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Analysis of the Optical Response Characteristics of the TFT-LCD

Yoshinori NUMANO, Masahiro HAYAMA, and Teruhiko YAMAZAKI

Materials & Electronic Devices Laboratory,
Mitsubishi Electric Corporation, Amagasaki, Hyougo 661, Japan

A model, which takes into account the time dependence and voltage depen-
dence of the dielectric constant of liquid crystal by using an equivalent
circuit, is proposed to analyze the optical response characteristics of the
TFT addressed LCD (TFT-LCD). The 30Hz flicker, which appears in the optical
rise state of the TFT-LCD, can be calculated and analyzed numerically. The
parameter Mgg, which indicates the normalized amplitude of the 30Hz flicker,
is reduced by increasing the storage capacitance (Cgy). M3p begins to satu-
rate at Cgp=0.5pF. Mgy is lower than 0.055 and the change in Veoy for mini-

mizing Mggp is +0.1V at Cgp=0.5pF.

1.Introduction

Recently, the development of TFT-LCDs has
been acceleratedl), because of their high
image quality in comparison with direct mul-
tiplexing LCDs. However, since the TFT-LCD
is not operated in ideal static drive, the
problem of the 30Hz flicker, especially in
gray scale operation, still remains. We ana-
lyzed the optical response characteristics
of the TFT-LCD numerically in order to inves-
tigate the 30Hz flicker. Several models have
been proposed to calculate the optical
response characteristics of the TFT-LCD2)-4) .
We employed an equivalent circuit model
because it is suitable for a large amount of
calculation at high speed. Previously, an
analysis using an equivalent circuit model
showed that the asymmetric voltage in the LC
caused the 30Hz flicker4). However, it could
not calculate the optical response character-
istics of the TFT-LCD directly because it
did not consider the time dependence of the

dielectric constant of the TN-LC cell (& yg).

In this paper, we present the calculation
method of the optical response character-
istics of the TFT-LCD taking the time depen-
ence and voltage dependence of & ¢ into
account by using an equivalent circuit model.
Then, the calculated results of the optical
response characteristics of the TN-LC cell
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are compared with measurements. We analyze
the 30Hz flicker which appears in the opti-
cal rise state of the TFT-LCD due to the
gate-drain coupling capacitance (Cyq) and
the change in LC capacitance (CLC)g).

2.Method of Calculation

Figure 1 shows a pixel equivalent circuit
of the TFT-LCD. The following differential
equation eq. (1) is obtained from this equiva-
lent circuit and solved numerically:
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Fig.1 A pixel equivalent circuit.

where &1 is the dielectric constant of the
TN-LC cell, Iqgy is the drain current of the
TFT, and Sprygp, is the area of a pixel.

The capacitance of the TN-LC cell (Cyg)
depends on time and voltage due to the di-
electric anisotropy of the LC. We introduce
eq.(3) to express the time dependence and
voltage dependence of Cyg. The voltage depen-
dence of gy is given by the measurement of
the capacitance voltage characteristics of
the TN-LC cell. The time dependence of &y,
are expressed by introducing the time depen-
dence of orientation vector of the LC have a
relaxation phenomenon to the change of
applied voltage, as follows:

eoWViolty) sty at)— & oV alty),tg) =
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where 7 1is the relaxation time,

e 1c(Vicltp).tg) is the dielectric constant
at t=tp with Vycl(tg). eqpc(Vic(tg), =) is
the dielectric constant in the steady state
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Fig.2 Transmission-Voltage characteristics
(solid line) and Dielectric Constant-Voltage
characteristics (dashed line) of the TN-LC
cell.
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Fig.3 Response time of the transmisson as a
function of drive voltage of the TN-LC cell:
O is measured T N A is measured T OFF’

solid line is calculated T oN using eq. (7).

with Vio(tg). eqpc(Vic(tg), ) is obtained
from the measured voltage dependence of ¢ LC
of the TN-LC cell. Since the dielectric con-
stant and the transmission of the TN-LC cell
correspond 1 to 1, we assume that the relaxa-
tion time of & ¢ is equivalent to the
response time of the transmission. Then, the
following equations obtained from the
continuum theorys) are used:
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where 7 1is the coefficient of viscosity,
K;; is the elastic constant. =< oy 1is the
time required from the time when the voltage
is applied to the time when the transmission
reaches 90% of its final value. t gpp is the
time required from the time when the applied
voltage becomes 0 V to the time when the
transmission reaches 10% of its maximum
value.

The characteristics of the TN-LC cell are
measured to obtain the parameters for the
calculation. The voltage dependence of &g
and transmission-voltage characteristics of
the TN-LC cell are measured as shown in
Fig.2. Figure 3 shows the response time of
the transmission as a function of voltage.
The calculated 7 gy using eq.(7) is also
shown in Fig.3. 7 gpp is 20ms.



Current-voltage characteristics of the
TFT are calculated by using the gradual-
channel approximation7). The drain current
in the off state is assumed to be propor-
tional to the voltage between Vg and Vq,
independent on Vg.

3.Results and Discussion

At first, we confirm that the calculation
of the optical response characteristics of
the TN-LC cell without TFT is possible using
the above method. The optical response char-
acteristics of the TN-LC cell are calculated
and compared with the measurement. The TN-LC
cell is driven by the static drive with
amplitude voltage AVg. Figure 4 shows the
measured and calculated optical rise charac-
teristics of the TN-LC cell. The measured
and calculated optical fall characteristics
of the TN-LC cell are shown in Fig.5. The
calculated results are in agreement with the
measured results. From these results, the
optical response characteristics of the
TN-LC cell can be calculated by using an
equivalent circuit model in consideration of
the voltage dependence and time dependence
of eq¢-

We numerically analyze the 30Hz flicker
which appears in the optical rise state of
the TFT-LCD due to Cgq and the change in
Crc®). Cgq and Cqg are 0.04pF and 0.02pF in
the calculation. The TFT-LCD of 640 (H)X240(V)
pixels is driven by the frame inversion of
the non-interlace method with the frame fre-
quency of 60Hz. Figure 6 shows the input
signal which is applied to a pixel. In the
calculation, 4 Vg which produces the trans-
mission of 0% is applied initially. AVg is
changed after voltages Vq, Vg, Vg, and V4
reach the steady state. When the gate signal
becomes Vg(ON) for the first time after 4 Vg
is changed, the time is defined as t=0. The
parameter Mgg is defined to evaluate the
30Hz flicker, shown as follows:

Mggp = F30/Tp (9)
where Fgg is the amplitude of the 30Hz compo-
nent of the calculated result and Ty is the
mean transmission in a frame.

Figure 7 shows Mgy as a function of the
change in Vggy (4 Vgom) without a storage
capacitor. 4Vg of 3.7V and 5.0V are the
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Fig.4 Measured(solid line) and calculated
(dashed 1line) optical rise characteristics
of the TN-LC cell.
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Fig.5 Measured(solid line) and calculated
(dashed line) optical fall characteristics
of the TN-LC cell.
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Vg(ON)=20V, Vg(OFF)=-5V, Vscom=10V, Vegm=4V

voltages which produce the transmission of
10% and 90%. 4Vgoy for minimizing Mgo at
A4Vg=3.7V is +1.05V, and that at AVg=5.0V
Is +1.60V. 4aVgoy for minimizing Mgy varies
depending on 4Vg. This is because the drain
voltage shift through Cgd (Lngd) varies due
to the change of Crc with 4Vg. Therefore,
the 30Hz flicker can be minimized by adjust-
ing Veoym in response to the AVgq changes.
The optical rise characteristics of the



TFT-LCD with storage capacitor is calcu-
lated. Figure 8 shows Mgp as a function of
Cgd/(CsT+Crem) - T10. Ts0, and Tgp represent
the source signal amplitude which produce
the transmission of 10%, 50%, and 90%,
respectively. Cycp is the mean capacitance
of Cy¢ during a frame. Mg is reduced by
increasing Cgr because the effect of Cgq and
the change in Cy¢ becomes small. In the
region where Cgq/(Cgr+Crcp) is smaller than
0.06 (Cgr is larger than 0.5pF), Mgy begins
to saturate because the effect of ng and
the change in Cpc becomes negligible. The
calculated charging time (Ty) of the TFT is
also shown in Fig.8. Ty is the time required
from the time when Vg becomes Vg (ON) to the
time when V; reaches 90% of source signal
voltage. Ty is increased by increasing Cgr,
but it is sufficiently shorter than the gate
selecting time of 63.5u sec. When the stor-
age capacitance of 0.5pF is added, Mg is
lower than 0.055 which is much smaller than
without a storage capacitor and T, is short-
er than 10 u sec.

Figure 7 also shows Mgy as a function of
AVeom at Cgr=0.5pF. AVg of 2.8V and 4.5V
are the voltages which produce the trans-
mission of 10% and 90%. In comparison with
the results without a storage capacitor, the
difference of AVcoy for minimizing Mg, due
to 4Vg change, is nearly eliminated.
Further, AVceoy for minimizing Mgg with 4Vg
which produce the transmission of 90% is
+1.60V without a storage capacitor, but
becomes +0.1V with the storage capacitance
of 0.5pF.

4 _.Conclusions

In order to analyze the optical response
characteristics of a TFT-LCD, we introduce
an equivalent circuit model which takes into
account the time dependence and voltage de-
pendence of ez ¢ . The calculated results of
the optical response characteristics of the
TN-LC cell are in agreement with measure-
ments. We analyzed the 30Hz flicker which ap-
pears in the optical rise state of the
TFT-LCD due to Cgq and the change in Cpc.
The 30Hz flicker is reduced by addition of
the storage capacitor. Mgg is lower than
0.055, and 4Vggy for minimizing Mgq is
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Fig.8 M3p as a function of Cgq/(Csr+Crem)
(solid line) and charging time (Tr§ as a
function of Cgq/(CgT+Ccp) (dashed line)

+0.1V at Cgp=0.5pF. These values are much
smaller than without a storage capacitor,
and the charging time of the TFT is shorter
than 10 g sec at Cgr=0.5pF.
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