Main Seal Adhesive for Liquid Crystal

Introduction

A display device has become an essential part of the computer and other equipment.
Especially, the market for liquid crystal displays (LCDs) is steadily expanding, and segregating
itself from CRT and PDP. Every LCD manufacturer is seeking higher resolution, higher relia-
bility, and lower cost.

To improve the productivity and reliability of LCDs, Three Bond has proposed various new
products: main seal adhesives, end seal adhesives, mold agents, pin-lead fixing adhesives,
anisotropically conductive adhesives, and interlayer conductive adhesives (see “Materials for
Peripheral Equipment of Liquid Crystal” in ThreeBond Technical News No. 43). Among these,
main seal adhesives and end seal adhesives are the most important, because they contact the lig-
uid crystal materials directly.

Various adhesives with different curing methods are reviewed elsewhere. This issue discuss-
es the development of the ultraviolet-curing main seal adhesive.
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1. Main seal adhesive for LCD
Today, solvent-type hed-curing epoxy resin is
used as the main seal adkesifor most LCDs.

However, in shifting to higher LCD esolutionsmis-

alignment due to héhas been obsezd As a esult,

ultraviolet adhesie has been westiggted for its
potential as a sealingg@nt. The cowentional ulte-
violet-cuiing sealing adhesges tha have been used
as the LCD main seal adhesihare presented ser-
al problems:

(1) They can contamina the liquid cystal.
Because the sealinggent and the liquid gstal
materials ae mutually solube, irregular ofenta
tion can aise apund the sealinggent.

(2) They cure slavly, and high hegis required
To secue reliability, hea is goplied after UV ira-
diation. But thee is a poblem of peeling (sga
ration) duing the heting process. Besides the
hed, the U\fcuiing process itself equires light
with an intensity of wer 10,000 mJ/cfn

(3) The bonding sength thg acieve is insuficient.
Because the sealant has iffigignt resistance to
the stess @ven in the sébe-cut pocesspeeling
can occur

(4) Their moistue resistance is insfi€ient.

Because of the high peeaility of the sealant,
moistue can penette into the liquid oystal

panel,and cause an ientaion failure.

(5) Their hearesistance is insti€ient (lov Tg).
BecauseTqg is low, the heting process thais
required to abieve isotopy can gve rise to se-
eral poblems,sud as peeling and unen dear
ance

Three Bond has deloped an entaly nev main
seal adhese for the liquid cystal,one thasoles all
these poblems.

2. Examining the mutual solubility with liquid
crystal

Ultraviolet adhesie has coventionally been used
for the end seal adhesi(sealant). Most of the end
seal adheses poduced todg are in fact ultiaviolet
adheste. Panel manfactuers, however, are not s&
isfied with these sealinggants. The end seal adhe
sive contacts liquid gistal bebre it hadens,and dis
solves itself in the liquid grstal while cuing. This
causes an @ntaion failure.

The main seal adhes was eviewed from the
viewpoint of the nutual solubility with liquid cystal
before cuing. If a sealing gent bebre cuing
shaved lov mutual solubility with liquid cystal, it
would pobably not dissole in liquid cystal while
curing. If this were found to be sahis method could
be used to deelop an end seal adhesi

DSC < Sample> <Comment> <Temp.program[‘C] ['C/min] [min]>
<Name> MLC2027-184PS8A N.T 1* 25.0-120.0 2.00 0.00
MLC2027-184PS PRt R — <Gas>
<Date> (2.055 mg)  —--mmmmmmmmmmmm e N2 50.0 ml/min
96/01/22 22:30 <Reference> 0.0 mi/min
Al e
10.000mg < Sampling>
1.0 sec
100 200
80 |
0
60 |
£
£
~
% 40 200 %
2 2
e [a]
(=]
20
1¢ 4 -400
4 uW
0
-20 . -600
20 36.7 53.3 86.7 103.3 120

Three Bond Co., Ltd.

TEMP C (Heating)

Fig. 1. DSC measurements of the liquid crystal



When a liquid cystal is heted to a spedit tem
perature, called the‘phase tansition tempegture,” it
becomes an isaipic liquid This is one of the
unique tarmacteistics of liquid cystal. If the pop-
erty of a liquid cystal hhanges because of its mixiir
with another substanciés phase fnsition temper
ture mgy chang. Liquid ciystal d&sorbs headuring
phase tansition,as can be coimined ly recreding
the phase @nsition with high pobability using a
DSC (Differential Scanning Caloneter). When ligt
uid ciystal is in contact with diérent substances or
is undegoing a wedher resistance testthe hea
absomption peak shwn on the DSC wuld move. In
other words, the he& absoption peak wuld shift
when a breign substance is disseld in the liquid
crystal or when the liquid orstal itself is dbangd
(Fig. 1). The measung method is asollows.

Three diferent sealant marials were measwed:
urethane agrate, epoxy acwylate, and @oxy (UV
curing).
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(1) Prepaiing a specimen

1) Put 0.05 g of sealinggant gently into an
ampoule and leae it for 30 minutes.

2) Pour the liquid cystal maerial slowvly into the
ampoule so thiahe sealing gent constitutes 10%
of the entie liquid, and leae it for 15 mirutes.

3) Using ORC SPD UV QRU-2266,irradiae ultra-
violet rays thiough the bottom of the ampoule a
the intensity of 10 mW/ctfor 40 secondsof
cuiing (Fg. 2).

(2) Test method

1) Take a&out 1 mg of liquid orstal out of the
ampoule and set it on the DSC (SIl DSC110).

2) Hea it at the |te of 2°C per miate, and monitor
the tempeature until it rrades the phaseanst
tion tempeature.

3) Seal the ampoule containing themaining liquid
crystal,place it in the high-tempature tank,and
leave it & 100°C br one hour

4) After one hour has passe@ped procedues 1)
and 2).

Figure 3 shavs the esults br the thee méerials.
Urethane agilate shoved the lagest shift in the hda
absomption peak,followed ty epoxy acrylate and
epoxy (UV-curing). This shaevs thad urethane agr
late is ingpropriate for this pupose The shift in the
hed absoption peakhowever, should not be inter
preted as the cause of thdemtdion failure. The
shift in the phase ansition tempeature does not
completey méach the &ll of the specit resistance

o] CHs OH n  CHs It suggests,however, that a substance facting the
n=0~4 propeties of liquid cystal has dissokd into the
UV epoxy .
solution.
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Fig. 2. Testing a base resin



The liquid cystal solution vas ana
lyzed by use of @s ciromaography to
identify the substances dissetV in
the liquid cystal. Acrylic monomer
and photo-poimeiization-initiator
substances &re found in the ugthane
aciylate and eoxy acrylate spedci
mens; the UV poxy specimen con
tained ony photo poymeiization ini-
tiator. This finding sugests thasub
stances dissoéd in the liquid gystal
can be educed B using less of these
substances in maifactuing the
sealants.

Next, the shift in the heabsoption
peak br epoxy aciylate and poxy
(UV-curing) was measwd for differ-
ent\alues of iradigion intensity The
result (Fg. 4) was better Wwen the
intensity was higher When it was
lower, epoxy aciylate sheoved better
results than goxy (UV-curing). The
orientaion perbrmance as indicéed
by the diference of iradidion intensi
ty, resemies the oientaion failure on
the actual panel. ifure 5 shas the
relaionship between the amount of
outgas inceases dumg hadening and
the ofentaion failure obseved when
epoxy actylate was used as the sealant.
From this esult and thiashavn in Fg.
4, it can be sugested thawhen the
irradigion intensity is educed the
amount of outgs inceasesand moe
resin dissoles in the liquid orstal.
The esin causes a shift in the phase
transition point,and thus causes the
orientdion failure.
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Fig. 4. DSC results for different UV-curing conditions




From these esults, either eoxy
aclylate or ultaviolet-cuiing eoxy
would seem to be the beshaice
However, physical popeties, sud as
bonding stength, glass tansition
point and eliability, must be takn
into account in the selection of a mai
seal adhese. Three Bond thesfore
developed a main seal adhesibased
on UV-cuiing epoxy, tha could be
cured under high madidion intensity
(200 mWw/cr).

3. Development of a main seal
adhesive

ThreeBond 3025Gdr liquid ciystal
displays is an ultaviolet-cuting main
seal adhese in which epoxy resin is
the pimary component. It &s deel-
oped to hee high bonding séngth,
highTg, and lav moistue pemeaili-
ty. ThreeBond 3025G cas complete
ly only under the iradiaion of ultra-
violet rays.
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Table 1. Physical properties of ThreeBond 3025G
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Fig. 5. Out gas and chemical reaction with LC vs. curing condition

Test item Unit ThreeBond 3025G| Test method Note
Appearance —_ Milky brown liquid 3TS-201-01
Viscosity Pa-s {P} 45 {450} 3TS-210-02 25°C
Specific gravity —_ 1.38 3TS-213-02 25°C
Test item Unit ThreeBond 3025G| Test method Note
Hardness 90 3ST-215-01 JIS-D 25°C
Glass transition point °’C 140 3ST-501-04
Water absorption % 1.0 3ST-233-01 Boiling 2 hours
Water vapor g/m?-24h 5.0 JIS-Z-0208 | 40°C x 95%RH
permeability
Hardening % 3.0 3ST-228-01
shrinkage ratio
MPa {kgf/cm?} 0.93 {9.5} Corning 7059
Peeling adhesive Corning 7059
strength MPa {kgf/cm?} 0.62 {6.4} 30 Q ITO
evaporation
lon densit
yCI‘ ppm 25 PCT
3ST-511-01 48-hour
Na* ppm 1 .
extraction
K* ppm 1

Hardening condition
Irradiation distance

: 4kw high-pressure mercury-vapor lamp (Oak Corp. HMW-244-11CM)

:15cm

Accumulated quantity of light : 40kJ/m? {4000mJ/cm?}




ThreeBond 3025G can be eitheresmn-pmted or graphs belw shav the esults of tests of peeling

applied with a dispenseiTable 1 shavs its plysical adheste stength,glass tansition pointyetention of
propeties. The cuing rate is 4,000 mJ/ctwhich is elasticity a tempeature up to 120°Cand moistue
fast br an ultaviolet-cuting gpoxy resin. The bond resistance (85°Q0%RH).
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Fig. 6. Results of peeling adhesive strength test
Test for peeling adhesive strength 3. The bottom glass sheetaw fxed and the tw
1. The spacer gent was aded to the ulaviolet end sides of the top shee¢m lifted for the peel
adhesie. Two sheets of glassexe placed in a ing test.
form of a coss,with the esin in betwen, as 4. The peeling adhes stength per unit @a was
shavn belaw. calculaged by measung the space of the bonded
2. The assenlly was iradiged and cued & 100 surface aea.

mW(/cnt for 40 seconds.

Ultraviolet-curing resin
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Peeling by a constant-speed universal tension tester

Glass size 25 X 50 X 1.1 (mm)
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Fig. 8. Variation of elasticity over time at constant temperature of 120°C
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Fig. 9. Variation of elasticity over time at temperature of 85°C, 90%RH



4. Prospects

Taking the adantage tha it can cue only under
ultraviolet irradigion, ThreeBond 3025Ga UV
sealant ér liquid ciystal, is used 6ér small poy-Si
panels of viev finders and pojectos. For goplica
tion to lager panelssome poblems emain to be
solved:
(1) Finding the cuing method ér shaded @a sub

as under the alumim wiring

(2) Further impoving the bonding sémgth
(3) Improving goplicability to the lamingion unit
(4) Coping with the naower laminaion gap

In addition, further leseach is necessgron gply-
ing the sealant to the liquidystal flm, improving

the end-sealant perfinance and deeloping a UV
intedayer conductie aent.

Conclusion

The aplication of UV-cuiing agent to the LCD
main seal has just stad Alread, however, the
technolagy is becoming indispenbt for improving
the thoughput,yield, and esolution of the liquid
crystal panels. A tedchnical beakthough is still
required to @ply this method to lajer panelsbut in
collaboration with the manfactuers of the panels
and other equipmerit,will not be too long bedre an
ultraviolet-cuiing agent can be put to this use aslw

Three Bond Co. Ltd
Researh and D&elopment Diision

ThreeBond !
THREE BOND CO., LTD.

1456 Hazama-cho, Hachioji-shi, Tokyo 193-8533, Japan
Tel: 81-426-61-1333




