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Development and Application of TFT-LCD Pixel Design Tool (PDAST)
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Abstract - A user-interactive pixel design tool for high—quality TFT-LCDs is realized and used to explore the
sensitivity of the various array and device parameters for optimizing pixel design. In this tool, the Thompson cable
equation and gradual-channel approximation were used for the gate time delay and TFT current modeling respectively.
With this tool, each capacitance element, and TFT and array dimensions can be optimized under given design
specifications. The electrical characteristics such as charging ratio, gate time delay, pixel voltage level-shift, and holding

ratio can be analyzed. The sensitivity analysis of those design parameters were executed and presented.
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Fig. 1 Schematic structure of design tool.
Definitions of parameters and variables are
explained in the text.
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Fig. 2 Two pre-defined pixel layouts used in PDAST:
{a) additional capacitance type on gate
(b) storage capacitance type on common
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Fig. 3 Equivalent circuit for a TFT-LCD pixel.
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Fig. 12 Discharging characteristics of an individual dot
calculated by AlM-Spice and PDAST
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Table 3 Required values of calculated TFT and array.

29 v H
Y5 B9
Lon #H A on current >644p A
Lo ) off current <0.19pA
Al | On current ®1313]-8% | <0564uA
Algr | Off current ¥13}3] £ X <0.097pA
AVe | A A 72} 0.32V
AVy | FEHSL W33 <0.82V
Apn | OlFE HESEA <0.02cm*/Vs
Ccr ¥l A cross-over& % 0.022pF
Cic A& 0.409pF
Cst R R 0.711pF
Cep,Cos| TFT 714 &% 0.023pF
Aap RTE HAH 19950.01 x m®
Arro | 34 93 2824922 y+ m*
AR N+& 52.44%

a3¥d UXGAS HDTVE& o2 89 HEE 2340
cm® o %2 AYEL spAE FHol o, ol ¥A
71€d DAASRE WY dER FAE 2o HdH
o & Aotk A wid 29 AHFgE] AoE Ais
34 Age) ojd FFE FeA 29 1694 & vEhd o
€, Ale]es} zh: Aty AAd@T ot} 4 MY
Aot dE vFdE & F Uk AYEe] ¥LFE g
4 At #Eh HotAed FHA 2rE 4F delH
st TYY AP E EIdn

TFT-LCD %= 44 =*{PDAST)®} Hga 88

R: 3

Trans. KIEE. Vol. 48C, No. 6, JUN. 1999

4 o3 7}A HP=9 Hd ALY

Table 4 Specifications of panels with various resolution
used for simulations.

Aspect | Diagonal |
. Resolution ratlo L sizé : 7‘_54"

SVGA 800> 600 4:3 11.8” 256

XGA 1024 X768 4:3 151" 256
SXGA | 1280x1024 5:4 194" 256
UXGA | 1600%1200 4:3 23.6" 256
HDTV | 1920%1080 16:9 26.0” 256

5 oA 71X A EY HHE 8 7HE

Table 5

Fetvl g gt
Required values of field effect mobility of TFT
and resistivity of gate line for panels with
various resolution.,

o= Age
Resolution 2
{cm®/V - sec) (u Qcm)
SVGA 0.40 8.0
XGA 0.55 5.0
SXGA 0.60 3.0
UXGA 0.70 2.0
HDTV 0.73 15
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Fig. 16 Gate and pixel voltage variations with varying
gate line resistivity.
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