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Abstract—In this paper, an integrated TFT gate driver was 

designed on the glass substrate not only to decrease the 
fluctuation at the output, but also to reduce the stress effect on 
the pull-down branches.  The fluctuation in the voltage at the 
output transistor was attributed to the coupled clocks through 
the parasitic capacitors in the TFTs.  In this study, the voltage 
gating the pull-down braches was reduced for longer operational 
lifetime.  This scheme was investigated by simulation by Smart-
SPICE with an �-Si TFT model from Wintek Inc. at level 35. 

Index Terms—gate driver; fluctuation noise; stress effect; 
system on panel (SoP) 

I. INTRODUCTION 
HE amorphous silicon (�-Si) thin-film transistor (TFT) has 
been widely used for mobile and portable display 

applications with their advantages in lower fabrication cost, 
simpler process steps, and higher yield. With the demands of 
higher resolution in displays, the interconnection becomes a 
key issue in the back-end package technology. Recently, more 
complex circuits can be implemented by the mature TFT 
technology [1-4]. Including the external controller circuits into 
the panel may be a good resort to solve the bottleneck in the 
interconnection. 

Unfortunately, some transistors in the gate driver, such as 
the pull-down transistors suffer a very long on-time stress that 
will result in a big shift in the threshold voltage [1]. In order to 
reduce the stress on the pull-down transistors, the concept of 
the dual pull-down was proposed by doubling the number of 
the pull-down transistors [2-6]. However, doubling the pull-
down branches cannot provide enough improvements in the 
reliability of the transistors. In the meanwhile, the floating state 
at the output transistor made the output terminal suffer serious 
interference from the clocks.  Oh et al. and Deng et al. have 
tried to suppress this problem by the anti-fluctuating structure 
[7][8]. In their studies, prominent improvement had been 
achieved. 

In this paper, further improvements in the fluctuation and 
reliability will be investigated.  We would like to discuss the 
above issues by a more practical model from the industry.  In 
this study, the control scheme for the dual pull-down structure 
was redesigned with a reduced gate voltage on the pull-down 

transistors to relieve the stress effect. In our simulation, Smart-
SPICE with an �-Si TFT model used in the industry was 
utilized to estimate the possible degradation effects.  In our 
study, the output fluctuation of our gate driver was prominently 
reduced as compared to that of the conventional one.  And the 
stress effect in the dual pull-down branches was also 
significantly reduced. 

II. A LOW NOISE ON-PANEL TFT GATE DRIVER 
A gate driving unit provides a high pulse voltage to each row 

line for selecting matrix line by turns. When gate driver turns 
on a row of TFT, source driver provides data voltage to charge 
pixels. After the pixels are charged, the gate driver provides a 
low voltage to keep up the charge in the pixels of that line and 
then turns on next row line sequentially. Fig. 1 shows the block 
diagrams of two-phase clocks (C1 and C2) controlled gate 
driver comprising a series of shift register cells for selecting 
each row line by scanning. 

In order to achieve the enough driving capability, the size of 
push-up TFT must be larger than that of others. As a result, the 
coupling effect is happened easily on the larger parasitical 
capacitance of push-up transistor. The output voltage and the 
node P1 voltage of the circuit suffer the coupling noise from 
the capacitance Cgs and Cgd while the clock is switching 
alternatively. For this reason, the output voltage is fluctuating 
seriously while no output pulse is shifted. 

 
Fig. 1. The block diagram of Gate driver and its shift operation for gate scanning 

 

Such fluctuation noise is resulted from the charge injection 
by means of the coupling of clock C1 to the node P1 via Cgd, 
and then to the output by Cgs while no output pulse is presented.  
Obviously, the output voltage is fluctuating seriously by this 
way, the node P1 is located at the key point on the fluctuating 
influence path. 
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Fig. 2. A low noise on-panel TFT gate driver [8] 

 

In the past, we proposed a modified on-panel TFT gate 
driver with anti-fluctuating structure in conjunction with the 
stress-reducing effect as shown in fig. 2 to reduce the noise 
coupling from C1 [6]. In order to decrease the number of TFTs, 
the anti-fluctuating structure is closely integrated into the on-
panel TFT gate driver with dual pull-down structure as well. 
Keeping the output node VO(n) from the ac coupling of clock C1, 
the voltage of node-P1 must be kept constantly and low enough 
to avoid the stress effect. An anti-fluctuation structure (T9-T11) 
is added and a low stress voltage node P3 is designed for the 
pull-down transistor (T9) of node P1. The voltage of node P3 is 
reset to VSS each time when the input pulse Vin is coming in 
order to not affect the proper bootstrapping-up operation of 
node P1. But at some time late, while the output pulse 
Vout(n+1) of the next stage is fed back , the node P3 will be 
biased and held at an appropriate small voltage level which is 
still large enough to pull down the node P1 voltage through T9 
by optimized-design of the size of T10 and T12. This situation 
is sustained until the coming of input pulse Vin of the next 
scan-turn. The connection of node P1 to a small constant 
voltage by a low resistance path as described above keeps it 
from the coupling of clock source C1 efficiently. An improved 
low-noise structure consists of a dual pull-down and an anti-
fluctuation was designed successively. The low noise on-panel 
�-Si TFT-based gate driver of LCD display would be not only 
reduced the fluctuating noise of output but also modified the 
serious stress effect. 

III. IMPROVING STRESS EFFECT OF PULL-DOWN TRANSISTOR 
Conventional gate driver circuit uses single pull-down 

structure. The pull down transistor undergoes almost full duty 
cycle to guarantee gate driver provides a low voltage output for 
a long time. In order to relax the serious stress effect of pull-
down transistor, a dual pull-down structure are proposed 
[2][4][5]. When gate driver circuit requires a low voltage 
output, one of the two pull-down transistors is turned on 
alternatively after half time of clock signal. 

 
 
 

Improving the stress effect of transistor further, two ways 
can be adopted, one is decreasing the turn-on time; and the 
other is diminishing the control voltage. Decreasing the turn-on 
time will become more complex circuit and more area 
overhead. From equation (1) we can understand to reduce the 
gate-voltage stress on our circuit, the lifetime of TFT-LCD 
driver will be increased. In this paper, a novel combined short 
turn-on time and well-designed low control voltage structure is 
proposed for reducing the stress effect of the dull pull-down 
transistors in advanced. 

A time-dependent semiempirical description of �Vth is given 
by [9] 
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where k is the Boltzmann constant, T is the absolute 
temperature, t is the bias-stress time duration, EA is the mean 
activation energy, A is the degradation rate, and 
%=VGS/(VGS+VDS). & and n are process related constants. & is 
about 0.3 and n is about 1.0. 

In the past, we use dual pull-down structure to extend the 
lifetime of pull-down transistors. From the equation (1) we can 
see that increasing the number of pull-down transistors is 
limited the increase lifetime of TFT gate driver. There, we will 
change the way for increasing the lifetime. Adding the number 
of pull-down transistors is reducing the turn on time. Now we 
will reduce the turn on voltage of the pull-down transistor. 
From equation (1), we can find that reducing the voltage is 
more favorable for the threshold voltage shift. 

Fig. 3 shows the proposed gate driver circuit, which can be 
relax stress effect of dual pull-down transistor. The proposed 
gate driver  include dual pull-down structure, anti-floating low 
noise structure, and two flash transistors. Transistor T2 is the 
mainly responsible for pushing up the voltage, T3 and T4 are 
dual pull-down structure, T9~T12 are anti-floating low noise 
structure, T13 is a reset transistor, T8 and T14 are flash 
transistors, others transistors generate the lower voltage to 
control the dual pull-down structure. By cascading the TFT, the 
control voltages of node P2 and P4 for the dull pull-down 
transistors can be low down. In our design these dual pull-
down transistors are only used as the auxiliary discharge 
switches, because the lower control voltage will result to a 
longer time for the output voltage discharging from VDD to 
VSS. Thus, it is only suitable for a low voltage swing usage. 
For this reason, a main flash pull-down transistor (T14) is added, 
this transistor is designed with a little larger size and is turned 
on only a half period of clock C1, just likes a flash, in one 
whole scanning turn. So, the main switch (T14) and both of the 
dual pull-down transistors (T3-T4) are benefitting of  light stress 
effect. In addition to low stress effect design, this circuit 
maintained the long-term low noise design with an additional 
storage-capacitor CFS.  
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Fig. 3. Type 1 of a low voltage design on-panel TFT gate drive 

 
Fig. 4 shows another low stress effect design. In the type 1 

described above, we cascade the transistors to diminish the 
control voltage for dual pull-down transistors, but the threshold 
voltage of TFT is not necessarily the same in different factory 
and process. If the threshold voltage is lower, we must cascade 
much number of transistors. For this reason, following the idea 
of the node P4, we use the voltage divider by the aspect-ratios 
of the transistors to make up the suitable smaller voltage in P2 
and P4. In the type 2 we can use less transistor and reach the 
same effect. 

IV. SIMULATION RESULTS AND DISCUSSION 
In this paper, our simulation use Smart SPICE with the 

level=35 of �-Si TFT process Spice Model and the operation 
voltage is used from +15V to -10V. Fig. 5 shows the voltage of 
node P2 and P4 of the type 1 circuit. The P2 and P4 is the gate 
of dual pull-down transistors. If we reduce the gate to source 
voltage of pull-down transistors, we can relax the stress effect.  

 

 
Fig. 4. Type 2 of a low voltage design on-panel TFT gate driver 

 
Fig. 5.  The node P2 and P4 simulation results of the type 1 circuit 

 

 
Fig. 6. The clock C1, input and the output simulation results of the type 1 
circuit 

 
In the past, the control signals of dual pull-down were clock 

1 and clock 2, the voltage of these signals was about 25V and 
the turn-on ratio was 50%.  If we use the low driver voltage 
design, the speed of threshold voltage shift will be slower than 
without using low driving voltage. The node P2 and P4 voltage 
will be set and held at a small voltage level (about -2 V) but 
large enough to turn on the T3 and T4 (VGST3 = VGST4= 8V). 
From the fig. 5 we can find that the waveform of P2 presents 
the ramp wave. In the type 1, we would use the diode 
connected to reduce control voltage. But the diode connected 
had to endure smaller current, the voltage of P2 isn't arrived 
our setting level fast. Even so, the gate driver can still work 
correctly. Fig. 6 illustrates the waveforms of the voltages at the 
clock C1, the input and the output in the type 1 circuit. From 
this figure, the output voltage would reach 15V and the 
function of gate driver would be correct. In this study, we set 
the resolution of TFT-LCD is QVGA, so the gate driver would 
be 240 stages. From the fig. 6, we can see that the voltage of 
240th stage would reach 15V. 

Fig. 8 shows the voltage of node P2 and P4 of the type 2 
circuit. As the same, the control voltage is decreased from 15V 
to about -2V. We compare the difference fig. 5 and fig. 8 that 
the voltage of P2 in fig. 5 is like a ramp wave. But the voltage 
of P2 in fig. 8 is using the voltage divider, the waveform is like 
a complete clock. The type 2 gate driver could use less number 
of transistor and we do not consider that the differences of 
threshold voltage. 

Fig. 9 illustrates the waveforms of the voltages at the clock 
C1, the input and the output in the type 2 circuit. From this 
figure, the output voltage would reach 15V and the function of 
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gate driver would be correct. The fig. 7 and fig. 10 are the 
waveforms of the 231th to the 240th output voltage of type 1 and 
type 2 respectively. Both of them shows that the lower voltage 
of P2 and P4 would not influence the function of gate driver.  

 

 
Fig. 7.  The output waveform of 231th to 240th of type 1 circuit 

 

 
Fig. 8. The node P2 and P4 simulation results of the type 2 gate driver 

 
Fig. 9. The clock C1, input and the output simulation results of the type 2 
circuit 

 

The function will be correct, no matter what kinds of low 
driving voltage design. If we select the type 1, we have to 
cascade the transistor, and the numbers of cascade transistor 
would be decided by the threshold of TFT. If we select the type 
2, we can just adjust the size of transistors of controlled signal 
such as T5, T15, T16 and T17.  

V. SUMMARY 
In this paper, we propose a novel stress reducing solution for 

the on-panel �-Si TFT-based gate driver of LCD display. We 
modify the structure of the pull-down configuration and 

implement the low control signal of dual pull-down to relax the 
stress effect of the transistors and it keeps up a long-term low 
noise structure. According to the results of our simulation with 
the Smart-SPICE and using level-35 for �-Si TFT process 
model, it shows that our proposed structure works successively 
as expected to suppress the fluctuation noise phenomenon at 
the output node and to relax the high stress of the dual pull-
down transistors. Thus it is a reasonable conclusion that the 
proposed integrated structures in this paper for an on-panel 
TFT gate diver can operate well with good reliability and low 
noise. 

 
Fig. 10. The output waveform of 231th to 240th of type 2 circuit 
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