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Simulation of Pixel Voltage Error for a-Si TFT LCD
Regarding the Change in LC Pixel Capacitance

Yongfu Zhu, Muiju Li, Jianfeng Yuan, Chuanzhen Liu, Bailiang Yang, and Dezhen Shen

Abstract—L.C pixel capacitance C)., which changes with the Veu Vs
director of liquid crystal molecules as a function of external ap- | | l I
plied voltage, has a most important impact on the pixel voltage VoL
error AV, and therefore on the electro-optics (E-O) characteris- Vg
tics of LC pixel for a-Si TFT LCD. In this paper, the pixel voltage 7F|_ I B ] |k
error has been simulated for 10.4 VGA (640 x 480) and SVGA Vs TT !
(800 x 600) a-Si TFT LCD, and in this simulation, we especially 7 l T o Vo (W)
took into account the change in LC dielectric constant. We found Cast Cs Clo
that A'V,, changes with the data voltagd/,,. In addition, E-O char- v ¥ Avp I I
acteristics of LC pixel for a-Si TFT LCD has been investigated. The p I%‘Lt‘ Veom
result shows that the effect ofA V,, on E-O characteristics is signif- ¥ Avp

icant when V,, ranges from the threshold voltage to the saturation
voltage.

@ (b)

Index Terms—Electro-optical characteristics, liquid crystal

capacitance, liquid crystal displays, thin-film transistor, voltage
error. Fig. 1. Schematic diagram of the driving waveform and the equivalent circuit
of LC pixel for a-Si TFT LCD.

|. INTRODUCTION voltage, and this produce a change in LC capacitance. However,

MORPHOUS-SILICON thin-film transistors (a-Si TFT)this factor was neglected in previous work. In this paper, by
are of considerable interest for applications involvingaking into account this change, the voltage erkdf, and E-O
large-area active matrix-addressed liquid crystal displagbaracteristics of LC pixel have been simulated for 10/GA
(AM-LCD). Though a great progress has been made in a&id SVGA a-Si TFT AM-LCD.
TFT AM-LCD, the study of some subjects remains active to
improve the performance. Il. THE CAPACITANCE IN CIRCUITS FORLC PIXEL OF A-SI
When a-Si TFT is turned off at the end of a charging period, TFT LCD
there is a voltage _erralsz_lnduced on the pixel electrode. T_he The schematic diagram of the driving waveform and the
voltage errorAV,, is a serious problem to large area and hlghe'quivalent circuit for LC pixel of a-Si TFT LCD is shown in
resolution a-Si TFT LCD because it results in the electro-opti

(E-O) characteristics error, which leads to display deterioratione: 1. When the gate pulse changes frég, to Vi, there

. . iS a decreas@&Vp in the drain pixel voltagé/, referring the
such as flickers [1], shadings [2], and gray scale error [3]'. ON state of a-Si TFT. The capacitance in this circuit includes
Papers have been presented to disci$$ to solve this

problem [41[6]. Some suggest thatV, is induced by the the crossover capacitancg, the storage capacitancg, the

crossover capacitancg,,; due to overlaps between the gate an(cjhannel capacitancé’, and the LC capacitancél.. Here,

the drain electrode of TFT, and thatV,, is independent on the we defineCy; as the combination O@g.d and .Cg' Cagsi IS the
: . . total of C,q and a half ofC, when a-Si TFT is on, thu€’;
data voltagel},. However, replacing the LC pixel capacitance

by a constant capacitor, the experiment [7] showed i, referring ON and OFF state of a-Si TFT can be expressed as [8]

is linear with V,,. This result can be explained if the channel

capacitance’, is included [8]. Theoretic work [9] also proved Cyson = Cga + 79 ON STATE 1)
that AV, depends evidently on the channel capacitatge
between the channel at the source side and gate electrode. Cysor = Cya OFF STATE 2)

Though much research work has been devoted in this area,
there has been no a clear interpretation for voltage ekigy. respectively.
As we know, the LC director changes with the external applied The storage capacitor plays the role to eliminate the pixel
voltage error, and its area is one of the main factors determining
Manuscript received September 17, 1999. The review of this paper was Ei?-e aper'ture ratio (?f a_'S' TFT array. . .
ranged by Editor J. Hynecek. The director of liquid crystal changes with external applied
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T T T — 05 TABLE |
1" ®  Transmittance PARAMETERS OFa-Si TFT LCD UsED IN THE SIMULATION
“"'""""'.- o Dielectric Constant
oo Parameter Value
E 10F . DCFPDEP {04 5
< n EFGEPD Channel area (um ?) 1000
_|
g o . £ Dielectric constant of a-SiN, 6.9
Q 7 z
8 sf 'DDU 103 g Thickness of a-SiN, layer(nm) 400
E o™ g LC cell gap(um) 5
o
Q 7F a " 5 On state gate voltage(V) 15
o o . 902 m
S o Off state gate voltage(V) -5
I~ L ]
9 | - Common electrode voltage(V) 5
5F DD '_ 401 Area of crossover capacitance (um?) 300
o e
4+ oocooooopoc” '-..
: : . ) Sty 00 where
3 4 5
Ve(t(v) Clc off — Eogoﬂslc/dlc
C = €,€0n51c/d
Fig. 2. LC dielectric constant and transmittance as a function of various lcon o€onsle/dic

external applied voltage.

liquid crystal director and E-O characteristics under different

external applied voltage for passive matrix LCD [10]. To obtain

the effective LC dielectric constant under various voltaggs

the whole cell is divided into 100 layers. Then based on thghere
work of Ling et al., we get the LC dielectric constant of every . ande,
single layer. Finally, the effective dielectric constant value

of LC pixel under different external applied voltages can be g
obtained. Together with E-O characteristics, the effect of the_
external applied voltag¥... on the LC dielectric constant is
shown in Fig. 2.

STFT and Sqd

di. andd;
I1l. M ODEL
As described above, the alternation between ON and OFF °® andeog
state of a-Si TFT leads to a voltage eredw, for LC pixel,
VGH andVGL

and it then results in a slight change in LC dielectric constant.
According to the law of conservation of electric change, we have

Cy =¢€oe;5Tr7/d;
Cga =€08iSga/d;
C, =e,8:8,/d;
AV =Vgu — Ve

vacuum dielectric constant and the dielectric
constant of a-Sil\;

area of the LC pixel;

area of the storage capacitance;

the area of TFT channel and the crossover
capacitance, respectively;

the LC gap and the thickness of insulator
layer, respectively,

LC dielectric constant referring ON and OFF

state of TFT, respectively;

ON-state and OFF-state gate voltage of TFT,
respectively.

IV. RESULTS AND DISCUSSION

(V}) - ‘/conl)(clcon + CS) + (‘/p - VGH)CgSOH

A. Voltage Error for the Pixel Electrode

= (‘/I: - ‘/corn)(clcoﬂ + CS) —|— (‘/]: — VGL)Cgsoﬂ

V=V, AV,

where

@)
4

The parameters of a-Si TFT LCD array used in the calcula-
tion are summarized in Table I. Applying the LC dielectric con-
stant as a function of the external applied voltage to formulation
(5), we obtained the dependence/®¥,, on data voltagé’, for

Cleon, Cleomr  LC pixel capacitance referring ON and OFFL0.4’ VGA and SVGA a-Si TFT AM-LCD in Fig. 3. Whet), is

Veowm voltage of common electrode;

| data voltage, i.e., the LC pixel voltage refer®
ring ON state of TFT;

V! LC pixel voltage referring OFF state of TFT.

I4
So,AV, canb

AV, =

state of a-Si TFT, respectively;

e taken from (1)—(4):

(‘/corn _‘/p)(clc on_Clcoﬂ) +A‘/gcgd+(VGH _‘/]))Cg/2

ng + Cl(‘, oft + 09
(6)

below the threshold voltage, for a-Si TFT LCD withait-de-
sign, there is a slight increase iuV,,, and in contrast, in the
ase that”,, is adopted, as means a reduction in the aperture
ratio, there is almost no changeAxV,,. WhenV,, ranges from
the threshold voltage to the saturation voltagé;, decreases
abruptly withV,. If V,, is over the saturation voltag& V), in-
creases very slowly.

For 10.4 TFT LCD with the same resolution, the higher the
aperture ratio is, the highexV/, is. On the other hand, for 10.4
a-Si TFT LCD with the same aperture ratitv}, for SVGA is
higher than that for VGA, as is clearly shown from the compar-
ison of Fig. 4(a) and (b).
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. . . . Fig. 4. E-O characteristics for 10'4a-Si TFT LCD with various aperture
Fig. 3. Pixel voltage error as a function of data voltage for 104Si TFT 4 () VGA, and (b) SVGA.

LCD with various aperture ratio. (a) VGA, and (b) SVGA.

As we know, the discrepancy in E-O characteristics is caused
by the voltage erroAV,,, and this discrepancy will result in de-
E-O characteristics for LC pixel of 10°"4/GA and SVGA terioration in gray scale. When the data voltagés below the
a-Si TFT LCD with various aperture ratio is shown in Fig. 4. Ashreshold voltage of LC pixel, thoughV;, is high, the discrep-
a contrast, E-O characteristics for passive matrix LCD given ey is not significant except SVGA a-Si TFT LCD without
Section Il is also provided. We found that there is a discrepancy-design. WhileV,, ranges from the threshold voltage to the
in E-O characteristics between a-Si TFT LCD and the passiggturation voltageAV,, decreases abruptly, and the discrepancy
matrix LCD. In either full on-state or full off-state of LC pixel, is significant. In the full on-state of LC pixel casAy/, is low,
the discrepancy is negligibly small, but it became evident wheind a slight increase could be seen#,,. The result suggests
V; is within the region between the threshold voltage and thigat the discrepancy in E-O characteristics is not proportional to
saturation voltage. AV,, andAV, will have evidentimpact on the E-O characteris-

Similar to AV}, for 10.4" TFT LCD with the same resolu- tics when the data voltagé, ranges from the threshold voltage
tion, the higher the aperture ratio is, the more significant the the saturation voltage of LC pixel.

discrepancy is. On the other hand, the comparison of Fig. 4(a)
and (b) shows the discrepancy for SVGA a-Si TFT LCD is
more significant than that for VGA a-Si TFT LCD when the
aperture ratio is the same. Here, we especially notice thatJn summary, the pixel electrode voltage error and E-O char-
for SVGA without C,-design, even thougl, is below the acteristics for 10/4VGA and SVGA a-Si TFT have been simu-
threshold voltage, the false signal appears due to the rotatiordai&d regarding the change in LC dielectric constant. The results
liquid crystal molecules caused yV/,. show thatAV), changes with the data voltagg and thatAV),

B. E-O Characteristics for LC Pixel

V. CONCLUSION
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affects E-O characteristics evidently whep is within the re-
gion between the threshold voltage and the saturation volta

Muju Li was born in 1976. She received the B.S. de-
gree from Jilin University 1997. She is currently pur-
suing the Ph.D. degree.

ACKNOWLEDGMENT

The authors wish to thank Dr. Z. Ling for his help in the co
figuration of LC director and E-O characteristics for passive m.| -+ - .r"'l
trix LCD, and Dr. X. Zhu for his valuable discussion on effectivt L
LC dielectric constant as a function of various external appli
voltage.

Jianfeng Yuanwas bornin 1972. He is now pursuing

REFERENCES the Ph.D. degree in the area of TFT-OEL.

[1] A. G. Knapp, “Display issues for a-Si active matrix LCTV,” dapan
Display Conf. Dig, 1989, p. 494.

[2] Y. Kanemori, “10.4 inch diagonal color TFT-LCDs without residual im-
ages",” inSID Dig.,, 1990, p. 408.

[3] S.. Kawai, M. Takagi, and T. Kodama, “Amorphous-silicon thin-film
transistors for liquid-crystal display panel,” 81D Dig, 1982, p. 219.

[4] T. Yanagisaweet al.,, “Design consideration on stepper shot-block per|
ception,” inJapan Display Conf. Dig.1992, p. 447.

[5] S. T. Hashi, “1l0-in-dioagonal 16-gray-level (4096-color) A-Si
TFT-LCD,” Proc. SID vol. 31, p. 343, 1990.

[6] W. E. Howard, “Limatation and prospects of a-Si:H TFTSID Dig.,
vol. 3, p. 127, 1995.

[7] M. Akiyayama, “Effects of source/drain electrodes overlapping on tl
stopper-insulator in a self-aligned TFT-LCD,” 81D Dig., 1991, p. 11.

[8] Kawasaki, “Low-resistance Mo-Ta gate-line material for large-ar
A-Si TFT-LCDs,” in SID Dig, 1986, p. 289.

[9] S.D. Zhang and W. J. Wue, “An investigation on level shift characte
istics for pixel electrode voltage of a-Si TFT LCD™ (in ChinesAjta
Electron. Sin.vol. 22, p. 59, Aug. 1994.

[10] Z.H.Lingetal, “Computer simulation of LC director parttern profile in
nematic LC cells and its electro-optic characte@hin. J. Liquid Cryst.
vol. 1, p. 17, 1993.

Chuanzhen Liu was born in 1972. He received
the Ph.D. degree from the Changchun Institute of
Physics. He is now pursuing post-doctoral studies at
the South University of Science and Technology.

Bailiang Yang was born in 1965. He received the
Ph.D. degree from Tohoku University, Sendai, Japan.

He is a Research Professor at Changchun Institute
of Optics, Fine Mechanics and Physics, Chinese
Academy of Science, Changchun, China. His main
field of research is TFT-LCD.

Yongfu Zhu was born in 1971. He received the B.S.

degree from Jilin University and the M.S. degree
from the Changchun Institute of Physics, Academig
Sinica. He is currently pursuing the Ph.D. degree i

Tohoku University, Sendai, Japan.

Dezhen Sherwas born in 1959. He received the Ph.D. degree from Changchun
Institute of Physics, Chinese Academy of Science, Changchun, China.
He is a Research Professor working in the area of II-VI semiconductors.




