
Abstract

A novel integrated a-Si:H gate driver with high 
reliability has been designed and simulated. Since the 
a-Si:H TFT is easily degraded by gate bias stress, we 
should optimize the circuit considering the threshold 
voltage shift. The conventional circuit shows voltage 
drop at the input stage by threshold voltage of the TFT, 
however, the proposed circuit dose not shows voltage 
drop and keeps constant regardless of threshold 
voltage shift of the TFT.  

1. Introduction

Amorphous-silicon thin-film transistors (TFTs) are well 
known as switches associated with pixel elements in active 
matrix liquid-crystal displays (AMLCDs). Their key 
characteristics are a rather low field effect mobility (0.5 
cm2/V-sec), a low leakage current in the OFF state (< 0.1 
pA for Vds = 10 V at Vgs = -5 V), and uniform TFT 
parameters over very large surfaces. In spite of low field 
effect mobility these TFTs can also be used to build the row 
drivers of the AMLCD directly on glass with simple circuit 
schematics [1],[2]. 
  Integrating of drive circuits in TFT backplane is of 
increasing interest because of many advantages such as 
overall cost reduction, compactness and mechanical 
reliability. Because of the high mobility (50~300cm2/V-s), 
Poly-Si TFT is suitable for driver integration, it can be used 
in system on glass (SOG), where the memory, sensor, 
microprocessor and control circuits are integrated in 
addition to drivers. However, the manufacturing cost of 
poly-Si TFT backplane is much higher than that of a-Si:H. 
On the other hand, the integrated circuit using a-Si:H TFT 
has several advantages. First, most of the TFT-LCD 

manufacturers are based on a-Si:H TFT technology. Second, 
a-Si:H TFT process is suitable for large area applications 
because of its low cost, low temperature processing and 
better uniformity over large area substrates. Third, the 
module cost can be reduced by eliminating the drive IC's 
and related processes.  

However the main problem encountered when running 
them is the shift of the threshold voltage (VT) of the TFT 
under operation, which is induced by charge trapping into 
the insulator and the increase of the number of defects in 
the a-Si:H channel [3],[4],[5]. These properties are not 
avoidable and induce instability of the gate driver during 
operation. This leads to a drop of the ON current of the TFT 
that prevent normal operation of the drivers. Figure 1(a) 
shows the conventional a-Si:H circuit suggested by 
Thomson to overcome the low mobility a-Si:H TFT and 
until now many applications have been suggested to 
improve the reliability of the circuit [6],[7],[8].
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Figure 1. (a) The conventional scheme 
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Figure 1. (b) timing diagram of gate driver. 

2. Experimental  

In this paper, we propose a new gate driver with 
high stability as shown in Figure 2.  Figure 1 (a) is 
the conventional schematic. Figure 1 (a) shows one 
stage of the shift register of conventional a-Si:H TFT 
gate driver. The output of the previous stage is 
supplied to the input. The reset is supplied by the next 
stage output. The previous output applies to the P 
node through the T1 transistor. The P node voltage is 
less than input voltage by the threshold voltage of T1. 
The proposed new scheme has no voltage drop at the 
P node. Therefore this can improve reliability of a-
Si:H gate driver. Although threshold voltage of T1 
TFT increases, the voltage of the P node is not 
changed. Figure 1(b) is the timing diagrams of the a-
Si:H TFT gate driver.  The output of the previous 
stage is (N-1) output, and the next stage output is 
represented by (N+1) output.  The voltage at the 
node P is increased when (N-1) output goes high and 
much more increases when N output goes high by the 
capacitive coupling between output node and the P 
node. The N output reset to the Voff when (N+1) 
output goes high. The dotted line is for the 
conventional circuit and the full line is for the 
proposed one. 
   In this work the channel widths and lengths of 
TFTs were from W/L = 3,000/4um to W/L = 
7,000/4um, and the capacitance of capacitors was 5pF. 

We also considered parasitic capacitance (Cgs, Cgd) 
[9]. To achieve enough drive ability of the circuit 
output, the channel W/L of TFTs should be high. The 
bigger the channel W/L of TFTs, the higher voltage 
fluctuation results in by parasitic capacitance. So we 
have properly designed to achieve a better output and 
the less effect of parasitic capacitance. 
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Figure 2. The proposed circuit is reconstructed by 
T*, C* which can keep input high level without 
decrease. 

3. Results and discussion 

The proposed circuit is shown in Figure 2. The new 
circuit prevents the voltage drop at the P node, 
therefore it provides long life time circuit because the 
P node voltage is the gate voltage of transistor T3. To 
achieve this no loss of input voltage we used one more 
transistor T* and a coupling capacitor C*.  

Figure 3(a) shows the simulation results for the 
conventional and the proposed circuit. The voltages at 
the node P and the output voltages are shown at 
Figure 3(a). The simulation shows higher voltage of 
the P node for the proposed circuit than conventional 
one.

When the threshold voltages of T1 and T* increase, 
the P node voltage decreases for the conventional 
circuit, however does not decrease for the proposed 
one. Therefore, the life time of the proposed circuit is 
longer than the conventional one.  

Figure 3(b) shows that the shorter channel width is 
allowed for the proposed circuit since the P node 
voltage is higher than the conventional one. Small 
channel width can minimize unnecessary effect that 
happen by parasitic capacitance of TFT. The parasitic 
capacitance induces fluctuation of output, which is 
applied to the input of the next stage. Therefore, the 
fluctuation of the output voltage results in unstable 
operation of the gate driver. The stability of the circuit 
is improved by reducing the parasitic capacitance. 
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Figure 3. The simulation results of new a-Si:H 
gate driver and the conventional gate driver. (a) 
Output of the proposed circuit and the 
conventional one at the equal channel width of T3 
TFT, (b) at the proposed circuit we can get output 
same as the conventional circuit even if reducing 
T3 TFT width 

Figure 4. Gate output on the panel gate line 

The proposed circuit is on the process. After 
fabrication of the circuit the life time of the gate driver 
will be compared between the conventional one and 
the proposed one. 

4. Summary

We have achieved good stability from the proposed 
gate driver with a-Si:H TFT. To apply this circuit to 
the large size TFT LCD(TV, Monitor), we should 
minimize the influence of TFT's parasitic capacitance. 
Therefore, the proposed circuit is suitable for large 
size TFT LCD as well as mobile display. Figure 4 
shows that gate pulse on the gate load is good enough 
for the operation of large size TFT LCDs. 
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