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The present invention provides an improved seal for sealing 
a liquid crystal display (LCD) device. An improved seal is 
formed betWeen a transparent plate and a die having a pixel 
array. The improved seal is con?gured to encircle the pixel 
array of the die When the die and the transparent plate are 
joined. The die and the transparent plate are joined together 
such that the improved seal is disposed betWeen the trans 
parent plate and the die. In one embodiment, the improved 
seal is a hybrid seal. The hybrid seal includes a ?rst seal 
encircling the pixel array of the die and adhesively coupling 
the transparent plate and the die. The hybrid seal further 
includes a second seal encircling the second seal. In another 
embodiment, the ?rst seal lacks a characteristic necessary 
for an effective seal. The second seal possesses the charac 
teristic, such that the hybrid seal possesses the necessary 
characteristic. 
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SEAL FOR LCD DEVICES AND METHODS FOR 
MAKING SAME 

BACKGROUND OF THE INVENTION 

[0001] The present inventions relate generally to liquid 
crystal displays (LCDs). More speci?cally to methods and 
apparatuses for sealing LCD devices. 

[0002] Today, small scale LCD devices, such as light 
valves are becoming more prominent. Small scale LCD 
devices, and light valves are typically manufactured accord 
ing to certain speci?cations to ensure that they function 
properly. One criteria is that the pixel array is appropriately 
sealed to prevent contamination and ensure proper opera 
tion. 

[0003] Referring to FIG. 1, a typical small scale LCD 
device 10 includes a die 20 containing a pixel array 22. Pixel 
array 22 is typically composed of roWs and columns of 
electrically conductive pathWays. At the intersection of a 
roW and a column of the electrically conductive pathWays is 
a pixel. Each pixel can be turned on individually by selecting 
the appropriate roW and column of pixel array 22. Selection 
of a pixel is controlled by control circuitry, either included 
Within the die 20 or external to the die 20. In both cases, 
external control signals may be used to control the functions 
of the die 20. Bond pads 25, are usually placed around pixel 
array 22, and typically connected to the pixel array 22 to 
alloW control of the operation of the pixel array 22. 

[0004] Bond pads 25 are electrically coupled to pixel array 
22 by circuitry that is normally internal to the die 20. A glass 
plate 30 is typically placed over die 20 and pixel array 22, 
such that the glass plate 30 overhangs the die 20, and may 
cover an area of die 20 that could have contained bond pads 
25. The placement of bond pads 25 are often concentrated to 
one or tWo sides of die 20, such that the glass plate 30 does 
not cover the bond pads 25. 

[0005] Die 20 is typically mounted to a substrate 80. 
Substrate 80 includes a plurality of substrate pads 85. Bond 
pads 25 typically are Wire bonded to the substrate pads 85 by 
bonding Wires 90. 

[0006] Typically, an adhesive seal 50 is formed betWeen 
glass plate 30 and die 20 and surrounding pixel array 22. The 
sealed area betWeen glass plate 30 and pixel array 22 is 
commonly ?lled With a solution of liquid crystal materials 
60. After die 20 is properly af?xed With glass plate 30, die 
20 is attached and coupled to substrate 80, and sealed. Seal 
50 contains the liquid crystal material 60 from leaking. 

[0007] In typical LCD devices seal 50 often times does not 
maintain its integrity, Which causes deformation and irregu 
larities in the LCD devices. The failure of seal 50 to 
adequately adhere glass plate 30 to die 20 may cause 
artifacts 70. The artifacts may extend into the active area of 
the pixel array, causing visual aberrations in the ?nal LCD 
device. Such artifacts render the LCD device defective. 

[0008] FIGS. 2, 3 and 4 illustrate cross-sectional vieWs of 
an LCD device 12. The cross-sections depict a glass plate 30 
bonded to a die 20 by a seal 50. The interior is ?lled With 
liquid crystal material 60. 

[0009] FIG. 2 illustrates the initial shape of seal 50 
immediately after glass plate 30 is attached to die 20. Seal 
50 suf?ciently contains liquid crystal material 60. During the 
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process of handling LCD device 12 many factors contribute 
to the deformation of seal 50, and LCD device 12 itself. 

[0010] After glass plate 30 is attached to die 20 and LCD 
device 12 is ?lled With liquid crystal material 60 further 
processing steps require handling the LCD device 12. For 
example, the LCD device 12 is placed on a substrate (such 
as substrate 80 of FIG. 1). Also, LCD device 12 is subjected 
to functional testing. During these processing steps, LCD 
device 12 may undergo temperatures and stresses that may 
cause seal 50 to deform. 

[0011] Referring to FIG. 3, many seals do not maintain 
their integrity during handling and/or testing of the LCD 
device. In typical LCD devices seal 50 is tensile. That is, seal 
50 has a tendency to expand. The tensile nature of 50 
becomes more troublesome during the heating and handling 
of the LCD device. 

[0012] As illustrated, a common problem of the tensile 
nature of seal 50 is the delamination of liquid crystal 
material 60 from glass plate 30. Heating and/or handling of 
the LCD device may cause thermal excursion of the liquid 
crystal material. The liquid crystal material Will typically 
tend to expand. Due to the tensile nature of seal 50, seal 50 
may not contain the expanding liquid crystal material and 
expand outWard, as illustrated. The liquid crystal material 
delaminates from the glass plate because the seal does not 
prevent the thermal excursion of the liquid crystal material. 

[0013] A similar problem that causes artifacts in the LCD 
device is the deformation of the glass plate and/or the die. 
FIG. 4 illustrates a LCD device 12 With a deformed glass 
plate 30. Glass plate 30 (or die 20) may deform or boW 
during heating and/or handling of the LCD device. The 
deformation often times causes the glass plate to separate 
from the liquid crystal material 60. Again, seal 50 may not 
prevent the problem due to its tensile nature. The delami 
nation of the glass plate from the liquid crystal material 
similarly causes artifacts in the LCD device that may render 
the device defective. 

[0014] Therefore, current methods of sealing a LCD 
device may not suf?ciently prevent delamination of the glass 
plate from the liquid crystal material. A seal that is capable 
of preventing the delamination of liquid crystal material 
from the glass plate is desired. 

SUMMARY OF THE INVENTION 

[0015] The present invention provides an improved seal 
for sealing a liquid crystal display (LCD) device. An 
improved seal is formed betWeen a transparent plate and a 
die having a pixel array. The improved seal is con?gured to 
encircle the pixel array of the die When the die and the 
transparent plate are joined. The die and the transparent plate 
are joined together such that the improved seal is disposed 
betWeen the transparent plate and the die. 

[0016] In one embodiment, the improved seal is a hybrid 
seal. The hybrid seal includes a ?rst seal encircling the pixel 
array of the die and adhesively coupling the transparent plate 
and the die. The hybrid seal further includes a second seal 
encircling the second seal. 

[0017] In another embodiment, the ?rst seal lacks a char 
acteristic necessary for an effective seal. The second seal 
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possesses the characteristic, such that the hybrid seal pos 
sesses the necessary characteristic. 

[0018] These and other advantages of the present inven 
tions Will become apparent to those skilled in the art upon a 
reading of the following descriptions of the invention and a 
study of the several ?gures of the draWing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 
[0020] FIG. 2 illustrates a LCD device With a seal imme 
diately after a glass plate is attached to a die. 

[0021] FIG. 3 illustrates the LCD device of FIG. 2 With 
the liquid crystal material delaminating from the glass plate. 

[0022] FIG. 4 illustrates the LCD device of FIG. 2 With 
a deformed glass plate. 

[0023] FIG. 5 illustrates a LCD device With an improved 
seal in accordance With an embodiment of the present 
invention. 

[0024] FIG. 6a illustrates a LCD device With a hybrid seal 
in accordance With another embodiment of the present 
invention. 

[0025] FIG. 6b illustrates the placement of a hybrid seal 
in accordance With an embodiment of the present invention. 

[0026] FIG. 7 illustrates a hybrid seal in accordance With 
an embodiment of the present invention. 

[0027] FIG. 8 illustrates a mounted LCD device in accor 
dance With an embodiment of the present invention. 

[0028] FIG. 9 illustrates a LCD device in accordance With 
an embodiment of the present invention. 

FIG. 1 illustrates a typical small scale LCD device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0029] The present invention provides an improved seal 
for use in LCD devices. The seal more effectively resists the 
effects of thermal excursion of liquid crystal material Within 
an LCD device, thereby preventing artifacts. In one embodi 
ment, a hybrid seal is utiliZed to provide a compressive seal 
that is better able to contain the liquid crystal material. In 
alternate embodiments, hybrid seals are utiliZed to meet all 
the necessary requirements of an effective seal. 

[0030] Conventional seals may exhibit tensile behavior 
because a single sealant material may not meet all the 
criteria of an adequate seal. Among the criteria, a seal should 
(1) not react With the liquid crystal material; (2) have a high 
glass transition temperature (the temperature at Which the 
sealant becomes ?uid); (3) provide an effective barrier 
against humidity; (4) curable at a loW temperature such that 
heating does not cause the liquid crystal material to dete 
riorate; and (5) prevent the delamination of the liquid crystal 
material. 

[0031] Often times a single material may not be able to 
meet even these limited number of criteria. A single sealant 
may meet one or more of the criteria, but not all the criteria. 
Thus, conventional sealants have typically lacked the ability 
to prevent the delamination of the liquid crystal material in 
order to meet some of the other criteria. 
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[0032] HoWever, the present invention provides an effec 
tive seal Without compromising on any of the criteria. In one 
embodiment of the present invention, a hybrid seal is 
utiliZed to provide an effective seal. A hybrid seal is com 
prised of tWo sealants. A ?rst seal provides one or more of 
the features of an effective seal and a second seal provides 
any other criteria not met by the ?rst seal. 

[0033] FIG. 5 illustrates an LCD device 112 With an 
improved seal in accordance With an embodiment of the 
present invention. LCD device 112 includes a transparent 
plate 130 and a LCD die 120. A hybrid seal 147 seals the 
perimeters of transparent plate 130 and die 120, enclosing 
liquid crystal material 160. 

[0034] Hybrid seal 147 includes a ?rst seal 150 and a 
second seal 155. In one embodiment, the ?rst seal 150 is a 
conventional type of seal that is not reactive With the liquid 
crystal material and provides an effective barrier against 
humidity. HoWever, the ?rst seal may also exhibit tensile 
behavior during heating and/or handling. Second seal 155 
provides a compressive seal that has a tendency to compress 
When heated, as opposed to expanding. 

[0035] The ?rst seal 150 is placed immediately surround 
ing the liquid crystal material. The second seal 155 provides 
an additional seal in order to remedy any de?ciencies of the 
?rst seal. Since the second seal does not contact the liquid 
crystal material the second seal need not be unreactive With 
the liquid crystal material. The exclusion of that criteria 
creates more alternatives for the selection of the material of 
the second seal. 

[0036] In the illustrated embodiment, the second seal 
provides a compressive seal that maintains the integrity of 
the hybrid seal. During heating and/or handling the second 
seal prevents the ?rst seal from expanding. In turn, the liquid 
crystal material is prevented from delaminating from the 
transparent plate through thermal excursion. 

[0037] Also, the second seal helps to prevent the trans 
parent plate and/or the die from boWing or deforming. Since 
the second seal is compressive, the second seal exerts greater 
adhesive forces on the transparent plate and the die. The 
adhering force helps to prevent boWing and deformation. 

[0038] Thus, a hybrid seal may be used to provide an 
effective seal that meets all the necessary criteria. The use of 
different sealants provides greater ?exibility in the selection 
of the materials of the sealants. No one seal need meet all the 
necessary criteria since any de?ciency may be remedied by 
the other seal. 

[0039] While the illustrated embodiment focuses on the 
tensile/compressive aspect of a seal, the present invention 
applies to the other criteria of a seal. By Way of example, one 
seal may react With the liquid crystal material, have a loW 
glass transition temperature or ineffective against humidity. 
The other seal may adequately provide the needed attribute. 
Among some of the criteria, desireable aspects of the hybrid 
seal includes in one embodiment, a loW curing temperature 
of about less than 70° C., and a glass transition temperature 
greater than about 70. 

[0040] Of course, the placement of the seal also dictates 
Which one of the criteria the seals may lack. For example, 
the ?rst (inner) seal should alWays be non-reactive With the 
liquid crystal material since the ?rst seal directly contacts 
the liquid crystal material. 
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[0041] Ideally both seals should have a loW curing tem 
perature. However, the second (outer) seal may have a 
higher curing temperature than the ?rst seal since the second 
seal is not located directly adjacent to the liquid crystal 
material. Further, the present invention is not limited to just 
tWo seals. Any number of seals may be used to provide a 
hybrid or composite seal that meets all the necessary 
requirements of a seal. Thus, the outermost seals, furthest 
from the liquid material, may have signi?cantly higher 
curing temperatures. 

[0042] FIG. 5 illustrates an embodiment of the present 
invention With a hybrid seal placed at the very periphery of 
transparent plate 130. HoWever, the hybrid seal may be 
placed at any suitable location around the piXel array of LCD 
die 120. 

[0043] FIG. 6a illustrates a LCD device With a hybrid seal 
in accordance With another embodiment of the present 
invention. The LCD device includes a hybrid seal 147 that 
is placed Within the circumference of transparent plate 130. 

[0044] FIG. 6b illustrates the placement of a hybrid seal 
in accordance With an embodiment of the present invention. 
In one embodiment, second seal 155 is placed directly 
surrounding ?rst seal 150 Within the perimeter of the trans 
parent plate 130 or die 120 before the transparent plate and 
die are attached together. In alternate embodiments, the seals 
need not be physically in contact With each other upon 
application. The seals may be comprised of epoxy-like 
materials that expand When the transparent plate is attached 
to the die. 

[0045] Seals 150 and 155 may be comprised of any 
suitable types of material so long as the combination of the 
seals provides an effective seal Within an LCD device. By 
Way of eXample, Three Bond 51, 96, 98 and 184 by the Three 
Bond Corporation; Norland 68 by the Norland Corporation; 
Silicone E 17303 by the General Electric Corporation; and 
Loctite 395 by Loctite, Inc., may be utiliZed in accordance 
With the present invention. 

[0046] Combinations of the sealants may be used to pro 
vide a more effective seal than only using a single material. 
In one embodiment, a ?rst seal comprised of Three Bond 51 
and a second seal comprised of Three Bond 184 provides a 
superior seal. 

[0047] The present invention may be used in combination 
With a variety of suitable liquid crystal materials. By Way of 
eXample, polymer dispersed liquid crystals, tWisted-neW 
matic liquid crystals or ferroelectric. 

[0048] HoWever, the present invention is not limited to 
amorphous materials for use as a sealant. FIG. 7 illustrates 
a hybrid seal 147A in accordance With another embodiment 
of the present invention. Hybrid seal 147A includes a ?rst 
seal 150 that is comprised of conventional sealant materials, 
such as those listed above. Second seal 155, on the other 
hand, formed from fusible material, such as a solder. Fusible 
seals are discussed in further detail in US. patent application 
Ser. No. 09/056,165, entitled “FUSIBLE SEAL FOR LCD 
DEVICES AND METHODS FOR MAKING SAME” by 
Ranjan J. MatheW and Hem P. Takiar, ?led Apr. 6, 1998, 
Which is incorporated herein by reference. 

[0049] The fusible seal 155 provides even further struc 
tural stability to the LCD device. The structural character 
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istics of the fusible seal prevents any deformation of the ?rst 
seal, thus preventing delamination of the liquid crystal 
material. Further, fusible seal 155 provides a good barrier 
against humidity and has a high glass transition temperature. 
While a fusible seal may require a higher curing tempera 
ture, localiZed fusing of the fusible seal, as discussed in the 
above-referenced application, may be utiliZed. LocaliZed 
heating may also be used in conjunction With more conven 
tional sealant materials. 

[0050] After the transparent plate and the die are properly 
sealed With a hybrid seal, the LCD device may be mounted 
on a substrate. FIG. 8 illustrates a mounted LCD device 110 
in accordance With an embodiment of the present invention. 
Mounted LCD device 110 includes the LCD device 112 of 
FIG. 5 attached to a substrate 180. 

[0051] The effects of heating and Warping may be further 
alleviated by processing the LCD device after being 
mounted on a substrate. Any suitable substrate material may 
be utiliZed in accordance With the present invention. By Way 
of eXample, aluminum, silicon, alumina (ceramic) and alu 
minum nitride may be used. In one embodiment an alumi 
num substrate adds further stability to hybrid seal 147 during 
heating and/or handling. 
[0052] In another embodiment a cavity is formed Within 
the substrate. The cavity helps to provide greater stability 
and prevents Warping of the LCD device. The use of 
substrates and substrates With cavities are discussed in 
further detail in US. patent application Ser. No. 09/130,631, 
entitled “LIQUID CRYSTAL DISPLAY ASSEMBLY AND 
METHOD FOR REDUCING RESIDUAL STRESSES” by 
Ranjan J. MatheW and Seshadri Vikram, Attorney Docket 
No. NSC1P116, ?led Aug. 6, 1998, Which is incorporated 
herein by reference. 

[0053] In addition to placing the LCD device on a sub 
strate, another seal may be applied to the LCD device. In 
conventional LCD devices a glob coating is placed around 
the transparent plate and over the LCD die and substrate. 
The glob coating also covers the bond pads of the LCD die 
and the substrate pads of the substrate. The glob coating is 
typically applied after all functional testing and handling has 
been completed since the glob coating prevents such activi 
ties. 

[0054] Rather than placing a glob coating over the entire 
LCD device and substrate Without covering the transparent 
plate, another seal may be formed around the periphery of 
the transparent plate. The eXtra seal may be placed about the 
periphery of the transparent plate Without interfering With 
any of the functional elements of the LCD device, such as 
the bond and substrate pads. 

[0055] FIG. 9 illustrates a LCD device in accordance With 
an embodiment of the present invention. The LCD device 
includes a hybrid seal 147AA, Which has a ?rst seal 150, a 
second seal 155 and a third seal 165. The third seal may be 
comprised of typical sealant materials, as discussed above, 
or materials typically used for glob coating. By Way of 
eXample, third seal may be comprised of ultraviolet curable 
and thermally curable silicones or epoXies. The third seal 
adds further structural stability to the hybrid seal. The third 
seal also prevents signi?cant Warping of the transparent 
plate and the LCD die. 

[0056] Thus, a hybrid seal may be utiliZed to remedy many 
de?ciencies in conventional single material seals used in 
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LCD devices. Hybrid seals provide added ?exibility in the 
selection and use of existing materials rather than spending 
additional time and money to produce a single material 
sealant that meets all the requirements of an effective seal. 
Hybrid seals can meet all the requirements Without eXtra 
cost in terms of development. 

[0057] While this invention has been described in terms of 
several preferred embodiments, it is contemplated that alter 
natives, modi?cations, permutations and equivalents thereof 
Will become apparent to those skilled in the art upon a 
reading of the speci?cation and study of the draWings. It is 
therefore intended that the folloWing appended claims 
include all such alternatives, modi?cations, permutations 
and equivalents as fall Within the true spirit and scope of the 
present invention. 

What is claimed is: 
1. A hybrid seal for sealing a liquid crystal display (LCD) 

device including, a transparent plate, an LCD die having a 
?rst side, and a piXel array disposed on the ?rst side, the 
hybrid seal adhesively coupling the transparent plate and the 
?rst side of the LCD die and encircling the piXel array such 
that a volume betWeen the hybrid seal, the transparent plate 
and the ?rst side of the LCD die is enclosed, a liquid crystal 
material substantially ?lling the volume, Wherein the hybrid 
seal prevents the liquid crystal material from signi?cantly 
deforming. 

2. A hybrid seal as recited in claim 1, Wherein the hybrid 
seal is comprised of: 

a ?rst seal adhesively coupling the transparent plate and 
the ?rst side of the LCD die and surrounding the piXel 
array; and 

a second seal adhesively coupling the transparent plate 
and the ?rst side of the LCD die and surrounding the 
?rst seal. 

3. A hybrid seal as recited in claim 1, Wherein the hybrid 
seal is substantially disposed betWeen the transparent plate 
and the ?rst side of the LCD die. 

4. Ahybrid seal as recited in claim 1, Wherein the ?rst seal 
is substantially disposed betWeen the transparent plate and 
the ?rst side of the LCD die, and the second seal is 
substantially disposed along the periphery of the transparent 
plate, adhesively coupling the transparent plate to the LCD 
die. 

5. A hybrid seal as recited in claim 1, the hybrid seal 
further comprising a third seal adhesively coupling the 
transparent plate and the ?rst side of the LCD die and 
surrounding the second seal. 

6. Ahybrid seal as recited in claim 1, Wherein the ?rst seal 
and the second seal has one or more of a plurality of 
characteristics for providing an effective seal of the volume 
betWeen the transparent plate and the ?rst side of the LCD 
die, such that the ?rst seal lacks a ?rst characteristic of the 
plurality of characteristics and the second seal possesses the 
?rst characteristic. 

7. Ahybrid seal as recited in claim 6, Wherein the plurality 
of characteristics for providing an effective seal includes: 

the seal being tensile; 

the seal providing a barrier against humidity; 

the seal not reactive to the liquid crystal material; 
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the seal having a high glass temperature; and 

the seal having a loW curing temperature. 
8. Ahybrid seal as recited in claim 1, Wherein the ?rst seal 

is comprised of a sealant material chosen from a group 
consisting of Three Bond 184, Three Bond 51, Norland 68, 
Silicone E 17303, Three Bond 98, Loctite 395 and Three 
Bond 96. 

9. A hybrid seal as recited in claim 1, Wherein the second 
seal is comprised of a sealant material chosen from a group 
consisting of Three Bond 184, Three Bond 51, Norland 68, 
Silicone E 17303, Three Bond 98, Loctite 395 and Three 
Bond 96. 

10. A hybrid seal as recited in claim 1, Wherein the second 
seal is a fusible seal. 

11. A liquid crystal display (LCD) device comprising: 

a transparent plate; 

an LCD die having a ?rst side, a piXel array disposed on 
the ?rst side; 

a hybrid seal adhesively coupling the transparent plate 
and the ?rst side of the LCD die and encircling the piXel 
array such that a volume betWeen the hybrid seal, the 
transparent plate and the ?rst side of the LCD die is 
enclosed; and 

liquid crystal material substantially ?lling the volume, 
Wherein the hybrid seal prevents the liquid crystal 
material from signi?cantly deforming. 

12. A LCD device as recited in claim 11, Wherein the 
hybrid seal is comprised of: 

a ?rst seal adhesively coupling the transparent plate and 
the ?rst side of the LCD die and surrounding the piXel 
array; and 

a second seal adhesively coupling the transparent plate 
and the ?rst side of the LCD die and surrounding the 
?rst seal. 

13. A LCD device as recited in claim 11, Wherein the 
hybrid seal is substantially disposed betWeen the transparent 
plate and the ?rst side of the LCD die. 

14. A LCD device as recited in claim 11, Wherein the ?rst 
seal is substantially disposed betWeen the transparent plate 
and the ?rst side of the LCD die, and the second seal is 
substantially disposed along the periphery of the transparent 
plate, adhesively coupling the transparent plate to the LCD 
die. 

15. A LCD device as recited in claim 11, the hybrid seal 
further comprising a third seal adhesively coupling the 
transparent plate and the ?rst side of the LCD die and 
surrounding the second seal. 

16. A LCD device as recited in claim 11, Wherein the ?rst 
seal and the second seal has one or more of a plurality of 
characteristics for providing an effective seal of the volume 
betWeen the transparent plate and the ?rst side of the LCD 
die, such that the ?rst seal lacks a ?rst characteristic of the 
plurality of characteristics and the second seal possesses the 
?rst characteristic. 

17. A LCD device as recited in claim 16, Wherein the 
plurality of characteristics for providing an effective seal 
includes: 

the seal being tensile; 

the seal providing a barrier against humidity; 
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the seal not reactive to the liquid crystal material; 

the seal having a high glass temperature; and 

the seal having a loW curing temperature. 
18. ALCD device as recited in claim 11, Wherein the ?rst 

seal is comprised of a sealant material chosen from a group 
consisting of Three Bond 184, Three Bond 51, Norland 68, 
Silicone E 17303, Three Bond 98, Loctite 395 and Three 
Bond 96. 

19. A LCD device as recited in claim 11, Wherein the 
second seal is comprised of a sealant material chosen from 
a group consisting of Three Bond 184, Three Bond 51, 
Norland 68, Silicone E 17303, Three Bond 98, Loctite 395 
and Three Bond 96. 

20. A LCD device as recited in claim 11, Wherein the 
second seal is a fusible seal. 

21. ALCD device as recited in claim 11, Wherein the LCD 
device further comprising a substrate, the LCD die being 
coupled to the substrate. 

22. Amethod of forming a seal in an liquid crystal display 
(LCD) device, the LCD device including a transparent plate, 
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an LCD die having a ?rst side, a piXel array disposed on the 
?rst side, the method comprising: 

forming a hybrid seal adhesively coupling the transparent 
plate and the ?rst side of the LCD die and encircling the 
piXel array such that a volume betWeen the hybrid seal, 
the transparent plate and the ?rst side of the LCD die 
is enclosed, the volume being ?lled With liquid crystal 
material. 

23. A method as recited in claim 22, Wherein the step of 
forming the hybrid seal includes: 

forming a ?rst seal adhesively coupling the transparent 
plate and the ?rst side of the LCD die and surrounding 
the piXel array; and 

forming a second seal adhesively coupling the transparent 
plate and the ?rst side of the LCD die and surrounding 
the ?rst seal. 


