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ABSTRACT

In the proposed gate driver circuit, pull-down TFTs are
AC-driven with a duty ratio of 33.3% through CLK pulse
instead of DC-driven through VDD power line. The
simulation result exhibits output pulse of 1069 stage,

10715t stage, and 1073™ stage output pulse based on FHD,

frame frequency of 120 Hz.

1 INTRODUCTION

Amorphous-indium gallium zinc oxide (a-1GZO) thin-film
transistors (TFTs) have attracted substantial attention for
an active matrix organic light emitting diode (AMOLED)
displays and active matrix liquid crystal display (AMLCD),
such as a high-resolution, high frame rate display, and
narrow bezels [1-4]. The a-IGZO TFTs have a low off-
current, low temperature process, high on-off ratio, visible
transparency and higher field effect mobility than
amorphous silicon TFT [5]. For these reasons, gate driver
circuit is mostly used based on a-IGZO TFT. The gate
driver circuit generally applies a bootstrapping technique
for the Q node to significantly increase the gate voltage of
the pull up unit [6-7]. After this period, pull down unit is
operated to discharge output node. However, the pull-
down TFT is degraded due to the gate bias stress in the
gate driver circuit [8]. The electrical characteristic
degradation of the pull-down TFT may lead to the
threshold voltage (Vi) shift and a decrease in the on-
current. In the previous work, the method to drive pull-
down TFT about output node through DC-driven (VDD)
has been widely reported [9-12]. However, the DC-driven
pull-down TFT is degraded due to continuous gate bias
stress.

In this paper, we improve the overall reliability and
stability of the circuit by designing new gate driver circuit
based on oxide TFT for AMOLED and AMLCD. The
proposed gate driver circuit is composed of three pull-
down TFTs to sequentially discharge the output pulse
using the CLK signals. Thus, it can prevent the Vi shift
due to degradation in the TFT. We used a method to drive
pull-down TFT with duty ratio of 33.3% through AC-driven
about output node. When the pull-down TFTs are
sequentially operated, ripple voltage is almost not
generated about output pulse in simulation. Circuit
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malfunctions caused by performance degradation of the
pull-down TFTs can be improved through new gate
driver circuit structure. We also simulated output pulse of
10691, 1071%t, and 1073 gate line to verify the stability
of the output voltage at FHD (1080 gate lines) in
proposed gate driver circuit.
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Fig. 1 I-V characteristic of a-IGZO TFT
(Pull-down TFT) in simulation

2 EXPERIMENT

In simulation, we set a-IGZO TFT model and designed
a 11T1C new gate driver circuit based on a-IGZO TFTs
as shown in Fig. 1 and Fig. 2 (a), respectively. Channel
width and length of pull-down TFTs (T8, T9, and T10) are
150 ps and 5 ps respectively. We considered pull-down
TFT is degraded due to the continuous gate bias stress,
resulting in Vi shift. Therefore, gate driver circuit is
composed three pull down TFTs to reduce TFT
degradation. Fig. 2 (b) exhibits a voltage waveform of the
bus lines (CLK signals, VSS) and output signals.
Operation sequences of proposed circuit are pre-charge
period, bootstrapping period, and output discharging
period as shown in Fig 2. First, gate voltage of T4 is pre-
charged to +28 V. When Q node voltage is VBootstrap
through coupling of C1, output voltage maintains +28 V
through pull-up TFT (T4) during 1H time. After this period,
output voltage is continuously discharged through three
pull down TFTs (T8, T9, and T10) using CLK signals. To
realize proposed circuit in simulation, The Vi of all TFTs
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setto +3.5 Vin proposed circuit. CLK signals, VOUT(n+1),
and VOUT(n-1) swing from -5V (VGL) to +28 V (VGH) and
VSS is -5 V. 1H time is 7.7 ps considering full high
definition (FHD, 1920x1080) and frame frequency of 120
Hz. More details are given in Table 1.
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Fig. 2 (a) Proposed gate driver circuit schematic and
(b) Timing diagram
Table. 1 Device parameters of proposed circuit

Parameter Value
T1-T11L 5pm
T1, T3W 150 pm
T2W 100 pm
T4 W 150 pm
T5 (Pull-up TFT) W 250 pm
T6, T11 W 120 pm
T8, T9, T10 (Pull-down TFT) W 150 pm
T7TW 150 pm
C1 1 pF
CLK1, CLK2, CLKS3 voltage 5Vto28V
CLK duty ratio 33.3%
VSS 5V
CLK Frequency 43.3 kHz

L: TFT channel length, W: TFT channel width

3 RESULTS AND DISCUSSION
To reduce the ripples of output pulse, pull-down TFTs
(T8, T9, and T10) are driven AC voltage with a duty ratio
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of 33.3% through CLK pulse instead of DC voltage
driving. Gate voltage of pull-down transistors (T8, T9,
and T10) is sequentially charged to +28 V for discharging
of output voltage to -5 V since 23.1 ps as shown in Fig. 3.
T10, T8, and T9 are continuously operated through
CLK2, CLK3, and CLK1 respectively. Thus, ripple
voltage of output is almost not generated because
proposed circuit has 100% turn-off duty ratio. These
operations can prevent degradation of pull-down TFT by
continuous gate bias stress compared to DC-driven pull-
down TFT. Besides, we simulated 1069, 1071st, and
1073™ output pulse as shown in Fig. 4. Considering RC
delay of gate line, a resistor of 5.6 kQ and a capacitor of
139.4 pF were connected in parallel to the output node
[13]. During 1H time, Output voltage of 1069, 1071st,
and 1073 s saturated to +27.9 V, +27.89 V, and +27.89
V respectively. Based on the output voltage (+28 V), the
error rate is 0.0036%, 0.0039%, and 0.0039%
respectively. Therefore, output voltage of the proposed
gate driver circuit successfully exhibited approximately
+28 V about 1069™, 1071, and 1073 output voltage in
simulation.

40 = T10's gate node voltage
T8's gate node voltage
T9's gate node voltage
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Fig. 3 Voltage of gate node when T8, T9, and T10 are

operated
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Fig. 4 The simulated 1069t", 10715, and 1073 stage
output pulse in proposed circuit

4 CONCLUSIONS

In this paper, we proposed the 11T1C new gate driver
circuit with three pull-down TFTs (T8, T9, and T10)
based on a-IGZO TFTs for stable output node. Pull-down



transistors (T8, T9, and T10) are progressively operated to
discharging of output voltage. We also researched about
the simulated 1069™, 1071%, and 1073 stage output
pulse voltage in proposed circuit. Each of output voltage is
+27.9 V, +27.89 V, and +27.89 V. Based on the output
voltage (+28 V), the error rate is 0.0036%, 0.0039%, and
0.0039% respectively. In addition, ripple voltage of output
node is not generated because proposed circuit has 100%
turn-off duty ratio. Thus, a proposed gate driver circuit can
be stably operated for output node voltage of all gate line.
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