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ABSTRACT

In this paper, we implement a systematical method for
thin film transistor liquid-crystal display (TFT-LCD) design
optimization and sensitivity analysis. Based upon a three-
dimensional (3D) field solver, Simulation Program with
Integrated Circuit Emphasis (SPICE), and a Design of
Experiments, we construct a second-order response surface
model (RSM) for the performances of an interested TFT-
LCD panel. The constructed RSMs are reduced using a
step-wise regression. The adequacy and accuracy using the
normal residual plots and their residual of squares are
verified. According to the constructed models, we then
analyze the sensitivity of the performances by considering
the design parameters as changing factors (i.e., the size
variation, position shift and driving setting) under an
assumption of Gaussian distribution. We also could apply
the models to optimize the designed circuit. The designing
parameters of these models are selected and optimized to fit
the designing target of the examined circuit by the genetic
algorithm in our unified optimization framework. This
computational statistics method can predict the TFT-LCD
performances and show the engineering practicability in
display panel industry.

Keywords: thin film transistor; liquid-crystal display;
sensitivity analysis; design optimization; response surface
model; Design of Experiments; modeling and simulation

1 INTRODUCTION

Thin film transistors (TFTS) find wide usage in active
matrix liquid crystal displays [13]. To obtain high display
performance, the capacitance of each pixel plays very
important role in display circuit design. However, the
capacitance of a pixel is very hard to be analyzed in a
computationally efficient way because of the three-
dimensional (3D) complex geometry structure. In this paper,
we explore a systematical method to analyze the TFT-LCD
performances and optimize panel current consumption of an
interested device, shown in Fig.1, using a 3D technology
computer aided design (TCAD) filed simulation [6],
Simulation Program with Integrated Circuit Emphasis
(SPICE), a computational statistic method and a genetic
algorithm (GA). A computational statistics methodology is
developed and implemented which consists of the design of
experiment (DOE) and the second-order response surface
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Figure 1: (a) perspective plot of the TFT-LCD pixel (b)
Equivalent circuit of TFT-LCD panel (c) and cross-section
plot of the TFT-LCD pixel.

Table 1: The upper and lower limits of the designing
arameter in tested TFT-LCD.

Varible Parameters | Variation range
Layout size variation (um)
A Gate line [0,7]iny
B Shielding metal (left) [0,3]in x
C Shielding metal (right) [0,3] in x
D Data line [0,3]in x
E ITO electrode left side [0,5] in x
F ITO electrode right side [0,5] in x
G ITO electrode top side [0,5]iny
Driving setting

H Gate voltage (V) [20,30]
1 Hold time of gate (us) [8,16]

J Cutting voltage (V) [12,20]
K Cutting time (us) [1,3]

model (RSM). According to the DOE, we can construct
RSMs for TFT-LCD performances by considering the
design parameters, listed in Tab.1, where variables A to G
are size variation factors of the tested pixel and H to K are
driving factors of the tested panel. We simplify the RSMs
using a step-wise regression and verify their adequacy and
accuracy.

The sensitivity of the TFT-LCD performances can be
explored by using the formulated RSMs through random
procedure of statistics accordingly with respect to the
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aforementioned factors efficiently. These models also
enable us to optimize the designing targets of the tested
TFT-LCD.

This article is organized as follows. In Sec. 2, we briefly
describe the computational statistics approach for the
structural analysis and design optimization of TFT-LCDs.
We then present and discuss the results. Finally, we draw
conclusions.

2 COMPUTATIONAL METHODOLOGY
AND RESULTS DISCUSSION

The computational statistics methodology that could be
used to account for the characteristic sensitivity is depicted
in Fig. 2. In the procedure of DOE, variables selection is a
procedure to find the significant factors from a list of many
potential candidates. A Plackett-Burman [5, 12] design was
used to determine major contrasts and interactions. Based
on the results of the screening experiment, parameters in
need of further study were identified. Response models are
constructed relating the design parameters using data
generated from statistical experimentation. The central-
composite design (CCD) is perhaps the most common
experimental design used to generate second order response
models. These designs combine a two-level full factorial or
fractional factorial design of nyruns with 2k axial runs and
n. center runs, where k represents the number of control
factors. With central composite design (CCD) DOE
technique, a 3D field TCAD simulation [6] is performed to
calculate the passive components of the studied TFT-LCD
structure and construct the RSMs [2,5,7,11]. Several
techniques, such as normality assumption and plot of
residuals versus predicted value and residual of squares, to
verify the adequacy and accuracy of the RSMs are then
used [1-4,11].

Construct RSMs for
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Figure 2: The flowchart of the computational methods.

For analyzing the TFT-LCD performances more
efficiently, two-stage DOE method is used to reduce the
frequency of 3D field simulation. First, with the DOE
technique, a 3D field TCAD simulation is performed to

calculate the passive components of the studied TFT-LCD
pixel. And the RSMs of capacitances in a TFT-LCD pixel
are constructed by considering the design parameters A to
G, shown in Tab.1. From the constructed RSMs, we then
map the capacitances into equivalent circuit of TFT-LCD
panel. Finally the RSMs of TFT-LCD performances are
formulated according to SPICE and DOE technique. Then,
the sensitivity of the TFT-LCD performances as
approximately modeled by the RSMs can be explored
through a random procedure of statistics accordingly. Based
upon our unified optimization framework (UOF) [9], we
further develop a genetic algorithm (GA) [10] technique for
the circuit design optimization. In the circuit design of
TFT-LCD, the design parameters are encoded as
optimization variables, and the fitness functions are
formulated using an interested circuit performance.

Among various designing parameters, variables
screening has resulted in eleven important factors as listed
in Tab. 1. The table also shows the upper and lower limits
of these designing parameters. By our systematical method,
there are 13 RSMs of TFT-LCD performances are
constructed. Without loss of generality, here, we merely list
two models for the important performances, current
consumption in gate line (Iyueiine) and current consumption
in data line (Igaatine)

(Lgattine YO =+2.18465-0.12803* A-4.48160e-5*B+2.01564e-3*C
-0.037030*D-0.010814*E-0.017236*F-0.043006*G
-0.043055*H+5.27869e-4*1+4.31709¢-4*J+3.19447e-3*K
+1.14785e-4*A*C+1.44165e-3*A*D+6.16571e-4*A*E
+1.26223e-3*A*F+1.79376e-3*A*G+1.12781e-3*A*H
-5.88138e-4*B*C+3.87153e-4*B*D+5.00608e-4*C*D
-1.56551e-4*C*K+3.72883e-4*D*E+4.38116e-4*D*F
+1.17997e-3*D*G+3.03778e-4*D*H+3.06589e-4*E*F
+2.42269¢-4*E*G+7.9323 1e-5*E*H+4.04550e-4*F*G
+1.36494¢-4*F*H-7.23835e-5*F*] +3.94649¢-4*G*H
-2.64820e-4*1*K+3.01742e-3*A”+4.12962e-4*H’

and

I =+96.72886+219.08316*A+2.47635*B-8.71135*C
+70.27084*D-222.47151*E-202.29521*F+0.70901*H
-1.12258*1-1.21414*J+8.92835*K-0.18380*A*B
+1.15997*A*D+0.1583 1 *A*E+0.23956*A*]
+0.73259*B*C+7.84993 *B*D-2.71109*B*E
-0.44988*B*F+7.17787*C*D-0.55494*C*E
-2.45317*C*F+0.65017*C*1+0.19220*C*J
+15.01450*¥D*E+13.66970¥D*F+0.42315%¥D*I
-0.57038*E*F-0.15468*E*1-0.35714*H*K
-31.63958*A +5.02758*B>+4.77054*C>

-8.20048*D*+49.99531*E>+45.18875*F"

dataline
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where 4 to K are designing parameters as listed in Tab. 1.
The residual of squares for the formulated Iyyeiine and Igataline
are 0.9989 and 0.9998, the others are listed in Tab. 2.
Figure 3 shows the residual normal probability plot for
(gatetine) 05 and Lyygine. This examination highly reflects the
modelling functionality for these two RSMs. The scatter
plots of values calculated from the response surface models
versus the simulated values for (Iyciine) 05 and Tgaaiine, a8

shown in Fig. 4. The results show that there is a high
linearity between the actual and predicted values. This
confirms the accuracy of the constructed models. Figure 5
(a) shows the qualitative analysis for (Igcline) 95 and the
crucial design parameters, A and H which are given in Tab.
1, were confirmed. The size variation for data line, gate line,
and ITO electrode highly depend on I4p1ine, Shown in Fig. 5
(b). Figure 6 (a) shows the relationship between (Iyseiine) 03

Table 2: R-squares for the constructed TFT-LCD
erformances models.
Performances Rsq. Performances Rsq.
Crosstalk (area) | 0.9851 Vcom (center) 0.9983
Gate delay 0.9983 Mura 0.9966
Loateline 0.9989 Vcom (left) 0.9747
Ldatatine 0.9998 Vcom (right) 0.9404
Charging Time for 90%
capability (C) | 2¢77 CR (C) 0.9922
Charging Time for 90%
capability (E) 0.9891 CR (E) 0.9938
Crosstalk
(vertical) 0.9980
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Figure 3: The residual normal probability plot for the
performances (a) (Lyaetine) (b) Laataine-
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Figure 4: The scatter plots of values calculated from the
response surface models versus the simulated values for the
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Figure 5: The qualitative analysis for (a) (Lseline) (b)
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Figure 6: (a) The sensitivity analysis between (Igciine) 05
and parameter A. (b) The sensitivity analysis between
Lgatatine and parameter D.

and gate line variation along the x direction (i.e., the
parameter A), where the other parameters are set to the
nominal values, and under Gaussian distribution (with more
than 10000 trails and 3o, practically determined by the
process variation, is about 0.25 um) and the error bar means
the standard deviation of the (Igeline) 03 due to the variation
of the parameter A. The sensitivity analysis between I, jine
and parameter D is depicted in Fig. 6 (b). It is found that
0.03mA increase ofo(Lycline) 03 when gate line size varies
from 0.5um to 6.5um and 53mA increase of 6lg,uine When
data line size varies from 0.5um to 2.5um. The increase
0fo(Igatetine) 05 andoly,piine are mainly due to relatively large
variations of the performance when the gate line and data
line size variance increase. The current consumption is one
of the most significantly limiting factors for the large-
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screen-size and high-resolution TFT-LCD design. We
successfully reduce the current consumption from 69.12
mA to 58.42 mA by the GA on the platform of UOF. The
optimized designing parameters of the whole display panel
and TFT-LCD performances are listed in Tab. 3. We notice
that this estimation should be subject to further
investigation by individually constructing RSMs with
respect to each TFT-LCD pixel. Therefore, the individual
behavior can be further examined for this TFT-LCD pixel.

3 CONCLUSIONS

In this work, we have successfully implemented a
computational statistics technique for the performances
sensitivity analysis of TFT-LCD and design optimization of
the whole TFT-LCD circuit. Based on the 3D field solver,
SPICE and the central composite design, the second-order
response surface models have been constructed for the
TFT-LCD performances. Consequently, the constructed
models were applied to study the sensitivity of
performances with respect to the structural designing
parameters and optimal design of the current consumption
of the tested TFT-LCD circuit in a computationally
effective way, compared with a full 3D TCAD simulation
and SPICE. This approach can be incorporated into CAD
tools for TFT-LCD design and can benefit the design
automation of display panels.

Table 3: The optimized designing parameters of the whole
display panel and TFT-LCD performances.

Parameter A B C D
Value 0.125 0.349 0.125 0.125
Parameter E F G H
Value 1.08 0.265 0.52 30
Parameter 1 J K
Value 16.85 19.36 0.123
Performances Spec Original | Optima
Crosstalk (area) <1.2% 0.07 0.9
Crosstalk (vertical) <10 mV 4.52 1.31e-5
Gate delay (us) < 10us 3.31 4.35
_Iggteline (mA) 0.54 0.64
Lgataline (mA) 68.58 57.78

Charging capability (C) | >3.5RC 7.27 36.38

Charging capability (E) | >3.5 RC 6.14 24.34

Vcom (center) (mV) <100 mV | 37.35 0.97

Veom (left) (mV) <100mV | 33.75 | 19.55

Vcom (right) (mV) <100 mV 3.6 21.78

Time for 90% CR (C) < 10us 6.27 2.89

Time for 90% CR (E) < 10us 8.05 2.85

Mura 0.02 0.02
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