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A

 

BSTRACT

 

A dynamic analysis of an amorphous silicon (a-Si) Thin-Film-
Transistor-Liquid-Crystal-Display (TFT-LCD) pixel is presented
using new a-Si TFT model and new Liquid Crystal (LC) capaci-
tance models for SPICE simulators. This analysis is useful to all
Active Matrix LCD designers for evaluating and predicting the
performance of LCD’s. The a-Si TFT model is developed to simu-
late important a-Si TFT characteristics such as off-leakage current,
threshold voltage shift due to voltage stress and temperature,
localized states behavior, and bias- and frequency-dependent gate-
to-source and gate-to-drain capacitance. In addition, the LC
Capacitance model is developed using simplified empirical equa-
tions. The modeling procedure is useful to TFT and LCD design-
ers who need to develop their own models. Since our experiments
simulate critical TFT-LCD transient effects, such as the voltage
drop due to gate-to-source capacitance and dynamic off-leakage
current, it is possible to accurately characterize TFT-LCD’s in the
time domain. The analysis and models are applicable to today's
optical characterizations of Flat-Panel-Displays (FPD’s).

 

I. I

 

NTRODUCTION

 

A-Si TFT’s are widely used for active matrix liquid-crystal dis-
plays. This has led to increasing demand for models that can pre-
dict TFT-LCD dynamic behavior with optical characteristics.
Accurate a-Si TFT and Liquid Crystal Capacitance models are
required for the characterization of TFT-LCD dynamic behavior.
This paper presents the experimental results of our TFT-LCD tran-
sient analysis and the modeling method for the analysis. 

Several papers have already been published regarding the physics
[1] and the models [2], [3] of a-Si TFT’s. Those authors analyzed
and solved the distribution of the localized states [1]-[3], which is
divided into two exponential regions for the tail states and the
deep states. Khakzar et al. [3] also included the temperature
dependency of the current-voltage characteristics. Although those
models [2], [3] are well analyzed, they are insufficient for today's
advanced LCD simulations, because they do not account for the
following characteristics:

•   The insulator film capacitance must be calculated
from the real dielectric constants of the two layer
insulating film in order to keep the mobility consis-
tent with the process parameter.

•   The off-leakage current, which affects the sub-
threshold-to-off region, must be incorporated in
order to simulate the off-screen noise of LCD’s.

•   The threshold voltage of a-Si TFT’s changes with
voltage stress and device temperature [4] and must
be taken into account.

•   The frequency-dependence of the gate-to-source
and gate-to-drain capacitances must be taken into
account in order to characterize LCD performance.

Because the characteristics of a-Si TFT’s vary widely according
to the device process, the model needs to be flexible enough to
represent different types of a-Si TFT devices. This paper presents
an a-Si TFT model which focuses mainly on the inverted stag-
gered type a-Si device structure. The model parameters were
extracted from measured data using parameter extraction soft-
ware developed with the model. 

This paper also presents a liquid crystal capacitance model. The
liquid crystal capacitance is critical in the simulation of LCD pix-
els and is voltage-dependent due to the crystal characteristic.
Because there are several types of liquid crystal materials and
shapes, the liquid crystal model is developed using empirical
equations.

As an application example, transient measurement and simula-
tions of a TFT-LCD pixel are shown in this paper. To predict the
driving waveform of the LCD, the gate-to-source capacitance
effect must be reproduced. This effect has been observed in the
simulated results. A few examples of optical characteristics are
also described.

Sections II and III describe the equation formulation of the a-Si
TFT and Liquid Crystal Capacitance models. In Section IV, some
experimental simulation results for a TFT-LCD pixel are pre-
sented. Conclusions are summarized in Section V.

 

II. A

 

N A-SI TFT MODEL

 

In order to maximize the speed and insure convergence of the
TFT-LCD pixel simulations, the model equations were formu-
lated to be as simple as possible without sacrificing accuracy. The
model focuses primarily on the following a-Si TFT characteris-
tics as discussed in [5]:

•   Because of localized states, TFT’s require a higher
gate turn-on voltage than MOSFET’s.

•   Due to photoconductivity and channel leakage cur-
rent flowing from gate-to-source and drain-to-
source, the sub-threshold behavior is different
from a MOSFET.
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•   The threshold voltage varies with the temperature
and duration of the voltage applied to the gate
(voltage stress).

•   Some TFT’s have the insulator film that consists of
two layers of different materials.

•   The gate-to-source and gate-to-drain capacitances
are bias- and frequency-dependent.

The current-voltage and capacitance-voltage characteristics of a-
Si TFT’s strongly depend on the density and distribution of local-
ized states in the energy gap. The position of the carrier Fermi
level in an a-Si channel may vary from levels close to the bottom
of the conduction band to energies near the top of the valence
band depending on the sign and magnitude of the gate voltage
[1]. The density of this charge is determined by the density of the
localized 

 

tail

 

 states and by the position of the carrier Fermi level.
The total density 

 

N

 

loc

 

 of the localized charge [1] is approximated
by 

 

.

 

(1)

 

The localized states charge [1], [2] is calculated by 

 

(2)

 

where 

 

q

 

 is the electron charge, 

 

x

 

 is the vertical distance of the
TFT device structure, 

 

V

 

0

 

 

 

is the surface band bending, and 

 

ε

 

 is the
dielectric permittivity of amorphous silicon. A simplified struc-
ture of the inverted-stagger type a-Si TFT’s is shown in Fig. 1.
When 

 

V

 

G

 

 

 

and 

 

V

 

D

 

 

 

are supplied at each terminal respectively, the
conducting channel is produced in the a-Si layer.

The resulting electron concentration causes an accumulation area
to expand under the source and drain. The total channel charge is
very small and is negligible compared to the surface states charge
and localized states charge. The dominant charge in the semicon-
ductor channel are mobile and localized charges. The drain cur-
rent derivation of a-Si TFT is started with linear region.

 

A.

 

 

 

Current-Voltage Characteristics

 

Because of the long channel device condition, 

 

dV/dx

 

 is much
greater than 

 

dV/dy

 

, 

 

.

 

(3)

 

The gate charge (

 

Q

 

g

 

) equals the negative sum of mobile charge
(

 

Q

 

m

 

), surface state charge (

 

Q

 

ss

 

), and localized charge (

 

Q

 

loc

 

)

  Nloc = Ndeep + Ntail

  dV
dx

» dV
dy

 

.

 

(4)

 

Current density is given by (5)

 

(5)

 

where 

 

φ

 

 is the potential and 

 

µ

 

n

 

 and 

 

µ

 

p

 

 are the effective mobilities
of the electrons and holes, respectively.

 

Fig. 1. A simplified inverted-stagger type a-Si TFT structure. Here 

 

T
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the total film thickness and 

 

ε

 

fm

 

 

 

is the dielectric constant of the insulated

film. Also, 
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are the film thickness and dielectric constants

of Film1 and Film2, respectively.

 

The total current of the drain-to-source is solved by 

 

(6)

 

.

 

(7)

 

Here, 

 

Z

 

 is replaced with 

 

W

 

 (channel width) in (7), 

 

µ

 

eff

 

 is the field
effect mobility and 

 

L

 

 is the channel length. Substituting (4) into
(7) and integrating with respect to 

 

V

 

 from 0 to 

 

V

 

D

 

, we obtain
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where 

 

V

 

TO

 

 

 

is a threshold voltage without localized states charge,
which is extracted from the measured 
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 versus 
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 curve at low
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V

 

D

 

 (e.g. 50 mV). The field effect mobility (

 

µ

 

eff

 

) is a function of
gate bias and is given by 

 

(9)

 

where 

 

µ

 

o

 

 is the band mobility and 

 

θ

 

 

 

is the mobility reduction.
Because the expansion of 

 

Q

 

loc

 

 (2) includes a large number of log-
arithms and exponents, an approximation is used to decrease
computation time. For the surface band bending in Fig. 2, it is
necessary to charge and discharge any localized states around the
Fermi level. Larger numbers of localized states make it more dif-
ficult to bend the energy band and the threshold voltage
increases. Using some device measurements, it can be shown that
the threshold voltage increases in proportion to drain voltage, as
shown in (10). In our threshold analysis, we found that the local-
ized charge could be included in the threshold voltage as shown
in (11).

 

(10)

 

where 

 

η

 

 is a fitting parameter to express static feedback effect

 

.

 

(11)

 

Fig. 2. Energy band diagram of a-Si TFT and its equivalent circuit.

 

The final drain current equation for the linear region is

 

(12)

 

As shown in Fig. 1, a typical a-Si insulated thin film consists of
two layers of different types of materials [8], 
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capacitance and the electrical constants are calculated in a tradi-
tional manner as shown in

 

(13)

(14)

 

where 

 

ε

 

o

 

 is the permittivity of a vacuum. 

Due to traps, carriers reach maximum velocity slowly in the
region beyond pinchoff. The electrons are not traveling at a satu-
ration velocity in an amorphous silicon TFT. The saturated veloc-
ity (

 

v

 

sat

 

) was defined to represent the drain saturation voltage.
The derivation of the drain current equation is similar to the UCB
MOS level 3 model[7]. The drain current for the saturation region
becomes

 

.

 

(15)

 

Temperature effects are critical for accurate a-Si TFT modeling.
For example, 

 

µ

 

eff 

 

and 

 

V

 

TH

 

 

 

are functions of temperature. Since the
physical theory is not fully understood, empirical equations are
used in the model to represent those temperature effects. Field
effect mobility (

 

µ

 

eff

 

) has a simple temperature effect

 

(16)

 

where 

 

T

 

NOM

 

 

 

is the room temperature that is defined in the model,

 

T

 

DEV

 

 

 

is the device temperature available in SPICE simulation,
and 

 

T

 

REF

 

 

 

is a fitting parameter.

One of the most important properties of a-Si TFT’s is the thresh-
old instability which is generally considered the result of the
insertion of electrons into the S

 

iNx of gate insulated films or
MOS interfaces [4], [6]. We analyzed the temperature character-
istic of the threshold voltage using Ibaraki, et al. [6] and our mea-
sured data (Fig. 3). An inverted staggered a-Si: H-TFT with a
SiNx gate insulator film was used for the measurement. The dc
bias stress was supplied at TFT gate and drain terminals. Our
measured data and Ibaraki, et al. [6] show that threshold voltage

( ) is a function of VGS, VDS, voltage supplying time (tvst),

and TDEV. A simple partial differential equation is obtained as

, (17)

   Cfm =
ε0 ⋅ ε1 ⋅ ε2

T2 ⋅ ε1 + T1 ⋅ ε2

   ε fm = Cfm ⋅ Tfm

V
eff

TH
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with

 and (18)

where k is the Boltzmann constant and Vx is a fitting parameter.

Fig. 3. Threshold voltage shift measurement and simulation with voltage

stress and temperature. Here the step variable is temperature. The circle

indicates measured data of an a-Si:H TFT device described in Section IV.

As an initial condition,

 for (19)

the is empirically approximated by

. (20)

After solving (17) with (18), (19), and (20),  is given by

(21)

where ν is the first order temperature gradient and ψ is an empir-
ical parameter. Every parameter used in the simulation shown in
Fig. 3 is directly extracted from the measured data (Table 1).
Since the measurement was performed under dc bias condition,
the analysis and associated equations (17)-(21) account for
steady state stressing. In a TFT-LCD the TFT gate is pulsed with
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  tlog = log tvst

Time amount of voltage stress (s)

Sh
if

t a
m

ou
nt

 o
f 

th
re

sh
ol

d 
vo

lta
ge

 (
V

)

80°C

60°C

40°C
20°C

20°C

80°C

60°C
40°C

VGS=15 V

VDS= 0 V

VGS= 0 V
VDS=15 V

Temperature

  VTHD = f VGS, VDS
  tlog = 0

f VGS VDS,( )

   
f VGS, VDS = VTHD

tvst = 1

= ν ⋅ VGS
ψ –

VDS
ψ

2

V
eff

TH

very low duty cycles (0.01% ~ 1%), which will change an a-Si
TFT behavior.

In the sub-threshold region, when the Fermi level at the interface
exists in the energy range corresponding to the deep states, the
drain current rises exponentially with gate voltage. Unlike MOS-
FET devices, the sub-threshold current characteristic is affected
by the amount of interfacial traps and the bulk states throughout
the a-Si film. The more interfacial traps, the more gentle the slope
of the sub-threshold current curve. This leads to discontinuity in
the transition region from sub-threshold to linear. In order to
avoid this phenomenon, another threshold voltage, von, is defined.
The sub-threshold equation is given in (22).

Table 1. Extracted (a) a-Si TFT and (b) LC Capacitor Model 
Parameters

(a) (b)
L = 11 µm L = 152 µm

W = 41 µm W = 148 µm

µO = 0.450 cm2/Vs D = 10.02 µm

VTO = 1.699 V δ = 51.0 mm2/s

φ = 0.620 V γ = 51.2 ms/mm2

NFS = 1.925x1021 cm-2 DTIME = 100 ms

Vsat = 2,783 m/s VC = 1.887 V

θ = 17.8 mV-1 εPL = 3.1

η = 410.8µ
T1 = 300 nm

T2 = 0

ε1 = 3.9

ε2 = 0

go = 9.728x10-15 Ω-1

TREF = 1.5

CGSO = 52.03 fF

CGDO = 42.21 fF

CSC = 158.8 µF/m

RD = 8,030 Ω
RS = 8,030 Ω
ƒ = 100 KHz

DEFF = 1.968

τ = 10.7 ns

fEFF = 0.302

ν = 0.008

ψ = 0.2

Vx = 0.033 V

tvst = 100 ms

TNOM = 300.15 K
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where

(22)

(23)

where NFS is the effective fast surface state density which is
affected by the bulk states and the deep states.

Fig. 4. Equivalent circuit of an a-Si TFT.

The off-leakage current affects the sub-threshold to off-region
current characteristics. The drain leakage current linearly
increases in proportion to the gate and drain voltages, which is
represented by

(24)

where go is the conductance and Deff is the coefficient of drain
leakage which depends on the a-Si TFT process.

B. Capacitance-Voltage-Frequency Characteristics

As shown in Fig. 4, the equivalent circuit of an a-Si TFT is very
simple. CGS and CGD are divided into overlap capacitance (CGSO,
CGDO) and insulated film and intrinsic a-Si capacitance (MIS
capacitance). The dielectric constants of the MIS capacitance
(CGSI, CGDI) are bias- and frequency-dependent. The MIS capaci-
tance (CMIS) is calculated as shown in (25) [9]

   von = VTH
eff + η ⋅ VDS + xn ⋅ vt

   
xn = 1.0 +

q ⋅ NFS ⋅ L ⋅ W
Cfm

Dx

Sx

Gate
Drain

Source

RD

RS

CGSO

CGSI

CGDO

CGDI

(25)

where QSC is the space charge, φls is the surface potential at a cer-
tain gate voltage, and Vfm is the potential drop across the insu-
lated thin film. From the equivalent circuit in Fig. 2, CMIS in (25)
is rewritten as shown in

. (26)

Here CSC is the maximum space charge capacitance.

From Fig. 4, the gate-to-source and gate-to-drain capacitance are
directly given by

(27)

. (28)

Using Meyer’s modeling approach [10], CGSI and CGDI are writ-
ten as

(29)

and

(30)

for VGS ≥ VTH.

CGSI and CGDI in the linear region are calculated using (26), (29),
and (30) as follows:

(31)

(32)

Below the threshold voltage,

   
CMIS (V) =

∂QSC

∂VG
=

∂QSC

∂ Vfm + φls
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Cfm ⋅ CSC
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= –
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⋅
---------------------------------------------------------------------------------------–⋅
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TH– VDS–( )⋅ V+ DS

2

6.0 2.0VGS 2.0V
eff
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2

⋅
-----------------------------------------------------------------------------------------------------------–⋅
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. (33)

However, the simulated result using (31), (32), and (33) has a dis-
continuity in the transition region around the threshold voltage.
Also, the capacitance value in the region is dominant for TFT-
LCD transient simulations. Therefore, the model equations are
modified by using exponential functions, which are

 (34)

and

(35)

for VDSAT > VDS, where A is a capacitance slope in the transition
region.

The measured capacitance depends also on the frequency of the
supplied gate signal both because of the thermal release time of
the states, which is their response time to the change in potential,
and because of the high-resistivity material, which requires the
intrinsic resistance of the a-Si TFT to be taken into account.
However, such effects are not as critical as bias voltage effects.
Because the SPICE simulator used does not support frequency-
dependent capacitance, frequency is treated as a model parameter
for transient analysis. The frequency effect is implemented by
using the dielectric constant of amorphous silicon as follows
[11].

(36)

where εfm is the nominal dielectric constant of a-Si, εfmac is the
dielectric constant at the highest frequency, f is the signal fre-
quency, and τ is the relaxation time constant. (37) implies a pure
capacitance unit.

. (37)

By using (34), equations (35) and (36) are modified to support
frequency dependencies. Now the intrinsic capacitances are
derived as follows. 

For VDS < VDSAT,

  CGSI = CGDI = 0.0

   
CGSI = CMIS ⋅ exp – A ⋅ VGS – VTH

eff
– 1

   
CGDI = CMIS ⋅ exp – A ⋅ VGS – VTH

eff – VDS

– 1

   
ε f = ε fmac +

ε fm – ε fmac

1.0 + 2.0 ⋅ π ⋅ f ⋅ τ
2

   
CMISlw =

Cfm ⋅ CSC

CSC + Cfm
⋅ L ⋅ W

(38)

and

(39)

where Feff is the frequency effect compensation of each a-Si
device.

For VDS ≥ VDSAT,

(40)

and 

. (41)

III. A LIQUID CRYSTAL CAPACITANCE MODEL

A simple Liquid Crystal (LC) capacitance model in combination
with the a-Si TFT model is used to simulate the transient
response of LCD pixels. 

Because of the anisotropy of LC material, the liquid crystal
capacitance (Clc) is not constant. It varies from a minimum
capacitance when no voltage is applied across the LC cell to a
maximum capacitance when the LC cell is fully turned on [12].
Thus, the liquid crystal capacitance Clc is bias- and time-depen-
dent. This mechanism has been thoroughly analyzed by liquid
crystal manufacturers and some laboratories. However, the for-
mulation is very dependent on the specific liquid crystal type. An
empirical approach is used to support various types of liquid
crystal in this model.

The permittivity factor, εPS, of the model is bias-dependent. The
model equation is formulated based on εPL, the dielectric permit-
tivity base value. The viscosity of liquid crystals is expressed by
δ. DTIME is delay time at each bias step. γ is a fitting parameter
used to account for the change in slope due to threshold voltage.
VC is a threshold voltage that expresses the starting value of
increasing εPS as

. (42)

The total amount of LC capacitance (Clc) is calculated from εPS
and the geometry of the LC cell as

   
CGSI = CMISlw ⋅

ε fmac

ε fm ⋅ exp – Feff ⋅ ε f ⋅ VGS – VTH
eff

   
CGDI = CMISlw ⋅

ε fmac

ε fm ⋅ exp – Feff ⋅ ε f ⋅ VGS – VTH
eff – VDS

   CGSI = 0.5 ⋅ CMISlw

  CGDI = CMISlw
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(43)

where L and W are used to calculate the total area of the LC cell
which is connected to each TFT, D is the thickness of the LC cell
(cell gap), and ε0 = 8.854·10-12 F/m.

IV. EXPERIMENTS OF TFT-LCD CHARACTERIZATION

A TFT-LCD pixel measurement and simulation and some analy-
sis have been made using the a-Si TFT and LC capacitance mod-
els. The following experiments employ a TN type LCD pixel
based on a typical inverted staggered a-Si: H TFT with a SiNx
gate insulator film.

A. TFT and LC Capacitance Model Measurement and Extrac-
tions

The model parameters for the a-Si: H TFT and the LC capaci-
tance were extracted using the extraction and optimization func-
tions of the IC-CAP software. IC-CAP is an integrated circuit
and device characterization software system, which supports
measurement, device and circuit modeling, model parameter
extraction, and SPICE simulation. A list of extracted parameters
for every simulation and geometry of both the a-Si: H TFT and
the liquid crystals cell devices used in those measurements is
shown in Table 1. The dc measurements were made using a pA
Meter/Voltage Source (HP4140B) which has 1 fA current resolu-
tion. The capacitance measurements of the a-Si: H TFT and liq-
uid crystals were made using a C meter (HP4284A). The
extraction functions, which calculate all a-Si TFT and LC capaci-
tance model parameters directly from measured data, were devel-
oped especially for the a-Si TFT and the LC capacitance models.
The extractions took a few seconds to run.

In order to simulate TFT-LCD pixels accurately, the a-Si TFT
model must be able to support most of the known TFT process
devices. For time domain simulations, it is especially important
that the model represent the following characteristics:

• The charging state which is driven by the on-current of
an a-Si: H TFT

• The holding state which is affected by the off-current of
an a-Si: H TFT

• The voltage drop characteristic which is controlled by
the gate-to-source capacitance of an a-Si: H TFT and LC
capacitance

(a)

(b)

(c)

Fig. 5. Measured (—) and simulated (- - -) drain current comparison plot of

a typical a-Si: H TFT in the (a) linear region, (b) sub-threshold region, and

(c) sub-threshold region at VDS = 5 V.
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Fig. 5 (a) and 6 show the model accuracy of the on-current char-
acteristics. Fig. 5 (b) plots IDS vs. VGS for the a-Si: H TFT on a
semilogarithmic scale using the same measured and simulated
data as Fig. 5 (a). The sub-threshold and off-region current char-
acteristics are clearly shown in Fig. 5 (b). The drain bias depen-
dency of the off-leakage current is demonstrated in this plot. One
of the IDS vs. VGS curves from Fig. 5 (b) is used to check the accu-
racy of the model in the sub-threshold and off-region (Fig. 5 (c)).
The gate bias dependency of the off-leakage current is sufficient
to simulate the holding state behavior. Also, the gate-to-source
capacitance of an a-Si: H TFT was characterized as shown in Fig.
7. No discontinuity is observed because the equation (38) is con-
tinuous from below to over the threshold voltage. The result of
the Clc extraction is plotted in Fig. 8. It shows good agreement
between measured and simulated data. Fig. 7 and Fig. 8 are good
indicators that the model will be useful for simulating the voltage
drop characteristic.

Fig. 6. Measured (—) and simulated (- - -) drain current comparison of a

typical a-Si: H TFT in the saturation region.

B. Drive-Voltage Timing Measurement and Simulations of TFT-
LCD 

Timing measurement and simulations are used to analyze VS
waveforms and voltages when the gate pulse signal and drain
pulse signal are supplied. A pulse generator (HP 8112A) and a
digitizing oscilloscope (HP 54501A) were used for the timing
measurement. The VS timing information is applicable for TFT-
LCD designers to the analysis of LCD switching characteristics,
holding characteristics, gate pulse delay, voltage drop character-
istics, common voltage (Vcom) definition, and optical characteris-
tics. 
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Fig. 8. Measured (—) and simulated (- - -) TN liquid crystal capacitance

comparison of a sample device.

An equivalent circuit of a typical TFT-LCD pixel is shown in Fig.
9. The Liquid Crystal Cell consists of Re (electrode resistance),
Co (surface plate capacitance), Rlc (liquid crystal resistance), and
Clc (liquid crystal capacitance).Cst (storage capacitance) is
formed at the source terminal of the TFT. The scanning pulse sig-
nal (VG) is supplied at the gate terminal of the TFT device. The
video voltage signal (VD) is supplied at the drain terminal of the
TFT device. 

Fig. 10 shows the supplied VG and VD waveforms and the simu-
lated Vs waveform of the TFT-LCD pixel using the new TFT and
LC capacitance models. The measured and simulated Vs wave-
forms are shown in Fig. 11. Re, Co, and Cst were optimized using
the measured data. Geometry of the test devices and the parame-
ters used for simulation are listed in Table 1. Theoretically, Vs
must be driven by half of VD_HIGH minus VD_LOW. However, the
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Vs waveform has a voltage drop in each cycle (Fig. 11) because
the Clc charging time delay and the voltage drop caused by CGS,
become dominant. Here, VD_HIGH and VD_LOW are the maximum
and minimum voltage of VD, respectively. The voltage drop char-
acteristic is tested using two different CGSO values in Fig. 12. If
the voltage is defined as ∆V, it is calculated by

(44)

(45)

where VG_HIGH and VG_LOW are the maximum and minimum 
voltage of VG, respectively.

Fig. 9. Equivalent circuit of a TFT-LCD cell. Here Re = 1.28 KΩ, Co = 317

fF, Rlc = 10 GΩ, and Cst = 1.06 pF.

The other important state of LCD dynamic behavior is the hold-
ing state which is dominated by the TFT reverse leakage current.
When the a-Si: H TFT is in a holding state, the potential drop is
caused by the leakage current of the TFT itself. In this case, the
amount of leakage current is given by

. (46)

By using (46) and the transient simulation result, the dynamic
off-current can be calculated.

Using the TFT-LCD timing simulation results, Vrms (rms voltage
of Vs) can also be calculated from the Vs signal, as shown in (47)
[13].

.  (47)

   
∆V = CGS ⋅

VG_HIGH – VG_LOW

CGS + Ctotal

   
Ctotal = Cst +

Co ⋅ Clc

Clc + Co

Vd

Cst

ClcRlc

Re

Co

Vcom

Vs

Vg TFT

   Ileak = Ctotal ⋅ dV
dt

  
Vrms = 1

tF
VS – VCOM

2
dt

0

tF

The optical characteristics are controlled by Vrms, which is the
voltage supplied to the liquid crystals. An accurate value of Vrms
is necessary to analyze the optical performance of the FPD. The
optical characteristics are usually defined by transmittance versus
Vrms curves. Other optical parameters such as optical threshold
voltage and contrast ratio can also be calculated using Vrms. As
described above, the simulation results are directly applicable to
TFT-LCD design evaluation.

Fig. 10. A TFT-LCD cell transient characteristic. The input signals are

drawn with solid (—) line and the output signal is drawn with dotted (- - -)

line.

Fig. 11. Measured (—) and simulated (- - -) Vs waveform of a typical TFT-

LCD cell which is shown in Fig. 9.
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Fig. 12. The effect of the gate-to-source overlap capacitance on a TFT-

LCD cell. The simulation is performed under the same condition as Fig.

10.

V. CONCLUSIONS

This paper presented new a-Si TFT and LC capacitance models
and the procedures for characterizing TFT-LCD pixels. The
model parameters for both a-Si TFT and LC capacitance models
were extracted using the IC-CAP system. The results show good
agreement between measured and simulated data. TFT-LCD tim-
ing simulation and characterization examples were shown using
those extracted parameters. Three important transient states of a
TFT-LCD pixel, charging, holding, and voltage drop, were ana-
lyzed successfully. The simulated driving voltage waveforms can
be used in calculating Vrms voltage, which is one of the most
important LCD design parameters for optical characterizations.
These models and the modeling process are practical to use for
today's advanced TFT-LCD simulations. 
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