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Abstract
As liquid crystal displays (LCDs) become larger, the homogeneity of the LCD 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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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: x DC,,
Specific heat capacity: Cp HPq

Coefficient of linear thermal expansion: |  Coefficient of moisture expansion:
a BCou
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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. 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) 1.31x10°° 1.58%x10°% 3.19x10°7 3.01x10°7
E;; (J/mol) —4.09x10* —4.74x10* —4.15x10* —4.74x10*
D, (mm?%hour) 8.83x10* 2.68%x10° 3.92x10* 3.93%x10°
E;, (J/mol) 2.73x10* 3.69x10* 3.59%10* 8.18x10*
10007 -
= 1 Experimental Value
T e
S~
@ & 100 4 % Adhesive
8= i / O Polarizer
2 S 10 | /€ — | Approximation
s E il B — — - PRTF1
- O ] - S PR IR PRTF2
= 1 B .. S B IECETTEEE Adhesive
> £ x .. - Ny
E—= 14 e Polarizer
c E % -
) Pig
T 1 A
0.1 X103

2.8 3.0 3.2 34
Inverse of temperature (K™)

Fig. 6 Arrhenius plot of Henry’s law constant
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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%
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
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e | |-vo/E, 1/E, -vyulE, 0 0 0 |lo,
e | |-vel/E -vul/E, 1/E, 0 0 0 |o.
Ve 0 0 0 20+vy)/E, 0 0 |lo
Var 0 0 0 0 1/G, 00 ||o,
Yy 0 0 0 0 0 1/Gy| |0y
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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=0ly
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

v}, 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
Poisson’s
. 25°C-90°C 0.3 0.3 0.45 0.244
ratio
CTE
R 25°C-90°C 90 69 400 24
(ppm/°C)

CTE: Coefficient of thermal expansion
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Fig. 16 Measured hygro-strain on a lower surface

Center| A Symmetric

Protecting film 0.04mm

e = ¢
o 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

TExHAIZEO TR EROTB I E D b EIHET %
ZENDbMB,
COBIRMBENTOHBTE 20 EI DERNTI, BT
ETFIVITIE, Fig 1710RT 14 ETIVE RO, BER&ME
ELTH I XA MO %E z FMEE Ui, TR, His
B3z nZh 48000, 52111 TH %, HBHRET 1 VLD
HEIXPRTF1 TH %, O9HY — VDAIE & UL O
THET Oy MUK % Figs. 18, 1912/RT, MRITHE R

Il bu= 2y AFEHEAFE Vol 12 No.2 (2009) 151



o5

3 _%

0.2 e
8 0.0 " e Nl L el )
w 1
S 02]
g 1
2 ]

0.4

0.6/

-0.8 | T T T T T T T

0 1020 30405060 708090100

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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Table 7. Analysis types
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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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