Japan Institute of El ectronics Packaging (JI EP)

@R

[TL 7 ho=y AEEZATE] 12 (2] 144~153 (2009)

LCD /N IVIZH T 2 KDMEE EBEEHICE 2KV BT

KA OREET, ME MY, =%

A1 - =

Warpage Analysis in LCD Panel under Moisture Diffusion and Hygroscopic Swelling

Tomonori MIZUTANTI", Toru IKEDA*, Kiyoshi MIYAKE** and Noriyuki MIYAZAKI*

* FUEBAER SN T E AR T3 S5 (F 606-8501  HUEHTSUER i A2 5 XK o5 FH A< H])

*x AR THRESUEBHAH £~ 5 — (T567-8680 KEHRAT FRER1-1-2)
*Department of Mechanical Engineering and Science, Graduate School of Engineering, Kyoto University (Yoshida-honmachi, Sakyo-ku, Kyoto-shi, Kyoto 606-8501)
#x Core Technology Center, Nitto Denko Corporation (1-1-2 Shimohozumi, Ibaraki-shi, Osaka 567-8680)

= BT 1« A7 LA ORBYLIHEY, SEXERAFHRE S “435° BHLERT BTk, - OB,
MEORGESPEET 0 v A TONBEHOLERICL 2 b0, T HBEEECEELcL - TRETEELNEL N
Do FBIFETI, BURZILICE LT HREIC A E U W E S B S EEIC S 3 2 &2 0, KT 1 L ANTED
IR IR & IR I BT 2B L 7ce B UBICHER T « A7 b A THEAS TV BE3ET ¢ 4 A BKORIEE:ED R
PEAEZEFN L 72o C OREIMEER T, K% 7 « LV ABKOBITEEERIE L & 25, WBTEAOHEE & HIEE I E
BINCIFRIC B —E0E R, RICMIc B 0T, s a2 BEES & BRI TR S VEEAE S - hln
—H Lo BRRICIRET « X7 LA ORB/ERBIRICH T AR 0EMIF Lic & C 5, HEHE S ERER ISR RIFs

—HuisRoniz,

Abstract
As liguid crystal displays (LCDs) become larger, the homogeneity of the L.CD panel becomes very
important for the quality of the image. The inhomogeneity of an LCD panel can be caused by many
factors: the inhomogeneity of materials, the production process, warping of the panel due to changes

in temperature and humidity, and so on. In this study, we developed a scheme of hygro-mechanical
analyses to predict the warpage of LCDs. First, the diffusion coefficient, Henry’s law coefficient, and
the coefficient of moisture expansion (CME) of each LCD component were measured. To confirm the

validity of the analyses, the hygro-mechanical deformations of the various components in an LCD

were analyzed using these measured material properties. The deformations obtained from the analy-

sis correspond with the quantitative measurement results obtained experimentally. Finally, the

warpage of an LCD panel was analyzed, and the analysis corresponds with the measurements quali-

tatively.

Key Words: Liquid Crystal Display Panel, Hygroscopic Strain, Coefficient of Moisture Expan-
sion, Finite Element Method, Warpage
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Structure of an LCD Panel (the MD directions of
the upper and lower polarizer sheets are orthogo-
nal)
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Table 1. Relationship between the thermo-mechanical analysis

and the hygro-mechanical analysis

Thermo-mechanical analysis Hygro-mechanical analysis

Temperature: 7' Moisture wetness: w (=C/C,,,)

Density: p 1
Coefficient of heat conduction: DC,,
Specific heat capacity: Cp HPq

Coefficient of linear thermal expansion: Coefficient of moisture expansion:
a BCout
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Table 2. Conditions of moisture controlled TGA experi-
ments of PRTF1, PRTF2, adhesive, polarizer

Relative Humidity
Temperature
PRTF1, PRTF2, Adhesive Polarizer
Experiment A 40°C 90% RH 60% RH
Experiment B 60°C 90% RH 60% RH
Experiment C 70°C 90% RH 60% RH
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Fig. 2 Measured and analyzed absorbed weight of water
in PRTF1
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Fig. 3 Measured and analyzed absorbed weight of water
in PRTF2
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Fig. 4 Measured and analyzed absorbed weight of water

in adhesive
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Fig. 5 Measured and analyzed absorbed weight of water
in polarizer
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Table 3. Frequency factor and activation energy

PRTF1 PRTF2 Adhesive Polarizer
H, (mg/mm*MPa) | 131x107° | 158x1078 | 3.19%107 | 3.01x107
Ey, (fmol) —4.09x10¢ | —474x10* | —415x10* | —4.74x10"
Dy (mm?/hour) 8.83%10! 2.68%10° 3.92x10° 3.93%10°
E,, (/mol) 273x10' | 3.69x10! 359%10* 818x10*
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Fig. 6 Arrhenius plot of Henry’s law constant
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Fig. 7 Arrehnius plot of diffusion coefficient
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Table 4. Conditions of humidity-controlled TMA measurements in PRTF1 and PRTF2

Temperature Relative humidity
PRTF1 and PRTF2 Experiment 1 30°C 10%RH—20% RH—30 % RH—40%RH—50%RH—60%RH—70%RH—-80%RH
Experiment 2 40°C 10% RH—20% RH—30% RH—40% RH—50% RH—60% RH—70% RH—80% RH
Experiment 3 50°C 10% RH—20% RH—30% RH—40% RH—50% RH—60% RH—70% RH—80% RH
Experiment 4 60°C 10% RH—20% RH—30% RH—40% RH—50% RH—60% RH-70% RH—80% RH
Experiment 5 70°C 10% RH—20% RH—30% RH—40% RH—50% RH—60% RH—70% RH—80% RH
Polarizer Experiment 40°C 10% RH—30% RH—50% RH—70% RH
— ll;ZxFe.rlmintal.(\il.alue — Experimental value
=== Relative humidity Relati T
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Fig. 8 Measured and analyzed hygroscopic strain of
PRTF1 at 40°C

Fig. 9 Measured and analyzed hygroscopic strain of po-
larizer whose longitudinal direction corresponds
with the MD direction at 40°C
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Fig. 10 Measured and analyzed hygroscopic strain of
polarizer whose longitudinal direction corre-
sponds with the TD direction at 40°C
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Fig. 11 Moisture concentration-Hygro-strain-Tempera-

ture in PRTF1
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Fig. 12 Moisture concentration—-Hygro-strain in Polar-
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PRTF1 &t HAORERIBIZ DT, FEERE & il
E DU AT - 7o, BHTIE, 2FRITHMH Lz Lichio
T, MSC. Marc 2 TIT» 7o T OBHTIZIZ, ABOHL
SRR, TARREEREL, BEBRELIA O M E R s B &
85, LTI DT, M A S S W v
LB UHEEFMMBERE LI, CO&X, IBl-
03 AR, ’RATREN S,

£, 1/E,  —v,lE —v,/E, 0 0 0 o,
e, | |~vo/E, 1/E, —vu/E, 0 0 0 |lo,
e, | |~vi/E -vulE, 1/E, 0 0 0 ||o.
Vs 0 0 0 2+v)/E, 0 0 |lo,
Ve 0 0 0 0 UG, 00 ||o,
Vo 0 0 0 0 0 1/Gy||oy

(25)

ZCT, & & &5 Y Vw VB LFUTAEZ, o,

o, O, O, O i, IAZERT, ZOHTENT,
Vi & vy 1303 ERE L, MD, TDH B DBIERBR» S,
ZENZENE, L E %, B5°HHDFIRHABR, S G, 2RE L
oo #ONTRIL T DM ER &R IRIREE Table 51
R T2, OB O EER E Table 6 12787,

W I R T e AT D &5 R % Figs. 8~10 12779, PRTFLiIT B

TRETERERMEICENVEEZRLTOWA I EMbh b,

(e}

2

Table 5. Measured elastic constants and CTE of polar-
izer

Elastic constants Coefficient of thermal
(MPa) expansion (CTE) (ppm/°C)
Temperature E, E, Gy o =0y
25°C 26400 7400 5830 1 60
40°C 16000 3140 658 1 60
60°C 16000 3140 797 1 60
90°C 12000 3100 — 1 60

vy, and v, are assumed to be 0.3.

Table 6. Elastic constants and CTEs of PRTF1, PRTF2,
. adhesive and glass

Material PRTF1 PRTF2 Adhesive Glass
Young’s 25°C 4200 2300 100
Modulus 40°C 3800 2100 70 73100
(MPa) 60°C 3500 2000 60
90°C 2300 1900 50
Polsson's | pcoc_g0°C 03 03 0.45 0.244
ratio
CT% 25°C-90°C 20 69 400 24
(ppm/°C)

CTE: Coefficient of thermal expansion
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PERAR BT AR BE ITIRTE L, ARSBEORIICEE > THEL
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MSC. Marc Z W TET - 720
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FERTRER E D —BT 2 &5 RRELEL 72,

EFREREZH20mm, HE5mmO AKXy h, R
A&, BBMETOEFHFMWAMD, TD O 2BEHOK
BHhEAEL, ThZOMDREEHR, TDREW &3
LET5, ZoRBRRF%60°C, HXHEES5% RHT Tt+4
I RERFIHARE IR S e, = OBABRBREE £ 40°C, HHEE
5% RHIZER S, EHREBELALIETHEL, ZORKEHE
HELULTHRBOTFAEEHMN U, g0l z0RBHE
SxL ET 5, EHIRBICE L, RBBRE440°C, M
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EEHWL Iz, OFTHERUG)EFHTRD 2,

FEERAs B & AT & o Ll £ Fig 1312/R 9, Fig 134 Y
FRAE L TD W @ 5 25 MD R YEI & 0 & K& IR O
T AHEFMU 72, BIFE S TD R D 28 MD RYEH &
DHREBWROTAEZRLTED, BHTIZIBREE &
MIZ—EH L THW5, L LUEWRBICEST S5 TORMEIZ
ERHEBITEE TRERLEND D, COFRELTEZ
5N 30N, BB BRET + VLA LRIETHOES
FIEOREBBTH 5, T 1 )V L- e HOEERE
RIRET, RET 1 VL EHTIEFICHEL, KOEEP
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Fig. 13 Measured and analyzed hygroscopic strain of
the polarizing plate at 40°C and 60% RH

L 700mm

wwggy

X

Fig. 14 Locations of strain gauges on an LCD panel
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B, BEAZFHNT 272010V ETFIRERESA v
b U7co LCD 7NV % 40°C, FHAHREE70% RH T Tl &
Bt Nv 7 T4 bPERSITERTLCD AR NVOUT S %
B U7c, C OB, BRI BEHIBIEIC & D 40°C, #
SHERE 10% RH, T HURIT O BB EE 13 40°C, HH %R A 30%
RHTH -7, LM, THEHITFig 4ITRTHEICOT
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BIFB09A) LA EHO AN TFROOTH LD bAEH
&L, WHEBEDHEERL TS, £ o T, IR

Absorbing Drying
condition condition
10_340"C, 70%RH 40°C, 10%RH
15 ~
---B
1.0 ==C
o
éo&
& 1 L
0.0 fEram ol
e
‘05 T PN
0 10 20 30 40 50 60

Time (h)

Fig. 15 Measured hygro-strain on an upper surface
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Fig. 16 Measured hygro-strain on a lower surface

Protecting film 0.04mm
Polarizer A 0.025mm
Protecting film 0.04mm
Adhesive 0.02mm
Protecting film 0.04mm
Polarizer B 0.025mm
Protecting film 0.04mm

Fig. 17 Analyzed model of a quarter of an LCD

TEHxAMIBOTE LD B IRE D BT 5
ZEWMbins,
COBEBHTTHEEILTE 20 E S hAHE~ T, T
EFIVICIE, Fig 17ART 14T FVER N, BEREMH
L LUTH 7 ATEOmIZ 2z FMEE Ui, BRE, il
Bz zh Th 48,000, 52111 TH 5B, LEBHRET 1 VLD
HIHIIPRTFI Th %, OFAF—VDREER UAED D
TAHET Ty b UIKERE%E Figs. 18, 19107 d, MATEEE

L7 b=y AEEERTE Vol 12 No.2 (2009) 151

NI | -El ectronic Library Service




Japan Institute of El ectronics Packaging (JI EP)

051
5 B

0.2 B
mﬁ 0-0_—-_—-\"-‘““---5“-.:-”|
g 0.2]
=
a 4

0.4]

0.6

-0.81- [PRRATME JAPARRA BARAKLARSE SREAN EAANA SARSN BRAN

0 1020 304050 60 70 8090100

Time (h)

Fig. 18  Analyzed hygro-strain on an upper surface
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Fig. 19 Analyzed hygro-strain on a lower surface
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1oo MBENT DFERE% Table 712759, Table 7 D Polarizer A,
Polarizer B i = W £ Fig. 17 F @ Polarizer A, Polarizer B
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Table 7. Analysis types

Panel 1 | Panel 2 | Panel 3 | Panel4
Protecting film PRTF1 | PRTF1 | PRTF2 | PRTF2
The longitudi irecti
e ongltudmal direction of the ™ MD ™D MD
Polarizer A
The longitudinal directi
e ong1tudma irection of the MD ™ MD ™
Polarizer B

Absorbing Drying process

process
O ]
-0.2 ——— Panel 1
0.4 - gane% %
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'g'g ; —.= Panel 4
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Vertical Displacement (mm)
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Fig. 20 Variations of the vertical displacements at the
centers of LCD panels
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Fig. 21 Variations of the nodal reaction forces at the

corners of LCD panels
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