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Chapter 1

Introduction

1.1 Background

The active-matrix organic light-emitting diode (AMOLED) display is a strong candidate

for the next-generation flat pane f its excellent color characteristics,

wide viewing angle, high
Since OLED ig ' nces (particularly the
stability and u . Very important to

achieve uniforg .TPS) TFTs show

high mobilit icceptable for the
AMOLED

uniformity, b

InGaZnO, (IGZO), ; f heavy-metal cations witf lectronic configurations

have been widely investig s such as high mobility, high

transparency, low processing temperat! tentially good uniformity. All these merits

make IGZO TFTs the strong candidates for the AMOLED backplane.

The threshold voltage (Vth) shift issue in the AMOLED circuit is most critical because
Vth shift results in uneven image quality. Therefore various compensation circuits have been
proposed and developed to overcome Vth shift. [1-4] Various AMOLED pixel circuits shown
in Fig. 1.1 have been reported [1-3]. We take these circuits for example, compensation
technique of AMOLED usually use a capacitance to store the Vth of driving TFT, which is

later added to the driving voltage of VVdata.



Owing to the high mobility, IGZO TFTs can also be used to make the peripheral circuits
monolithically. However, IGZO TFT is typically in depletion type, which means there is a
high leakage current when the gate voltage is zero. Several proposals have been made to solve
this problem. [5] Moreover reliability of peripheral circuits for driving cannot be ignored, so
various structures of circuit have been developed to conquer this problem, and prevent that

affects the function of circuit. [6, 7]

1.2 Motivation

The Vth instabil TFT can limits its app e circuits. Recently, the

dual-gate IGZO T

0.gates:t
ittt

osed to have better
device perfor ults are shown in
Fig.1.2 [8, 9]

Fig.1.3(b)
dual-gate IGZ
circuit symbol 0
with respect to di .
of free carriers in the a
dual-gate IGZO TFT as the r|
a new idea of using it for the Vth compensation in the circuits. When Vth of the 1d-Vbg curve
is positively shifted, a negative Vtg can move it back, and vice versa. In other words, by
appropriately setting the voltage on the top-gate, the circuit of TFT using the bottom gate can
get rid of the problem of Vth shift.

A new concept of Vth compensation can be developed by using this concept with the dual

gate IGZO TFTs. Initially we fix Vtg of dual gate IGZO TFT. If Vth shift, we can compensate

the variation of Vth by adjusting the Vtg. We take an example to explain the new concept of



Vth compensation, using dual gate 1GZO TFT. Fig 1.4(a) shows ld-Vbg transfer
characteristics of the dual gate TFT before and after VVth shift. Because top-gate can control
the Vth of transistor, we can increase the Vtg to compensate the variation of Vth, vice versa.
Fig 1.4(b) shows the 1d-Vbg transfer characteristics before and after compensation, the
Id—Vbg transfer characteristics after compensation is very close to the initial.

We propose a new concept of using the top-gate to compensate the Vth difference Owing
to the lack of device model for the simulation of the dual-gate TFT, therefore we cannot verify

the proposed digital buffer posed digital buffer is verified

experimentally.

In principle, thi; | transistor. However,

dual gate 1IGZOg me drawbacks. We

take two kinds.

1. MOSFET:
The cross-section and characteristic affected by body effect are shown in Fig 1.5(a). The
threshold voltage can be controlled by the body electrode. However, the body contact of

devices located on the same subtract is common. The body cannot be individually controlled.

2. Amorphous silicon (a-Si) TFTs:

The cross-section and characteristic affected by the bias voltage of top-gate are shown in
Fig 1.5(b). Upon the bottom gate structure, device is deposited a metal to form the forth
electrode (top-gate). The top-gate can be used for controlling threshold voltage, but the effect

is not apparent.

1.3 Thesis organization
In this thesis, we propose a new concept of using the top-gate to compensate the Vth

difference in the peripheral circuits for driving and pixel circuits of AMOLED. The thesis



organization is listed below:

Chapter 1 Introduction

1.4 Background
1.5 Motivation

1.6 Thesis Organization

Chapter 2 Digital Buf

2.1 Peripheral Cireu

2.2 VVth Com

3.2.1.2 Experimental Result
3.2.2 5T2C circuit
3.2.2.1 Schematic and Operation
3.2.2.2 Experimental Result
3.3 Pixel Circuits of Normal OLED
3.3.1 4T2C circuit



3.3.1.1 Schematic and Operation
3.3.1.2 Experimental Result
3.4 Summary
Chapter 4 Conclusions and Future Works
4.1 Conclusions

4.2 Future Works
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Chapter 2

Digital Buffer

2.1 Peripheral Circuit

Fig 2.1(a) shows the location of the peripheral circuit on a display panel, where the the

scan driver is integrated onto the display panel and marked by the red rectangle. The

integrated scan driver can bg ck structure, as shown in Fig

2.1(b). The lower and -up circuits and controlled

by two lines EN a

In many c re replaced by an

active load. S p transistor can

tolerate more itis de function. Error

i

ifts. In this

probably occ r, a compensated

mechanism is p an driver.

2.2 Vth Compensa

2.2.1 Reference Circuit

In this chapter, we use the simplest digital buffer to be the reference circuit to demonstrate
the effectiveness of VVth compensation for peripheral circuits for driving. It is consisted of one
active load (M1) and one pull-down transistor (M2) and shown in Fig 2.3(a).

Two conventional single-gate 1IGZO TFT are used to make the reference circuit. By
adding a positive or negative DC voltage source (MVoffset) between the input voltage Vin and

gate of M2, we can imitate the Vth shifts negatively or positively for the same amount,

12



respectively.

Fig 2.3(b) shows the transfer curves of digital buffer with Vop at 10V for Voffset varying
from -0.5V to 1V, which imitates the Vth shift from 0.5V to -1V. The transfer function of the
digital buffer is shifted by the variation of Vth accordingly. This variation of output level

might be enlarged when the digital buffers are cascaded.

2.2.2 Proposed Circuit

Fig.2.4 shows the proposed digitd mpensation and its driving scheme.

In the circuit, a dual-g o TFT (M3) and two other

conventional single: ' ) and switch (M1). A
capacitance Ccon on. In addition, two
control signals g operation. The
operation can
(1) Pre-charg
M1 is tu mp is charged to

Vscan2- Vth_M24 (\Vc) can lower the

Vth of M3. During thi h input voltage Vin is set a joltage (Vpreset).

(2) Compensation

Before the real driving voltage dI‘IV) comg in, M3 is turned on by Vin is kept at
the preset voltage for compensation. Meanwhile, M2 is switched to off by Vscan2 and M1 is
kept on by Vscanl. In such a case, Vc is discharged through M1 and M3 and thus raises the
Vth of M3. This discharge current stops when V¢ comes to a voltage that changes the Vth of
M3 to match the preset voltage at the bottom-gate to turn off the transistor. Therefore, the Vth
of M3 can be set at a predetermined value by the voltage at its top-gate.

(3) Driving

13



After the compensation step, Vscanl turns off M1 and thus the information of Vth is
stored in Ccomp. From the view point of bottom gate (BG) operation, Vth is fixed at constant.
Thus, input voltage Vdrive fed to the bottom-gate of M3 can correspond to a fix output voltage.

Because the compensation is a dynamic operation, the transfer curve of the proposed circuit
cannot be obtained by the DC source-measurement unit. An alternative measurement method is
used. The low and high voltages of both Vscanl and Vscan2 are set at OV and 10V, respectively.
The preset voltage of Vin is set at 0V and changed to a sawtooth waveform from OV to 10V in

driving period. By simultaneous output voltages with an oscilloscope,

as shown in Fig. 2.5 I' circuit can be obtained by
corresponding the i .

Similar to thg ice (\Voffset) is added
to simulate th sfer curves of the
proposed circ sfer curves of the

proposed dig Vth variation.

2.3 Comp

The effectiveness 0fd d compensation me apparent by comparing Fig

2.4 and 2.6. For quantiti ed from the transfer curve is
required. The index is chosen to be the input voltage Vin when Vout equals to Voo/2. As
shown in Fig 2.7, the variation of this Vin index without compensation is up to about 1.5V for
Vth shift of 1.5V. As for the proposed digital buffer with compensation, the Vth variation of
1.5V only results in 0.37V difference. .

The better performance of the proposed circuit is further confirmed by another experiment.

A dual-gate 1IGZO is used to build the pull-down transistor in the proposed circuits. This very

transistor is also used to build the reference circuit with its top and bottom gates shorted

14



together. After measuring the transfer curves of the both circuits, the same transistor is subject
to a voltage stress at the bottom gate of 10V for 90 seconds, which results in variation of Vth
about 0.56V, as shown in Fig 2.8. The transfer curves of digital buffers with and without
compensation before and after the device stress are compared in Fig. 2.9. The extracted index
Vin when Vout equals 5V for proposed digital buffer varies only about 0.13V after the device

stress, while for the simple digital buffer, it is up to about 0.48V.

2.4 Summary

We use the simple ate the concept of Vth

compensation using compensate the Vth
variation of pul y demonstrated in

a simple circuit plicated circuits.

15



Fig 2.1(b) Schematic diagram of peripheral circuits
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Fig 2.2 Three different examples of peripheral circuits [12, 13]
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Chapter 3

AMOLED Pixel Circuits

3.1 Types of OLED

Because of its high transparency and good conductivity, most reported OLEDs are the

type of normal OLED, which are built on top of the ITO anode on the substrate[13]. In

contrast to a normal OLED, ¢ cathode connected to the drain

devices respectively.

However, the
because Vgs
OLED can ke

Because n
in this chapter, tf

difference is applied

3.2 Pixel Circuits of Inverted OLED

Applying the new concept of compensation to pixel circuit with inverted OLED, we
developed two circuits. The one with four transistors and two capacitors (4T2C) has higher
aperture ratio and less control lines. The other (5T2C) can avoid unwanted illumination before

driving period. We use these two circuits to verify compensated mechanism.

3.2.1 4T2C circuit

23



3.2.1.1 Schematic and Operation

Fig. 3.2 shows the pixel circuit with inverted OLED and its driving scheme. In the circuit,
a dual-gate 1IGZO TFT is used as the driving TFT (MD) and three other conventional
single-gate 1IGZO TFT are used as switches. Two capacitors, namely, the storage capacitor Cst
and the compensating capacitor Ccomp, are used to store the information of data voltage and
Vth compensation, respectively. In addition, three control lines are needed to operate the pixel
circuit. The operation of the pixel circuit is described in the following steps.

(0) Previous driving

For almost a frame ti he voltage stored in Cst sets

the bottom-gate of | | ion of the OLED.
(1) Pre-charge

Then, M1

s charged to Vdd

through M1 of MD. During

this period, t
(2) Compensa

Before the on by Vscan3 and

Vdata is kept at th : e for compensation. Me k2 is switched to off by

Vscan2 and M1 is kept o arged through M1 and MD

and thus raises the Vth of MD. h|s disc sto when V¢ comes to a voltage that
changes the VVth of MD to match the preset voltage at the bottom-gate to turn off the transistor.
Therefore, the VVth of MD can be set at a predetermined value by the voltage at its top-gate.
(3) Driving

After the compensation step, Vscanl turns off M1 and thus the information of Vth is stored

in Ccomp. Vdrive is fed to the bottom-gate of MD through M3, which is later turned off by

Vscan3. Vdrive is stored in Cst to drive the OLED for a frame time.

24



3.2.1.2 Experimental Result

In the experiments, for simplification, Vdata is fed directly to the bottom-gate of MD
instead of being driven through M3 and stored in Cst. The OLED is simulated by a 1IMQ
resistor and a 2.5V DC voltage source, corresponding to the turn-on resistance and cut-in
voltage, accordingly. The low and high voltages for Vscanl and Vscan2 are -5V and 15V,
respectively. Furthermore, VVdata is modified to simulate the Vth variation from various
devices. For example, the preset voltage Vpreset of 5V for compensation and driving voltage

Vdrive of 8V are synchronously, i 0.5V to imitate that the Vth shifts

negatively or positively fo
The experiment
distinguishable jg

the lower Vda i ; arge he higher value to

compensate t
the same val
of 1.5V to onk

compensation.

compensation. The case

exclude the effect of top-gate electrode n of Voled owing to Vth shift of 1.5V is up

to about 2.77V. The performance of compensation is obvious in the proposed circuit.

3.2.25T2C circuit

3.2.2.1 Schematic and Operation

Fig. 3.5 shows another pixel circuit with inverted OLED and its driving scheme. In the
circuit, a dual-gate IGZO TFT is used as the driving TFT (MD) and four other conventional
single-gate 1GZO TFTs are used as switches. Two capacitors, namely, the storage capacitor

25



Cst and the compensating capacitor Ccomp, are used to store the information of data voltage
and Vth compensation, respectively. In addition, four control lines are needed to operate the
pixel circuit. The operation of the pixel circuit is described in the following steps.
(0) Previous driving

For almost a frame time, M1, M2 and M4 are off and M3 is on. The voltage stored in Cst
sets the bottom-gate of MD and thus determines the current and the illumination of the
OLED.

(1) Pre-charge

Then, M1 is turned @ ned off by Vscan3, so that
Ccomp is charged § ' | ' oltage of Ccomp (Vc)
can lower the Vi

voltage (Vpres

Vscanl, M3 keptz0

MD and thus raises D. This discharge current n \Vc comes to a voltage

that changes the Vth of bottom-gate to turn off the

transistor. Therefore, the Vth of . D Ca redermined value by the voltage at its
top-gate.
(3) Driving

After the compensation step, Vscan2 turns off M2 and M1 kept off, thus the information of

Vth is stored in Ccomp. Vdrive is fed to the bottom-gate of MD through M4, which is later

turned off by Vscan4. Vdrive is stored in Cst to drive the OLED for a frame time.

3.2.2.2 Experimental Result

26



In the experiments, for simplification, Vdata is fed directly to the bottom-gate of MD
instead of being driven through M4 and stored in Cst. The OLED is simulated by a 1MQ
resistor and a 2.5V DC voltage source, corresponding to the turn-on resistance and cut-in
voltage, accordingly. The low and high voltage for Vscanl is OV and 10V, then the low and
high voltages for Vscan2 and Vscan3 are -5V and 15V respectively. Furthermore, Vdata is
modified to simulate the Vth variation from various devices.

The experimental result for 5T2C circuit is shown in Fig. 3.6. As can be seen, it is

distinguishable in Vc that differ, nd to different discharge curves. In

such a case, the outp “the close value. Namely, the

compensation meck to only about 0.67V
difference in Vole

Fig. 3.7 ind without Vth
compensatio
Ccomp to ex
of 1.5V is up in the proposed

circuit.

3.3 Pixel Circuits

Applying the new concept of cpenstion pixel circuit with normal OLED, we
developed two circuits. These two circuits have same compensated mechanism. The one
(6T2C) has more transistors than the other (4T2C), and these additional two transistors are
used to avoid unwanted illumination before driving period. In this thesis, our intention is to
demonstrate the performance of compensation in pixel circuit with normal OLED. Therefore

we just experimentally verify 4T2C for example.
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3.3.14T2C circuit

3.3.1.1 Schematic and Operation

Fig. 3.8 shows the pixel circuit with normal OLED and its driving scheme. In the circuit, a
dual-gate IGZO TFT is used as the driving TFT (MD) and three other conventional
single-gate IGZO TFT are used as switches. Two capacitors, namely, the storage capacitor Cst
and the compensating capacitor Ccomp, are used to store the information of data voltage and
Vth compensation, respectively. In addition, three control lines are needed to operate the pixel

circuit. The operation of the pi following steps.

(0) Previous driving
For almost a fra tage stored in Cst sets
the bottom-gate @
(1) Pre-charge
Then, M
through M1
thus increase
voltage (Vdata) i w1k rela low to avoid the high
current of MD ind
the OLED.
(2) Compensation
Before the real driving voltage (\Vdrive) coming in, M3 is turned on by Vscan3 and
Vdata is kept at the preset voltage for compensation. Meanwhile, M2 is switched to off by
Vscan2 and M1 is kept on by Vscanl. In such a case, Vc is discharged through M1 and MD
and thus raises the VVth of MD. This discharge current stops when V¢ comes to a voltage that
changes the VVth of MD to match the preset voltage at the bottom-gate to turn off the transistor.
Therefore, the Vth of MD can be set at a predetermined value by the voltage at its top-gate.
(3) Driving

28



After the compensation step, Vscanl turns off M1 and thus the information of Vth is stored
in Ccomp. Vdrive is fed to the bottom-gate of MD through M3, which is later turned off by
Vscan3. Vdrive is stored in Cst to drive the OLED for a frame time.

3.3.1.2 Experimental Result

In the experiments, for simplification, Vdata is fed directly to the bottom-gate of MD
instead of being driven through M3 and stored in Cst. The OLED is simulated by a 1IMQ
resistor and a 1V DC voltage source, corresponding to the turn-on resistance and cut-in

voltage, accordingly. The low a anl and Vscan2 are -5V and 15V,

respectively. Furthermoge th variation from various
devices.

The experim: s can be seen, it is
distinguishable ischarge curves. In
such a case,
compensatio
difference in

Fig. 3.10 co
compensation. Thec ( ecting M1 and Ccomp
to exclude the effect ofto d owing to Vth shift of 1.5V

is up to about 0.6V. The performance 01 ensation iIs obvious in the proposed circuit.

3.4 Summary

A new concept using the top-gate of the dual-gate 1IGZO TFT to compensate the Vth is
applied to design AMOLED pixels. The performance of compensation is experimentally

verified to be apparent. Applying this concept, new circuits can be invented.
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Chapter 4

Conclusion And Futrure Work

4.1 Conclusion
A new concept using the top-gate of the dual-gate 1IGZO TFT to compensate the Vth is

proposed. The validity of the Vt ified in examples of digital buffer and

AMOLED pixel circui apparent. Applying this

concept, new circu

th compensation

circuits of A jeration frequency.

Furthermore, circuits with the

requirement of V 1N the similar manner.
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