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Display panels, such as liquid crystal display modules, are widely used
in all parts of modern technology, including such areas as consumer
20  electronics, computer equipment, industrial machinery controls, automobiles
and aerospace applications. These display panels may include one or more
layers of material disposed over the raw liquid crystal display module. For
example, a protective overlay is most often desired for protection of the raw
liquid crystal display module from mechanical and environmental forces. Raw
25 display panes such as LCD modules, for example, usually have no protection
for the top polarizer layer and the underlying glass layers. The protective
overlay can provide additional features such as support for anti-reflective
coatings which can enhance the display visibility under varying lighting
conditions. Other layers of material which may be disposed over the raw liquid
30 crystal display module include touch-sensitive panels, optical filers, heaters,
and EMI shields.
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display module such as an LCD assembly, to produce a resulting assembly

20  which is transparent and substantially free of optical defects such as
entrapped dirt and air bubbles. During the bonding process of the present
disclosure, a moving dispensing probe, or needle, dispenses a liquid bonding
material between the exposed surface of the display module and the material
to be bonded thereto over a pattern in a manner which continuously touches

25  (wets) both the material layer and the display module surface simultaneously.
By simultaneously wetting both surfaces, and by dispensing the liquid bonding
material in a predetermined pattern between the surfaces, the introduction of
entrapped dirt and the formation of air bubbles is prevented as the two mating
surfaces are subsequently pressed together.



entrapped dirt and the formation of air bubbles is
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Figure 6A and 6B illustrate a side view and a top view (looking through

the transparent material layer) of the relative positions of an adhesive
20 dispenser, the assembled LCD, and the material layer forming a protective
overlay as the bonding material is initially dispensed;

Figure 7A and 7B illustrate a side view and a top view (looking through
the transparent material layer) of the relative positions of an bonding material
dispenser, the assembled LCD, and the material layer forming a protective

25  overlay as the bonding material is dispensed along a first segment;

Figure 8A and 8B illustrate a side view and a top view (looking through
the transparent material layer) of the relative positions of an bonding material
dispenser, the assembled LCD, and the material layer forming a protective
overlay as the bonding material is dispensed along a second segment;
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protective overlay as the bonding material is dispensed along a fourth
segment

20 Figures 13A and 13B illustrate a side view and a top view (looking
through the transparent material layer) of the relative positions of an bonding
material dispenser, the assembled LCD, and the material layer forming a
protective overlay as the bonding material dispenser is again withdrawn from
between the layers;

25 Figures 14A and 14B illustrate a side view and a top view (looking
through the transparent material layer) of the relative positions of an bonding
material dispenser, the assembled LCD, and the material layer forming a
protective overlay as the bonding material dispenser is repositioned for
dispensing adhesive to the central region;
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through the transparent material layer) of the relative positions of an bonding

material dispenser, the assembled LCD, and the material layer forming a

20  protective overlay after application of pressure has fully dispensed the
bonding material between the layers; and

Figure 19 is a representation of an exemplary assembly line
configuration for assembling and bonding LCDs with one or more material
layers according to the present disclosure.

25 Corresponding reference numerals indicate corresponding parts
throughout the several figures of the drawings. It is to be understood that the
drawings are for illustrating the concepts set forth in the present disclosure
and are not to scale.

Before any embodiments of the invention are explained in detail, it is to

30 be understood that the invention is not limited in its application to the details
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detail, it is to be understood that the invention is
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20 (CRT’s), and LED technology as well as LCD modules.

Turning to the figures, and to Figures 1-3 in particular, a bonded
assembly 100 manufactured according to the methods of the present
disclosure is shown generally. The bonded assembly 100 consists of an
assembled display panel 102, such as an LCD module having an active

25 display or LCD region 104 onto which has been bonded an one or more
layers of material 106, such as a touch panel, an optical filter, a heater, an
EMI shield, or an optically transparent protective overlay. The bonded
assembly 100 may optionally further include a framework 108 surrounding the
perimeter of the LCD module 102, as well as other device frames or

30 supporting structures as required for the particular application in which the
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25  bonding material 110 to disperse from the internal passage 208 and out the
dispensing tip 210 in two directions simultaneously. Those skilled in the art

will recognize that the specific configuration of the bonding material dispenser

200 may be varied from that shown in Figure 4, depending upon the particular
application in which it is to be utilized. For example, the neck portion 202 may

30 have different geometry, and the dispensing tip 210 may include a varied
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2(butbuk1h)le$| drfexcesgive overflow Those of ordinary skill wiII recognize that while

Figures 5A through 18B illustrate the positioning and placement of a material

layer 106, such as a protective overlay, over an LCD module 102 from above,

the process of the present disclosure may be carried out in different

orientations as may be required to facilitate assembly. For example, the

25 process may be implemented by positioning the LCD module 102 above the

material layer 106, and lowering it downward thereon during the bonding
procedure.

In one embodiment of the present disclosure, a predetermined pattern

for dispensing the bonding material 110 between the surfaces, such as

30 between a protective overlay material layer 106 and the LCD surface 104 is



orientations as nmay be required to facilitate
assenbly. For exanple, the process may be inpl enented
Wb 2009084474 oni ng t he LCD nodul e 102 above the nBEBEUR209/048618
| ayer 106, and lowering it downward thereon during the
bondi ng procedure. In one enbodi nent of the present
di scl osure, a predeterm ned pattern for dispensing the
bondi ng material 110 between the surfaces, such as
bet ween a protective overlay material |ayer 106 and
the LCD surface 104 isillustrgtqd in Figures 6A
through 16B. The predeterm ned pattern consists
generally of four linear segnents S 1, S2, S3, and $4

ondln eri al Ii d tween the |ayers 106 ,
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200 is wt avvnfrombetvveenthela ers (Figure 16B).
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di spl ay 102 and each nmateri al er ubsequent
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20  bonding material 110 by any suitable means, such as a high intensity
ultraviolet light source, finalizes the process of bonding the material layer 106
to the surface 104 of the LCD module 102 or to the surface of a previously
bonded material layer (not shown).

It will be recognized that the predetermined pattern in which the

25  bonding material 110 is delivered between the layers to be bonded may be
varied depending upon the various flow characteristics of the bonding
material 110, the size of the region to be bonded, and the desired thickness
of the bond.

Those of ordinary skill in the art will further recognize that the bonding

30 process of the present disclosure may be incorporated into an assembly line



bonded material |ayer (not shown). It wll be
recogni zed that the predeterm ned pattern in which the
whorditssy74rat eri al 110 is delivered between thePCHYS089/048618
to be bonded may be varied dependi ng upon the vari ous
flow characteristics of the bonding material 110, the
size of the region to be bonded, and the desired
t hi ckness of the bond. Those of ordinary skill in the
art will further recognize that the bondi ng process of
the present disclosure may be bncorporated into an
assenbly linefor the nanufacture of the bonded di spl ay
panels 100 or LCD assenblies, such as shown in Figure
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i n-P8F¥Cli n the form of computer program code
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such as fl oppy di skettes, CD-ROVs, hard drives, or an
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an el ectro evi ce suc as a conputer,

of computer program code containing instructions embodied in tangible

media, such as floppy diskettes, CD-ROMSs, hard drives, or an other computer

20 readable storage medium, wherein, when the computer program code is

loaded into, and executed by, an electronic device such as a compuiter,

micro-processor or logic circuit, the device becomes an apparatus for
practicing the present disclosure.

The present disclosure can also be embodied in-part in the form of

25  computer program code, for example, whether stored in a storage medium,

loaded into and/or executed by a computer, or transmitted over some

transmission medium, such as over electrical wiring or cabling, through fiber

optics, or via electromagnetic radiation, wherein, when the computer program

code is loaded into and executed by a computer, the computer becomes an

30 apparatus for practicing the present disclosure. When implemented in a



m cro-processor or logic circuit, the device becones

an apparatus for practicing the present disclosure.
wab@opssazent di scl osure can al so be enbodi ed | PEPHR1009/048618

the form of conmputer program code, for exanple,

whet her stored in a storage nedium | oaded into and/or

executed by a conputer, or transmtted over sone

transm ssion nedium such as over electrical wiring or

cabling, through fiber optics, or via electromagnetic

radi ati on, wherein, when the conputer program code is

| oaded into and executed by a conputer, the conputer

becones an apparatus for practicing the present

di scl os When | | enented in a eneral- ur pose
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or ing one or nore material” layers to a
di spl ay panel in a bonded assenbly, conprising:
positioning a material layer in alignnment adjacent to
a surface of the display panel, said material |ayer
separated from said display panel surface by a uniform
air gap; positioning a bonding nmaterial dispenser at a
predeterm ned position within said uniformair gap;
di spensing a bonding material from said bondi ng
mat eri al di spenser as said bonding material dispenser
is noved through a predeterm ned pattern within said
air gap, said bonding material contacting the nmateria
| ayer and the display panel surface sinultaneously
during di spensation; wthdraw ng said bonding materia
di spenser fromsaid uniformair gap upon conpl etion of
said predeterm ned pattern of adhesive dispensation;
and applying a uniform conpressive force to urge said
material |ayer and



sai d display panel together, entrapping said bonding
material in a uniformlayer there between; and curing
W@ 200d/188374 apped bondi ng material to bond sai d PEE/E81089/048618
| ayer to said surface of the display panel. 2. The
method of Claim1 wherein said predeterm ned pattern
is conposed of a plurality of discrete segnent al ong
whi ch said bonding material is dispensed. 3. The
method of Claim1 wherein said predeterm ned pattern
is selected to achieve uniformdistribution of bonding
materi al between said material™| ayer and said display
panel surface. 4. The nethod of Claim1l wherein said
predeterm ned pattern is selected to displace voids
fr 'd uniformair gap during said application of

conpr essii,ve fomemodSor HBRdIAGdARrahold matdrikl fyerseiona display
is an LCD nodul e. 6. The met hod of

sai d di spl a¥£anel _
Cl aP3RCLINGhBPRASY 38BN CRMPEFINGayer is a protective
over | ay.poditioding dTRidiekhl %dyegiﬁ'a'ﬂbrlméﬂleécﬂhébrﬁ%% 8y FReadf the
anel surface i's conposed of at | east one | ayer of
t@splay pppely paidsngteHahiayer sepasaied feine Srigydipelagipang!, surface

Th ; im21 further including, subsequent to
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curing stép, positioning a second material |ayer
i n al i gmesiionivger beaditg Woridda dispenseniat Ragredeteyaingd position

secq. teri I .separated from sai d bonded
natc\g'ﬂﬁ% Pg&gre}rggﬂégéécond uni form air gap;

posi t i orlispgnaing tzodatiditg matesial Bibmddaghleorslng etatetial dispenser as
e o OB eI 4B s T R REBRS kST baeer
matwithidkaidi ogans saidasnslimigdn bieridi coptaming theamatbriapgsesnd the
I's moved over g reide erm ned patt [0 within said
s eI PG aH e ST BRER Y L BT eerSBHRTACt i ng ¢ he
second W@fherfdvahg said bonding material dispenser from said uniform air gap
upon completion of said predetermined pattern of adhesive dispensation; and

15 applying a uniform compressive force to urge said material layer and
said display panel together, entrapping said bonding material in a uniform
layer there between; and

curing said entrapped bonding material to bond said material layer to
said surface of the display panel.

20 2. The method of Claim 1 wherein said predetermined pattern is
composed of a plurality of discrete segment along which said bonding
material is dispensed.

3. The method of Claim 1 wherein said predetermined pattern is
selected to achieve uniform distribution of bonding material between said

25  material layer and said display panel surface.

4. The method of Claim 1 wherein said predetermined pattern is
selected to displace voids from said uniform air gap during said application of
compressive force.

5. The method of Claim 1 wherein said display panel is an LCD

30  module.



| ayer and the bonded material |ayer sinultaneously
during di spensation; wthdrawi ng said bondi ng nateri al
waole@®passes from sai d second uniformair gap upBEI/US2009/048618
conpl etion of said predeternm ned pattern of bondi ng
mat eri al di spensation; and applying a second uniform
conpressive force to urge said second material |ayer
and said bonded naterial |ayer together, entrapping
said bonding material in a uniformlayer there
bet ween; and curing said entng_ped bondi ng materia
bet ween each of said | ayers. The nmethod of Claim8
wherein said steps of position, dispensing,

vvithdra ng, plyi.n curing are r at ed

each rraterl aITﬁE Q'élthq%‘w q?hglaHBn&e 85%&5(}%@%‘@%& yaver is a
10. préteetiveblmrhyof C aim 1 wher e| n said material |ayer

is selected froma set of nateri al Iayers i ncl udi
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assenbly nmade by the nethod of either Caim1l.
Yor@!-di spl ay assenbly made by the nethod of elther

A aim 8.g 13. i 8k AY
method of ei tﬁg %ﬁglgmé*géﬁlﬁ 1 Whé‘lu&ﬁﬁaswséqhem to said
di speingeter, gosiippngiarsgcand mpierel I!ayﬁdlm@gnmeet pegr said bonded

bet %Pé%a?‘ﬁa;’e‘?%éudt ‘é@%&ﬂio r&Blial %&Ef‘%%?aaaﬁé’dmﬁdrﬁ' &a Bonded

base coupli’ng coupl I'Spensi
sounaterlaflayerqmanlsdmmdlumg‘onaaergaat a neck porti on
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andwithid saidesesomgyutit@madir gagli st al end of said neck
PO O o SR el o B Al Bsoenser oo
bongtiidBomahe friadédridl ERAeASHrds rrrok/@d dadr PpaBIdRESmIned pattern within
said second air gap, said bonding material contacting the second material
15 layer and the bonded material layer simultaneously during dispensation;
withdrawing said bonding material dispenser from said second uniform
air gap upon completion of said predetermined pattern of bonding material
dispensation; and

applying a second uniform compressive force to urge said second

20 material layer and said bonded material layer together, entrapping said
bonding material in a uniform layer there between; and

curing said entrapped bonding material between each of said layers.

9. The method of Claim 8 wherein said steps of position,
dispensing, withdrawing, applying, and curing are repeated for each material

25 layer in the bonded display assembly.

10.  The method of Claim 1 wherein said material layer is selected
from a set of material layers including a touch panel, an optical filter, a heater,
an EMI shield, and a protective overlay.

11. A bonded display assembly made by the method of either Claim

30 1.



15. The bonding material dispenser of C aim 14 wherein
sai d neck portion has an el ongated and fl attened

W@ owbiisp4rati on. 16. The bonding materi al di SpePGEUSNI/048618
Caim 14 wherein said plurality of dispensing openings
include first and second di spensi ng openi ngs di sposed
on opposite sides of said dispensing tip. 17. The
bondi ng material dispenser of Caim14 wherein said
plurality of dispensing openings are configured to
facilitate dispensation of the,liquid bonding material
at a desired rate of flow 18. The bondi ng nateri al

di spenser of Claim 14 wherein said plurality of

di spensi,ng openin re confiqured to facilitate . :
i Sponsder on Atorting RN SFoBBIAK FGoRaY dhe BICd & either Claim
si ngll taneous contact with each adjacent surface. 19.

The bondi ng materi al di spenser of Cl aim 14 wherei

sai d adj'3cent RAnded display assenbit Aads By ithe piethad ¢ e’qther Claim

sepgrated by an air gap, and wherein at |east one of
said surfaces is a display panel and wherein at |east
Yne of d4id 4or berdirg matgrigmdiepenger | fay apptyinda ki &gnding

10 $3ethabiRbaY aPRAS! two adjacent surfaces, comprising:

a base coupling adapted for coupled to a dispensing source of liquid
bonding material;

a neck portion having an internal passage for receiving a flow of liquid

10 bonding material through said base coupling; and

a dispensing tip at a distal end of said neck portion, said dispensing tip
having a plurality of dispensing openings for discharging said liquid bonding
material from said internal passage.

15.  The bonding material dispenser of Claim 14 wherein said neck

15  portion has an elongated and flattened configuration.

16. The bonding material dispenser of Claim 14 wherein said
plurality of dispensing openings include first and second dispensing openings
disposed on opposite sides of said dispensing tip.

17.  The bonding material dispenser of Claim 14 wherein said

20  plurality of dispensing openings are configured to facilitate dispensation of the
liquid bonding material at a desired rate of flow.

18. The bonding material dispenser of Claim 14 wherein said
plurality of dispensing openings are configured to facilitate dispensation of the
liquid bonding material into simultaneous contact with each adjacent surface.
25 19.  The bonding material dispenser of Claim 14 wherein said
adjacent surfaces are substantially parallel, separated by an air gap, and
wherein at least one of said surfaces is a display panel and wherein at least
one of said surfaces is a material layer to be bonded to said display panel.



