EEEY %”iﬁ BB "E/& Bp gf‘i’l‘ ;‘;; i ﬁﬁﬁ'ﬁ’ N
B2y
Study of Amorphous'Silicon TFT LCD Gate
Driver on Array (GOA) Circuit

- S Chun-Chieh Lin
hERE A H OEL Dr. Po-Tsun Liu

SOE AR 4Lt4 & =



ELPERNTLURLESTERBRREFTELAY
Study of Amorphous Silicon TFT LCD Gate Driver
on Array (GOA) Circuit

T N § A Student : Chun-Chieh Lin

hERE B Advisor : Dr. Po-Tsun Liu

A Thesis
Submitted tothe Display Institute
College of Electrical. and Computer Engineering
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of Master
in

Display Institute

July 2010

I N - e A



3

MiESFG TEET 24P BT RHLIAEY P

A ki B I B L
Bl i+ F B AT

# &

=T

o R % % % & & o7 B (thin-film transistor
liquid-crystal display, #§ fTFT-LCD)E | * & P g A9 & &
RF-RRHAT, RO A IR IR gE YRS E, D
TRDOEFRF L HBEARLE, FRHUIR, T ET H
MEEHRHLAFTAATH R RBALATETFLFR IR LA
iy g, R RN FEER LT LR R, £ BERE
PR ENE T L S T O i
Wenifee 50 R oo ¥ LR LR o - SR R IR 4 eh
o KA G R R mRE DR AT E K G T E P o d
* AP R fPGate driver On Array (GOA) ehgpde = 2 ¥ 115
s bt IRIC R B BB Ard A X A o Ft s dofe 11 sk ek 3

EAFRETM BAF A S G0AT D B AT AR LT

AR ? /I BC0AT B KR enff Ao LB 0T F



T B B8 I GOACTTT) 4 T A& R fr S ) 42 ch T B 4 3

% i 0P iR, £ AR F Eahr iRk s =

<

BT R S BT Y oA TEELY & T S 4 (Anorphous

Silicon TFTs, f§ ffa-Si TFTs) 1% & & B crigpde ~ & o R 2L 5 87 &

TR

-~

P

Bxm eRvhEas }’}'frl‘ﬂ%\ * o A E A&

ZBCOAT BT HREL IR Z Fha 0 X T FR

R % B fE45 & TFT-LCD -



Application of GOA (Gate driver On Array) Circuit

using amorphous Silicon TFTs
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Abstract

Thin-film transistor liquid-crystal display(TFT-LCD) uses a
layer of liquid crystal molecules placed between two pieces of glass, the
upper glass is mainly bound with color filters, while the transistors are
embedded in the top of lower glass, when the transistor is turned on, the
current which pass through the transistor change the electric field for
liquid crystal molecules. With the different variation of electric field, the
molecules are rotated for different angles and change the polarity of light.
By cooperating with fixed backlight and filters determines the light and
dark condition in pixels, finally the light through the color filters
produces the image which appears in a panel. In general, external
bonding IC chips provide the driving voltages of panel and let the panel
shows the correctly picture. In recent years, the driving method of GOA

can reduce the numbers of external IC chips and the cost of fabrication



effectively in order to realize the slim and low cost display. Therefore,
how to achieve the high reliability, low power and multi-function GOA
circuit by effective design is the main subject which is being extensively
studied.

In this thesis, three kinds of GOA circuits are proposed to solve the
above issues. The first GOA circuit is proposed to achieve the goal of
minimum area. Then, the second GOA circuit is designed to realize the
function of polar inversion. Finally, the third GOA circuit is proposed to
obtain high reliability and low power circuits for high resolution
TFT-LCDs. However, the circuits use amorphous silicon TFT, referred to
as a-Si TFTs as the driving devices. Although a-Si TFTs has low mobility,
the high uniformity and low cost of a-Si TFTs are the priority
consideration for mass production. The three type of GOA circuits
provide to different requirement of panel and achieve the goal for high

reliability and high resolution TFT-LCDs.
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Chapter 1
Introduction

1.1 Background

1.1.1 Overview of liquid crystal display

The appearance of traditional monitors which called cathode ray
tube (CRT) is hard to find nowadays. The multi-kind of flat-panel display
technology are invented and developed to make our life more splendid.
Among such advanced technology,. thin film transistor liquid crystal
display (TFT-LCD) [1] [2]:]3] [4] 1s the most: well-established one. LCD
displays have two areas of “polarizing substance, and a liquid crystal
solution in between, as shown in Fig. 1.1.With the passing of electric
current through the liquid, the crystals line up in such a way that light
cannot infiltrate them. Each crystal acts like a shutter, either blocking the
light or allowing it to come through. However, the liquid crystal
molecules needs to be controlled when different image data inputs, that is,
thin film transistors play the role for overall LCD panel. The total cross
section structure of TFT-LCD panel is shown in Fig. 1.2 particularly. It

can be roughly divided into two part, TFT array substrate and color filter



substrate, by liquid crystal filled in the center of LCD panel. We still need
a backlight module including an illuminator and a light guilder since
liquid crystal molecule cannot light by itself. However it usually
consumes the most power of the system, some applications such as
mobile communications try to exclude or replace it from the system. In
TFT array substrate, we need a polarizer, a glass substrate, a transparent
electrode and an orientation layer. In color filter substrate, we also need
an orientation layer, a transparent electrode, color filters, a glass substrate
and a polarizer. Most transparent electrades are made by ITO, and they
can control the directions -oftliquid crystal molecules in each pixel by
voltage supplied from TFT on the glass substrate. Color filters contain
three original colors, red, green, and blue (RGB). As the degree of light,
named “gray level”, can be well controlled in each pixel covered by color

filer, we will get more than million kinds of colors on the display.

1.1.2 Driving System of panel
Fig. 1.3 shows the driving system of TFT-LCD panel and the

introduction of blocks as following: Timing controller is the operation
center of panel. First, the input image data transform to the type of data
driver before them storage to the memory of data driver. Then, the image
can display on LCD because the data driver and scan driver provide the

2



corresponding signals by the control signals from the timing controller.
The scan driver drives the gate lines and made the switches of pixel are
sequential turned on at the appropriate time. The data driver writes the
Image data in the corresponding pixel by coordination of scan driver and
data driver. The voltage converter provides different voltage value to

each circuit block.

1.1.3 System-on-Panel/System-on-glass Displays

TFT-LCD technology has some features of system integration within
a display. It can make a compact, high reliable, high resolution display.
System-on-glass (SOG) displays are value-added displays with various
functional circuits, including gate driver, DC/DC converter, analog buffer,
DAC, voltage reference circuit' [5][6][7]. Fig 1.4 (a) and Fig 1.4 (b)
indicate the less number of external IC of the panel with SOG. Fig 1.5
shows development phases of SOG-LCDs. Eventually, it may be possible
to combine the keyboard, CPU, memory, and display into a single “sheet
computer”. The schematic illustration of the “sheet computer” concept
and a CPU with an instruction set of 1-4 bytes and an 8b data bus on

glass substrate are shown in Fig. 1.6.

1.1.4 A-Si technology for LCD industry

Amorphous-silicon thin-film-transistor (a-Si TFT) technology as

3



been the dominant backplane technology for active matrix liquid-crystal
displays (AMLCDs) because of its low manufacturing cost, compatibility
with large-area process, and rather uniform device characteristics.
Recently, the application areas of a-Si TFT-LCDs have been expanded
into small mobile displays and large-area TV displays, as well as
computer applications, such as notebooks and monitors. Integration of
driving circuits on TFT glasses could make a-Si TFT-LCDs more
competitive due to overall cost reduction, compactness.

However, there are several obstacles to the implementation of a-Si
TFT backplanes with integrated. gate driver circuits. First, the low carrier
mobility of hydrogenated a=Si TFTS causes speed and area limitation of
a-Si TFT integrated circuits. And the absence of a PMOS load makes
circuit design more difficult”because "1t is impossible to implement
complementary circuit structure. Third, high and variable parasitic
capacitance due to the non-self-aligned device structure causes signal
distortion due to the clock feed-through. Finally, the reliability of a-Si
TFTs with stress, that is, degradation of device characteristics with
voltage stress and a decrease in ON-current after long operation time,

induces error image on display after long using time.



1.2 Motivation

As rapid progress of the application of broadband has prepared
environments for accommodating services such as photo and video mails
and mobile digital TV on personal/mobile equipment, the display panels
are required to offer higher resolution, narrower bezels and more compact
modules than hitherto. The GOA is a part of SOG-LCDs system and
meets all of the requirements of the display devices for personal/mobile
equipment, including narrow bezel and compactness.

The basic GOA circuit is composed of four TFTs and one capacitor
[8] in Fig. 1.7. The scan signal of the basic. GOA circuit is distorted due
to the floating output and the clock feed-through by large parasitic
capacitance. Therefore, the.methods for. reducing clock feed-through
effect has presented [9][10]. This manner makes the output shorts to the
voltage of off by pull-down TFTs. Although the solution decreases the
feed-through effectively, the reliable problem accompanies by this
solution. Because, the pull-down TFTs sustain DC stress all the time,
and induce deterioration of device characteristics. Finally, the circuits fail
by lowing on-current and large threshold voltage. Hence, the concept of
using multi pull-down TFTs to divide the stress time is proposed
[11]12][13][14]. However, these methods are has static power

consumption when the stage of GOA is operation. In this thesis, we



propose novel GOA circuit without static power consumption.
Furthermore, many issues of driving ability, area, number of external
signals, vyield rate and driving methods are extensively studied
[12][15]-[20]. Therefore, the other two concepts of area and polarity

inversion issues are also discussed in this thesis.
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Chapter 2

Device of Amorphous Silicon Thin-Film
Transistor (a-Si TFT)

2.1 Measurement of a-Si TFT

Fig. 2.1 and Table 2.1 show a process flow and a schematic diagram
of a cross-section of the bottom-gate top-contact amorphous a-Si TFT.
The device electrical properties were measured by a Keithley 4200 IV
analyzer in a light-isolated probe station at room temperature. In Ips-Vgs
measurement, the typical drain-to-sgurce bias was swept from Vgs = -20
V to Vs = 20 V. In Ips-Vps measurement, the typical drain-to-source bias

was swept from Vps = 0 V to Vps =20 V.

2.2 Parameter Extraction Method

In this session, we describe the methods of typical parameters
extraction such as threshold voltage (Vi) and field effect mobility (uee)

from device characteristics.

13



2.2.1. Determination of the Vth

Threshold voltage (Vi) was defined from the gate to source voltage
at which carrier conduction happens in TFT channel. Vy, is related to the
gate insulator thickness and the flat band voltage.

Plenty of methods are available to determine Vy, which is one of the
most important parameters of semiconductor devices. This thesis adopts
the method, which is, the intersection of /T, = 0 and the extended line
of \/E(VGS = 10V)connects to \/E(VGS =15V) . Fig 2.2 is the

example of this manner.

2.2.2. Determination of the Field-Effect Mobility
Typically, the field-effect* mobility (ure) is determined from the

transconductance (gn) at low drain bias (Vp = 0.1 V). The TFT transfer
I-V characteristics can be expressed as
lo = heeCoc 1 [1Ve ~Va )V — Vo] (2-1)
Where

Cox Is the gate oxide capacitance per unit area,

W is channel width,

L is channel length,

Vi is the threshold voltage.

14



If Vp is much smaller than Vg — V4 (i.6. Vp << V¢ — V) and Vg >
Vi, the drain current can be approximated as:
W
I =ueCy T(VG Vi Vo (2'2)

The transconductance is defined as:

gm = MFECOX V%VD (2_3)
Thus,
L

- 2-4
Hee Co W, On ( )

Similarly, we get mobility in the saturation region as

L oVlo,,
_ 2-5

“=we. Cav.) (&)

2.3 Model of a-Si TETs

The models for simulation are implemented by a-Si TFTs. The

extracted parameters are based on the device size of a-Si TFTs at 25°C.

The field-effect mobility of a-Si TFTs is 0.369 cm®/V-s. The threshold
voltage of a-Si TFTs is 4.019 V. In order to higher accuracy of simulation,
we use the different model to fitting corresponding width. Fig 2.3 shows
the comparison fitting results between simulation and experiment which
are very consistent. The TFT models have to add the parasitic capacitance
for accurately simulation result and the capacitances are shown in Table
2.2. Finally, the parameters of spice models are demonstrated below:
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*khkkkkik W= 15 |:3 *khkkkkikk

.model NTFT15 NMOS (level=61 vto=-2.5 tox=4e-7

+ alphasat=0.775 gamma=0.68 kvt=-2.36 kasat=0.006 v0=0.11 rs=6000 rd=6000
vaa=710000

+ emu=1.56 sigma0=1e-13 el=0.035 vgsl=3.4  vds|=7 iol=0.5e-13 vfb=-1

+ delta=7 vmin=0.6 gmin=20e22 muband=0.036

+ m=4 lambda=1e-4 epsi=7.5 thom=27)

*hkkkhkhkhkkhkhkkkhkkhkkkhhkkhkhkkikkikkikkikkhikiik

*khkkkik W:5O |:3 *khkkkkikk

.model NTFT50 NMOS (level=61 vto=-2.5 tox=4e-7

+ alphasat=0.775 gamma=0.68 kvt=-2.36.kasat=0.006 v0=0.11 rs=6000 rd=6000
vaa=710000

+ emu=1.56 sigma0=1e-13 el=0:035 vgsI=3.4 " vds|=7 iol=0.5e-13 vfb=-1

+ delta=7 vmin=0.6 gmin=20e22 muband=0.035

+ m=4 lambda=1e-4 epsi=7.5 thom=27)

*hkkkhkhkkkhkhkkkhhkkkikhkkhkkhkkikkikkikikkiikkiik

*khkkkkik W= 100 |:3 *khkkkkikkk

.model NTFT100 NMOS (level=61 vto=-2.5 tox=4e-7

+ alphasat=0.875 gamma=0.68 kvt=-2.36 kasat=0.006 v0=0.11 rs=6000 rd=6000
vaa=710000

+ emu=1.56 sigma0=1e-13 el=0.035 vgsl=3.4  vds|=7 iol=0.5e-13 vfb=-1

+ delta=7 vmin=0.6 gmin=20e22 muband=0.034

+ m=4 lambda=1e-4 epsi=7.5 thom=27)

*hkkkhkhkkkhhkkkikkhkkkikkhkkhkhkkhkhkkhkkikkhikkiik
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*kkkikk W:ZOO |:3 *kkkikkkk

.model NTFT200 NMOS (level=61 vto=-2.5 tox=4e-7

+ alphasat=0.975 gamma=0.68 kvt=-2.36 kasat=0.006 v0=0.11 rs=6000 rd=6000
vaa=710000

+ emu=1.56 sigma0=1e-13 el=0.035 vgsl=3.4  vdsl=7 iol=1.5e-13 vfb=-0.8

+ delta=7 vmin=0.6 gmin=20e22 muband=0.032

+ m=4 lambda=1e-4 epsi=7.5 thom=27)

*hkkkhkhkkkhkhkhkkhkhkkkikhkkhkkikkikkikkikkikkhikiik

*khkkkik W:500 |:3 *khkkkkikk

.model NTFT500 NMOS (level=61 vto=-2.5 tox=4e-7

+ alphasat=1.075 gamma=0.68 kvt=-2.36 kasat=0.006 v0=0.11 rs=6000 rd=6000
vaa=710000

+ emu=1.56 sigma0=1e-13 el=0.035vgsl=3.4- vdsl=7 iol=3.0e-13 vfb=-0.3

+ delta=7 vmin=0.6 gmin=20e22 muband=0:033

+ m=4 lambda=1e-4 epsi=7.5 thom=27)

*khhhhkhkkkhkkhkhkhhhhhkhkhkhkhkhhiiihiixixixk

*khkkkk W:1000 |:3 *khkhkkhkikk

.model NTFT1000 NMOS (level=61 vto=-2.5 tox=4e-7

+ alphasat=1.075 gamma=0.68 kvt=-2.36 kasat=0.006 v0=0.11 rs=6000 rd=6000
vaa=710000

+ emu=1.56 sigma0=1e-13 el=0.035 vgsl=3.4  vdsl=7 iol=5.0e-13 vfb=-0.3

+ delta=7 vmin=0.6 gmin=20e22 muband=0.045

+ m=4 lambda=1e-4 epsi=7.5 thom=27)

e e e e ek

*kkkikk W:ZOOO |:3 *kkkikkkk

17



.model NTFT2000 NMOS (level=61 vto=-2.5 tox=4e-7

+ alphasat=1.075 gamma=0.68 kvt=-2.36 kasat=0.006 v0=0.11 rs=6000 rd=6000
vaa=710000

+ emu=1.56 sigma0=1e-13 el=0.035 vgsl=3.4  vdsl=7 iol=4.0e-13 vfb=-0.3

+ delta=7 vmin=0.6 gmin=20e22 muband=0.047

+ m=4 lambda=1e-4 epsi=7.5 thom=27)

Cross-section

— I s M1
PEP1
G.I
SE
— I E—
PEP2 - M2
mmm Pass
mmm ITO
:_L B —
PEP3
T H
I I
PEP4
e W
PEPS
TFT Cst Pad

Fig. 2.1 Cross-section and process flow of a-Si TFT
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Table 2.1 Film details of a-Si TFT

film material thickness A | sheet resistance | dielectric constant ¢
AINd 2000 0.29
GE PEP1
AINdN 250 18.84
SiN 3800 6.92
SE PEP2 a-Si 1500 11
n+ 300 11
SD PEP3 Cr 4000 0.45
CH PEP4 SiN 3000 6.92
PE PEP5 ITO 800 35
300E-03
2 50E-03 f
2 00E-03 F
]
[ 150603
1 00E-03 F
5 00E-04 f
0.00E+00
o b, [ B B Y b L - I

Fig. 2.2 Vith is the intersection of /T, = 0 and the extended line of

\/E(VGS = 10V)connects to \/E(VGS = 15V)
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Fig. 2.3 (a) Comparisons of IDVD between measurements and models
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Table 2.2 Addition of parasitic capacitance with different size

Width (um) Length (um) Cgs (F) Cad (F)
10 3 1.260E-13 1.304E-13
15 3 1.260E-13 1.304E-13
50 3 1.653E-13 1.800E-13
100 3 1.759E-13 2.037E-13
200 3 2.667E-13 3.189E-13
500 3 4.763E-13 5.976E-13
1000 3 8.181E-13 1.061E-12
2000 3 1.631E-12 2.116E-12
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Chapter 3

Amorphous Silicon based Gate Driver

3.1 Gate driver with two TFT architecture

3.1.1 Circuit Schematic and Operations

Fig. 3.1 (a) shows the proposed GOA (I) cell. In the GOA (I) cell,
TFTs of M1 and M2 are for generating and shifting scan signals line by
line in rows. Out(n) is the output of N-th stage, Out(n-1) is the driver’s
output of previous stage or the initial signal from the timing controller
(when n=1), clk and xclk are the clock signals from timing controller, Cb
is the capacitor of bootstrap and.Ca is the decoupling capacitor. In the Fig.
3.1 (b) indicates the corresponding control signals and output of GOA (I).
At T1 period, Out(n-1) and xclk change from low to high voltage. Then,
node A(n) is charged to Vdd — Vg; through M1. Vdd is the highest
voltage from external signal and V; is the threshold voltage of M1.
Furthermore, M2 turns on and Out(n) connects to CLK when the voltage
of A(n) is high potential. At T2 period, all external signals become low
level and M1 is turned off by xclk. Then, the floating node A(n) still turn

on M2. At T2 period, CLK varies from low to high. The node A(n) is
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boosted by Cb because M2 charges Out(n) for generating gate line signal.
At T4 period, clk become low level and the floating node A(n) still turn
on M2. Therefore, Out(n) is discharged to the low state of clk by M2 and
closes the corresponding gate line. At T5 period, M1 is turned by the high
level of xclk and A(n) discharges to low state of floating Out(n-1). The
floating Out(n-1) can’t provide the normal discharging path to make A(n)
connect to off voltage. Nevertheless A(n) discharges to Vi, by
principle of charge share.

V, _ Cgate line XOut (n_1)+CA(n)XA(n)
low —

Cgate line TC€A M)

Cam) = Cp + Cgsz +Cgqa + €4+ Cyqq

Cgate ine@nd Cay) are the‘total capacitance on the gate line and node
A(n) respectively. Cq is the overlap capacitance between the gate and
source. C,q is the overlap capacitance between the gate and drain.
Cgate tine IS generally much bigger than Caand the approximate value of
Viow = Out(n-1). Out(n-1) is low state at this period. Therefore, the Vo,
can turn off M2 until next frame.

After T5 period, the Out(n) and A(n) must maintain low state in
order to avoid the error of gate signal. The error of gate signal means the
data of other pixel disturb the non-corresponding pixel because the pixel
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TFT is turned by wrong gate line signal. The reason of gate error is the
large parasitic capacitor of driving TFT M2 induces the clock

feed-through.  Then, the gate of M2 raises the value of voltage

ng2XAClk
ng 2+Cgs 2+Cb+cgs 1+Cy

V2 =

. If the voltage of V2 is bigger than Vy,, , and
then M2 is turned on. Hence Out(n) is charged by M2 when clk varied
from low to high. For this reason, many kinds of noise-free circuit is
proposed to hold the Out(n) at low level, but the noise-free circuit need
redundant area. The novel method of GOA (I) is add the decoupling
capacitor Ca and connects to xclk. At T6 period, the xclk changes from

high to low and induces clock feed-through effect on A(n). Furthermore,

(Ca+Cgs1)xAxclk
ng 2+Cgs 21+Cp +Cgs 1+Cy

the charging voltage V1 = . V1 is the negative

value. Hence, the maximum of node A(n), A(n)_max = Vo, +V2-V1. If
the value of V2-V1 small than Vth2, M2 always off until the trigger

signal Out(n-1) becomes high level.
3.1.2 Simulation results and discussions
The proposed GOA (1) circuit has been designed and verified by the
HSPICE software with the model of Giant Plus in a 3-um amorphous
silicon process. The aspect ratio of channel width (W) to channel length
(L), WIL, for driving transistors M2 are 500um/3um, and switch

transistors M1 is 100um/3um. Furthermore, the bootstrap capacitor (Cb)
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and the decoupling capacitor (Ca) are 3pF and 0.5pF, respectively.

Fig. 3.2 shows the architecture of the proposed GOA (l). In the
simulation condition, the voltage range of clk , xclk and In are 0V to 20V
and the clock signal’s(clk, xclk) duty is 40%. Fig. 3.3 depicts the
simulation result of node A(n) with different decoupling capacitance. In

the T3 period, the voltage of A(n) by bootstrap effect is A(n)_T3.

(Cp+Cgs2)XAOut (n)+Cgs 2 XAclk

(n)T3 + ng 2+Cg52+cb +Cgs 1+Cy

Then, the maximum of A(n) by clock feed through is A(n)_max.

Cgd 2 XAclk _ (Ca+Cgs 1)xAxclk

A(n)_max =V g+
ng2+cg52+cb+cgsl+ca ng2+cg52+cb+cgsl+ca

Therefore, A(n)_T3 and A(n) max become smaller when Ca is increased.
If A(n)_T3 is decreased, the speed of GOA becomes slow. Then, the
Table 1 and Table 2 indicate‘this_result:"Hence, the value of Ca is the
tradeoff between speed and stability of gate signal. In this study, GOA (I)
chooses the capacitance of Ca is 0.5pF. Fig. 3.4 shows the sequentially
output of GOA (1) from one to four stages for first to fourth gate line.
Moreover, the fluctuations are small because GOA (I) has the large

bootstrap capacitor and suitable decoupling capacitor.

3.1.3 Measurement setup

For measurement setup, synchronous signals are generated by pulse
card of Keithly 4200-scs. Input range of In, clk, and xclk are set as OV to

20V. Digital oscilloscope is utilized to observe output waveforms as
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shown in Fig. 3.5. Then, all signals are transmit by probe card. For circuit
verification, the periods of In is 80ms and the periods of clk and xclk are

Ims.

3.1.4 Measurement result
Fig. 3.6 shows the GOA of Thomson’s scheme [8] which is

compared with GOA (I). The die photo of fabricated GOA (1) and GOA
of Thomson’s scheme are shown in Fig. 3.7 (a) and Fig. 3.7 (b).
Moreover, the area of GOA (1) is 67500 um 2 and smaller than GOA of
Thomson’s scheme due to GOA (1) eliminates all pull-down TFTs.

For the measurement setup, the Keithly 4200-scs and digital
oscilloscope is utilized as well, the sequentially outputs of GOA (I) and
GOA of Thomson’s schemé are 'shown-in Fig. 3.8(a) and Fig. 3.8(b). In
Table 3, GOA (1) and prior GOA are have similar root mean square (RMS)
value of the voltage fluctuations. This result shows that the node A(n) can
be changed and discharged through single TFT M1 by proposed driving
method. The GOA(Il) provide the stable gate ling signal with just two

TFTs.

3.1.5 Summary
In this chapter, GOA (1) provides the concepts of the gate driver cell

without pull-down transistors and the methods to reduce output

fluctuation. By comparison of prior GOA , GOA(I) reduces 35.71%
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layout area and these conclusion are verified in a-Si TFT process.

3.2 Low noise tri-operated mode gate driver

system

3.2.1 Introduction of polarity inversion application

In order to avoid the DC blocking and DC residue effect [4], the
driving method of liquid crystal must choose the AC operation. This
driving method is called polarity inversion. Fig. 3.9 shows the polarity of
voltage which storage in pixel is positive in the frame N. There are
changed to negative polarity in the next frame. Then, Fig. 3.9 indicates
four type of common inversion mode are frame, column, row, and dot
inversion. The average charging time of each pixel becomes shorter for
higher resolution of panel. Hence, the pre-charge concepts are proposed
and one of the concepts is two pulse scanning [4]. The manner uses the
front pulse to pre-charge the corresponding pixel to the same write-in
polarity and writes the correctly date by the back pulse. Therefore, the
smaller voltage range has to change in the write-in period that means the
requirement of write-in time is also reduced. To base on the different
polarity inversion, the gate lines need corresponding signals and there are

performed in Fig. 3.10.
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3.2.2 Circuit Schematic and Operations

(2) Normal mode

In Fig. 3.11, TFTs of M1 to M4 are for generating and shifting scan
signals line by line in rows and TFTs of M5 to M6 are for reducing noise
fluctuation. Out(n-1) is the driver’s output of previous stage or the initial
signal from the timing controller (when n=1), XCLK is the inverse signal
of CLK, Out(n) is the output of N-th stage, and Out(n+1) is the output of
(N+1)-th stage. Vdd and Vss are the highest voltage and the lowest

voltage from external signal, respectively.

Figure 3.12(a) shows the timing chart of the proposed circuit. The
operation principle of the gate driver is described as follows. In T1 period,
The O(n-1) signal charges the bootstrap capacitor CB by M1 and raises
the node A(n) to high level. The voltage of B(n) is discharged to Vss
through M6 then turns off M3 and M4 at the same time. Then, M2 is
turned on to reset output to a low level. At T2 period, CLK varies from
low to high. The node A(n) is boosted by CB because M2 charges Out(n)
for generating gate line signal. At T3 period, the path of discharging
always has to be performed by M4. Generally M2 and M4 are designed
with larger size for pulling up and down the output load. Therefore,
layout area can be reduced by shrinking M4. The aspect ratio (W/L) of

M4 is 15um/3um which is much less than M2. This will induce longer
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falling time and probably produce error of gate line signal because the
driving ability of M4 is smaller than M2. The recommended way is to let
M2 not only for output charging but also for discharging. In order to
implement it, the proposed method is reducing the size of M3 and M5,
which can delay the discharging of node A(n). In the Fig. 3.12(b), the
dash line of B(n) is charged slowly because of M5 scaling. Node A(n)
becomes Vdd+ by coupling effect at beginning of T3 period.
Subsequently, M3 is still at off state until B(n) node reaches to Vth level
where Vth is the threshold voltage of M3. Therefore, A(n) (dash line)
gains a high level duration at T2 period. At this time, M2 can discharge
output from opposite side Since TET IS symmetric device. In addition,
this method doesn’t have to alter the clock -duty and use another logic
gates for achieving this driving function [17][21]. Hence the proposed
gate driver circuit could operate at simple structure without complicated

timing signal and circuit scheme.

(b)Pixel pre-charge for dot inversion mode

In this mode, the circuit schematic is used in Fig. 3.11, which is
discussed at above section. Fig. 3.13 shows the timing chart and output
waveform for dot inversion mode. The input has to change to IN_2 for
generating the scan signal with pre-charge and normal part which are

shown in Fig. 3.13. In T1 period, the voltage of B(n) is discharged to
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ground through M6 then turns off M3 and M4. The IN_2 signal charges
the capacitor CB through M1 and raises the voltage of node A(1) at the
same time. In addition, M2 is turned on to reset output to a low level. In
T2 period, A(1) holds at high voltage because of charge conservation and
Out(2) is charged to high potential by M2 at the same time, B(n) keeps
the low level because XCLK is at the low level. In T3 and T4 period, the
circuit repeats the same action as T1 and T2 period. Finally, B(n) is
charged by XCLK and turns on M3 and M4 to connect Out(n) to ground

level for noise reduction until IN_2 becomes high.

(c) Pixel pre-charge for frame.inversion mode

Fig. 3.14 depicts the timing chart and output waveform for frame
inversion mode. Same as previous operation, M2 is turned on and copy
the clock signal to the corresponding output in T1 to T3 periods. The
discrepancy compares to previous mode is that the timing signals
CLK__D and CLK2 are double pulse width to original CLK signal.
Besides, the timing signal has to change from IN_2 to IN_3 and the
signals connect to each stages like Fig. 3.15. According to Fig. 3.14

timing chart, outputs can obtain the waveforms for frame inversion mode.

(d) System control of proposed gate drivers

Fig. 3.16 shows the block diagram of the proposed gate driver with
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tri-operated modes. Table 3.4 gives the input relation between the clock
connections and operate mode. For required operation mode, the system
chooses a group of clock signals and one kind of IN signals. The gate
driver stagel receives the signal from the input stage and begins to
generate the corresponding sequential signals to the gate lines based on
the circuit schematic in Fig. 3.11. Consequently, the gate diver system
has developed a timing control method without output logic block to
achieve pre-charge waveform for different polarity inversion by the

proposed TFT gate driver.

3.2.3 Simulation results and discussions

The proposed GOA (I1) circuit has been designed and verified by the
HSPICE software with the ‘model of Giant Plus in a 3-um amorphous
silicon process. The aspect ratio of channel width (W) to channel length
(L), WIL, for driving transistors M2 is 600um/3um, pull-down transistors
M4 is 15pum/3um, other transistors M3, M5, and M6 are 15um/3um, and
input transistor M1is 100um/3um. Furthermore, the bootstrap capacitor

(Cb) is 3pF.

Fig. 3.17 shows the outputs of gate driver system with different
operation modes. Table 3.5 depicts that their speed are very similar with
different modes because they has the same driving path by M2.

Furthermore, the rise and fall time are about 37us and 19ps, respectively.

32



Although M2 dominates the charging and discharging paths, but the
speed of charge and discharge are not symmetrical. Table 3.5 depicts the
fall times are smaller than rise time with all operation mode owing to
different overdrive voltage. In Fig. 3.18(a), Ta is initial T2 period in Fig.
3.12. Clk charges out(n) via M2 and induce the bootstrap effect on A(n).
Then A(n) and out(n) are raised to VVdd++ and Vdd at same time. Because

the source of M2 is out(n), the overdrive voltage is Vgs(Ta) — Vth =

A(n) - out(n) - Vth =Va- Vth. Furthermore, Tb is initial T3 period in

Fig. 3.12. The source of M2 is charged to clk and clk is low level at Th.

Therefore, the Vgs(Th) becomes Vdd+ - Vss = Vb and Vb is bigger

than Va. In Fig. 3.18(a) and-3.18(h); the Va.and Vb are 14.4V and 26.9V,
respectively and the bigger overdrive voltage leads to larger current at Thb.
This design makes the GOA has better speed to turn off the gate line and
avoids that the pixels write the data of next pixels. However, this speed is
not enough to use on panel if the output load is 65pF and 5.2MQ. The
straightforward manner is increase the aspect of driving transistor and
voltage range. Hence, the increasing aspect of M2 is 2000um/3um and
voltage range becomes 25V in Fig. 3.19. Table 3.6 shows the rise time
and fall time becomes 7.5us and 4.8us. Furthermore, the speed can

optimize by tuning the aspect of driving transistor and voltage range or
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speed up design in next chapter.

3.2.4 Measurement result

The layout of fabricated GOA (I1) cells and the 100 stages gate driver
are shown in Fig 3.20(a) and Fig 3.20(b). GOA (1) and GOA (Il) have
same measurement settings to measure. All outputs of GOA (II) provide
sequential gate signals form stage (1) to stage (100) with normal mode in
Fig. 3.21 (a). Then, Fig. 3.21 (b), Fig. 3.21 (c), Fig. 3.22 (b), and Fig.
3.22 (c) show the output waveforms with different inversion mode. Table
3.7 and Table 3.8 depict measurement result of GOA (Il) and GOA (II)
with increasing size and voltage range, respectively. Furthermore, the
RMS of fluctuations of GQA'(Il) are smaller than GOA (1)’s because the
noise-free circuit (M3, M4, M5, and M®6). . The noise-free circuit always
pull the output to Vss expect that the output is charging the gate line.
These results of measurement are matching the results of simulation and

there is shown in Table 3.7 and Table 3.8.

3.2.5 Summary

The proposed gate driver system of GOA (Il) can provide different
operation mode signal with corresponding input signals and without
output logic gate. Moreover, single driving transistor design of GOA (Il)
Is also discussed. This design reduces layout area for decreasing the size
of pull-down transistor but the discharging speed is quicker than charging
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speed. Therefore, GOA(II) is the good solution for the integrated gate

driver design for high-resolution panel.

3.3 Comprehensive gate driver circuit

3.3.1 Introduction of power issue
Fig. 3.23 shows he controlling circuit of noise-free circuit in the
conventional GOA [12][13][14]. In general, the width of Mp is larger
than M, . When Vx = Vdd, the transfer function is like the inverter,
OUT=IN and is called the pseudo NMOS inverter [22]. The voltage

transfer function shows below:

OUT=(IN — Vi) — \/ (IN - V)2 — XVV—; (Vdd — V)2 at IN=Vx=Vdd.

OUT=Vdd-Vt at IN=0, Vx=Vdd
Therefore, OUT must be the low level when IN is high voltage. For this
reason, the Boolean expression of OUT is equal to VxxIN. The
noise-free circuit is triggered only at OUT=1 which means Vx is the high
voltage and IN is the low level. This is the easy and effective manner to
control the noise-free circuit. Nevertheless the drawback is the static
power consumption when Vx and IN are high state. In this chapter, the
proposed GOA circuits use the novel method to avoid static power
consumption, reduce the voltage stress on noise-free circuit and raise the

speed of GOA.
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3.3.2 Circuit Schematic and Operations

In Fig. 3.24 (a), the third proposed GOA (111) uses transistor M5 and
C1 to replace the pseudo NMOS inverter and generates the same Boolean
expression, B(n)= xclk x Out(n — 1). When xclk and Out(n-1) are high,
the current can’t pass through the capacitor C1 and the B(n) short to Vss
by M5. Then, if M5 is turned off by Out(n-1) and xclk changes from low

to high level, the B(n) becomes high level by capacitor couple and the

C1xAxclk

voltage value is . Cp(n Is the total parasitic capacitance on node

CB(n)+C1
B(n). However C1 maybe need large area if the Cy,is not enough small.

Therefore, GOA (I11) eliminates the source of static power consumption.

In Fig. 3.24 (b) indicates ‘the corresponding waveforms of GOA
(111). At T1 period, B(n) is the low level due to Out(n-1) is VVdd. Then,
M3, M6, and M7 are turned off by the low voltage of Out(n+1), B(n), and
B(n+1), respectively. A(n) is charged to Vdd- by M1 and then A(n) is
charged to VVdd by M8. Because the voltage on the gate of M8 is bigger
than Vdd at T1 period, the M8 operates at linear region and pass the high
voltage to A(n) without Vt drop. The voltage A(n-1) is from the bootstrap
capacitor of last stage and is raised the Vy at the same time. Out(n) is
shorted to Vss by M2 and M4. At T2 period, clk changes from low to
high and charges the Out(n) to VVdd through M2. Else transistors are at off
state. Because A(n) is charged to higher voltage Vdd by M8, A(n) is
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raised to higher voltage Vy by the same bootstrap effect. Hence, M2 has
bigger overdrive voltage and operation current. Then, this design makes
the GOA (I11) has quicker speed. At T3 period, B(n) raises to high level
due to the xclk changes from low to high level and Out(n-1) is low level.
Then, A(n) is discharged to Vss by M3 and M6. In the meantime, Out(n)
is discharged to Vss by M4 due to xclk turns M4 on. After T3 period,
Out(n) hold to Vss by two alternately path. One path is M4 and other path
Is Mland M6 of next stage. Furthermore, A(n) is shorted to Vss by two
alternately path of M6 and M7. By two alternately paths, the pull-down
transistors suffer the half DC_ wvoltage. stress and the lifetime can be
extended. Therefore, the third propased. GOA (I1l) has lower power

consumption, higher speed,-and:longer lifetime.

3.3.3 Simulation results and discussions
Fig. 3.25 shows the sequential outputs of GOA(IIl) and the

waveforms are generated by first to fourth stages. Table 3.9 indicates the
rise time and fall time of GOA(III). The fall times are shorter than rise
fall time by the same reason which in the chapter three. In the first stage
(n=1), the gate of M8 should connect to A(0) but the voltage A(0) is not
exist. Therefore, the gate of M8 is connected to Out(0) which is input
signal from IC. Then the maximum bootstrapping voltage of A(1) is

smaller the other stages due to the Vt drop of M8. Fig. 3.26 shows the
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different of A(n) between first stage and second stage. The A(2) of
second stage has Vt drop compensation design and generates bigger
driving ability by higher bootstrapping voltage. Table 3.9 depict the
charging and discharging time of second stage are reducing 7.84% and
11.16%, respectively. If every gate lines want to the same speed, the first
stage of GOA (lll) is the dummy stage and the out (2) is connected to
first gate line. In addition, the speed of A(2) change from low to high is
also quicker than A(1) because the different charging ability of M8.
Therefore, the M8 can reduce the width when the gate connects to
A(n-1).

Fig. 3.27 shows the GOA(IIF_ v cell which is the GOA(III) with
varying pseudo NMOS inverter,and-use the same operation principle. We
use this circuit to compare with' GOA(H1). Fig. 3.28 indicates the B(2) of
GOAC(IIN) is similar the square wave and has quicker response time to
turn on pull-down TFTs. The GOA(III) v needs more time to turn on
pull-down TFTs because the B(1) is charged through Mc but the B(1) is
coupled by C1 in GOA(III). However, the response time is decreased by
increase the width of Mc but the static power consumption is also
enlarged. Hence GOA(IIl) has short response time and lower power

consumption.
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3.3.4 Measurement results

Fig. 3.29 shows the architecture of proposed GOA(IIIl) and this
architecture is fabricated on glass in Fig. 3.30. The circuit is also
measured by Keithly 4200-scs and oscilloscope. Then, Fig. 3.31 and
shows the outputs of GOA(III) and those are not only correctly but also
low fluctuation. By the measurement result in Table 3.11, the speed of
outputl is slower than other outputs because first stage without Vit
compensation. Therefore, the stage with VVt compensation can reduce

36.36% rise time and 18.75 fall time.

3:3.5 Summary

The conventional noise-free circuit has the problem of static power
consumption and lifetime. Then, the input of prior GOA can’t pass full
range of supply voltage due to the Vt drop. This propose GOA provide
the concept of eliminating static power consumption and the methods of
expanding life time and speed up. By these manner, the GOA is more

suitable for high resolution panel
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Out(n-1) clk

100/3 M1
xclk 500/3 1o
| A(n) |
— |
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0.5pF | — Out(n)
Cb
3pF

(a)

T1 T2 T3 T4 T5 16
A€ %€

€ € 2,
XCLK ‘ | ‘
CLK ‘ ‘

Out(n-1)

Out(n)

V1

(b)
Fig. 3.1 Schematic of (a) the first proposed circuit GOA (I) cell and (b)

corresponding control signals and output.
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xclk
clk

In — Stagel Stage?2 Stage3 Staged Stage5

Out(1) Out(2) Out(3) Out(4) Out(5)
Fig. 3.2 Architecture of the first proposed circuit GOA (1)

Voltage of A(n)
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=
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0 1 2 3 4 5
Time (ms)

Fig. 3.3 The simulation result of node A(n) with different decoupling

capacitance
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Table 3.1 The simulation data of node Al

\oltage of A(1)

Ca AtT3 Maximum by clock feed
period through
0.1pF 346V 1.74V
0.3pF 329V 0.898 V
0.5pF 313V 0.267 V

Table 3.2 The simulation information of outputl

Speed of Out(1)
Ca rise time fall time
(sec) (sec)
0.1pF 2.66E-05 1.68E-05
0.3pF 3.07E-05 1.82E-05
0.5pF 3.52E-05 1.98E-05
Voltage of outputs
25
Out(1)
20F | eseescssscsanes Out(2)
------- Out(3)
amciamecames Out(4
s} (4)
S
>
o 10 p
)
>
5 S
(| 3 = TR i
-5 A
0 2 4 6 8 10

Time (ms)

Fig. 3.4 The simulation result of outputs
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Keithley 4200 Dual Pulse Generator *2

Probe card (24 pin) Fabricated Circuit on Glass

Fig. 3.5 The fabricated on-panel circuit for GOA and the corresponding

measurement setup.

Out(n-1)

100/4 |

M1

30/4
M3

CL
600/4
M2
-
Out(n)
2pF
| | 30/4
‘ M4
Out(n+1)

Fig. 3.6 Schematic of the GOA (Thomson’s scheme) cell
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(b)
Fig. 3.7(a) The layout of fabricated GOA (I), (b) The die photo of

fabricated GOA (Thomson’s scheme)
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Outl  Out2 = Out3 Out4

Fig. 3.8 Measurement result of (a)GOA (1) (b) GOA (Thomson’s scheme)
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Table 3.3 (a) Measurement data of GOA(I)

RMS of
fluctuations (V)

Measurement Rise time (us) | Fall time (us)

ouT()
ouT(2)
ouT(@)
oUT(4)

Table 3.3 (b) Measurement data of GOA (Thomson’s scheme)

Measurement Rise time (us) | Fall time (ps) flucggﬂt%gz V)
OUT(2)
OUT(2)

OUT(3)

OUT(4)
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(a) Frame inversion
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(b) Column inversion
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(c) Row inversion
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(d) Dot inversion

Fig. 3.9The four type of polarity inversion.
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7| pulse pulse
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T
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[ For Dot & Row inversion]

1st gate line 7

NN

2nd gate line

NN

3rd gate line

N-1th gate line

] |
I
Nth gate line |

[ For Frame & Column inversion]

Fig. 3.10 The two kinds of two pulse scanning waveforms for

corresponding polarity inversion.
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Out(n-1) CLK

XCLK
M1 An) 1 m2
100/3 ¢ | 600/3 |—M5
Cb ;_l Out(n) 15/3
3pF |
M4
153! IB(n)
va |
15/3 + A(n)
M6
' 15/3
Vss

Fig. 3.11 The schematic diagram_of the second proposed gate driver

circuit GOA(ID).
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Fig. 3.12. (a) The timing diagram of proposed circuit and (b) Waveform

variation of A(n) and B(n).
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Fig. 3.13 The timing chart and output:waveform for dot inversion mode.
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Fig. 3.14 The timing chart and output waveform for frame inversion

mode.

51



CLK D ¢ e ceeeeeee-
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XCLK2 T T ...........

In_3 —] stagel stage? stage3 staged f—--c-cceau--
Out(1) Out(2) Out(3) Out(4)

Fig. 3.15 Architecture of the proposed GOA (Il) for frame inversion

mode

Column& frame inversion mode | |

Input stage
(output of timing controller)

Normal mode  Row & dot inversion mode

I

JLIL

Output type

———eeee-.
cLock S i
™ — 1T 7
Vstart =] Stagel] stage2] stage3] Stagelfmmp———ccecca"
Normal mode I |
Row & dot inversion mode _n_I_L MR Vout(2) vout@3) Vout(4)
GOA system

Columné& frame inversion mode

I

Fig. 3.16 The block diagram‘of the proposed gate driver with tri-operated

modes

Table 3.4 The input relation between the clock connections and operate

mode.
Clock
_ connection 1 5 3 4

Operation

mode
Normal, row, and dot inversion

node CLK XCLK | XCLK | CLK

Columnandn:‘gzr:emversmn XCLK2 | XCLK_D | CLK2 | CLK D
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Voltage of Outputs
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Fig. 3.17 (¢)

Fig. 3.17 The simulation waveforms of GOA(IIl) from 1st, 2nd, 3th and
4th stage with (a) Normal mode;(b) Dot & row inversion mode, and (c)

Frame & column inversion mode
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Table 3.5 the simulation results of GOA(II) with  (a) Normal mode, (b)
Dot inversion mode, and (c) Frame inversion mode

RMS of
fluctuations (V)
~ 0.016567
ouT(2) 0.01656
OUT(3) 0.016574
oUT(4) 0.016674

Simulation . i
Rise time (us) ‘ Fall time (us)
(Normal mode)

Simulation RMS of

(Dot mode) fluctuations (V)
OuUT(1) 0.016605
OouUT(2) 0.016607
OUT(3) 0.016628
OUT(4) : 0018478

Rise time (us) ‘ Fall time (us)

RMS of
(Frame mode) fluctuations (V)
ouT(1) 0.012429
OUT(2) 0012423
OUT(3) 0.01247
OuUT(4) 0.012467

Simulation

Rise time (us)  Fall time (us)
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Fig. 3.18 The simulation waveforms of (a)A(n) and Out(n) (b)A(n) and
clk
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out(n-1) CLK
XCLK

A

100/3

;::1} A(n)
M6

100/3

500/3

M3
100/3

Vss

Fig. 3.19 The schematic diagram of the GOA(II) with increasing aspects.

Table 3.6 the simulation resuflts‘ o?G;GA(II) with increasing size and

voltage range

Simulation L i RMS of
Rise time (us) = Fall time (us) ]
(Normal mode) fluctuations (V)

OUT(1) 0.046087

OUT(2) ’ 0.045659
ouT(@3) 0.045665
OUT(4) 0.045666
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a

Fig. 3.20 The layout of fabricated GOA (1)

Out(1~3) Out100
._,./(D |

Outl Out2 Out3 Outd™ 7
—
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4 Fall Fall Meas ~ ~
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[ Undo ‘rChanneIs |
Autoscale All

(©)
Fig. 3.21 The output waveforms of GOA(Il) from 1st, 2ed, 3th and 4th

stage with (a) Normal mode, (b) Dot inversion mode, and (c) Frame

inversion mode
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Table 3.7 the measurement of GOA (Il) with Normal mode.

RMS of

Measurement Rise time (us)‘ Fall time (us) ]
fluctuations (V)

ouT(1)
ouT(2)

OUT(10)
OUT(20)
OUT(30)
OUT(40)
OUT(100)
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Table 3.8 the measurement of GOA (I1) with increasing size and voltage
range.

RMS of
fluctuations (V)

Measurement Rise time (us)‘ Fall time (us)

OUT(10)
OUT(20)
OUT(30)
OUT(40)
OUT(100)

g

Fig. 3.23 The controlling circuit of noise-free circuit in the conventional

GOA.
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Fig. 3.24 Schematic of (a) the third proposed circuit GOA (111) cell and (b)

the corresponding control signals and outputs.
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Voltage of Outputs
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Fig. 3.25 The simulation waveforms/of GOA(III) from 1st, 2nd, 3th and
4th stage. ' <401\
Table 3.9 The simulation results of GOA(I11).

RMS of
fluctuations (V)

Simulation L i
Rise time (us) ‘ Fall time (us)
(Normal mode)

OUT(1) ’ 0.016588
ouT(2) 0.017518
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Fig. 3.26 The simulation waveforms of GOA(IIl) and the comparison

with design of VVth drop compensation.

Out(n=1) clk
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M4 xclk
B(n+1)—| E/I7 MZl I—Out(n+1)ME||7 B{n) ;(|3(|30_/3

100/3 200/3

O(n) Vss

Fig. 3.27 Schematic of GOV/(I1)_v which is the GOA(III) replaces C1 by

Mc .
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Voltage of Nodes
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............... B(2) with GOA(IIl)_v
——————— Out(1)
20 - L EYY F¥Y Yyl Out(z)
]
o 10p
=
O
>
0 -
10 B
3 A | A
0.0 0.2 04 0.6 0.8

Time (ms)

Fig. 3.28 The simulation waveforms of B(n) and the comparison between

GOA(I11) and GOA(II)_v.

Table 3.10 Comparison with GOA(III) and GOA(III)_V

RMS of fluctuations (V) RMS of fluctuations (V)
GOA(II) GOA(II) V

Simulation

Average of Out (1~4) 0.041672 0.049301
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Fig. 3.29 The architecture of proposed GOA(III) cell.
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Fig. 3.30 Layout of proposed GOA(III) cell.

Table3.11 Comparison with Vt compensation

Simulation Risetime (us) Fall time (us)

OUT(1)

ouT()
oUT(@3)
OUT(4)
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Fig. 3.31 Measurement of Proposed GOA(III).
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Chapter 4
Conclusions

4.1. Conclusions

We fit the practical spice model of a-Si TFT for circuit design and
simulate. Then, we successfully verify the proposed gate driver circuits
using a-Si TFT on glass substrate.

In the first part, the proposed circuit reduce 35.71% layout area due
to the method of adjusting clock’s duty and concept on charge sharing.
Moreover, this GOA provides the stable signals by decoupling capacitor.

The second proposed GOA(II) system without logic gate which can
provide three kinds of scan signals. These pre-charge signals are suitable
for high resolution panel. Furthermore, the design of noise-free circuit
not only ensure stable output but also reduce the size of output pull-down
TFT.

The final proposed GOA uses the inverter with capacitor load to
replace the pseudo NMOS inverter and eliminates static power
consumption. Furthermore, the pull-down transistors suffer the lower
stress and the lifetime can be extended by two alternately paths of

noise-free. Then, GOA(IIl) has the bigger driving ability by
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compensation of Vth drop. This design can reduce 7.8% charging time

and 11.1% discharging time.

4.2. Future work

In the future, we will devote to practical implant the a-Si gate driver
circuits on application of panel. Then, the panel with a-Si gate driver will
test in the various conditions of temperature and long time voltage stress.

Finally, we will research the reliability issue by these experiment.
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