic display after the step of applying the adhesive

borders of the perimeter seal, the method comprising:
mounting the display in a ?xture to maintain cell thickness;

cutting the display along desired dimensions resulting in a
target display portion and an excess display portion,
thereby breaking the perimeter seal, cutting at least some
of the electrical circuits, and creating an exposed edge
along the target display portion that extends from a ?rst

45

side edge of the display to a second side edge of the

50

second humidity seal along the exposed edge over the ?rst
seal.
14. The method of claim 13, further comprising a third

masking seal over the second seal for preventing back light

display;
betWeen the plates along the exposed edge;

With a scribe Wheel; and

applying an adhesive along the exposed edge, the adhesive

breaking the front and back plates along the scribe dimen
55

by exposure to ultraviolet light.
17. A method for changing the physical shape of an elec
tronic display, Wherein the display comprises front and back
60

original display image area, the method comprising:
cutting the display along desired dimensions intersecting

area betWeen the plates to ?ll any void betWeen the plates

along the exposed edge.
4. The method of claim 1, further comprising outgassing

plates, a perimeter seal spacing apart the plates, image-gen
erating medium contained in an area betWeen the plates and
Within the borders of the perimeter seal that comprises an

a loW-viscosity adhesive capable of ?oWing inWardly into the

the electronic display after applying the adhesive to remove
trapped gases from the area betWeen the plates.

sions.

16. The method of claim 10, Wherein the adhesive is cured

along the exposed edge.
2. The method of claim 1, Wherein the ?rst seal is disposed
Within the area betWeen the plates such that the ?rst seal
contacts inner surfaces of the front and back plates.
3. The method of claim 1, Wherein the adhesive comprises

from passing through the exposed edge.
15. The method of claim 10, Wherein the display is cut by:
scribing the front and back plates along scribe dimensions

removing image-generating medium from the area
?oWing into the area betWeen the plates; and
curing the adhesive to create a ?rst seal betWeen the plates

to remove trapped gases and voids from betWeen the plates.
13. The method of claim 10, further comprising applying a
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the original display image area resulting in a target dis
play portion and an excess display portion, thereby
breaking the perimeter seal and exposing an edge of the
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target display portion that extends from a ?rst side edge
of the display to a second opposite side edge of the

30. A method for customiZing the physical shape of an

electronic display, Wherein the display comprises front and
back plates, a perimeter seal spacing apart the plates and at

display, the target display portion comprising a target

least partially de?ning an enclosed cell area betWeen the

display image area that is smaller than the original dis

plates that comprises an original display image area having a
rectangular shape, image-generating medium sealed in the

play image area; and
applying an adhesive that ?oWs in betWeen the plates along
the exposed edge, the adhesive creating a ?rst seal to

area betWeen the plates and Within the borders of the perim
eter seal, and electrical circuits on inner surfaces of the plates

prevent the image-generating medium from escaping

extending through the original display image area, the
method comprising:
cutting the display along desired dimensions that intersect

out of the area betWeen the plates.

18. The method of claim 17, further comprising mounting
the display in a ?xture to maintain cell thickness before cut

across the original display image area resulting in a

ting the display.

target display portion and an excess display portion,
thereby breaking the perimeter seal, cutting at least some
of the electrical circuits, and exposing an edge of the
target display portion that extends from a ?rst side edge
of the display to an opposite second side edge of the

19. The method of claim 17, Wherein the adhesive com

prises a loW-viscosity adhesive capable of ?oWing inWardly
betWeen the plates to ?ll any void betWeen the plates along the

exposed edge.

display, the target display portion comprising a target

20. The method of claim 1, Wherein the display comprises

display image area that is smaller than the original dis

external circuit boards extending along edges of the display,
the method further comprising cutting the circuit boards.
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21. The method of claim 1, Wherein the display de?nes an
enclosed cell area betWeen the plates that comprises the origi
nal display image area, and Wherein the desired dimensions
intersect across the original display image area such that the

target display portion comprises a target display image area
that is smaller than the original display image area.
22. The method of claim 21, Wherein the original display
image area has a rectangular shape, and Wherein the display is
cut such that the target display image area is square.
23. The method of claim 10, Wherein the ?rst seal is dis
posed Within the area betWeen the plates such that the ?rst seal
contacts inner surfaces of the front and back plates.
24. The method of claim 10, Wherein the display comprises

25
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generating medium comprises removing image-generating
33. The method of claim 31, Wherein the image-generating
35

medium is moved by draining the image-generating medium
from betWeen the plates along the exposed edge.

40

medium is moved by Wicking the image-generating medium
from betWeen the plates along the exposed edge.
35. The method of claim 30, Wherein the display comprises
external circuit boards extending along edges of the display,
the method further comprising cutting the circuit boards.
36. The method of claim 30, Wherein the original display

34. The method of claim 31, Wherein the image-generating
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further comprising curing the adhesive betWeen the plates to
create the ?rst seal.

28. The method of claim 17, Wherein the display comprises
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a polariZer on at least one of the plates, and Wherein the

polariZer is cut When the respective plate is cut.
29. The method of claim 17, Wherein the display comprises

cutting the display.

image area has a rectangular shape, and Wherein the display is
cut such that the target display image area is square.
37. The method of claim 30, Wherein the ?rst seal is dis
posed Within the area betWeen the plates such that the ?rst seal
contacts inner surfaces of the front and back plates.
38. The method of claim 30, Wherein the display comprises
a polariZer on at least one of the plates, and Wherein the

polariZer is cut When the respective plate is cut.
39. The method of claim 30, Wherein the display comprises
a polariZer on at least one of the plates, the method further

comprising removing at least a portion of the polariZer before

a polariZer on at least one of the plates, the method further

comprising removing at least a portion of the polariZer before

to accommodate the adhesive ?oWing betWeen the plates.
32. The method of claim 31, Wherein moving the image

medium from betWeen the plates along the exposed edge.

that is smaller than the original display image area.
26. The method of claim 25, Wherein the original display
image area has a rectangular shape, and Wherein the display is
cut such that the target display image area is square.
27. the method of claim 17, Wherein the adhesive com
prises a ?oWable material that ?oWs betWeen the plates to
contact inner surfaces of the front and back plates, the method

display portion, the adhesive creating a ?rst seal to reseal
the area betWeen the plates and prevent the image-gen
erating medium from escaping out of the area betWeen
the plates of the target display image area.
31. The method of claim 30, Wherein applying the adhesive

comprises moving the image-generating medium betWeen
the plates of the target display portion along the exposed edge

25. The method of claim 10, Wherein the display de?nes an
enclosed cell area betWeen the plates that comprises the origi
nal display image area, and Wherein the desired dimensions
intersect across the original display image area such that the

target display portion comprises a target display image area

applying an adhesive such that the adhesive is located

betWeen the plates along the exposed edge of the target

external circuit boards extending along edges of the display,
the method further comprising cutting the circuit boards.

play image area;
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cutting the display.

