Study on Characterization-and-Compensation Circuits of
Low-Temperature Polyerystalline Silicon Thin-film
Transistor for Active Matrix Displays

G
dp R AR KR
5‘5#?5’5‘5 %{Ci’;‘

o R K 4 L - oF = 3



2 - — 7 D 4 2 G = . - 2L .

o &8 T EN G A W ) W ae g2~ E
) \\/\',(__‘F, 2 >
BT R R

Study on Characterization and Compensation Circuits of
Low-Temperature Polycrystalline Silicon Thin-film
Transistor for Active Matrix Displays

ogod e p Student: Hau-Yan Lu
R a8 # g4 Advisor: Dr. Sien Chi
k& R BL Dr.Ting-Chang Chang

A Dissertation
Submitted to Institute of Electro-Optical Engineering
College of Electrical and Computer Engineering
National Chiao Tung University
In Partial Fulfillment of the Requirements
For the Degree of
Doctor of Philosophy
In Electro-Optical Engineering
June 2008
Hsin-chu, Taiwan

PoE R R 4 L+ - B = 2



B2

AameE D - fan G £ Bl (Metal shielding layer) it i<ig 5 &

#
=3
=
i)
Nl

B U A L R - K & BN Xk BT A
(Buffer layer)ss 2t 5, 0> £ 1% 38 2 K F 27— %] > 4ot ¥ 7 £ 5
Sk o SRR R T I LRSI S B E g R 2 RAT SRR R

g (Sub-threshold swing)»+ % ek 8+ 2. 7 it » 2R

L o2r L 2L PR & B 7, B
» L ETN R MOR P B R

3

THHLEATRYBET €EFABTRABME d N2 HELEEAETE

TARE A - FATE o AETREGI L FAT ML AHERE Y

!

A TRAGHAY s BEFLLLRA TR S0 PR e - KD AR E
EREERE - R RXRARE DAL LA £ BRI

ARG R R LGRS A REREZ A Bk - o



Eeh TRE 3 EEAET B FNs B R ARG R
PE o Re 393 srendrd| RIBR L o) 0 F 20 B ARG T ¢ i i H 2 30
AER R EEMCRIRT IR ok KA 0 - EoF A X R RT R > AR
B2 R R Btk I f RS AP L R Rk ) 0 -
WA kR EA R

peb e E SR R 2 A A B H LG B EFA R RFFIER I A S
A N - AV gTRIR A TR TS A T RN T kT Ar
YUS E R R TSR g R R0 o i P M RIRR a0 gtk BT K
Wk LB LA F A @Sirichy2 - F P EAER LT FHRFR > FEFAT
Brkofein 4 BEEWRERE I IV AKHERY FEFL-F PRSI
FhRBWEAE S FTEF30%~5 0B RBTInE o s b hhe T H
- rR 2 RGBT E T ﬁ(NHg plasma) &2 » 4% % iﬁe‘;’r C R A A
&4 (Bombardment) » # 4 5 Z0 2 2 KR 2 46 R 2 RS T FE
ﬁﬁﬁﬂﬁ%iﬁ»f?N%iﬁ?ﬁ—ﬂﬂﬁﬂﬁnmfﬁ®% Rl i
z A H A AN R & Sy PRES BRI ik SRl R
BAS PR AL ot - RO kR A AT F R R ET BE R RN g R
o 2R REFHEE 7 I MR T S ci BT 2 A 2 RAHEF -

%%@APi%&;MPE"?&%iﬁ*%%Ti%%*ﬁﬂmﬂhw
Btochi i8] 0§ RS R 1T £ 43 (Argon) Bl T A G BF @ 5 B
FOE R M%ﬁmﬁixﬁwwﬁa’“W%m Tl Bk Ao ST P
KBETERET XIRAAIGEEE G EF L o d 0 5 B F E R o k1
EAZFIL T LN BEI 2 BIOBAET R ORI FIETF 0 FlA i
SR I R R D TR R g 0 0t b - JBATSS iRl S
PARD IR AT EREEE SR APT LEAREEF N AES AiREG
T B? FREFTENREEG DS ABRTREORETARALTT FH
¥h CE O RS R SRR VGRS LR T 2 84T A

v P RN E A R R -



5 SR T AN L SR RS ) S S B ARy
FEEERGBAT R FE LRI AP ART ARV A ¢ T

e

T # — % &2 (Capacitance-Voltage measurement) & # 7 #GE 5 & # 7 & 10
VEET2ZV AR CPL P FRNRREEE A A EA TN T

RHATT R TR 4 o e ALRAEE 2 T s & RIH e o gt et s A Y

LT TR AP AR L AT LT RS SEFR R T
B i W05 AP EET AT U T B R SRR

(Tail state)erisig 4 @ 7= i #c P& (Deep state) % & ¥ 2 = * 1 » FREEZER 7 TR

WA AP F IR RS A 2 2 ¥ A PR B A R IRE AR B 7

RS

‘3\\-

EFRPRHZME S HP RN AN ET VAR B H PR A

]

FOE LR e B & & B (Grain boundary) & 5 A & B (main-GB)¥ = & R
(SUb-GB)> 2 o b e i o3t H i = » -8 it g > T ¥ 5 - R 42 (Protrusion)
B A HAPET FEE R RIS ah e PpE A R 2 T R
EEFAOGB-TFT 5 - 23 A h B il ? &« - NGB-TFT * Bl &5 S & A &

B SiEE A LR AUBLRGE 0 FILGB-TET 277 i 758 NGB-TFT p& » s

H—

BRI T F TR MR T T T RO # A GB-TFT 2

1

ACGHMR A NRERTIR REFLFRFOPFIRT 20 LREE RS
B2 REHTEE AL DY o

A s B - JE NG T w ki T B(AMOLED)z 4 4 % T B

R
LXS
g o
Rl
3
>=1
b
@H
g o
=l
et
\d—
)
«LU\
B
Wa
e
it
g o
g o
_\)3
*“3‘3
=
e
e
{w
=3
Al
™
i
TE
™
N
S
o)

% TR (Vop) S L IERERPE AL - TRT % SR G% %7 g i
$F - REFREAFES ARG TR el Ak i g £

REBAT 2 27 b ST REE A R TRES ST RIRT T
é?;iiiﬁe?]ﬂ:?iﬁ%ﬁv » &d HSPICE #cf8 ense 28 » L R BRI ¥ 203 27 2 &2



Ll BT EE LAY
Ay B EE TR - BT ALP EWT LML G BT EE L RS

FUE ol NALP T LI G AP 05 R g el S ko 2

Rl

FREEMETFBRTFE 2_# 4= (Backplane) » 28 m 2L 8 &7 BT fp 18 2

¥

—lﬂk

FaBREEFHRTERH A0 3 WR P - Bz AT R EFRY
FERE S B > @ S IR AR L T AT P T S AR
if s g8 % (Source follower) 2 #£4 - 7 Wt G H Y H - L7 b ad if ~
PEph TR G BT T R AT RO TR S L5 R T

LT R -



Study on Characterization and Compensation
Circuits of Low-Temperature Polycrystalline
Silicon Thin-film Transistor for Active Matrix

Displays

Student: Hau-Yan Lu Advisor: Dr. Sien Chi
Dr. Ting-Chang Chang

Department of Photonics & Institute of Electro-Optical Engineering
College of Electrical'and Computer Engineering

National Chiao Tung-University

Abstract

A novel technology to eliminate the photo leakage current of poly-silicon thin
film transistor (poly-Si TFT) with top gate is developed. A thin metal film is formed
on the glass substrate to be used as light-shielding layer. The light-shielding layer,
buffer layer and active island are patterned by employing the same mask. The leakage
current and the variation of sub-threshold swing in the proposed devices are
suppressed completely under illumination. Owing to the parasitic capacitance in the
overlap region between the drain side and the metal shielding layer, a floating voltage
coupled from drain bias would influence the threshold voltage of the proposed poly-Si

TFTs. In order to solve this issue, a partial metal shielding structure for poly-Si TFT is



studied. The metal shielding layer is formed and etched to be located in the channel
region and junction regions. According to this structure, the shift of threshold voltage
with increasing drain bias is entirely eliminated. Furthermore, the photo leakage
current of poly-Si TFT with partial metal shielding layer located in the drain junction
Is suppressed. However, the shielding effect is vanished as the drain voltage is high.
Based on these data, this study also proposes a model to explain the mechanism of
partial metal shielding layer located at drain side for lowing photo leakage current.

In addition, poly-Si TFT with light absorption structure is proposed to lower the
photo leakage. No need of adding process steps or number of masks, the oxide film or
SiNx film of buffer layer is replaced by Si-rich dielectric films. By this method, the
photo leakage can be markedly lowered and the degradation of sub-threshold swing is
also reduced. It is observed that.the light absorption capacity of Si-rich dielectric
material is strongly proportional to.the film thickness. In addition, the technology of
poly-Si TFTs with low photo leakage.current.is-developed in this work. The electrical
characteristics of poly-Si TFT under. illumination were significantly improved
employing the NH3 plasma treatment on the buffer layer, no need for complicate
device structure and additional masks. The generation of trap states originated from
the plasma bombardment on the interface between poly-Si layer and buffer oxide can
effectively recombine the light-induced electron-hole pairs. The fewer residual
electron-hole pairs in the bottom of poly-Si layer leads to the lower photo leakage
current and improved sub-threshold swing, as well as also maintain the good electrical
characteristics in the dark sate.

Next, poly-Si TFTs with different process flows are used to investigate the
electrical characteristics under illumination. First, the surface of buffer layer of poly-si
TFT is degraded by Argon ion implant to generate plenty of trap densities on the

interface of poly-Si layer and buffer layer. The photo leakage current and the
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degradation of sub-threshold swing are improved substantially, compared to the
conventional poly-Si TFT. It is attributed to that the light induced electron-hole in the
bottom of poly-Si film may be recombined directly via the surface state densities.
Therefore, the fewer electrons and holes lead to the lower photo leakage current and
less increase of sub-threshold swing, respectively. Moreover, The electrical
characteristics of poly-Si TFTs with patterned metal shielding layer under illumination
are investigated in this study. The location of the exposure region in poly-Si layer is
well defined by employing the proposed structure. The photo leakage current
increases obviously as the exposure region is located in drain junction. Therefore, the
drain junction under light exposure is effective region to induce the photo leakage
current. However, the sub-threshold swing of TFT under illumination is significantly
degraded while the exposure region is located in source junction with high drain
voltage. It is indicated that the-key factors to affect the sub-threshold swing is the
residual excess holes accumulated iniseurce-junction; From the results of poly-Si TFT
with degraded buffer layer and partial metal shielding layer, the model for mechanism
of increased sub-threshold swing under illumination is proposed.

The electrical degradation of n-channel poly-Si TFT has been investigated under
dynamic voltage stress by capacitance-voltage (C-V) measurement. In C-V
measurements, the fixed charges in the gate oxide film of TFTs are not affected by the
applied small signal, whereas the trap states in the band gap would respond to the
applied frequency, so that the dominant degradation mechanism of poly-Si TFTs can
be evaluated. Our experimental results show that the degradation of n-type TFTs is
caused by additional trap states located at the drain and the source junction in the
poly-Si thin film. Furthermore, through the experimental results of the C-V
characteristics measured at 10 kHz and 1 MHz, we can infer that the tail states

produced by the strained bounding in poly-Si film are mostly responsible for the
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electrical degradation of n-channel poly-Si TFTs after dynamic stress. In addition, this
work also studies the electrical degradation of laterally grown poly-Si TFTs under
dynamic voltage stress. The experimental results show the severity of the degradation
of poly-Si TFTs with a protruding grain boundary. The concentration of the electric
field in the protrusion region was verified by capacitance-voltage measurements and
simulation of the device characteristics. These results reveal that more electrons are
induced at the grain boundary of the poly-Si channel because of the relatively high
electric field in the protrusion region. Based on these data, this study proposes a
model to explain the enhanced electrical degradation of poly-Si TFTs with a
protruding grain boundary, generated by laser-crystallized lateral growth technique.

A new pixel design and driving method for active-matrix organic light emitting
diode (AMOLED) display using poly-Si TFT is proposed. The new circuit consists of
five TFTs and one capacitor to-eliminate the.variation in the threshold voltage of the
TFTs, and the drop in the supply voltage-in-a-single frame operation. The proposed
pixel circuit has been verified to ‘realize_uniform output current by the simulation
work using HSPICE software. The simulated error rate of the output current is also
discussed in this paper. The novel pixel design has great potential for use in large size
and high resolution AMOLED displays. Finally, this work also presents a new a-Si:H
pixel circuit with source-follower type compensation method for large-size AMOLED
displays. The proposed pixel circuit consists of five TFTs and one capacitor to
compensate the shift in the threshold voltage of the driving TFT and OLED used in
AMOLED and the compensation process is simplified by the proposed driving
scheme. The high immunity to degradation of TFT and OLED in proposed pixel has
been verified by the simulation work using HSPICE software. The novel pixel design

has great potential for use in large-size AMOLED displays.
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Chapter 1

Introduction

1.1 General Background

Thin film transistor (TFT) is a metal-oxide-silicon field effect transistor (MOSFET)
fabricated on an insulator substrate by employing all thin film constituents. Thin film
transistors have been widely used as switching devices in flat panel display, such as
active-matrix liquid crystal display (AMLCD) [1.1-1.5] and active-matrix organic
light emitting diode (AMOLED) display,[1.6-1.10]. The active layers of thin film
transistors can be mainly divided .intortwo types, amorphous silicon (a-Si) and
poly-crystalline silicon (poly=Si), according to the crystallization status. The
hydrogenated a-Si (a-Si:H) TFT is~commonly applied in large size active matrix
displays (AMDS) due to its highly mature process, low manufacturing cost and good
device uniformity. However, the threshold voltage of a-Si:H TFT would increase with
long time operation. Therefore, the poor stability limits the application of a-Si TFT in
AMDs. On the contrary, poly-Si TFT is suitable for the high-resolution, compact size
active matrix display in mobile electrical products. Since mobility and stability of
poly-Si TFT is higher than a-Si TFT, it offers a promising solution to realize the
“System on Panel” technology. The high driving capability and existence of
complementary devices lead to integrate functional and driver circuits on the glass
substrate. The improvement of electrical characteristics and understanding of
degraded mechanism of poly-Si TFTs is important for development of advanced
mobile display technology. In addition, AMLCD requires back-light source to display
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input image. However, poly-Si TFT operated in illumination environment exhibits an
undesired high leakage current to affect the function of pixel switch [1.11].
Furthermore, AMOLED technology with high brightness, high color saturation and
fast response time has attracted more and more attention worldwide. Since the
brightness of OLED is strongly dependent of driving current, it needs a
well-controlled current source to provide the uniform brightness among numerous
pixels. Since the main backplane technologies of AMLCD, a-Si TFT and ploy-Si TFT
have been developed in the past 20 years, they can be directly taken as the pixel
switch and the driving current source for AMOLED. Using excimer laser to
re-crystalline a-Si active layer, poly-Si TFT can offer very high current capability.
However, the laser re-crystallization process also generates plenty of the grain
boundaries in poly-Si TFT, leading to poor uniformity and very huge variation due to
the narrow laser process windews.for producing. large grain size poly-Si TFT. The
fluctuation of pulse-to-pulse laser energy-and-non-uniform laser beam profile make
laser energy density hard to hit the super lateral regime everywhere. The random grain
boundaries and traps exist in the channel region [1.12-1.14]. This will cause serious
non-uniformity of brightness in AMOLED panel. Since the device-to-device
uniformity is hard to control, it is essential to develop circuits to compensate the
variation. Another one of promising approaching for AMOLED backplane is to use
a-Si TFT because of its many advantages, including simple manufacturing process
low-cost in large size panel and good device uniformity. However, it had been
reported that the threshold voltage of a-Si TFT would shift during operation with
increasing time [1.15-1.16]. The increasing threshold voltage of a-Si TFT would
reduce the current driving capability to result in the lower brightness of OLED after

long time operation. In addition, the threshold voltage of OLED is also shifted with



time. Therefore, the current originated from a-Si TFT would be very sensitive to the

OLED degradation.

1.2 Motivation

Hydrogenated amorphous silicon (a-Si:H) technology is quite attractive in AMDs
due to its low processing temperature and low manufacture cost. The bottom gate
inverted-staggered back-channel-etched (BCE) type of a-Si:H TFT shown in Fig 1.1
has been widely used as a switching element to control the gray level in AMLCD and
to drive AMOLED. AMLCD panels are usually used in an illumination environment
such as under the back-light. Therefore, the leakage current of TFT under back-light
illumination in TFT-LCD displays should be“reduced to avoid losing the storage
charges in the pixel. Although photo leakage current of inverted staggered a-Si:H TFT
was also a serious problem, it had been-solved.by, light-shielding structure proposed
by Akiyama et al.

Compared with a-Si:H TFT technology, the poly-Si TFT technology has some
distinct advantages but its manufacture is more complex and high cost. The major
advantage of poly-Si TFT is the higher field effective mobility than that of the
amorphous silicon (a-Si) based devices. The high carrier mobility and the existence of
complementary pairs permit the integration of drive circuits and the smaller area of
pixel transistor. The integration of drive circuits could reduce manufacturing costs,
and increase the functionality of large-area microelectronics [1.17-1.18]. The smaller
area of pixel transistor leads to a larger aperture ratio for a given pixel size, or enables
a high resolution display for a given aperture ratio, resulting in fine image quality for

mobile display. Recently, the demand of high-end mobile electronic products such as



cell phone, digital camera, GPS, mobile TV and so on is continuing to grow, so that
the development of mobile displays with high resolution and high image quality is
inevitable. Since most of people would like to use mobile electronic products outdoors
under the sunlight, the readability in ambient illumination is a critical issue for mobile
displays. To meet the requirement of superior readability under sunlight, the
brightness of backlight becomes higher and higher. However, poly-Si TFTs operated
in the high illumination environment exhibit substantial photo leakage current and
degraded sub-threshold-swing (S.S), leading to the errors of gray level and difficulty
in pixel design.

In addition, the application of circuit integration using poly-Si TFT continuously
grow up as device characteristics improve further. Enlarging the grains in poly-silicon
layers is an effective approach for improving TFT performance. Several poly-Si
re-crystallization methods based on laterally- grown grains have been proposed to
enlarge the grains and control-the location-of.the grain boundaries [1.19-1.20]. In
poly-Si TFT devices, however, the status of defect states at grain boundaries plays a
crucial role for electrical characteristics, as shown in Fig. 1.2 and Fig. 1.3. The
stability of poly-Si TFT is one of the important issues for poly-Si technology.
Recently, the researches about the stabilities of conventional excimer
laser-crystallized (ELC) poly-Si TFTs have been reported. The creation of trap states
at poly-Si/gate dielectric interface or the charge trapping in the gate insulator is
responsible for the degradation in electrical characteristics of poly-Si TFTs. Since
TFT devices in driving circuits are frequently subjected to high-frequency voltage
pulses, the degradation behavior under dynamic stress is a critical issue for integrated
peripheral circuits.

AMOLED displays have been widely developed due to their high brightness, high



efficiency, fast response time and wide viewing angle. Although poly-Si TFT is
considered as the main backplane technology for AMOLED, the device variation is
still a most critical issue to implant AMOLED panel with good image quality. The
conventional 2T1C pixel shown in Fig. 1.4 directly suffers from the non-uniformity of
brightness among pixels. For the demand of large size AMOLED panel, this problem
will become more and more serious. To solve this issue, several methods have been
proposed to compensate for the variation in poly-Si TFT characteristics. The pixel
circuit of AMOLED displays can be divided into two catalogs, including voltage
driving and current driving methods [1-21-1.22]. The current driving method can
provide an excellent uniformity of brightness. However, it need a long time to driving
panel for high resolution displays. The voltage driving method can compensate for the
variation of the threshold voltage and is easy to integrate poly-Si TFT drivers on the
glass substrate. Therefore, the voltage driving-method would be considered as a great
potential solution for eliminate the variation-of-poly-Si devices.

In addition, recently, a-Si:H TFT attract much attention to be taken as pixel element
for large size and low cost panels in AMOLED display because of its good uniformity
and simple fabrication process [1.23-1.24]. However, the threshold voltage shift of
a-Si:H TFT over time under operation is another critical issue to degrade the image
quality on AMOLED panels [1.25]. Moreover, since OLED is placed on the source
node of a-Si:H TFT in the conventional pixel circuit and lo_gp is determined by Vgs of
the driving TFT, the threshold voltage shift in OLED raise the source voltage of the
driving TFT to decrease the driving current..

In this thesis, the electrical characteristics of poly-Si under illumination are studied
in detail. In order to solve the photo leakage current problem, a metal shielding layer

structure for poly-Si TFT is used for top gate poly-Si TFT structure. From the SEM



image and transfer curves of poly-Si TFT with metal shielding layer, the elimination
of photo leakage current and increase in S.S are confirmed. However, V14 of poly-Si
TFT with metal shielding layer would shift with the drain bias. Therefore, a simple
method to improve the electrical characteristics of poly-Si TFT under illumination and
maintain the original key parameters is proposed. In addition, the behavior of S.S
under illumination is also discussed based on the result of proposed test devices. An
energy band diagram is proposed to explain the degradation of S.S under light
exposure. Furthermore, the mechanism of conventional ELC poly-Si TFT under
dynamic stress is investigated by voltage-capacitance measurement. We also proposed
a model to describe the degradation of laser-crystallized laterally grown poly-Si under
dynamic stress. For the application of poly-Si TFT in AMOLED, a 5T1C design is
proposed to eliminate the Vty variation of poly-Si-TFT and the voltage drop of supply
power in one time operation. Additionally, a.simple-pixel circuit composed of 4T1C
with source follower type compensation-is- presented to release the issue of

degradation in a-Si TFT and OLED.

1.3 Thesis Organization

In this thesis, novel methods to lower the leakage current and improve the
sub-threshold swing of low-temperature polycrystalline silicon thin film transistors
(poly-Si TFT) under illumination were proposed. Furthermore, the models of
electrical characteristics of poly-Si TFT under illumination were investigated and
established in detail. In addition, the new compensation pixel circuits and driving
schemes for AMOLED employing poly-Si TFT and a-Si:H TFT were developed in

this work. The dissertation is organized in to the following chapters:



In chapter 1, a brief overview of TFT technology and the pixel circuit for
AMOLED displays are introduced. We describe the trend and issues of poly-Si TFT
development and the problems of TFT applied for the element device of AMOLED
pixel circuits. Then, the outline throughout the dissertation is discussed here.

In chapter 2, a new structure of top gate poly-Si TFT to eliminate the photo leakage
was first proposed. By this structure, the photo leakage and degradation of
sub-threshold swing in poly-Si TFT under illumination are totally eliminated.
However, the threshold voltage of device with this structure would shift as drain bias
is increasing. Therefore, a modified shielding structure of poly-Si TFT with low photo
leakage current is developed to release this issue.

In chapter 3, the buffer layer is modified to improve the electrical characteristics of
poly-Si TFT under illumination. A:Si-rich dielectric film is taken as the buffer layer to
absorb the backlight. Therefore, the light absorbed- by poly-Si layer is reduced to
lower photo leakage current and sunsthreshold-swing. Furthermore, the state densities
in the interface of poly-Si film and buffer layer are induced by NH3 plasma treatment
on the surface of buffer layer. The light-excited electrons and holes would recombine
directly via the extra state densities. The fewer excess electron-hole pairs lead to the
less photo leakage current and sub-threshold swing.

In chapter 4, the mechanism of photo leakage current and the increase of
sub-threshold swing in poly-Si TFT under illumination are studied in detail. By the
results of treated poly-Si TFT, the excess electron-hole pairs in the bottom of poly-Si
film are the main factor to influence the electrical characteristics of device operated in
the backlight environment. Furthermore, the patterned metal shielding layer is used to
control the light exposure region in the source or drain junction. Based on the

experimental results, the effective factors to degrade the sub-threshold swing and raise



the photo leakage current are verified.

In chapter 5, the AC stress effect of poly-Si TFT with excimer laser crystallization
(ELC) and laser-crystallized laterally grown grain is studied. The generated tail state
densities in the source and drain junction in confirmed by capacitance-voltage (C-V)
measurement. In addition, the grain boundary effect in reliability of poly-Si TFT
under AC stress is investigated.

In chapter 6, a novel poly-Si TFT pixel circuit and driving scheme is proposed. It is
composed of five poly-Si TFT and one capacitor. The control line is two lines,
including [n]scan and [n]EM. The function of this design is verified by simulation
work using HSPICE software. Furthermore, a simple pixel a-Si:H TFT circuit and
driving scheme is proposed. It is composed of five a-Si:H TFT and one capacitor to
compensate for the shift in the threshold voltage.of driving TFT and OLED at one
time operation. The function of this design-is verified by simulation work using

HSPICE software.
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Fig. 1-1 Four device structures for a-Si:H TFTs.
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Figure 1-2 (a) Model for the crystal structure of polysilicon films. (b) The charge
distribution within the crystallite and at the grain boundary. (c) The energy band

structure of the polysilicon crystallites
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Fig. 1-3 Three possible mechanisms of leakage current in poly-Si TFTs, including
thermionic emission, thermionic field emission and pure tunneling.
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Fig. 1-4 Diagram of conventional 2T1C pixel structure for AMOLED displays
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Chapter 2

Polycrystalline Thin Film Transistor with Metal Shielding Layer

2.1 Introduction

Low-temperature polycrystalline-silicon thin film transistors (poly-Si TFTs) have
been widely investigated for flat-panel applications such as active matrix liquid
crystal display (AMLCD) and active matrix organic light-emitting diode display
(AMOLED) [2.1-2.3]. Recently, the demand of high-end mobile electronic products
such as cell phone, digital camera, GPS, mobile TV and so on is continuing to grow
rapidly, so that the development.of mobile displays with high resolution and high
image quality is inevitable. Sinee most of peeple.would like to use high-end mobile
electronic products outdoors - under-the—sunlight, the readability in ambient
illumination is a critical issue for mobile displays [2.4-2.5]. To meet the requirement
of superior readability under sunlight, the brightness of backlight becomes higher and
higher. However, poly-Si TFTs operated in the high illumination environment exhibit
substantial photo leakage current (Ip.c). The leakage current of TFT under back-light
illumination in AMLCD displays should be reduced to avoid losing the storage
charges in the pixel. Therefore, the voltages that are held across the pixel electrodes
would be diminished to affect the gray level controlling, which in turn, would cause a
low contrast ratio and error color display. Although Ip ¢ of inverted staggered a-Si:H
TFT was also a serious problem, it had been solved by light-shielding structure
proposed by Akiyama et al [2.6]. Since the gate metal is normally under a-Si:H layer

for inverted staggered structure, the light-shielding structure can be performed easily

13



by patterning a-Si:H layer to be located totally inside the gate metal. Figure 2.1(a)
shows the conventional poly-Si TFT structure. It is a top gate structure, indicating the
gate metal is on the top of active layer, so that light form back-light directly emit into
poly-Si film to be absorbed, generating lp_c and increasing sub-threshold swing (S.S).
However, the studies for lowering lp c in poly-Si TFTs with top gate structure are
very few [2.7-2.8].

In this chapter, we propose a new light-shielding structure for poly-Si TFT with top
gate to eliminate the Ip ¢ originated from the illumination of back-light. The Ip.c and
the S.S variation of proposed TFTs are entirely cancelled by the light-shielding layer.
In addition, the electrical characteristics of poly-Si TFTs with light-shielding layer are
investigated first. As drain bias changes, the shift of threshold voltage (Vty) of
poly-Si TFT with metal shielding layer is observed, inducing the un-saturation
phenomenon of Ip-Vp characteristics. Therefore, the Vry of poly-Si TFT is affected by
the insert metal shielding layer.-In order-to-solve the variation of V1 with drain bias,
the metal shielding layer is patterned to.be partially under poly-Si layer. The location
of partial metal shielding layer is designed to be channel or close to junction region.
The relationship between location of partial metal shielding layer and effect of

lowering lp.c is discussed as device is operated in linear and saturation regions.

2.2 Full Metal Shielding Layer Structure
2.2.1 Experimental Procedure

The poly-Si TFTs with top gate p-channel and lightly doped drain (LDD) structure
were fabricated on Corningl737 glass substrate. First of all, an 80nm thick
molybdenum film was sputtered to be a shielding layer on the glass substrate. The

buffer layer and a thin 50 nm-thick un-doped amorphous-Si (a-Si) film were
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sequentially deposited by plasma enhanced chemical vapor deposition (PECVD) at
380°C, followed by dehydrogenated via furnace annealing process at 450°C. Then the
a-Si films were crystallized by 308nm XeCl excimer laser with the line-shaped beam
power of 350mJ/cm?. The active island, the buffer and the light-shielding layers
were patterned using the same mask by plasma dry etching. The 100nm thickness gate
insulator was deposited by tetraethyl orthosilicate base (TEOS) oxide. The
source/drain regions were defined by a mask and formed by the mass-separated ion
implanter technique. Then, MoW was sputtered and patterned as a gate metal.
Following, implantation for LDD region is preformed on overall device after the S/D
photo resistor is removed. The doping activation was performed by RTA irradiation.
The dimensions of TFTs in this work were L = 6 pm, W = 6 um and the LDD length is
1.25 um. The brightness of back-light for photo state measurement is set as 3000nits.
In the manufacture process, the-number of masks is equal to the conventional poly-Si

TFT procedure.

2.2.2 Results and Discussion

The cross-sectional view of proposed TFT is illustrated in Fig. 2.1(b). A thin metal
film is deposited on the glass substrate to block the light emitted into poly-Si thin film.
For the AMLCD application, most pixel regions should be allowed light to pass
through so that the metal shielding layer must be patterned to be an opaque area only
for the poly-Si active island. To simplify the manufacture process, the metal shielding
layer, buffer layer and active island layer are patterned in the same mask employing
plasma dry etching process. Therefore, the process of the proposed structure is

compatible with conventional one. Figure 2.2 shows the SEM image of poly-Si TFT

15



with the light-shielding layer. After one time etching process, the triple layers,
including metal film, buffer oxide and poly-Si film, show a taper-like shape and the
area of metal layer is larger than that of the active layer. Since the poly-Si island is
completely located inside the coverage of metal shielding layer, the result confirms
that the proposed device exhibits a strong immunity to high brightness illumination.

Figure 2.3 shows the Ip-V transfer curves of standard poly-Si TFT at the linear
operation under the dark and photo states. The leakage current of poly-Si TFTs in the
dark was around 10™*® A as the gate bias is varied from 0 to -12 V. With the same
range of gate bias, the leakage current of poly-Si TFTs under illumination is as high as
two orders of magnitude, about 10™A. It is clearly observed that the on/off current
ratio of poly-Si TFTs was substantially decreased to seriously affect the function of
TFTs used as the pixel switch under illumination environment. In addition, the
sub-threshold swing is increased under illumination, about 0.49 V/decade, as the
initial value in dark is 0.28 V/decade. The-variation of sub-threshold swing is about
75%. Since the light from back-light is:-mainly-absorbed at the interface of poly-Si and
the glass substrate, plenty of light-induced electron-hole pairs are accumulated in the
bottom of poly-Si film to generate the Ip ¢ [2.9].

To solve this issue, the poly-Si TFT with full metal shielding structure was
proposed. The Ip-Vg transfer curves of proposed poly-Si TFT under the dark and
photo states are shown in Fig. 2.4. It is clearly observed that the lp.c is entirely
eliminated in the proposed poly-Si TFT and the shielding effect is independent of
drain bias. The leakage current is about 10 A under illumination at the linear
operation, as same as that in the dark state. The sub-threshold slope is also unchanged
absolutely under illumination by the light-shielding structure. Figure 2.5(a) plots the

Io-Ve curves of the poly-Si TFT with increasing drain bias under dark. As the drain
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voltages are -4.5V and -9V, the negative shifts of Viy are 1.08V and 2.07V,
respectively. It indicates that the proposed TFTs are easier to be turned on by the high
drain voltage. However, the V4 of conventional poly-Si TFT slightly shifts under
high drain voltage operation at dark and photo states. In addition, from the result
shown in Fig. 2.5(b), the un-saturation phenomenon of Ip-Vp of poly-Si TFT with full
metal shielding layer is found clearly. The Vy of proposed TFT is dependent of drain
voltage so that the drain current would increase with drain bias.

Since the metal film is located under the poly-Si active layer, a parasitic
capacitance in the overlap of source and drain side is generated. The negative voltage
at drain side would lead to a negative potential distribution, Vy;, in the metal film
owing to the coupling effect. Vi is regarded as the substrate bias to affect the
threshold voltage of the proposed poly-Si TETs [2.10]. Therefore, the threshold
voltage shifts in positive are explained by the negative V\, coupled from the applied
drain bias. In practical application of TET-LCD, the-range of gate voltage applied to
pixel switch is from -10V to 6 V' for-p-channel* device and the input range of data
signal is from OV to 5V. It means that the TFT used as pixel switch is operated at the
linear region. Considering the advantages of proposed TFT such as high on/off ratio
and unchanged sub-threshold swing due to the elimination of Ip ¢ under illumination,
the slight shift of threshold voltage is acceptable. However, poly-Si TFT is taken not
only as switch device in pixel but also component for integration of peripheral driving
circuits. The shift in V1 with drain voltage is a rather serious issue for circuits design.
Therefore, the partial metal shielding structure for poly-Si TFT is proposed and

discussed in the next section.
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2.3Partial Metal Shielding Layer Structure

2.3.1 Experimental Procedure

The n-channel poly-Si TFTs with LDD structure were fabricated on Corningl1737
glass substrate. First of all, a 50nm thick molybdenum film was sputtered and was
patterned using additional mask to be a shielding layer on the glass substrate. The
buffer layer and a thin 50 nm-thick undoped a-Si film were sequentially deposited by
PECVD at 380°C, followed by dehydrogenated via furnace annealing process at 450
‘C. Then the a-Si films were crystallized by 308nm XeCl excimer laser with the
line-shaped beam power of 350mJ/cm?. The 100nm thickness gate insulator was
deposited by TEOS oxide. The source/drain regions were defined by a mask and
formed by the mass-separated ion implanter technigue. Then, MoW was sputtered and
patterned as a gate metal. Follewing, implantation for LDD region is preformed on
overall device after the S/D photo resistor-is-removed. The doping activation was
performed by RTA irradiation. The dimensions of TFTs in this work were L = 18 pm,

W =18 um and the LDD length is 1.25 um.

2.3.2 Results and Discussion

The partial metal shielding layer is located junction in and channel region as shown
in Fig. 2.6(a) and 2.6(b), respectively. As the shielding metal is located in the channel
and shorter than the gate metal shown in Fig. 2.6(b), the space between the edge of
shielding metal and the gate metal is set to 3um. Figure 2.6(a) plots the poly-Si TFT
with shielding metal remained to be located in junction side. Similarly, the overlap

region between the edge of shielding metal and the gate metal is 3um. Therefore, the
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effect of location for Ip ¢ is investigated employing the two types of poly-Si TFT with
different partial metal shielding structure.

Figure 2.7 plots the Ip-V¢ relationships of poly-Si TFT with partial metal shielding
layer located in channel region (Channel-shielding TFT) and drain junction region
(Drain-shielding TFT) as drain voltage is varied at dark state. It is clearly found that
the Vry of poly-Si TFT with partial metal shielding layer is independent of drain bias
and the location of shielding metal. As shielding metal is located in junction region,
the parasitic capacitance is performed in the overlap region between drain side and
shielding metal. However, the floating potential, V, induced by drain voltage is
distributed in the shielding metal region located only in drain side. The channel region
would not be affected by Vv to induce the back channel in the bottom of poly-Si layer.
Therefore, V1 of Drain-shielding*TFT is unchanged with increasing drain bias. By
contrast, the shielding metal is completely located.inside the coverage of gate metal so
that the parasitic capacitance originated-from-overlap region between shielding metal
and drain side is vanished. "Therefore; the increasing drain voltage of
Channel-shielding TFT could not induce V\ to attribute to the shift of V1.

Figure 2.8(a) reveals the comparison of lp c which is extracted at a voltage
[Ve-V1y| of 7V as Vp is 0.1V for TFT with partial metal shielding layer located in
channel region (Channel-shielding TFT), drain side (Drain-shielding TFT) and source
side (Source-shielding TFT) as brightness of back-light is in Channel creased (2160,
3100, 4110, 5620 nits). The lp ¢ of Drain-shielding TFT is much lower than that of
Channel-shielding TFT and Source-shielding TFT. The maximum values of Ip ¢ of
Drain-shielding TFT, Channel-shielding TFT and Source-shielding TFT are 4.1, 19.2
and 24.5 pA. In addition, the Ip_c of Drain-shielding TFT exhibits a weak dependence

on the increasing brightness of back-light. The result confirms that drain side is the
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dominant region for Ip c of poly-Si TFT operated in linear region. Figure 2.8(b)
shows the Ip ¢ of Drain-shielding TFT, Channel-shielding TFT and Source-shielding
TFT as drain voltage is 9V. It is observed the shielding effect of Drain-shielding TFT
is reduced markedly even if the lp ¢ of Drain-shielding TFT is still less than that of
Channel-shielding TFT and Source-shielding TFT.

While poly-Si TFT is exposure to back-light, the excess electron-hole pairs are
generated. The regions generating photo-induced electron-hole pairs can be divided
into two parts. One is drain junction region and another is channel region. The excess
electron-hole pairs generated in drain junction would be separated due to the electric
field and the excess electrons could flow to drain to become leakage current. By
contrast, since Si is an indirect band gap material, photo-induced electron-hole pairs
in channel region could not be recombined directly. Therefore, the excess electrons in
channel region would diffuse to drain to form current. It is inferred that the Ip ¢ is
attributed to the diffusion current and drift-current from channel region and drain
junction, respectively. As shown‘in-Fig..2:9, the band diagram to explain the
generation of Ip ¢ for Source-shielding TFT is proposed. Since the shielding metal is
located in source side, the excess electrons generated at channel and junction region
flow to drain by diffusion and drift, leading to the high lp.c. Figure 2.10 shows the
band diagram of Drain-shielding TFT under illumination. As the shielding metal is
located in drain side, light emitting to the junction region is blocked to eliminate the
junction part of Ip.c. In addition, the electrons induced by light outside the shielding
metal are difficult to diffuse to drain since the excess electrons must to pass through
an intrinsic poly-Si region, while drain voltage is 0.1V. Hence, Drain-shielding TFT
operated in linear region exhibits a highest immunity to illumination environment

compared to Source-shielding TFT and Channel-shielding TFT. However, as the high
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voltage is applied at drain, a positive potential distribution, V, in the shielding metal
of Drain-shielding TFT owing to the coupling effect is generated due to the parasitic
capacitance in the overlap of drain and shielding metal. Hence, electrons induced by
Vwm gather to form the back channel near drain in the bottom of poly-Si layer, as
illustrated in Fig. 2.11. So that excess electrons at channel region would flow to drain
through the back channel under high drain bias, generating lp.c. Therefore, the
shielding effect of Drain-shielding TFT under illumination would be suppressed by

applied high drain voltage.

2.4 Conclusions

We have demonstrated a new and simple method to fabricate the top gate poly-Si
TFT with the light-shielding structure first. The proposed full metal shielding TFT is
free of photo leakage current under.illumination for high image quality AMLCD
application. The process of the propesed. structure without adding the number of
masks is compatible with the conventional poly-Si TFTs. In addition, the shift in
threshold voltage of the proposed TFTs with the increasing drain bias in dark state is
explained by the coupling effect. In order to overcome this issue and investigate the
generation mechanism of Ip ¢, poly-Si TFT with the partial shielding metal located in
junction and channel region is fabricated. It is shown that Vry of poly-Si TFT with
partial metal shielding layer is independent of increasing drain bias. Furthermore, the
Drain-shielding TFT exhibits impressively low Ip ¢ and the shielding effect of the
Source-shielding TFT and Channel-shielding TFT are rather poor. The Ipc of
Drain-shielding TFT, Channel-shielding TFT and Source-shielding TFT are 4.1, 19.2

and 24.5 pA as brightness of back-light is 5610 nits. From the comparison of Ip ¢ of
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Drain-shielding TFT, Source-shielding TFT and Channel-shielding TFT, the band
diagram of poly-Si TFT under illumination is proposed. In addition, the shielding

effect of Drain-shielding TFT would be suppressed as the high drain voltage.
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Fig. 2-1 (a) Conventional top gate structure of poly-Si TFT. (b) The new structure of
proposed Poly-Si TFT. A metal film is located under the active island to be a
light-shielding layer.
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Fig. 2-2 The SEM image of metal shielding layer, buffer layer and Poly-Si layer after
etching process using the same mask.
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Fig. 2-3 Ip-V¢ curves of the conventional poly-Si TFT operated in the linear region
under illumination and dark states. A significantly increase of leakage current was
found.
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Fig. 2-4 15-V¢ curves of proposed Poly-Si TFT under illumination and dark states.
The photo leakage current and the variation of sub-threshold swing under illumination
are eliminated entirely.
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Fig. 2-5 (a) Ip-Vg curves of proposed Poly-Si TFT as Vp is set as -0.1, -4.5 and -9V. It
is found that the threshold voltage shifts with the increasing drain voltage. (b) 1p-Vp
curves of Poly-Si TFT with full metal shielding layer as Vg is varied. It shows that the
drain current is strongly dependent of the applied drain voltage.
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Fig. 2-6 (a) Proposed Poly-Si TFT with partial metal shielding layer which is located
in the junction region. (b) Proposed Poly-Si TFT with partial metal shielding layer
which is located in the central channel region.
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Fig. 2-7 the transfer curves of poly-Si TFT with partial metal shielding layer located
in channel region (Channel-shielding TFT) and drain junction region (Drain-shielding
TFT) as drain voltage is varied at dark state.
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Fig. 2-8(a) Photo leakage current of poly-Si TFT with partial metal shielding layer
located in varied regions as increasing brightness and Vp is 0.1V. (b) Photo leakage
current of poly-Si TFT operated in saturation region with partial metal shielding layer
located in varied regions as increasing brightness.
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Fig. 2-9 Band diagram for generation of photo leakage current of poly-Si TFT with
partial metal shielding layer located in source side.
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Fig. 2-10 Band diagram for poly-Si TFT with partial metal shielding layer located in
drain side under illumination.

32



Vp: Low

(Gate

| AT LI LI TTST LIS T ITIT ST IS SIS TSI ITITLTSTIIITISL,

S D
back light
Vp: High
: induced electron by coupling effect from drain
Gate

| LTI LT IITTIISTLIT LTI ST II LTI IS ST ITITILITTLTTTIIT .

S BER — — —
Q0 A D

TR

.

Glass

back light

Fig. 2-11 Proposed model to explain that the shielding effect would be suppressed

under high drain bias.

33



Chapter 3

Improvement of Electrical Characteristics of Poly-Si TFT under

IHlumination Using Modified Buffer Layer

3.1 Introduction

Polycrystalline silicon thin film transistors (poly-Si TFTs) have been widely used
in active matrix liquid crystal displays (AMLCDs) and active matrix organic
light-emitting diode display (AMOLED) [3.1-3.4]. The poly-Si TFTs offer great
potential for AMDs technology, due to their superior electrical characteristics over
those of hydrogenated amorphous.Si thin film transistors (a-Si:H TFTs). Recently, the
demand of high-end mobile electronic products such as digital camera, cell phone,
and mobile TV is continuing to-grow.up,-so-that the high resolution and high image
quality becomes the critical issues ‘in the. development of mobile displays. Therefore,
the brightness of back-light is getting higher and higher to meet the requirement for
fine image quality and superior readability as people use these mobile electronic
products under sunlight outdoor [3.5-3.6]. However, the poly-Si TFTs usually suffer
from undesirable photo leakage current (Ip.c) under a high illumination environment
[3.7-3.10]. The high leakage current and increased sub-threshold swing (S.S) of
poly-Si TFT under illumination in AMLCD displays should be reduced to avoid
losing the charges stored in pixels. Therefore, the voltages that are held across the
pixel electrodes would be diminished to affect the gray level controlling, which in
turn, would cause a low contrast ratio and error color display. However, the researches

about improving the electrical characteristics in poly-Si TFTs under illumination are
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very few and the mechanism of photo leakage current in poly-Si TFT is still not
clarified.

In our previous studies, we propose a full metal shielding structure for poly-Si TFT
to eliminate entirely the Ip_c and the degradation of S.S without adding the number of
masks. The measurement result confirms that poly-Si TFT with full metal shielding
layer is free of Ip. c and the degraded S.S in photo state. However, the threshold
voltage of poly-Si TFT with full metal shielding layer would shift with increasing
drain bias. Although the shift of V1 is acceptable for pixel switching element, it is
still a critical issue for application of integrating peripheral driving circuits. Hence,
the partial metal shielding layer with different location in poly-Si TFT is used to solve
the shift of Vtuy. From our experimental data, the issue of Vyy varied with drain
voltage is release by partial metalishielding layer, compared to full metal shielding
structure. As partial metal shielding layer.«is located in drain side, the Ip.c is
significantly reduced but not vanished-totally.. However, the number of masks for
poly-Si TFT with partial metal shielding.layer is‘increased to pattern additionally the
shielding metal layer. It means that the manufacturing cost is raised for poly-Si TFT
with partial metal shielding layer. In addition, the process of partial shielding TFT is
difficult to align the metal shielding layer.

In this chapter, we proposed two simple methods to improve electrical
characteristics of poly-Si TFT under illumination with original parameters measured
in dark state. First, a Si-rich buffer layer is used to absorb the back light. Since Si-rich
dielectric layer exhibits high absorption coefficient, using Si-rich dielectric material as
buffer layer would reduce the light intensity emitted into poly-Si layer to improve the
electrical characteristic of TFT under illumination without change the number of

masks. In addition, without complicated device structure or process steps, another
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method to reduce the lp c of poly-TFTs has been developed. The surface of
conventional buffer layer in the proposed poly-Si TFT is treated employing the NH3
plasma, to lower the photo leakage current and improve the S.S characteristics under

back-light illumination with the original characteristics of poly-Si TFTs.

3.2 Photo Characteristics in Poly-Si TFT with Si-rich Buffer layer
3.2.1 Experimental Procedure

In this work, the proposed method to fabricate poly-Si TFT would not add extra
thin film deposited or photo process. The p-channel poly-Si TFTs with lightly doped
drain (LDD) structure were fabricated on Corningl737 glass substrate. The
silicon-rich (Si-rich) oxide film and the Si-rich SiNx film are used to replace the
conventional buffer layer for paly-Si TETs.: Figure 3.1 shows the split conditions for
buffer layer replaced by Si-rich oxide. film or'Si-rich SiNx film. Since the light
transmittance of Si-rich dielectric film is rather-low, it is essential to etch back the
transparent area of array pixel for display. The following is the detail procedure. A 50
nm-thick undoped amorphous-Si (a-Si) film were deposited by plasma enhanced
chemical vapor deposition (PECVD) at 380°C, followed by dehydrogenated via
furnace annealing process at 450°C. Then the a-Si films were crystallized by 308nm
XeCl excimer laser with the line-shaped beam power of 350mJ/cm?. The active island
was patterned by plasma dry etching. The 100nm thickness gate insulator was
deposited by tetraethyl orthosilicate base (TEOS) oxide. The source/drain regions
were defined by a mask and formed by the mass-separated ion implanter technique.
Then, MoW was sputtered and patterned as a gate metal. Following, implantation for
LDD region is preformed on overall device after the S/D photoresistor is removed.

The doping activation was performed by RTA irradiation. The LDD length of TFTs in
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this work was 1.25 um. The brightness of back-light for photo state measurement is
set as 3000nits. In the manufacture process, the number of masks is equal to the

conventional poly-Si TFT procedure.

3.2.2 Results and Discussion

Figure 3.2 shows the transmittance of conventional buffer layer with varied
wavelength. As wavelength is in visual light range of human (400nm-700nm), all of
transmittance is over 89% to meet the requirement of high efficiency for back-light.
However, the transmittance of Si-rich SiNx film with 300nm thickness is reduced
significantly as wavelength is varied from 400nm to 650nm as shown in Fig. 3.3,
including most of visual light range-0f human. It is.inferred that the light emitted from
back-light Figure is almost totally.absorbed by the Si-rich SiNx buffer layer. Figure
3.4 plots the transmittance of Si=richiSiNx-film-as the thickness is 100nm, 200nm and
300nm. As wavelength is 500nm, the transmittance of Si-rich SiNx with 100nm
thickness is about 80%, but the drop of transmittance in 300nm thickness Si-rich SiNx
IS 45%. It confirms that the transmittance of Si-rich dielectric film is strongly
dependent of its thickness. The thicker Si-rich dielectric film can provide the higher
light absorption capacity. However, the Si-rich SiNx film with 200nm and 300nm
thickness exhibits a abnormally high transmittance for the range of long wavelength.
It may be attributed to the reflection property in the long range of wavelength.
Figure 3.5(a) and 3.5(b) show the photo leakage current (lp.c) results of poly-Si TFT
with Si-rich buffer layer for linear and saturation region, respectively. The Ip.c
normalized with channel width (W) is extracted from 3 TFTs as Vg is 7.5V. It is

obvious that Ip ¢ of poly-TFT with Si-rich SiNx buffer layer is significantly reduced.
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The average of Ip . c of TFT with Si-rich SiNx buffer is lowered 38% of the magnitude
of that of the conventional ones. Furthermore, the average lp.c is decreased 60% by
using Si-rich oxide buffer film, compared to that in the conventional TFT. Since the
thickness of Si-rich oxide buffer layer is thicker than Si-rich SiNy, the transmittance
of the Si-rich oxide film structure must be much lower than that of the conventional
buffer film especially in the 400nm to 650nm wavelength. Therefore, the lp c of
poly-Si TFT with Si-rich oxide buffer layer under illumination is lowest. It is
important that the major light wavelength absorbed by Si-rich oxide film could is the
visual light range of human used as back-light. Therefore, the fewer light is absorbed
by the active poly-Si layer, the lower photo leakage current is produced. In addition,
the variation of S.S in poly-Si TFT with Si-rich buffer layers is shown in Fig. 3.6, to
prove the effect of this proposed method. The variation ratio of sub-threshold swing
AS.S is defined as (S.SpHoTofS. Spark-1), .Where -S.Sphoto and S.Spark are the
sub-threshold swing of poly-Si-TFTiat drain-voltage of -0.1V under photo and dark
states. Similarly, poly-Si TFT with"Si=rich oxide buffer layer shows a more improved
S.S, compared to that with the conventional and Si-rich SiNx buffer layer. The AS.S
of TFT with Si-rich oxide buffer layer and TFT with Si-rich oxide buffer layer is 23%

and 28.7%, respectively as that of conventional one is 40%.

3.3 Photo Characteristics of Poly-Si TFT with Treated Buffer Layer
3.3.1 Experimental Procedure

Top-gate p-type poly-Si TFTs with LDD were fabricated in this letter. First of all, a
50 nm-thick SiNx and a 150nm-thick SiO, films with conventional recipe were
sequentially deposited to form buffer layer by PECVD. Then, the surface of buffer

layer was treated employing NH3 plasma for 10 minute. A thin 50 nm-thick undoped
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a-Si film was deposited by PECVD at 380°C, followed by dehydrogenated via furnace
annealing process at 450°C. The a-Si films were crystallized by 308nm XeCl excimer
laser with the line-shaped beam power of 350mJ/cm® The 100nm thickness gate
insulator was deposited by TEOS oxide. The source/drain and LDD region were
formed by the mass-separated ion implanter technique. The doping activation was
performed by RTA. MoW was sputtered as a gate metal. The dimensions of TFTs in
this work were channel length (L) 6um, channel width (W) 6um and the LDD length

1.25um.

3.3.2 Results and Discussion

Figure 3.7 shows the Ip-Vg transfer curves of conventional p-channel poly-Si TFT
operated in linear region under the dark ‘and:photo states. The brightness of back-light
for photo state measurement is set as 3100nits. As the gate bias is swept from 12 to 0
V, the leakage current of poly-Si“TETs in the dark state was about 102 A. With the
same range of gate bias, the leakage current of poly-Si TFT under illumination is as
high as two orders of magnitude, around 10™A. In addition, the sub-threshold swing
Is increased under illumination, about 0.45 V/dec, as the initial value in dark is 0.29
V/dec. The variation of sub-threshold swing is about 55%. The on/off current ratio of
poly-Si TFTs was substantially reduced due to the high photo leakage current, so that
the function of TFTs used as the pixel switch under illumination would be affected
seriously.

Since the light emitted from back-light is mainly absorbed at the interface between
the poly-Si layer and the buffer layer, plenty of electron-hole pairs are generated in the
bottom of poly-Si film [3.9]. Furthermore, the energy-band structure of Si material is

indirect bandgap. The excess electron-hole pairs induced by the absorption of light
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would not be recombined from band to band directly due to the momentum
conservation principle. The numerous electron-hole pairs are accumulated in the
bottom of poly-Si layer. It follows that the excess holes flow to the drain under the
negative drain bias for p-channel devices, generating the photo leakage current. To
release the issue, the trap states on the surface of the buffer layer were induced by the
NH;3 plasma treatment to assist the recombination of excess electron-hole pairs. Figure
3.8 plots the key process flow of proposed poly-Si TFTs. The surface quality in the
top SiO, film of buffer layer would be degraded to generate the surface trap density
employing the NH3 plasma bombardment. After plasma treatment, the process flow is
as same as the standard one.

Figure 3.9 shows the transfer curves of the conventional and proposed TFTs. The
electrical characteristics of poly-Si- TFTs with NH3 plasma treatment on the buffer
layer are almost entirely identical. to the' conventional ones. It is verified that the
crystallization status of poly-Si-would not-be-affected by the surface states of buffer
layer. Therefore, the proposed method can be completely compatible with the
conventional poly-Si TFT process. Furthermore, in order to confirm the uniformity of
poly-Si TFTs with proposed method, the average of key parameters extracted at linear
operation in 12 TFTs with various location of substrate are summarized in the inset
table of Fig. 3.9. It is found that the uniformity of proposed poly-Si TFTs kept in a
good condition and the key parameters were nearly unchanged in comparison with the
conventional devices.

The photo leakage current of the conventional and the proposed devices, which is
extracted at a voltage |Vs-Vru| of 7V as Vp is 0.1V, with the increasing brightness of
back-light (2160, 3100, 4110, 5620 nit) are illustrated in Fig. 3.10. The photo leakage

current of conventional poly-Si TFTs increases substantially with increasing
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brightness of back-light. In contrast, for proposed device, the leakage current under
illumination is slightly increased and remain a weak dependence of the brightness of
back-light. The maximum of photo leakage current in the TFT with NH3; plasma
treatment is 8.1 pA. It is still much lower than, 13.6 pA, the minimum of that in
conventional TFT. Figure 3.11 shows the comparison of sub-threshold swing in the
conventional and proposed TFTs under illumination with increasing brightness. The
increasing ratio of sub-threshold swing AS.S is defined as (S.SproTo/S.Spark —1),
where S.Spyoto and S.Spark IS the sub-threshold swing of devices at drain voltage of
-0.1V under photo and dark states, respectively. As the brightness of back-light is
5610 nit, the maximum AS.S of the conventional and proposed TFT are 46.4% and
85.3%, respectively. The significant improvement of variation in sub-threshold swing

of poly-Si TFT under illumination.is confirmed.

3.4 Conclusions

We have provided two effective ways to improve the electrical characteristics of
poly-Si TFT under illumination without adding the number of masks or requiring
complicated device structure. The first one is to use Si-rich dielectric films as the
buffer layer. Since Si-rich dielectric layers owns high absorption coefficient, they can
reduce the intensity of light emitting into poly-Si layer from back to suppress the
photo-induced electron-hole pairs. The photo leakage current and the degradation of
S.S in poly-Si TFT with Si-rich oxide or SiNx buffer layers are markedly lower than
those in conventional ones. Because the thickness of Si-rich oxide buffer layer is 200
nm, thicker than that of Si-rich SiNx buffer layer, the suppression effect of photo
leakage is highest for TFT with Si-rich oxide buffer. The average of Ip.cin TFT with

Si-rich oxide buffer layer and TFT with Si-rich SiNx buffer layer is lowered 38% and
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60% of the magnitude of that of the conventional ones, respectively. Then, we have
demonstrated another simple method to fabricate the poly-Si TFT with low photo
leakage current without changing the structure or process flow. The proposed poly-Si
TFT exhibits the impressively low leakage current and improved sub-threshold swing
under illumination. The uniformity and electrical characteristics of proposed devices
are almost same as the conventional ones. As the brightness of back-light is set to
5610 nit, the photo leakage and the variation of sub-threshold swing in proposed TFT
are 8.1 pA and 46.3 %, respectively while those in conventional TFT are 35.6 pA and

85.3%.
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Fig. 3-1 (a) Conventional buffer layer structure. (b) Si-rich oxide buffer layer: the
conventional oxide layer is replaced by Si-rich oxide film. (c) Si-rich SINX buffer
layer: the conventional SiNyx layer is replaced by Si-rich SiNx film
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Fig. 3-5 (a)The results of photo leakage current in poly-Si TFT with conventional
buffer layer, Si-rich oxide buffer layer and Si-rich SiNx buffer layer as Vp is -0.1v.
(b)The results of photo leakage current in poly-Si TFT with conventional buffer layer,
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found.
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Chapter 4

Study on Electrical Characteristics of Poly-Si TFT under

IHHlumination

4.1 Introduction

Low-temperature polycrystalline-silicon thin film transistors (poly-Si TFTs) are
attractive as the active devices in pixel switch element and driving circuits of active
matrix liquid crystal displays (AMLCDs) and active matrix organic light-emitting
diode display (AMOLED) applications [4.1-4.4]. The poly-Si TFTs offer great
potential for AMDs technology, due to their superior electrical characteristics over
those of amorphous Si thin film. transistors. (a-Si:H TFTs) and the existence of
complementary devices. Recently, to-meet-the.demand of high-end mobile devices
which include functions such as cellular_phone,*digital camera, music player, GPS,
mobile TV and so on, the development of mobile displays with higher resolution,
higher image quality, lower power consumption and cost competitiveness is inevitable.
Since people usually use these mobile electronic products under sunlight, the outdoor
readability becomes a critical issue for high-end mobile AMLCDs. Therefore, the
brightness of back-light is getting higher and higher for the requirement for clear
image quality and superior readability outdoor [4.5-4.6]. However, the poly-Si TFTs
exhibit undesirable photo leakage current under a high illumination environment
[4.7-4.9]. The high leakage current and increased sub-threshold swing of poly-Si TFT
under illumination in TFT-LCD displays should be reduced to avoid losing the

charges stored in pixels. Therefore, the voltages that are held across the pixel
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electrodes would be diminished to affect the gray level controlling, which in turn,
would cause a low contrast ratio and error color display. Several studies for
characterization and suppression of photo leakage current in poly-Si TFT have been
proposed [4.10]. However, the investigations about the electrical characteristics of
poly-Si TFTs under illumination are very few and the mechanism of degradation of
sub-threshold swing (S.S) in poly-Si TFT exposed to back-light is still not clarified.

In this chapter, Ip.c and S.S behavior of poly-Si TFT with specific process steps
under illumination is discussed. First, the Ip.c and sub-threshold properties of poly-Si
TFT with treated buffer layers at photo and dark states are investigated. It is observed
that the lp.c and the degradation of S.S in TFT with treated buffer layers are
significantly reduced. Therefore, the photo-induced degradation of S.S is strongly
dependent of the amount of excess-electron-hole pairs as poly-Si TFT is operated in
illumination environment. In order.to clarify-the. factors to affect the sub-threshold
properties of poly-Si TFT under-illumination,-apatterned metal shielding layer is used
to investigate the electrical characteristics of poly-Si TFTs under light exposure. By
patterned metal shielding structure, the exposure region is controlled to be located in
the drain or source junction. Based on the analysis of measurement results, the key
factors effectively influencing the photo leakage and the sub-threshold swing are

observed clearly in this work.

4.2 Experimental Procedure

Two kinds of n-type poly-Si TFTs with lightly doped drain (LDD) were fabricated
in this letter. First, a 50 nm-thick SiNx and a 150nm-thick SiO, films were
sequentially deposited to form buffer layer by plasma enhanced chemical vapor

deposition (PECVD). Then the surface of buffer oxide is bombarded by Argon (Ar)
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ion implanter for 1 minute, as shown in Fig. 4.1. Next, 50-nm-thick undoped
amorphous-Si (a-Si) film was deposited by PECVD at 380°C, followed by
dehydrogenated via furnace annealing process at 450°C. The a-Si films were
crystallized by 308nm XeCl excimer laser with the line-shaped beam power of
350mJ/cm?. The 100nm thickness gate insulator was deposited by TEOS
(Tetra-Ethyl-Ortho-Silicate)-base oxide. The source/drain and LDD region were
formed by the mass-separated ion implanter technique. The doping activation was
performed by RTA. MoW was sputtered as a gate metal. Therefore, the treated TFT is
obtained by the process above mentioned.

In addition, before the formation of buffer layer, an 80nm thick molybdenum film
was sputtered on glass substrate to be a shielding layer and was patterned using
additional mask for the shielding TFT. Then, the following process is identical totally
as the standard one, without bembardment on the surface of buffer layer by Ar ion
implantation. Figure 4.2 indicate the cross-sectional view of poly-Si TFT with
patterned metal shielding layer. The space between the edge of metal shielding layer
and gate metal is defined as 1.5um. Therefore, a 3pm-width region in the junctions
would be exposed to the back light. The dimensions of two type TFTs both were
channel length (L) 30um, channel width (W) 6um and the LDD length 1.25um. The

brightness of back-light for photo state measurement is set as 3100nits.

4.2.1 Photo Sub-threshold Properties of Treated Poly-Si TFT

Figure 4.3 and Fig. 4.4 shows the Ip-Vg transfer curves of conventional TFT and
treated TFT operated in linear region, respectively, under the dark and photo states.
The photo leakage current (lp.c) of conventional TFTs is 17 pA and the S.S is

degraded significantly under illumination, about 0.45 V/decade, as the initial value in
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dark is 0.29 V/decade. The variation of S.S is about 75%. By contrast, for treated
TFT, the Ip ¢ is 3.6 pA and the S.S under illumination increases 35% compared to that
in dark state. It is observed that not only Ip ¢ in treated TFT is lowered but also the
change of S.S is less than that of conventional TFTs. As poly-Si TFT is exposure to
light, plenty of electron-hole pairs are generated in the bottom of poly-Si film as
shown in Fig. 4.5 [4.8]. The excess electrons flow to the drain directly under the
positive drain bias for n-channel devices, generating the Ip c. It follows that the
residual holes are accumulated in the channel of poly-Si TFTs. Therefore, the trap
states on the surface of the buffer layer in treated TFT induced by the Argon ion
bombardment would assist the recombination of excess electron-hole pairs. Therefore,
the fewer excess electron-hole pairs lead to the lower Ip ¢ and less variation in S.S. It
is verified that the Ip c and the degradation of S.S.in poly-Si TFT under illumination
are strongly dependent of the photo-induced excess electron-hole pairs. However, the
mechanism of the leakage current.and--S.S—of ‘poly-Si TFT under illumination
influenced by photo-induced electron:=hole pairs‘is not clarified in detail. Therefore,
we use a patterned metal shielding layer to control the light exposure region of
poly-Si TFT. By this ingenuity, the effective regions leading to Ip.c and variation of
S.S can clearly observed to investigate the behavior of poly-Si TFT under

illumination.

4.2.2 Investigation of Electrical Characteristics in Poly-Si TFT under
Illumination Using Patterned Metal Shielding Layer

Figure 4.6 shows the Ip-V characteristics of shielding TFT with low drain bias
measured in forward and reverse modes at dark. The exposure region is located close
to the drain and source junction for forward and reverse measurement, respectively.

The two curves are almost identical and Vy of TFT in forward mode (Forward TFT)
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Is as same as that of TFT in reverse mode (Reverse TFT). However, the V1 of
Reverse TFT is slightly less than that of Forward TFT while drain voltage is 9V, as
shown in Fig. 4.6. Since the shielding layer for Forward TFT has a gap in drain
junction, the potential distribution coupling from drain voltage would not extend into
channel region. Therefore, V14 of Forward TFT is independent of applied drain bias.
By contrast, the shielding metal of Reverse TFT is distributed over most of channel
region from drain. It is indicates that the potential distribution induced by high drain
voltage, Vi, in the metal film of Reverse TFT would induce electrons in the back side
to affect the V. In addition, the S.S of Forward TFT and Reverse TFT is unchanged
by drain voltage at dark.

Figure 4.7 plots transfer curves of Forward TFT operated in linear region at the
dark and photo states. As the gate bias is -12V, the leakage current of Forward TFTs is
about 10™*~10"® A at dark butis significantly increased under illumination. The Ip.c
is 2.5x10™A, approximately three orders-of-magnitude greater than the dark leakage
current. In addition, the S.S is slightly raised-under illumination. The S.S under dark
and photo states is 0.36 V/dec and 0.39 V/dec, respectively. As the drain bias is 9V,
the 1p-V¢ relationships of Forward TFT at dark and photo states are illustrated in Fig.
4.7. Similarly, a markedly high Ip c and the nearly unaltered S.S of Forward TFT
under illumination are observed clearly. Since the width of depletion region at drain
would be increased with high drain bias, the more electron-hole pairs induced by light
would be separated in the depletion region. Therefore, in forward mode, the Ip ¢ at
high drain voltage is higher than that under low drain voltage.

The Ip-Vg characteristics of Reverse TFT are also investigated in this work, as
shown in Figs. 4.8. As Vp is 0.1V, the Ip c of Reverse TFT is 2.7x102A, as low as

one order of magnitude, compared to that in Forward TFT under same drain voltage.
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Furthermore, the S.S of TFT under illumination in Fig. 4.8 is almost unchanged. The
increase ratio of S.S in Reverse TFT is about 7.96% as drain bias is 0.1V. Figure 4.8
indicates that the S.S of Reverse TFT with high drain voltage, however, is
substantially degraded under illumination. It is increased 64% of the magnitude of that
at dark state. With high drain bias, the Ip ¢ is also increased in Reverse TFT but still
lower than that in Forward TFT. From the comparison in Forward TFT and Reverse
TFT with high and low drain bias, it is inferred the significant increase of S.S in the
Reverse TFT would be attributed to that the exposure region is located in source
junction and the device is operated with high drain voltage.

For Forward TFT, the exposure region is located at the drain junction so that plenty
of electron-hole pairs originated from light would be easily separated due to the
electrical field at junction. Therefore, excess electrons could flow directly to the drain,
leading to the Ip ¢, as shown in-Fig. 4.9. By contrast; the exposure region of Reverse
TFT is close to source side. As theidrain-bias-is low, numerous electron-hole pairs
generated in source junction is difficult to be separated by lateral electrical field.
Therefore, the excess electrons flowing to drain is fewer to cause the lower Ip.c.
However, as the drain voltage is high, a positive potential distribution, Vy, in the
metal film owing to the coupling effect is generated from the parasitic capacitance in
the overlap of drain and metal shielding layer [4.11]. Hence, electrons induced by Vi
gather to form the back channel in the bottom of poly-Si layer, as illustrated in Fig.
4.9. So that excess electrons at source junction would flow to drain through the back
channel and excess holes is residual to be accumulated in the source junction to form
the floating body which offers a positive potential. It can be inferred that the degraded
S.S in poly-Si TFTs under illumination is mainly caused by the floating body with

positive potential near the source side. The key factors to affect Ip, ¢ and the S.S under
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illumination are clarified clearly using the patterned metal shielding layer in poly-Si
TFTs.

When the gate bias is below the threshold and the semiconductor surface is in weak
inversion or depletion, the corresponding drain current is the sub-threshold current. In
weak inversion and depletion, the electron charge is small, the drain current is
dominated the diffused electron from source in n-type poly-Si TFT. Therefore, it
would be affected strongly by the barrier height of source. As the gate bias is applied,
the barrier height of source is lowered to increase the amount of electron in channel
diffused from source. Therefore, it is clearly observed that the S.S current is
dependent of the applied gate voltage. The sub-threshold current in poly-Si TFT is
empirically expressed [4.8]:

Loup =Teupo€X E?[H—g(VG_VGO)
sub sub0 €XP:p nkBT

]
For simplify and giving moreclear physics picture, it is also can be expressed as
following equation [4.12]:

Lsub ' exXpXBe;)
It indicates that, the drain current varies exponentially with ¢ in the sub threshold
region, where ¢ is the surface potential.

Based on the experimental results of treated TFT and shielding TFT, a model of
band diagram to explain the S.S degradation of poly-Si TFT is proposed, as shown in
Fig. 4.10. First, as the excess electron-hole pairs are generated under illumination with
positive drain voltage, the light-induced electrons flow to drain directly, forming the
photo leakage current. Therefore, the residual excess holes are accumulated in the
poly-Si film to form the floating body with a positive channel potential, AV. Hence,
the source barrier is lowered by AV due to the floating positive potential distributed in
the channel. While the applied gate bias is swept from negative to positive directions
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and smaller than the threshold voltage, TFT would be operated at sub-threshold region.
So the source barrier would be lower again by the positive gate bias. However, the
more lowering source barrier induce that the excess holes accumulated in channel are
more easily diffuse to the source to reduce the positive channel potential. So that the
fewer channel potential leads to a raise of source barrier. It means that the source
barrier is not only controlled by applied gate bias but also affected by the floating
body with positive potential, AV when poly-Si TFTs are under illumination. In our
method of treated TFT, the trap states on the top face of buffer layer can effectively
recombine the excess electron-hole pairs induced by back light. So that amount of
accumulated holes is also reduced effectively to suppress the effect of floating body.
Hence, the improvement of sub-threshold swing is clearly observed in this work. In
addition, the results of shielding TFT confirm that the effective region affecting by

floating positive potential is the-source junction.

4.3 Conclusion

In conclusion, the Ip.cand S.S properties of poly-Si are discussed in detail by two
approaches. For treated TFT, the top surface of buffer layer is degraded by Ar ion
bombardment. Due to the surface state densities induced by Ar ion implant, the excess
electron-hole pairs are recombined directly. It is clearly found that the Ip ¢ is
significantly reduced, compared the conventional poly-Si TFT. Furthermore, the
degradation of S.S in treated TFT under illumination is suppressed. In addition, this
work explores the electrical characteristics of poly-Si TFTs under illumination using
patterned metal shielding layer. The Forward TFT exhibits the significantly high Ip ¢
and the slightly modified S.S under illumination. By contrast, the Ip.c in Reverse TFT
is lower than that in Forward TFT at the same drain bias. The S.S under illumination

is almost unchanged in reverse mode at low drain bias. However, a marked
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degradation in S.S is observed in Reverse TFT with high drain bias operation. The
increased ratio of sub-threshold swing for this case is 64%. Based on the results and

proposed model, the causes of Ipc and degraded S.S in poly-Si TFTs under

illumination are demonstrated in this work.
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Fig. 4-1 The key process diagram for treating the surface of buffer layer using Ar ion
implant bombardment. Numerous state densities are generated to be used as the
recombination center for light-induced electron-hole pairs
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Fig.4-2 The proposed poly-Si TFT with patterned metal shielding layer. The width of

exposure region is 3um.
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Fig. 4-3 Ip-V curves of the conventional poly-Si TFT operated in the linear region
under illumination and dark states. A significantly increase in leakage current and
sub-threshold swing was observed.
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Fig. 4-4 The Ip-V characteristics in treated TFTs under dark state and photo state.
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Fig. 4-5 Explanation of current flow of poly-Si operated under illumination.
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Fig. 4-6 Ip-V characteristics of proposed TFT operated with low and high drain
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68



__107F .
< o f | —0—Dar
— 10°r Photo
C 7t

10 ¢
S T VvV=01V
8 10 F D
c 10°F
‘® L ~10f
= 107 F
D 111 l
8 107 F l
N 107} [
£ 107} el Source == Drain

r Drain

B 14 ﬁ?\] o DE%I] TR
> 10 pU 0 0O O Glass

10_15 ; . . . Forward mlode

-5 0 5 10 15

Gate Voltage (V)

Normalized Drain Current (A)

10_13 g 1 1 1 1
5 0 5 10 15

Gate Voltage (V)
(b)

Fig. 4-7 1p-V¢ curves of poly-Si TFT in forward measurement as drain bias is 0.1V
and 9V. A high photo leakage current and almost unchanged sub-threshold swing are
observed.
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Fig. 4-8 Ip-Ve curves of poly-Si TFT in reverse measurement as drain bias is 0.1V
and 9V. With the low drain bias, the photo leakage current is lower than that in
forward mode and the sub-threshold swing is also nearly unchanged. However, S.S is
degraded markedly with high drain voltage.
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Fig. 4-10 Proposed band diagram to explain the degradation of sub-threshold swing in

poly-Si TFT under illumination
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Chapter 5

Study on Characteristics in Poly-Silicon Thin Film Transistors under

Dynamic Stress

5.1General Background

Low-temperature polycrystalline-silicon thin film transistors (poly-Si TFTs) have
been widely investigated for flat-panel applications such as active matrix liquid
crystal display and active matrix organic light-emitting diode display [5.1-5.3].
Poly-Si TFTs can be fabricated on the low-cost glasses substrate, because the
maximum process temperature is:lower than“600°C. However, a low temperature
process often results in numerous defects at the poly-silicon boundaries. The defects
in poly-Si grain structures play-an important-role /in the electrical performance and
stabilities of poly-Si TFTs. The paly-Si_TET .can be produced as complementary
N-channel and P-channel transistors. Taking advantage of these features, poly-Si TFTs
are applied for pixel TFTs and the driver circuits (e.g., scan driver). Substantial
improvement in the electrical characteristics of poly-Si TFTs is the most critical issue
in the further integration of peripheral circuits on glass substrates. Enlarging the
grains in poly-silicon layers is an effective approach for improving TFT performance.
Several poly-Si re-crystallization methods based on laterally grown grains have been
proposed to enlarge the grains and control the location of the grain boundaries
[5.4-5.5]. However, protrusion at grain boundaries is a result of the laser
crystallization of poly-Si films - especially with laterally grown grains [5.6].

The operation of TFT devices in driving circuits are frequently subject to
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high-frequency voltage pulses [5.7]. The degradation behavior under dynamic stress is
even critical for the real operation than the static stress conditions. Therefore,
investigation of degradation mechanism in poly-Si TFTs under dynamic stress is
really essential requirement in realization of system-on-panels (SOP) technology.
Previous research reports have shown a relationship between the creation of states and
hot-carriers effect by performing dc stress [5.8-5.9]. The degradation mechanism of
ELC and laser-crystallized laterally grown poly-Si TFT under dynamic voltage stress,
however, has not been clarified.

In this study, the degradation under dynamic operation for poly-Si n-channel TFT
will be clarified by C-V measurement. Since the trap states in the Si band gap would
respond to the applied signal frequency, the degradation mechanism and damaged
sites of n-channel poly-Si TFTs: after dynamic. stress can be evaluated in C-V
measurements. Moreover, the trap, states located in'the band gap is also identified by
the C-V results with various small signals-—In-addition, poly-Si TFT with protruding
grain boundaries observably exhibits degradation under AC operation. Based on the
analysis and simulation of electrical characteristics, a model of the electrical

degradation of TFT with protruding grain boundaries is proposed.

5.2 Electrical Degradation Analysis of N-Channel Poly-Silicon Thin
Film Transistors under Dynamic Stress by C-V Measurement

5.2.1 Experimental Procedure

N-channel poly-Si TFTs with top-gate structure were fabricated on a glass substrate.
First, a thin 50 nm-thick undoped amorphous-Si (a-Si) film was deposited in a plasma
enhanced chemical vapor deposition (PECVD) chamber, followed by dehydrogenated
via furnace annealing process. After dehydrogenation, the a-Si films were crystallized
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by XeCl excimer laser with the line-shaped beam power of 350 mJ/cm?. Then, the
100-nm-thick gate oxide was deposited by PECVD. The source and drain regions
were formed by the implantation of phosphorous ions at a dose of 5 x 10 cm™. An
annealing process was then performed to activate the dopant impurities. MoW layer
was sputtered and patterned by photolithography and etch process as a gate metal
electrode. The dimensions of TFTs in channel length and width were L = 30 um and
W = 30 um, respectively. The stress pulses were conducted on the gate electrode as
the dynamic stress, and source/drain electrodes were grounded. As for the stress
condition, we used the rectangular pulse with amplifier of £15 V and frequency of
500 kHz, as shown in Fig. 5.1. Both the rising time (Tr) and falling time (Tf) were set
for 100 ns. Since the channel length is sufficiently long, the charge variation in the
floating node induced by the small signal only slightly affects the total charge. The
gate-source capacitance (Cgs) ‘was. measured:- with a floating drain, while the gate
drain capacitance (Cgp) was measured with-afloating source. Therefore, the Cgs and

Cop values may be not affected by the floated-node [5.10].

5.2.2 Results and Discussion

Figure 5.2 shows the Ip-V transfer curves of n-channel poly-Si TFT with dynamic
stress duration for 10, 100, and 1000 s. The ON-current was significantly decreased
with the increasing stress duration. With the stress duration for 10s and 100s, the
conducting current of TFT operated at V=15V was 92% and 40% of the magnitude
of the initial value, respectively. After stress for 1000s, the ON-current degraded to
4% of the magnitude of the initial value was observed. However, for the different

stress durations, the sub-threshold slope (0.12 V/dec) and the threshold voltage (2.37
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V) were almost unchanged. In contrast, operated at the linear operation regions,
on-current decrease of TFTs in a form of parallel shift was noticeable with the
increasing dynamic stress time at the above threshold region of the Ip-Vs. The
degradation in poly-Si TFTs is dependent on the nature of state generation after
dynamic stress. In order to investigate the degradation mechanism and damaged
regions in the n-channel poly-Si TFT after dynamic stress, the C-V measurement was
conducted.

The Ip-Vp characteristics at V=10 V of the TFT with the dynamic stress times are
illustrated in Fig. 5.3. It is observed that the current crowding effect on the TFT is
significantly enlarged with the increase of stress time. Figure 5.3 also indicates
parasitic resistance contributed to the degradation on electrical properties of the TFT.
The parasitic resistance is dependent on the following several factors, such as the trap
states near the source/drain junctions, sheet resistance of n+ poly-Si layer, and
source/drain contact quality [5.11]. For-a-constant W/L ratio, the effect of parasitic
resistance can be clearly seen in the‘output characteristics of TFTs. The large parasitic
resistance would result in the current crowding effect, as shown in Fig. 5.3.

Figure 5.4 shows that the initial Cgp curve at the different measurement
frequencies are stretched out and shifted in the positive voltage direction. The trap
states present in the grain boundaries of the poly-Si TFT reduce the effective transit
time of the carriers. Therefore, the behavior of C-V curves is affected by the
measurement frequencies [5.12]. Since the charges trapped in the gate oxide and at the
interface states are independent of the measurement frequency, the degradation
mechanisms can be clarified by the C-V characteristics with various measurement
frequencies.

Figures 5.5(a) and 5.5(b) show the Cgs and Cgp values separately after the stress
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for 1000s. The Cgp and Cgs curves exhibit the same behavior due to the symmetrical
device structure [5.13]. The stretched C-V characteristics with the measurement
frequency indicate that degradation caused by dynamic stress was attributed to the
generation of trap states in the grain boundaries rather than the interface trap states or
the fixed trap charges. In addition, it means evidently the damaged regions are located
in both the source and drain junctions. Figure 5.6(a) shows that the C-V curve
measured at 10 KHz is not significantly changed. However, the C-V curve measured
at 1MHz is stretched out seriously, shown in Fig. 5.6(b). In the C-V measurement, the
carrier emission time from trap energy levels in the Si energy band gap will respond
to the period of applied small signal. For the measurement frequency 10 kHz and 1
MHz, it would correspond the emission time of the deep trap states energy level (Egeep)
closed to the middle of the band gap and tail state.energy level (Eshaiow) closed to the
conduction band, respectively. For,.the n-channel poly-Si TFTs considered in this work,
Edeep 1S 0.62 eV and Esnaiow is 075 eV.-above-the valence band [5.14]. The trap energy
level below Egeep has longer carrier-detrapping time than the ones at trap state levels
closer to the conduction band. If the number of traps at energy states below Egeep
increases, the effective transit time of carriers is reduced effectively leading to the
stretching out of the C-V curves at 10 kHz. As a result, the unchanged C-V
characteristics at 10 kHz indicate that the amount of the traps at deep energy states is
not enormously increased after dynamics stress. The significant stretched out of C-V
characteristics at 1MHz are thereby attributed to the increase of traps at energy states
near Eghanow, as the stress duration increases. The creation of additional traps at state
closed to the conduction band after dynamic stress can be corresponding to the
decrease of ON-current of TFTs in the form of parallel shift at linear region. The

generated trap states produced by the strained bounds in poly-Si film are responsible
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for the electrical degradation of n-channel poly-Si TFTs after dynamic stress.

5.3Degradation of Laser-Crystallized Laterally Grown Poly-Silicon
Thin Film Transistors under Dynamic Stress

5.3.1 Experimental Procedure

Buffer SiO, films and 50nm-thick amorphous silicon films were deposited by
plasma-enhanced chemical vapor deposition (PECVD), and the films were then
dehydrogenated by furnace annealing. Following dehydrogenation, the a-Si films
were crystallized by lateral solidification laser annealing. The crystallization process
is an excimer-laser projection-based scheme for the crystallization of thin films on
amorphous substrates. This process was conducted using a system that comprised 1) a
308nm XeCl excimer laser, 2) “Afreticle mask‘with'one rectangle and two triangles on
the edge”, 3) projection optics and 4) a high-precision) translation system, as shown in
Fig 5.7. Following re-crystallization, 100-nm-thick gate oxides was deposited by
PECVD. Metallic alloy MoW film was sputtered as a gate electrode, and phosphorous
ion doping was performed to form source and drain (S/D) regions. The stress pulses
were applied to the gate electrode when the dynamic stress and source/drain were
grounded. Under stress, a rectangular pulse with amplitude of +10V and a frequency

of 500 kHz was used.

5.3.2 Results and Discussion

Figure 5.8(a) presents the high-resolution scanning electron microscopy (SEM)
top-view image of the poly-Si film. The poly-Si thin film includes a domain region
that contains a mixture of a plurality of crystals that are mostly parallel to the carrier
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body. The grain boundaries (GBs) that are present in the poly-Si film can be divided
into two types, referred to as main-GBs and sub-GBs as shown in Fig. 5.8(b). The
grain boundaries lie between main-GBs are called sub-GBs, and most are parallel to
the transport paths of carrier flow in the electric field of the drain side. The width of
each main-GB is about100 nm and the space between main-GBs is approximately 3.5
um, as measured by atomic force microscopy (AFM) which is illustrated in Fig. 5.8(c).
The height of the protrusion is about 80nm at the grain boundary region. The channel
length of TFTs in this work is 3um for all samples and smaller than the grain size
(3.5um). Accordingly, the channel region of TFT might be located entirely inside the
grain zone, but some TFT devices contain a main-GB within the channel.

Figure 5.9 plots the Ip-V relationships of TFT with main-GB (GB-TFT) and with
no main-GB (NGB-TFT) during: 10 to 1000.s of dynamic stress. Both the
sub-threshold swing and the threshold voltage .of- GB-TFT and NGB-TFT were
slightly damaged during stressing. The on-current in the TFT decreased significantly
as the stress duration increased. The Au/po-0f NGB-TFT and GB-TFT is 27.9% and
43.6% after 1000s of stress, respectively. The significant degradation in mobility is
consistent with the result of the conventional ELC poly-Si TFTs under AC stress.
However, the electrical characteristics of GB-TFT degraded more under AC gate
pulse stress. The distinct differences between the NGB and the GB-TFT device are the
existence of GB and the surface roughness of the poly-Si film. The NGB-TFT has a
channel region with a smooth surface, and an obvious protrusion of 80nm is located in
the middle of GB-TFT.

Figure 5.10 plots the capacitance-voltage (C-V) curves of the GB and NGB-TFTs.
The bold and dashed lines plot the C-V characteristics of the GB and NGB TFTs,

respectively, at a measurement frequency of 50 kHz. The maximum capacitance of the
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GB TFTs substantially exceeds that of the NGB-TFTs. As the gate bias (VG) of an
n-channel TFT device is increased, capacitance rises from a minimum to a maximum,
which equals the capacitance of the gate oxide. The thickness of the gate oxide
deposited on the protrusion is only approximately 10% lower than that observed from
the TEM image of GB-TFTs. The device simulator software, ISE TCAD, was used to
clarify this result. Figure 5.11 plots the simulated electric field distribution for the
TFT with and without a protrusion grain boundary, for V=10V and Vs=Vp=0V.
Since the protrusion peak causes the concentrated electric field, the electric field is
enhanced from 1MV/cm for the even surface between the oxide and poly-Si to
5.3MV/cm at the protrusion grain boundary. Hence, the carrier density is higher in the
protrusion region, such that the gate oxide capacitance of the GB TFTs is superior,
indicating that more free carriers .are induced into the channel of the GB TFTs than
into the channel of the NGB TFTs,.at a high gate bias-voltage.

Based on the results described above,-a-model of the degradation mechanism is
proposed, as presented in Fig. 5.12/ When the gate voltage is “high”, more electrons
gather to form a channel in the GB TFTs because of the electric field concentration in
the protrusion peak. Since the protrusion region comprises numerous trap states,
plenty of the electrons that are transported to the protrusion region are trapped at the
grain boundaries. Consequently, the induction of more electrons in the channel of
GB-TFTs increases the concentration of trapped electrons. As the gate voltage settles
from high to low, most of the free carriers are swept out before the electric field rises.
When the various trapped electrons in GB TFTs are exposed to the high electric field,
they gain energy from that field. The degradation in GB TFTs is thus more severe than

that of NGB TFTs.
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5.4 Conclusion

In this work the distinct decrease in ON-current of n-channel poly-Si TFT was
observed during the dynamic voltage stress. The damaged regions which contain
numerous trap states are evidenced to be near the source/drain region by the C-V
measurements of Cgp and Cgs curves at increasing frequencies. Also, the electrical
degradation is mainly attributed to the generation of additional trap states near the
source/drain regions. Since the C-V characteristics at 10 kHz are unchanged but the
ones at 1MHz are stretched out significantly, the creation of traps at state closed to the
conduction band after dynamic stress is responsible for the degradation in ON-current
of TFT. Furthermore, this investigation explores for the first time the electrical
degradation in laser-crystallized laterally grown:.poly-Si TFTs with and without a
protrusion grain boundary. The- degradation.in the 1p-Vg transfer characteristics of
TFT is similar to that in those-of conventional ELC TFTs. However, the electrical
degradation of GB-TFT is worse because of.the effect of protrusion grain boundary.
C-V measurements and device simulation demonstrate reasonably that the
concentration of the electric field in the protrusion region causes intense electron
gathering at the grain boundary. As the AC gate bias is varied from high to low,
trapped electrons in GB TFTs gain energy, severely degrading the electrical

characteristics of NGB-TFT.

81



15V

/ \ ’ \ f=500kHz
0 Tr=Tf=100ns
e V—[P Tfs , \ Duty=50%
s Gate pulse

AR R e s R |

: Gate :

n+ poly-si | n+

e
— Glass

Fig. 5-1 The stress pulses were conducted on the gate electrode as the dynamic stress
and source/drain were grounded. The rectangular pulse with amplifier of +15V and
frequency of 500kHz. Both the rising time (Tr) and falling time (Tf) were 100 ns.
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Fig. 5-2 The Ip-Vg relationships of n-channel poly-Si TFT (L=9um) with the dynamic
stress times for 10 to 1000 seconds.
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Fig. 5-3 The Ip-Vp characteristics of the TFT with the dynamic stress times.
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Fig. 5-4 The initial Cgp of n-channel poly-Si TFTs curves at the different
measurement frequency
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Fig. 5-5 C-V curves of an n-channel TFT after dynamic stress for 1000s. (a)
Gate-to-drain capacitance. (b) Gate-to-source capacitance.
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Fig. 5-6 C-V curves of an n-channel TFT after dynamic stress. (a) Gate-to-drain
capacitance at 10 kHz. (b) Gate-to-drain capacitance at 1MHz.
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FIG. 5-8 (a) The top view of a high-resolution scanning electron microscopy (SEM)
image of laser-crystallized laterally grown poly-Si film. (b) The orientation of
main-GB and sub-GB is perpendicular and parallel to channel direction of the TFTs
we utilized, respectively (c) The AFM image of laser-crystallized laterally grown
poly-Si film.
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Fig. 5-9 The Ip-Vg curves of NGB and GB TFTs under the dynamic stress times for
10 to 1000 s. The degradation in GB TFTs is more severe.
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capacitance in GB TFTs is higher than the one in NGB TFTs.

91



Abs(ElectncF eid)
1.0€+(6

+(5

+

{3

"~
MM
r

}-)

Gate oxide

-
s
m

Abs(ElecincFiond)

. S.3E.06

T.5E+05

I 11E405
1.5E+04

Fig. 5-11 The simulation result of the electric filed distribution in the protrusion
region.
92



Vg:High Trapped carrier

Induced carrier

Gate oxide

Fig. 5-12 The degradation model which considers the effect of protrusion grain
boundaries as poly-Si TFT is operated under dynamic stress.
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Chapter 6

Compensation Pixel Circuits for AMOLED Displays

6.1 General Background

Active-matrix organic light emitting diode (AMOLED) displays with
polycrystalline silicon (poly-Si) thin film transistors (TFTs) and amorphous silicon
TFTs have been widely researched and developed because of its superior
characteristics in flat displays. These advantages include wide viewing angle, high
brightness, and fast response time, compact and light weight [6.1-6.2]. However, it is
difficult to implement an AMOLED panel with good image quality because of
variations in the threshold voltage.and in the.mobility of poly-Si TFTs among pixels
and the expensive maintenance-of an-ELA-facility, [6.3]. Several voltage modulation
and current programming schemes have been devised to solve the non-uniformity
problem [6.4-6.7]. The current programming methods can compensate both threshold
voltage and mobility variation, these need very high addressing speed for high
resolution displays. The voltage driving method using poly-Si TFTs formulated by
Dawson et al. may effectively compensate for threshold voltage variations.
Furthermore the driving current in AMOLED panels and the number of scan lines
should be increased with the panel size and the brightness in the high resolution and
large size displays. The intrinsic display loading effects of a voltage drop across the
parasitic resistance of the supply power line also causes non-uniformity of brightness
in voltage-driven AMOLED panels. The drop in the supply voltage on the panel (Vpp

IR Drop) is a critical issue leading to image degradation and crosstalk [6.10]. The use
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of AMOLED displays for large size applications is expected to have many advantages,
so the driving method and pixel structure should be applicable to large size panels.
However, most compensating pixel circuits with simple structures only solve one of
the aforementioned problems [6.11-6.12]. Some complicated designs have very
uniform output current among pixels but these may reduce the aperture ratio or
require additional peripheral driving circuits [6.13-6.14].

Recently, hydrogenated amorphous silicon (a-Si:H) TFTs are used as pixel element
for large size and low cost panels in AMOLED display because of its good uniformity
and simple fabrication process [6.15]. However, the threshold voltage shift of a-Si:H
TFTs over time under operation is a critical issue to degrade the image quality on
AMOLED panels [6.16]. Several voltage modulation and current programming
schemes have been devised to solve the degradation problem [6.17-6.18]. The current
programming methods exhibit-uniform output current among pixels; however, it
requires a longer pixel charging-time.compared-to avoltage modulation method. The
voltage driving method formulated by. Goh.et al. may effectively compensate for
threshold voltage shifts of a-S:H TFT [6.19]. However, since OLED is placed on the
source node of a-Si:H TFT in the conventional 2-TFT pixel circuit and loep IS
determined by Vgs of the driving TFT, the threshold voltage shift in OLED raise the
source voltage of the driving TFT to decrease the driving current [6.20]. The
degradation of OLED causes the uneven brightness of voltage-driven AMOLED
panels as well. The issues above mentioned make the luminance different from pixel
to pixel and degrades the image brightness. Since the large-size AMOLED displays
with low cost panels are expected to have many advantages, the driving method and
pixel circuit should be applicable to large size panels. A compensation pixel circuit,

developed by Lee et al., supplies highly stable OLED current, compensating for the
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threshold-voltage degradation of both a-Si:H TFTs and OLEDs [6.21]. Notably,
however, the driving current is slightly reduced by the degradation of the switch TFT
that is used to connect the power supply line to the driving TFT. Moreover, the pixel
circuit that was proposed by Lee et al. requires six TFTs and four operating periods
for each frame.

This study develops a new driving method with source-follower type connection
and the bootstrap using poly-Si TFT, to improve the brightness variation due to the
variations in the threshold voltage of the driving TFT and the drop in the supply
voltage. The simulation results demonstrate that the variation in the current driving
OLED among pixels can be significantly reduced. In addition, a new driving method
with simple a-Si:H TFTs pixel design capable of eliminating simultaneously the
shift of threshold voltage in the .driving TFT and OLED used in pixel element is
proposed in this work. The simulation results-demonstrate that the degradation in the

current driving OLED among pixels ¢an-be-significantly reduced.

6.2 Proposed Poly-Si TFT Pixel Structure and Driving Method

Figure 6.1 shows the distribution of the threshold voltage among 600 p-channel
poly-Si TFTs. The maximum shift of the threshold voltage is about 0.2V, at a mean
threshold voltage of -2.41V. The electrical characteristics of 600 p-channel poly-Si
TFTs had been measured and the threshold voltage of these TFTs were extracted at
current density of 10 nA with normalized channel width (W)/channel length (L) ratio.
This result confirms the necessity of threshold voltage variation compensation for
brightness uniformity of OLED pixels and gray level expression.

In the conventional architecture, the OLED is driven by the current generated by
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the potential difference between the gate and the source, Vgs, of the driving TFT
(DTFT), given by |Vpara-Vop|. However, the driving current that passes through the
supply power electrode causes a voltage drop due to the parasitic resistance of the
power line, as shown in Fig. 6.2. Even if the pixel circuit can compensate for the
variation of the threshold voltage in the DTFT, the Vs in each DTFT still varies from
pixel to pixel along the electrode, generating various driving currents. This
phenomenon causes the brightness to be non-uniform from the top to the bottom of
the panel.

Figures 6.3 shows the proposed pixel circuit based on poly-Si TFTs and timing
scheme of signal line. The design includes one driving TFT (DTFT), four switching
TFT (T1, T2, T3 and T4) and one capacitor (Csr). Vpara represents a voltage data
signal line and Vpp refers to a constant voltage.source line. The operation of the
proposed circuit is divided into three stages shown in Fig. 6.4. During stage (1),
source-follower type connection, [n]Scan-is-Set.at the high level and [n]EM is set at
the low level, respectively, to turn on T, T2.and T3, so that the node voltage of DTFT
connected to the right side of Csr is increased to Vpp, and this node becomes the
source of DTFT. Therefore, the pixel circuit is a p-type source follower. The next
stage is the V1 detecting period. Only [n]EM is set high to turn off T1 as scan[n]
remains high. The source voltage of DTFT is discharged until it is turned off. This
node voltage settles from Vpp to VparatVrh, Where Vg is the threshold voltage of
DTFT. Accordingly, the threshold voltage of DTFT and the data signal are stored in
the right side of CST. The left side of CST is set to ground during stages (1) and (2) so
that the drop voltage of CST is VparatVh. After the pixel scanning period, the third
stage, the display period, is implemented. During stage (3), [n]scan and [n]EM are set

to low to turn off T2&T3 but turn on T4 &T1 so that the gate of DTFT can be
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connected to the left side of Csr; the source voltage of DTFT is charged up to Vpp
from VparatVru. Immediately, the gate voltage of DTFT should be boosted to
Vop-Vpara-Vty by the conservation of charge in the capacitor as bootstrap is
performed. Accordingly, DTFT starts to generate current (lo ep), driving the OLED.
Cst sustains the gate voltage of DTFT, Vpp -Vpara-V1u, for the period of a frame.
loLep is also the saturation current of DTFT. This work focused on eliminating the
brightness non-uniformity caused by the variation of the threshold voltage and the
drop in supply voltage. The first order current equation is directly affected by Vryand
Vpp. And the minimum design rule for the channel length of TFT devices is 5 um, so
that the second order effect is not thereby considered in the proposed analysis. As a
result, in this paper the first order equation is used to evaluate if the proposed circuit
can exhibit high immunity to both*voltage variation in poly-Si TFTs and the drop in
the supply voltage.
Iorep = K[Vgs — Vrul?
= K[(Vbp — Vpata = Veu)- = Vop— Vrul® = K[Vpatal?

Therefore, loLep is independent of the threshold voltage of DTFT and the supply
voltage, and is affected only by data voltage. The threshold voltage variations and the
drop in supply voltage can be both compensated effectively and uniform brightness

image performance can be achieved.

6.3 Simulation results of Proposed Poly-Si TFT Pixel Design

The HSPICE software with the RPI poly-silicon TFT model (Level=62) were used
to verify the proposed circuit. The aspect ratio, mobility and threshold voltage of

DTFT were 3.3/5, 80 cm2/Ves and -2V. The Cst was set to 0.4 pF and Vpp were set as
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9V. The high and low level of the signals ([n]Scan and [nN]EM) were set as 10V to
-10V, respectively. The initial data voltage modulated such that the lo gp in the
following cases was approximately 1 pA as luminance and resolution were designed
to be 300 Cd/m? and 133 PPI. In this work, the variation of the threshold voltage of
DTFT is set as 0.3V to evaluate the validation of this design in the worst case.

Figure 6.5 plots simulation result for the conventional 2-TFTs & 1-capacitor pixel
structure, when the threshold voltage of the driving TFT was set to -1.7V, -2V and
-2.3V. The loLep of the conventional 2-TFTs & 1 capacitor pixel structure is fluctuated
with the variation of the threshold voltage of DTFT very seriously. The variation
range of loLep is about 1.3~0.55 uA due to the variation of threshold voltage in the
DTFT caused by process variation, non-uniform image quality over the display will
become a critical issue.

Figure 6.6 verifies that the-modulated data voltage and the threshold voltage of
DTFT are stored in the right side of Csy-as-the threshold voltages are varied. The
difference of the stored voltage in“the-capacitor almost equals the variation value in
threshold voltage, namely 0.3V. Figure 6.7(a) plots the simulation result in lo_gp Of
the proposed design, when the threshold of the driving TFT was set to -1.7V, -2V and
-2.3V. The simulation results indicate that the variation of lo gp in the proposed pixel
is clearly reduced using the adoption of the new threshold voltage compensation
method. In a display period, the variation of lp gp in the proposed design is very small,
being between around 1.01 and 0.99 pA. Therefore the strong immunity to the
variation of the threshold voltage in the DTFT in the proposed pixel structure is
demonstrated. Figure 6.7(b) shows that simulated degradation of the supply voltage
on the panel is 0.5 V. According to Fig. 6.7(b), the deviation of lo gp in the presented

pixel structure is less than 2.5%, confirming the effectiveness of the prevention
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against the degradation of the supply voltage. The conventional 5T pixel circuit
proposed by N. Komiya et al. is considered to compare the proposed one [6.22].
From the simulation result, the lo gp degradation is 68.4% in the same simulation
condition.

Figure 6.8 shows the comparison of the lo ep degradation in the conventional
pixel structure (2T1C) with that in the proposed structure (5T1C), which is caused by
the drop in the supply voltage as the number of scan lines increase (240, 480, 600, 768)
[6.23]. The y-axis shows the non-uniformity of output current and the x-axis indicates
the distance from the supply voltage point to each pixel by the number of scan lines.
As increasing the number of scan lines for large size or high resolution AMOLED
displays, the resistance of the power line leading to the larger supply voltage drop in
the conventional 2T1C pixel design. In contrast, in the proposed 5T1C pixel design,
the non-uniformity of the output current remains almost constant while the number of
scan lines increases, and the maximum-degradation of lo gp IS just approximately
3.1%. Therefore, the proposed pixel structure-is @ promising candidate for use in large
size and high resolution AMOLED displays.

Figure 6.9 shows the error rate of o gp in the proposed pixel circuit due to the
threshold voltage variation. The output current errors of conventional 2T1C pixel
circuit are all above 20% when input data voltage ranges 0.5-5 V, which is below

2.5% in proposed pixel circuit.

6.4 Proposed a-Si:H TFT Pixel Structure and Driving Method

Figure 6.10 presents the proposed circuit and its timing scheme of signal lines.

The circuit includes one driving TFT (DTFT), four switching TFT (T1, T2, T3 and T4)
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and one capacitor (Cst). The control lines include two scan lines (sacn and EM) and
two column lines (Vpp and Vpara). Vop and Vger refer to a constant voltage source
line and a reference voltage line, respectively. Vpara IS a voltage data signal line. The
operation of the proposed circuit is divided into two periods in one frame operation, as
shown in Fig. 6.11. During period (1), the threshold voltage of DTFT and OLED are
detected. Scan is set at the high level to turn on T1, T2, so that the gate voltage of
DTFT is Vpara, and the voltage in the left side of Cst is Vger. Therefore, the circuit is
a source-follower type connection, including DTFT and OLED. Assume that the
voltage across the OLED is Voep and the threshold voltage of DTFT is Vtu,
respectively. The voltage in the right side of Cst would be charged up to
Vpara-Vtu-Vorep. After the compensation period, the second stage is the display
period. In stage (2), scan is set to lowto turn off TAL&T2 but EM is set to high, so that
the right side of Csr is ground. lmmediately, the gate voltage of DTFT should be
boosted to Vrer-Vpata-VTH-Vorep by the-conservation of charge in the capacitor as
bootstrapping is performed. In the propoesed.architecture, the Vg of DTFT and Vorep
are detected and stored in Cst during one scan period. The gate voltage of DTFT,
Vpara-Vtu-Vorep, 1S maintained in Cst until next frame time. Accordingly, DTFT
starts to generate current (loLep) to drive the OLED. loep is also the saturation
current of DTFT.
Iorep = K[Vgs — Vrul?
= K[(Vrer — Vpata *+ Vi + Voren) — VoLep— Vru]?
= K[Vgrer — VDATA]2
Therefore, loLep is independent of the threshold voltage of DTFT and OLED, and is

controlled only by input data voltage and the reference voltage
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6.5 Simulation results of Proposed a-Si:H TFT Pixel Design

The proposed circuit simulation is performed by the HSPICE software with the RPI
amorphous-silicon TFT model (Level=61) to verify the compensating capability. The
aspect ratio of DTFT was 80/4. The initial threshold voltage of DTFT and Csr were
set to 2V and 0.5 pF. Vpp and the high level of the signals (Scan and EM) were set as
15V and 25V, respectively. The initial supply voltage modulated such that the IOLED
in the following cases was approximately 1 pA as luminance and resolution were
designed to be 300 Cd/m? and 133 PPI.

Figure 6.12 plots the transition simulation result of the nodes in the proposed pixel
circuit. In the compensation period, the gate voltage is Vpara to turn on DTFT so that
the right side of Cgr is charged until DTFT and:OLED are turn off. Therefore, the
voltage in the right side of Csy eventually becomes: Vpara-Vtu-Vorep. The voltage
stored in the Cst IS Vrer-Voara-VtH=Vorep—Buring-display period, the gate node of
DTFT is connected to the leftside. of Cst and the gate voltage becomes
Vrer-Voara-Vtu-Vorep as the left side of Cst is ground. Thus, the proposed pixel
circuit compensates threshold voltage degradation of TFTs and OLED in one frame
time. Figure 6.13(a) and 6.13(b) plots the simulation result of the output current in the
conventional 2-TFTs & 1 capacitor (2T1C) pixel structure and the proposed pixel
structure, when the threshold shift of the DTFT was set to 1.2V. From the simulation
result, the loep Of the conventional 2-TFTs & 1 capacitor (2T1C) pixel structure is
fluctuated significantly due to the shift of the threshold voltage of DTFT. The
variation range of lo_ep in 2T1C pixel is about 1.04 to 0.68 puA. The result confirms
the necessity of compensation for the threshold voltage shift, gaining uniform

brightness of OLED pixels and superior gray level expression. The simulation results
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indicate that the variation of Io gp in the proposed pixel is clearly reduced using the
adoption of the new threshold voltage compensation method. In a display period, the
degradation of lp gp in the proposed design is very small, being around 28 nA.
Therefore the strong immunity to the shift of the threshold voltage in the proposed
pixel structure is verified.

Fig 6.14(a) and Fig. 6.14(b) shows the simulation results for the proposed pixel
structure in which the shift of the OLED threshold voltage is 0.7V. The lo.ep is
degraded about 30% for the 2T1C pixel. Since the brightness of OLED is controlled
by the current lo ep, the shift of threshold voltage in OLED would make the panel
brightness decrease. According to Fig. 6.14(b), the deviation of lp gp in the presented
pixel structure is approximately 58nA, confirming the effectiveness of the prevention
against the degradation voltage across OLED.

In order to investigate the V. compensation capability of proposed pixel design,
the simulation of driving current with-increasing threshold voltage shift is performed
in this chapter. The shift in V1 of DTEL is inereased from 1V to 5V in our simulation
condition. It is observed that the driving current of conventional 2T1C pixel is
degraded very seriously, as shown in Fig. 6.15. For the initial current is about 1uA,
the driving current of conventional pixel only remains 0.2uA as Vty shift is 5V. The
variation of driving current exceeds 80% as the increase of V14 is settles to 5V. By
contrast, the proposed pixel could provide 900nA current when threshold shift is set
5V, showing that the proposed pixel structure has great eliminating performance
against the degradation of the supply voltage.

The a-Si:H TFTs with inverted-staggered structures were fabricated and the shift in
threshold voltage under dc stress was measured to evaluate the real performance of

the proposed pixel circuit. Figure 6.16 plots the threshold voltage of a-Si:H TFT with
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increasing gate bias stress time when the source and drain were grounded. The shift in
the threshold voltage versus stress time is given by the following equation [6.16]. The
initial value of threshold voltage, V1o, is about 2.53V.
AVry = A(Vgr — Vro)tP

The values of the parameters A and  were 0.006 and 0.25, respectively, as determined
from the straight lines fitted in Fig. 6.16 Since the linear stress causes greater shift
than a saturation stress, the extracted values of parameters A and  were used to
validate the worst-case design [6.24]. A threshold voltage degradation in OLED of
0.2mV/h is considered with the degradation of a-Si:H TFT to evaluate the
compensatory effectiveness of the proposed design [6.20]. Figure 6.17 plots the
simulated lifetime of 2T1C and the proposed pixel circuit. Considering the
degradation of both a-Si:H TFT and OLED with.time in the simulation work, it is
found that the proposed circuit suffers from-only 10% current degradation after 5000
hours. Simulation results based on.the- measurements data demonstrate that the
proposed pixel circuit effectively compensates for the threshold-voltage shift of TFT

and OLED.

6.6 Conclusion

A new voltage-modulation pixel circuit is developed for application to large size
and high-resolution AMOLED displays. The non-uniformity of the output current is
improved substantially using the proposed compensation operation. The average
deviation of the TFT driving current is about 50 nA as the threshold voltage is varied
by 0.3 V and the non-uniformity of the lo_gp With increasing number of the scan lines

in the proposed pixel structure is less than 3.1%. Also the error rate of the lo gp With
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the threshold voltage variation is below 2.5%.The simulation results demonstrate
successfully that the proposed circuit has high immunity to both the voltage variation
in poly-Si TFTs and the drop in the supply voltage. Therefore, the proposed pixel
structure is a promising candidate for the large size and high resolution AMOLED
displays.

A new voltage-modulation compensation method using a source-follower type
connection is developed to simplify the compensation cycles. The proposed
compensation operation markedly reduces the non-uniformity of the output current.
The mean deviation of the TFT driving current is about 28nA at a threshold voltage
shift of 2V. Furthermore, the shift of the loLep is 50nA, and is associated with a shift
in the OLED threshold voltage of 0.7V. Based on the measured results, the simulated
current degradation in the proposed-pixel is approximately 10% after 5000 hours. The
simulation results show that the jroposed circuit has high immunity to both the
threshold voltage degradation both lin“a-SkH-TFTs and the OLED that is used in

AMOLED display .
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Fig. 6-1 The distribution of the threshold voltage among 600 TFTs and the maximum
shift of the threshold voltage are about 0.2V.
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Fig. 6-2 Circuit scheme of conventional pixel circuit (2T1C) and the voltage drop
caused by the intrinsic parasitic resistance (R) at Vpp supply power line.
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Fig. 6-3 The proposed pixel design and timing scheme of the signal line.
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Fig 6-7 (a) The transient simulation results for the proposed pixel structure. With the
threshold voltage shift of DTFT set as 0.3V, the variation of output current is about
1.01~0.99 pA. (b) The transient simulation results for the proposed pixel structure.
The deviation of loep in the proposed pixel structure is less than 2.5% in the
degradation of the supply voltage on panel is 0.5V.
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Fig. 6-13 (a)Simulation result of the conventional 2T1C pixel circuit. The variation
range of loep in 2T1C pixel is about 1.04 to 0.68 pA. (b) Simulation result of the
conventional 2T1C pixel circuit as the threshold voltage shift in DTFT is set to 1.2V
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Fig. 6-14 (a) Simulation result of the conventional 2T1C pixel circuit. The
degradation of o ep in 2T1C pixel is about 1.04 to 0.76 pA. (b) Simulation result of
the conventional 2T1C pixel circuit as the threshold voltage in OLED is set to 0.7V
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Considering the degradation in threshold voltage of both DTFT and OLED with
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Chapter 7

Conclusion Remarks

In chapter 2, the photo leakage current and degraded sub-threshold swing of poly-Si
TFT under illumination is completely eliminated by the full metal shielding structure.
The leakage current sub-threshold swing of proposed TFT under illumination is
entirely identical as those of conventional ones at dark. However, as the drain voltages
are -4.5V and -9V, the negative shifts of threshold voltage (Vu) are -1.08V and
-2.07V, respectively. The coupling effect originated from the parasitic capacitance
between drain side and shielding metal layer is proposed to explain the V14 shift. In
order to lower photo leakage current (1p.c) with the original electrical characteristics
of poly-Si TFT, the full metal -shielding layer is.patterned by additional mask. The
issue of Vry shift is released by the structure of partial metal shielding layer. In
addition, the partial metal shielding layer located in the drain junction provides the
shielding effect to lower Ip.c. As drain bias is high, the shielding capability of the
partial metal shielding layer located in the drain junction is vanished due to the
coupling effect originated from the parasitic capacitance between drain side and
shielding metal layer.

In chapter 3, we proposed two simple methods to reduce lp, c and keep the electrical
characteristics of poly-Si TFT. The Si-rich dielectric film is taken as light absorption
layer to reduce the amount of light into the poly-Si film. The Ip ¢ of poly-Si THT with
Si-rich oxide film and with Si-rich SiNx film is lowered by 60% and 38%,
respectively. The sub-threshold swing (S.S) is also improved significantly by

employing Si-rich oxide film or with Si-rich SiNx film as buffer layer. For the
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AMLCD application, most pixel region should be allowed light to pass through so
that the Si-rich buffer layer must be patterned to be a low-transmittance area only for
the poly-Si active island. Therefore, we proposed a new process flow without adding
the number of masks or complicated device structure. The proposed poly-Si TFT
exhibits the impressively low leakage current and improved sub-threshold swing
under illumination by using NH3 plasma bombardment on the surface of buffer layer.
The uniformity and key parameters of proposed devices are almost identical as the
conventional ones. As the brightness of back-light is 5610 nit, the Ip.c and the
variation of S.S in proposed TFT are 8.1 pA and 46.3 %, respectively while those in
conventional TFT are 35.6 pA and 85.3%.

In chapter 4, we discuss the electrical characteristics of poly-Si TFT under
illumination using proposed TFT with surface treated buffer layer and with patterned
metal shielding layer. For treated TFT, the'lp.c and'S:S exposed to light are markedly
suppressed. It is shown that the fewer light-induced-electrons and holes result in the
lower lp c and improved sub-threshold. properties, respectively. The S.S of poly-Si
TFT under illumination is increased due to the positive potential originated from
accumulated excess holes in the bottom of poly-Si layer. Furthermore, as the expose
region is located in the drain junction, only lp ¢ is raised but S.S is almost unchanged.
The S.S is dramatically degraded as the expose region located in the source junction
and the drain bias is high. Based on the results and proposed model, the causes of
photo leakage current and degraded sub-threshold swing in poly-Si TFTs under
illumination are demonstrated in this work.

In chapter 5, the degradation mechanism of poly-Si TFT with excimer laser
crystallization (ELC) and with laser-crystallized laterally grown grain is investigated,

respectively. The distinct decrease in on-current of poly-Si TFT is found after
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dynamic stress and both the S.S and Vryare kept in a good condition. The damaged
region which contains numerous trap states are evidenced to be near the source /drain
regions and the electrical degradation was mainly attributed to the generation of the
trap states by capacitance-voltage (C-V) measurement for poly-Si TFT with ELC.
Since the C-V characteristics at 10 kHz were almost unchanged but the ones at 1MHz
were stretched out significantly, this can be inferred that the tail states were produced
in poly-Si film due to the AC stress. In addition, the electrical degradation of GB-TFT
is worse because of the effect of protrusion grain boundary. C-V measurements and
device simulation demonstrate reasonably that the concentration of the electric field in
the protrusion region causes intense electron gathering at the grain boundary. The
degradation model which considers the effect of protrusion grain boundaries is
proposed.

In chapter 6, we have developed.a novel pixel.circuit composed of five TFTs and
one capacitor for large size and-high.resolution. AMOLED displays. Much improved
non-uniformity of output current and simple.configuration are implemented by a new
compensation operation. The simulation results indicate that the proposed circuit has
high immunity to the variation of poly-Si TFT characteristics and the drop of supply
power. We also have developed a simple pixel circuit and driving scheme for
AMOLED with a-Si:H backplane. It is only composed of five transistors and one
capacitor. The significant improvement in the degradation of output current is
achieved by using the new compensation architecture. The simulation results have
been demonstrated successfully that the proposed circuit has high immunity to the
shift of threshold voltage in the a-Si TFTs and OLED. The proposed pixel design has

great potential for the large size and low cost AMOLED panel.
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