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Analysis on the Gray Scale Capability of TFT-LCD
using Three—dimensional Simulation
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Abstract

We analyzed the effect of a pixel and all the inter-electrode capacitances in a unit pixel of
TFT-LCDs on the gray scale capability. The pixel and all the inter-electrode parasitic capacitances
were obtained from the tree dimensional profiles of potential distribution and molecular director
considering lateral fields generated at the edge of the pixel. To obtain the RMS and kickback voltages
of the pixel, we constructed an equivalent circuit of the panel containing all the parasitic capacitances.
The calculation was performed though H-SPICE. As results, we confirmed that the pixel becomes
smaller, the effect of parasitic capacitances on the gray scale capability becomes larger.
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Fig. 1. Simulation procedure of 3-dimensional

director and potential profiles.
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Fig. 2. Basic structure of conventional TN-
LCD applied in this simulation.
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Table 1. Material variable list of the liquid
crystal and insulator.

Parameters Values

Liquid Crystals

splay elastic constant 13.0 <107 2[N/m]

twist elastic constant 7.0x<10 2 [N/m)

bend elastic constant 10.0x 10 2 [NV/m)

parallel dielectric

10.0
constant
perpendicular dielectric 3.0
constant
insulator dielectric 5.0
constant

% 3. B9sas AAET L N BRALE.
Fig. 3. The pixel capacitance and inter-

electrode capacitance in a unit pixel of
TFT-LCD.

E}H 67H«l Xl-rL BREH #ES
o], 2 (9% 10)LZRE 6712 A
A A S Aok ot

Lo

143 , 1
iz;j> i Q7 b 5 Val(wtlelm(p’m )dv <11)
1
- 5 SD(€lrn("9,m)dsl
8



J. of KIEEME(in Korean), Vol. 20, No. 3, March 2007.

E 219 9dX TFT-LCD #d9) 3= §3 ¢
714 &% g

Table 2. Pixel capacitance and
capacitance of 19 inch TFT-LCD panel.
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Table 3. Kickback voltage and effective voltage
in 19 inch TFT-LCD panel.

one vixel | XGA | SXGA | UXGA | QXGA
<ivo | 125X375 | 92X276 | 80X 240 | 63X 189
[pm] [pem] [pm] [pm]

G, (of) | 000324 | 0.00224 | 0.00188 | 0.00137
Gq () | 000729 | 0.00526 | 0.00453 | 0.00348
G, (oD | 001498 | 0.01069 | 0.00913 | 0.00692
G (o) | 002312 | 0.01697 | 0.01473 | 0.01156
Gy () | 001394 | 001393 | 0.01393 | 0.01393
Cier (D] 024901 | 0.13489 | 0.10199 | 0.06325
Ces (pD)| 058575 | 0.29387 | 0.21236 | 0.11936
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XGA | SXGA |UXGA |QXGA
1D Vs (V)| 7.3730 | 7.3349 | 7.3314 | 7.2960
3D Viys (V) | 74236 | 7.3824 | 7.3611 | 7.3251

52 V’*’Mi;; D Vs | 0506 | 00475 | 0.0297 | 0.0201
DAV, (V) | 0762 | 0947 | 0962 | 1.118
3DAV, (V) | 0575 | 0.798 | 0.899 | 1.053
1D Voo (V)| 6693 | 6518 | 6504 | 6.365
3D Veoy (V) | 6884 | 6664 | 6567 | 6.425
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Fig. 4. Kickback voltage in 19 inch TFT-LCD
panel.

E 4 Gray scaled] bitel @& AV, /2.
Table 4. AV ,,./2 according to the bit number
of gray scale.

bit 1 2 3 4 5 6 7 8
Number
of 8 64 512 4096 32,768 262,144 2M 16.7M
color
Number
of _
1 3 7 15 31 63 127 255

gray
level

AV, /2 L4V 047V 02V 93mV 45mV 222mV 1lmV 55mV
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