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中文摘要
在此論文中，我們研究複晶矽薄膜電晶體於系統面板應用上的電性
與可靠度。大致來說，可以把此論文粗略的分成兩個部分。第一個部
分為 N 型薄膜電晶體，我們研究其在交流操作下的劣化特性。另一個
部分為 P 型薄膜電晶體，主要的研究目標為其 NBTI 劣化特性。這些
研究在 MOSFET 都有廣泛的探討，但是由於複晶矽薄膜中有大量的晶
界，這不但嚴重影響了複晶矽薄膜電晶體的電性也使得其劣化機制變
得更為複雜。在此論文中，我們發現了過去 a-Si 薄膜電晶體以及
MOSFET 都不曾看過的特殊劣化現象。

在第三章中，我們研究 N 型薄膜電晶體在交流以及室溫操作下的劣
化特性。我們利用高頻的交流訊號來模擬作為驅動電路時的操作情
形。在 Stress 後，我們發現了驅動電流有明顯的下降。但是啟始電
壓以及次臨限區域卻沒有任何的變化。另外，從輸出特性曲線中，我
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們也發現有嚴重的 current-crowding 的現象。透過升溫的量測，我
們漸漸釐清了其劣化機制。

在第四章中，我們研究 N 型薄膜電晶體作為畫素開關時在交流操作
下的劣化特性。我們利用低頻的交流訊號來模擬作為畫素開關時的操
作情形。在 Stress 後，我們先是看到驅動電流以及電子遷移率的上
升，之後隨著 Stress 時間的拉長，我們又看到其電子遷移率嚴重的
下降，除此之外，我們也觀察到啟始電壓有往左邊飄移的現象。最後，
我們釐清了前期與後期的劣化機制。

第五章，我們研究 P 型薄膜電晶體在交流操作下的劣化特性。我們
在閘極給予交流訊號的同時汲極也給予一個 15V 的偏壓去劣化 P 型薄
膜電晶體。在這個實驗裡，我們發現了一些過去 NBTI 機制所不能解
釋的現象。我們認為這些異常的現象可能與自我加熱效應有關。當 P
型薄膜電晶體通道內的溫度因為自我加熱效應上升後可能導致 Si-H
的解離造成了劣化。這樣的劣化我們認為是 self-heating induced NBTI
effect。
第六章，我們研究非對稱的 NBTI 劣化。利用正掃與反掃的量測方
法，我們發現非對稱的劣化只出現在飽和操作底下。在飽和區的操作
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下，我們在啟始電壓、驅動電流以及次臨界擺幅的數據中觀察到不對
稱的劣化現象。這是因為通道內的垂直電場並不是一個均勻的分佈，
而是一個從源極往汲極逐漸強度遞減的分佈，也就是這樣的垂直電場
分佈導致了一個非對稱的 NBTI 劣化造成了上述的劣化現象。
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Electrical Properties and Reliabilities of Poly-Si
TFTs for System On Panel Application

Postgraduate: Chi-Feng Weng

Advisers: Dr. Ting-Chang Chang

Institute of Department of Physics
National Sun-Yet San University

English Abstract
In this thesis, we investigate the electrical properties and reliabilities of
poly-Si TFTs for system on panel application. Roughly, we divide the
thesis into two parts, n-type and p-type TFTs respectively. In n-type TFT,
we mainly study degradation characteristics of TFTs under dynamic stress.
On the other hand, we focus on special negative bias temperature
instability (NBTI) degradation for p-type poly-Si TFTs. Because grain
boundary in poly-Si film and serious self-heating effect due to glass
substrate, which has a poor thermal conductivity, the electrical properties
and reliabilities of poly-Si TFTs become more complicated, compare with
metal-oxide-semiconductor field effect transistor (MOSFET). Therefore,
in the thesis, we found some strange phenomena never observed in a-Si
TFT and MOSFET.
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In chapter 3, the degradation mechanism of n-channel poly-silicon
thin film transistor (poly-Si TFT) has been investigated at room
temperature under dynamic voltage stress, which simulate under high
frequency operation as driving devices. The ON-current of TFT is
degraded to as low as 0.3 times of the initial value after 1000 second
stress. On the other hand, both the sub-threshold swing and threshold
voltage kept well during the AC stress. The current crowding effect was
rapidly increased with increasing of stress duration. However, comparing
the initial and degraded characteristics at rising temperature, namely,
150◦C, the ON-current of TFT only decrease to 75 percent of the initial
value after 1000 second AC stress. It depicts that creation of effective
trap density in tail-states of poly-Si film is responsible for the electrical
degradation of poly-Si TFT. At high temperature, electron has enough
energy to pass the energy barrier created by ac stress and the degradation
is less obvious.

In chapter 4, the degradation mechanism of n-channel poly-silicon
thin film transistor (poly-Si TFT) has been investigated under dynamic
voltage stress, which simulate under low frequency operation as pixel
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switches. Surprisingly, two totally different degradations of TFTs were
observed after dynamic stress. Firstly field-effect mobility and driving
current increased during early stress. However, a clear and rapid
degradation of field-effect mobility occurred instead during later stress.
Additionally, the threshold voltage of stressed TFTs strangely shifted to
negative direction in later stress, which was never observed in early stress.
Finally, we clarify the degradation mechanisms for early and later stress
respectively by varied temperature experiments.

In chapter 5, the characteristics of p-type poly-silicon thin film
transistor (poly-Si TFT) with dynamic bias stress were investigated. The
AC stress is operated with the constant drain voltage (15V) and the
varying gate voltage (0V~-15V) to degrade the devices. There are some
phenomena which cannot be completely explained by typical NBTI
mechanism in the experiment. In addition to NBTI, we suggest that the
self-heating effect might be involved, because the self-heating effect
could rise channel temperature and cause the dissociation of the Si-H
bonds at the poly-Si/SiO2 interface due to the Joule heating. The released
hydrogen reacts with SiO2 and causes the fixed charge in the gate oxide.

ix

Thus, the degradation of electrical characteristics of device is mainly
dominated by the self-heating induced NBTI effect.

In chapter 6, we investigate the asymmetric negative bias
temperature

instability

degradation

of

poly-Si

TFTs.

Electric

measurements of normal and reverse modes were employed to analyze
the degradation on Vt, current, leakage current and sub-threshold swing
(S.S.). The results indicated that a non-uniform vertical electric field at
the poly-Si/SiO2 resulted in asymmetric negative bias temperature
instability degradation. The trap generation was a grading distribution
from source to drain. Moreover, some energy diagrams were proposed to
explain the experimental data. Sequentially, asymmetric TFT degradation
resulted from a grading distribution of trap state induced by asymmetric
NBTI.
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Chapter 1

Introduction

1.1 introduction

Low-temperature processed polycrystalline-silicon (poly-Si) has been
widely investigated as a material for mobile applications such as digital
cameras [1.1] and note book computers, because the electron mobility of
low-temperature poly-Si thin-film transistors (TFTs) is about 100 times
larger than that of the conventional amorphous silicon (a-Si) TFTs. Since
the technology of re-crystallization has been greatly improved, the
maximum process temperature of low-temperature poly-Si thin-film
transistors is dropped to lower than 600◦C, which is a sustainable
temperature for conventional glass substrates. Poly-Si TFTs can be
fabricated on a wide variety of cheap glasses. The major advantage of the
poly-Si TFT is a higher field effective mobility than that of the a-Si-based
TFT. Taking the advantage, the pixel TFTs made of poly-Si are smaller
than that made of a-Si while the same drive current. As the result, Poly-Si

TFT- liquid-crystal-displays (LCDs) have some advantages compared to
a-Si TFT-LCDs, which include high picture quality, high resolution, high
brightness and high contrast. Moreover, compared with a-Si TFT, the
poly-Si TFT has an unmatchable ability, which is the poly-Si TFT can be
produced as complementary transistors, N-channel and P-channel ones.
Additionally, Poly-Si TFTs have higher driving capability to provide
possibility of integrating peripheral circuits. Taking advantage of these
features, poly-Si TFTs are simultaneously applied for pixel TFTs and the
driver circuits (ex. scan driver). If the mobility of poly-Si TFTs is further
increased, by integrating both a pixel array and peripheral circuits on a
single glass substrate, this poly-Si technology will realize the system on
panel (SOP) which will integrate memory, CPU, and display [1.2-1.6].
Therefore, for the purpose, the electrical property and instability of
poly-Si TFT must achieve the requirement of both pixel TFT and driver
circuit

at

the

same

time.

However,

differing

from

metal-oxide-semiconductor field effect transistors (MOSFET), the traps
of grain structures play an important role for the electrical properties and
stabilities of poly-Si TFTs, which cause more instability issues.
Compared with a-Si TFT, poly-Si TFTs have advantages of high field
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effective mobility and high driving current, resulting in more severe
hot-carrier and self-heating effect. Taking these advantages and
disadvantages, the degradation mechanisms and instability issues become
complicated for poly-Si TFTs. In the thesis, various electrical stresses will
be applied to poly-Si TFTs for various application purposes. The
electrical properties and degradation mechanisms of poly-Si TFTs will be
studied and discussed in detail as following chapters.

1.2 outline of the thesis

In chapter 3, high frequency voltage pulses (500 KHz) are applied to
n-type poly-Si TFTs for simulating TFT devices in functional circuits
serve as the switches and suffer the high frequency voltage pulses.
Previous research reports have shown a relationship between the creation
of states and hot-carriers effect by performing DC stress [1.7-1.8]. The
degradation mechanism of N-channel TFT under dynamic voltage stress,
however, has not been clarified yet [1.9-1.10]. The degraded TFT will
seriously influence the operation of the circuits.

3

In this study, after the dynamic stress, The ON-current of TFT is
degraded to as low as 0.3 times of the initial value after 1000 second
stress. On the other hand, both the sub-threshold swing and threshold
voltage kept well during the AC stress. The current crowding effect was
rapidly increased with increasing of stress duration. However, comparing
the initial and degraded characteristics at rising temperature, namely,
150◦C, the ON-current of TFT only decrease to 75 percent of the initial
value after 1000 second AC stress. It depicts that creation of effective
trap density in tail-states of poly-Si film is responsible for the electrical
degradation of poly-Si TFT. Sequentially, the degradation mechanism
under dynamic operation for poly-Si N-channel TFT will be investigated
by electrical analysis in detail in chapter 3.

In chapter 4, low frequency voltage pulses (1 Hz) and a constant drain
voltage are applied to n-type poly-Si TFTs for simulating pixel switch
operation. The mechanism of N-channel TFT under high frequency
voltage stress (500 KHz) has been shown in chapter 3 for functional
circuit application. However, for the system on panel (SOP), poly-Si
TFTs are not only applied as the pixel TFTs but the driver circuits.

4

Namely, the electrical property and instability of poly-Si TFT must
achieve the requirement of both pixel TFT and driver circuit at the same
time. Therefore, the electrical properties and degradation of TFT devices
as the pixel switches are very important as that for functional circuit
application. Additionally, high mobility and driving current of poly-Si
TFTs may result in different degradations and instability issues from a-Si
TFTs.

In this work, poly-Si TFTs are applied low frequency gate voltage
pulses and drain voltage to simulate pixel switch operation. Two different
degradation of poly-Si TFTs are observed after dynamic stress. The
strange phenomena indicate that at least two different kinds of
mechanism successively dominated the degradation. The degradation
mechanism will be investigated and found by various electrical analysis
and stress experiments.

In chapter 5, the instability and degradation mechanism under dynamic
stress will be studied for p-channel TFTs. Recently, in p-channel poly-Si
TFTs, a negative bias temperature instability (NBTI) has been found to
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raise an important reliability problem for the device degradation [1.11].
The degradation is mainly caused by the dissociation of the Si-H bonds,
and can be thermally and electrically activated [1.12]. As well as NBTI,
self-heating should be considered. Since poly-Si TFTs are fabricated on
glass substrates which have poor thermal conductivity, heat generated by
Joule heating cannot be efficiently dissipated during the operation of
devices and so cause NBTI degradation. Hence, self-heating effect is a
very important issue in poly-Si TFTs degradation and may severely affect
circuit performance [1.13]. Self-heating under dc stress in a p-channel
poly-Si TFT has been measured using an infrared thermal detector [1.14].
However, the relationship between self-heating and NBTI under ac stress
has not been clearly elucidated. Additionally, when poly-Si TFTs
function as driver circuits, the device characteristics are affected by
high-frequency voltage pulse operations [1.15]. Therefore, a detailed
understanding the degradation mechanism under dynamic operation is
important.

In this work, the characteristics of p-type poly-silicon thin film
transistor (poly-Si TFT) with dynamic bias stress were investigated. The
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AC stress is operated with the constant drain voltage (15V) and the
varying gate voltage (0V~-15V) to degrade the devices. There are some
phenomena which cannot be completely explained by typical NBTI
mechanism in the experiment. In addition to NBTI, we suggest that the
self-heating effect might be involved, because the self-heating effect
could rise channel temperature and cause the dissociation of the Si-H
bonds at the poly-Si/SiO2 interface due to the Joule heating. The released
hydrogen reacts with SiO2 and causes the fixed charge in the gate oxide.
This work studies the instability and degradation mechanism of p-channel
TFTs under dynamic stress by analyzing device characteristics, interface
traps and grain boundary traps densities before and after ac stress.

In chapter 6, self-heating effect induced NBTI degradation, which is
discussed in chapter 5, will be studied further. For p-channel TFTs,
negative bias temperature instability (NBTI) is an important reliability
problem for the device degradation [1.16]. Such degradation is caused
mainly by the dissociation of the Si-H bonds, and can be thermally and
electrically activated [1.17]. In general, degradation is uniformly
distributed in the poly-Si/SiO2 interface. In addition, because poly-Si
7

TFTs are fabricated on a glass substrate with poor thermal conductivity,
heat cannot be efficiently dissipated. In our previous studies [1.18],
negative bias temperature instability (NBTI) induced by self-heating was
observed even when devices were operated at room temperature.
However, heat generated by the self-heating effect was not uniformly
distributed in the whole TFT and would likely cause an asymmetric NBTI
degradation, a phenomenon is not previously studied for poly-Si TFTs.

In this work, the asymmetric negative bias temperature instability
degradation of poly-Si TFTs were observed under the stress condition
with a gate voltage of -15V and a drain voltage of -20V. Electric
measurements of normal and reverse modes were employed to analyze
the degradation on Vt, current, leakage current and sub-threshold swing
(S.S.). The results indicated the interface trap state generation located
near the source was responsible for degradation. The asymmetric NBTI
degradation and further explain the related mechanism by energy band
diagrams.
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Chapter 2

Poly-Si TFT conduction mechanism and parameter
extraction

2.1 Poly-Si TFT transportation mechanisms

The device characteristics of poly-Si TFTs are strongly influenced
by the grain structure in poly-Si film. Even though the inversion channel
region

is

also

induced

by

the

gate

voltage

as

in

metal-oxide-semiconductor field effect transistors (MOSFETs), the
existence of grain structure in active layer bring large differences in
carrier transport phenomenon. Many researches studying the electrical
properties and the carrier transport in poly-Si TFTs have been reported. A
simple grain boundary-trapping model has been described by many
authors in details [2.1-2.3]. In this model, it is assumed that the poly-Si
material is composed of a linear chain of identical crystallite having a
grain size Lg and the grain boundary trap density Nt (cm-3). The charge
trapped at grain boundaries is compensated by oppositely charged
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depletion regions surrounding the grain boundaries as shown in Fig. 2-1.
From Poisson’s equation, the charge in the depletion regions causes
curvature in the energy bands, leading to potential barriers that impede
the movement of any remaining free carriers from one grain to another.

When the dopant/carrier density n (or ND) (cm-3) is small, the poly-Si
grains will be fully depleted. The width of the grain boundary depletion
region xd extends to be Lg/2 on each side of the boundary, and the voltage
barrier height VB can be expressed as
Fully depleted:
VB =

qn 2 qnLg
xd =
2ε S
8ε S

2

(2-1)

As the dopant/carrier concentration is increased, more carriers are
trapped at the grain boundary. The curvature of the energy band and the
height of potential barrier increase, making carrier transport form one
grain to another more difficult. When the dopant/carrier density increases
to exceed a critical value N* = Nt / Lg, the poly-Si grains turn to be
partially depleted and excess free carriers start to spear inside the grain
region. The depletion width and the barrier height can be expressed as
Partially depleted:
14

xd =

Nt
2n

VB =

qn N t 2 qN t
( ) =
2ε s 2n
8ε s n

(2-2)
2

(2-3)

The depletion width and the barrier hight turn to decrease with
increasing dopant/carrier density, leading to improved conductivity in
carrier transport.
The carrier transport in fully depleted poly-Si film can be described
by the thermionic emission over the barrier. Its’ current density can be
written as [2.4]
J = qnvc exp[−

q
(VB − Va )]
kT

(2-4)

where n is the free-carrier density, vc is the collection velocity
( vc = kT / 2πm ∗ ), VB is the barrier height without applied bias, and Va is
the applied average bias across the one grain boundary region. For
small-applied biases, the applied voltage divided approximately
uniformly between the two sides of a grain boundary. Therefore, the
barrier in the forward-bias direction decreases by an amount of Va/2. In
the reserve-bias direction, the barrier increases by the same amount. The
current density in these two directions then can be expressed as
J F = qnvc ⋅ exp[−

q
1
(VB − Va )]
kT
2

(2-5)
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J R = qnvc ⋅ exp[−

q
1
(VB + Va )]
kT
2

(2-6)

Thus the net current density is then given by
J = 2qnvc exp(−

qVB
qV
) sinh( a )
kT
2kT

(2-7)

At low applied voltages, the voltage drop across a grain boundary is small
compared to the thermal voltage kT/q, thus Eq. (2-7) can be simplified as
J = 2qnvc exp(−

qVB qVa q 2 nvcVa
qV
)
=
[exp(− B )]
kT 2kT
kT
kT

(2-8)

the average conductivity σ = J / ξ = JLg / Va , and the effective mobility σ
=qnμeff
then the average conductivity can be obtained as
σ=

q 2 nvc Lg

μ eff =

kT
qvc L g
kT

exp(−

qVB
)
kT

exp(−

qVB
qV
) ≡ μ 0 exp(− B )
kT
kT

(2-9)
(2-10)

where μ0 represents the carrier mobility inside grain regions. It is found
that the conduction in poly-Si is an activated process with activation
energy of approximately qVB, which depends on the dopant/carrier
concentration and the grain boundary trap density.
Applying gradual channel approximation to poly-Si TFTs, which
assumes that the variation of the electric field in the y-direction (along the
channel) is much less than the corresponding variation in the y-direction
(perpendicular to the channel), as shown figure 2-2.
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The carrier density n per unit area (cm-2) induced by the gate voltage
can be expressed as
n=

Cox(VG -VTH )
qtch

(2-11)

where
tch is the thickness of the inversion layer,
VTH is the threshold voltage,
Cox is gate oxide capacitance per unit area.
I D = J ⋅ W ⋅ tch

(2-12)

J = n ⋅ q ⋅ μeff ⋅ ξ

(2-13)

ξ=

Va
V
V
V
= D = D = D;
L
Lg N g Lg
L
Lg
Lg

Ng is the grain number

(2-14)

Therefore, by replacing Eq. (2-11), (2-13) and (2-14) into Eq. (2-12),
the drain current of poly-Si TFT then can be given by
I D = Cox

W
(VG − VTH ) ⋅ VD ⋅ μo exp(− qVB )
L
kT

(2-15)

Obviously, this I-V characteristic is very similar to that linear region
of MOSFETs, except that the mobility is modified.
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2.2 Methods of Device Parameter Extraction

In this section, we will introduce the methods of typical parameters
extraction such as threshold voltage (Vth), subthreshold slope (SS), drain
current ON/OFF ratio, field-effect mobility (μFE), and the trap density
(Nt).

2.2.1 Determination of the threshold voltage

Many ways are used to determinate the Vth which is the most
important parameter of semiconductor devices. In poly-Si TFTs, the
method to determinate the threshold voltage is constant drain current
method. The gate voltage at a specific drain current IN value is taken as
the threshold voltage. This technique is adopted in most studies of TFTs.
Typically, the threshold current IN = ID / (W / L ) is specified 1nA and 10
nA for linear and saturation region respectively in this thesis.
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2.2.2 Determination of the subthreshold slope

Subthreshold slope SS (V/dec.) = dVG /d( log I D ) is a typical parameter to
describe the gate control toward channel. And in intrinsic polysilicon
TFTs the parameter SS is directly related with the total trap states density
NT by the relationship
⎛ q 2tsiNT ⎞
⎛ kT ⎞
⎟
SS = ⎜⎜ ⎟⎟ ln 10⎜⎜1 +
COX ⎟⎠
⎝ q ⎠
⎝

(2-16)

where
kT is the thermal energy,
tsi is the polysilicon layer thickness.
Thus, the decrease of SS with stressing suggests a decrease in the total
trap states density, which includes both bulk and interface traps. The SS
should be independent of drain voltage and gate voltage. However, in
reality, SS might increase with drain voltage due to short-channel effects
such as charge sharing, avalanche multiplication, and punchthrough-like
effect. The SS is also related to gate voltage due to undesirable factors
such as serial resistance and interface state. In this experiment, the SS is
defined as one-half of the gate voltage required to decrease the threshold
current by two orders of magnitude (from 10-8A to 10-10A).
19

2.2.3 Determination of On/Off Current Ratio
Drain On/Off current ratio is another important factor of TFTs. High
On/Off ratio represents not only large turn-on current but also small off
current (leakage current). It affects gray levels (the bright to dark state
number) of TFT AMLCD directly.
There are many methods to specify the on and off current. The
practical one is to define the maximum current as on current and the
minimum leakage current as off current while drain voltage is applied at
5V.

2.2.4 Determination of the field-effect mobility
The

field-effect

mobility

(μFE)

is

determined

from

the

transconductance (gm) at low drain voltage (Vd = 0.1V, VG-Vth>> Vd). The
transfer I-V characteristics of poly-Si TFT can be expressed as
I D = μ FE Cox

W
[(VG − VTH )VD ]
L

(2-17)

where
W is channel width,
L is channel length,
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The transconductance is defined as
gm =

∂I D
∂VG

VD = const .

=

WC ox μ FE
VD
L

(2-18)

Therefore, the field-effect mobility can be obtained by
μ FE =

L
gm
C ox WV D

(2-19)

2.2.5 Determination of the trap density

In partially depleted condition, as described in Eq. (2-3), the grain
boundary potential barrier height VB is related to the carrier
concentrations inside the grain and the trapping states located at grain
boundaries. Based on this consideration, the amount of trap state density
Nt can be extracted from the current-voltage characteristics of poly-Si
TFTs. As proposed by Levinson et al. [2.1], the I-V characteristics
including the trap density can be obtained by replacing Eq. (2-3) and
(2-11) into Eq. (2-15):
2

q 3 N t t ch
W
)
I D = μ 0 C ox (VG − VTH )VD exp(−
8kTε s C ox (VG − VTH )
L

(2-20)

This equation had been further corrected by Proano et al. by considering
the mobility under low gate bias [2.5]. It is found that the behavior of
carrier mobility under low gate bias can be expressed more correctly by
using the flat-band voltage VFB instead of the threshold voltage VTH.
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Moreover, a better approximation for channel thickness tch in an undoped
material is given by defining the channel thickness as the thickness at
which 80 percent of the total charge resides. Therefore, by solving the
Poisson’s equation, the channel thickness is given by
tch =

8kT ε sε ox
qCox (VG − VFB )

(2-21)

The drain current of poly-Si TFTs then should be expressed as
q 2 N t ε ox / ε s
W
)
I D = μ 0 C ox (VG − VFB )VD exp(−
2
L
C ox (VG − VFB ) 2
2

(2-22)

The effective trap state density then can be obtained from the slope of the
curve ln[ID/(VG-VFB)] versus (VG-VFB)-2.

2.3 Leakage current

In AMLCD, TFTs play a switching device to turn ON/OFF the
current path for charging/discharging the liquid crystal capacitor. Thus,
the leakage current should be low enough to remain a pixel gray level
before it must be refreshed. The leakage current mechanism in poly-Si
has been studied by Olasupe [2.6]. The leakage current resulted from
carrier generation from the poly-Si grain boundary defects. There are
three major leakage mechanisms, as shown in figure 2-3.
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The dominant mechanism is a function of the prevailing drain bias.
They pointed out carrier generation from grain boundary defects via
thermionic emission and thermionic field emission to be prevalent at a
low and medium drain biases, and carrier pure tunneling from poly-Si
grain boundary defects to be the dominant mechanism at higher drain bias.
In 1997, Angelis give a concise analytical equation for describing the
leakage current [2.7].
I L = I L 0e
Em =

β Em

= qA jWDσvth N t ni e

β PF

Em

e

β TFE E m

VG − VD − V fb

(2-23)
(2-24)

tox (ε Si ε ox )

Where Em is the peak electrical field, Aj is the junction area, WD is the
reversed-biased drain junction depletion width, vth is the carrier thermal
velocity, and βPF and βTFE are the field-enhancement factors arising from
Poole-Frenkel effect and thermal field emission. Thus, the most effective
way to reduce the leakage current is decrease the Em.
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2.5 Figure Caption

Figure 2-1 (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.
Figure 2-2 A schematic MOSFET cross section, showing the axes of
coordinates and the bias voltages at the four terminals for the
drain-current model.
Figure 2-3 Three possible mechanisms of leakage current in poly-Si TFTs,
including thermionic emission, thermionic field emission and
pure tunneling.
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Figure 2-1 (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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Figure 2-2 A schematic MOSFET cross section, showing the axes of
coordinates and the bias voltages at the four terminals for the
drain-current model.
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Figure 2-4 Three possible mechanisms of leakage current in poly-Si TFTs,
including thermionic emission, thermionic field emission and
pure tunneling.
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Chapter 3

Thermal Analysis on the Degradation of Poly-Silicon
TFTs under AC Stress

3.1 Introduction

Low-temperature processed polycrystalline-silicon (poly-Si) has been
widely investigated as a material for mobile applications such as digital
cameras [3.1] and note book computers, because the electron mobility of
low-temperature poly-Si thin-film transistors (TFTs) is about 100 times
larger than that of the conventional amorphous silicon (a-Si) TFTs. Since
the maximum process temperature is lower than 600◦C, poly-Si TFTs can
be fabricated on a wide variety of cheap glasses. The major advantage of
the poly-Si TFT is a higher field effective mobility than that of the
a-Si-based TFT. While the same drive current, the pixel TFTs made of
poly-Si are smaller than that made of a-Si. As the result, Poly-Si TFTliquid-crystal-displays (LCDs) have some advantages compared to a-Si
TFT-LCDs, which include high picture quality, high resolution, high
30

brightness and high contrast. Moreover, the poly-Si TFT can be produced
as

complementary

transistors,

N-channel

and

P-channel

ones.

Additionally, Poly-Si TFTs have higher driving capability to provide
possibility of integrating peripheral circuits. Taking advantage of these
features, poly-Si TFTs are applied for pixel TFTs and the driver circuits
(ex. scan driver). If the mobility of poly-Si TFTs is further increased, this
poly-Si technology will realize the system on panel (SOP) which will
integrate memory, CPU, and display [3.2]. However, the traps of grain
structures play an important role for the electrical properties and
stabilities of poly-Si TFTs. TFT devices in functional circuits serve as the
switches and suffer the high frequency voltage pulses. Previous research
reports have shown a relationship between the creation of states and
hot-carriers effect by performing DC stress [3.3-3.4]. The degradation
mechanism of N-channel TFT under dynamic voltage stress, however,
has not been clarified yet [3.5-3.6]. The degraded TFT will seriously
influence the operation of the circuits. In this study, the degradation
mechanism under dynamic operation for poly-Si N-channel TFT will be
investigated by electrical analysis in detail.
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3.2 Experimental

N-channel poly-Si TFTs with top-gate structure were fabricated on a
glass substrate without lightly doped drain (LDD).

First, a 50nm-thick

amorphous silicon (a-Si) film was deposited by plasma enhanced
chemical vapor deposition (PECVD), and subsequently, the films were
dehydrogenated by furnace annealing. After dehydrogenation, the a-Si
films were crystallized by XeCl excimer-laser. The power of the
line-shaped beam was 350 mJ/cm2. Following the laser process,
100nm-thick gate oxide was deposited by PECVD. Then the implantation
was adopted to define the source/drain (S/D) region. Then an annealing
process was performed to activate the dopant impurities. MoW was
sputtered as a gate metal. The length and width of TFTs in this work were
10μm and 30μm respectively. The overlap of gate metal and S/D junction
was 1μm. The stress pulses were performed on the gate electrode as the
dynamic stress and S/D were grounded, as shown in Fig. 3-1. As for the
stress condition, we used the rectangular pulse with amplifier of ±15V
and frequency of 500kHz as shown in Fig. 3-2. both the rising time (Tr)
and falling time (Tf) were 100 ns. The TFTs were stressed at room
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temperature. I-V and C-V characteristics were measured before and after
AC stress at 30◦C, 60◦C, 90◦C, 120◦C and 150◦C.

3.3 Results and Discussions

Figure 3-3 shows the ID-VG relationships of N-channel poly-Si TFT
with different dynamic stress times. I-V curves were measured in linear
region with VD=0.1V at 30◦C. The distinct decrease in ON-current was
found with the increasing stress duration. After stressing 1000 sec, the
degradation of the TFT ON-current is 26.4 %. Both the sub-threshold
swing (0.13 V/dec.) and threshold voltage (1.5V) kept well during the
stressing. Threshold voltage was defined as the gate voltage that ID was
equal to 1nA. In general, the ON-current degradation is induced by oxide
trapping or states creation. Since the threshold voltage did not shift, the
degradation induced by oxide trapping was thus excluded. The states
creation was justified to be the main reason for degradation of
ON-current. From the evolution of the transfer characteristics at the linear
operation region with stress time, it is apparent that the impact of the
applied stress leads to an obvious decrease of the on-current operated at
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the above threshold region of the ID-VG characteristics. For poly-Si TFTs,
the degradation under DC stress is usually characterized by a decrease of
the sub-threshold slope mainly due to the generation of traps at deep
states in poly-Si grains and a threshold voltage shift caused by charge
trapping in the gate oxide and at the deep states [3.7]. However, the
experimental data show that both sub-threshold slope and threshold
voltage remain unchanged in all stressed devices in comparison with the
non-stressed device. This indicates that the degradation of the N-channel
poly-Si TFTs is neither occurred by charge trapping in the gate oxide nor
by the creation of traps at the deep states. We can infer that the tail states
are responsible for the electrical degradation of TFT [3.7].

The ID-VD characteristics of TFT at 30◦C with the dynamic stress times
are illustrated in Fig. 3-4. It is observed that the current crowding effect
on TFT is significantly enlarged with the increase of stress time, which
indicates parasitic resistance contributes to the degradation on electrical
properties of TFT. The parasitic resistance is dependent on the following
several factors, such as the trap states near the S/D junctions, sheet
resistance of N+ poly-Si layer, and S/D contact quality [3.8-3.9].
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According to our previous report [3.10], we measure the ID-VG
characteristics of N-channel poly-Si TFT under saturation operation to
find out the degradation location. Figure 3-5 shows the ID-VG
relationships of N-channel poly-Si TFT under saturation operation with
different dynamic stress times. The degradation on drive current is clearly
reduced compared to linear operation. Differing from linear operation,
pinch off region appears near drain under saturation operation. The carrier
transport is limited at Si/SiO2 interface no more, the carriers are swept
into the drain by horizontal electrical field instead. Thus, the influence of
trap states located at Si/SiO2 interface are suppressed in pinch off region,
because the current paths do not cross through the trap states located at
Si/SiO2 interface. In this work, the on-current degradation is significantly
suppressed under saturation operation. It indicates that trap state
generation is located at Si/SiO2 interface near the drain during dynamic
stress. Moreover, we consider that the trap state distribution is symmetric
because of symmetric stress condition. Figure 3-6 shows the trap state
distribution and the TFT scheme under linear operation. The trap states
are symmetrically located at Si/SiO2 interface near the source and the
drain. While the TFT is operated in linear region, the current paths are
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limited at Si/SiO2 interface and cross through the trap states near the S/D
junctions, resulting clear on-current degradation. However, the influence
of trap states near drain junction is apparently suppressed due to the
appearance of pinch off region as shown in Fig. 3-7. Consequently, the
trap states near the S/D junctions were though as the main reason. The
large parasitic resistance would result in the current crowding effect, as
shown in Fig. 3-4.

Figure 3-8 shows the ID-VG curves of stressed poly-Si TFT at 150◦C.
Compared with Fig 3-3, the degradation behavior observed at 150◦C is
significantly lower. The ON-current of TFT is 75 percent of the initial
value after 1000 second AC stress at 150◦C. Both the sub-threshold swing
and threshold voltage still kept exhibit no difference at high temperature.
It is apparent that the ON-current degradation is obviously less as
measurement temperature rises. The ID-VD relationships at 150◦C can be
seen in Figure 3-9. Current crowding effect was also obviously less at
high temperature measurement. As mention above, the large parasitic
resistance induced by the trap states near the S/D junctions would result
in the current crowding effect and ON-current degradation. Therefore,
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there must be a close relation between turn-on resistance and ON-current
degradation. The turn on resistance Ron was extracted form the linear
region of ID-VD curve under the operation of small drain voltages VD and
high gate voltages VG as circled in fig. 3-9. Specifically, Ron is the
reciprocal of slope of ID-VD curve. As following, Ron degradation
evolution is analyzed in detail.

Figure 3-10 shows Ron versus measurement temperature for device
stressed with different times. The Ron at 30◦C was significantly degraded
from 5kΩto 155kΩ with the stress time increasing. The Ron of stressed
TFT becomes smaller as temperature increasing. In the case of TFT after
1000 sec stressing, Ron at 150◦C is only about 8 percent of the value at
30◦C.

The

Ron

of

stressed

TFT

shows

an

apparently

temperature –dependent nature as dynamic stress duration increasing.
However, the Ron of unstressed TFT merely ranged between 5kΩ and
3kΩas temperature increasing and showed a non- temperature –dependent
nature instead. As experimental data of the above, the current crowding
effect becomes more obvious for longer dynamic stress duration but less
observed at higher temperatures. The phenomena hinted us that the
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degradation was because of trap states. The possible mechanism is the
generations of trap states near drain and source junctions during dynamic
stress. It has been reported that a potential barrier was induced by trap
states, and that this potential barrier disturbed the carrier flow, which
reduces the conductance and drain current [3.11]. While the trap states
trapped carriers, a potential barrier was formed on the location of trap
states which trapped carriers as shown in Fig. 3-11(a). The carrier
transport was disturbed by the potential barrier, resulting on-current
degradation and Ron increase. As temperature increasing, carriers had
enough energy to de-trap from trap states. The potential barrier created by
carrier-trapping was disappeared as shown in Fig. 3-11(b). Thus,
on-current degradation and the current crowding effect are apparently
suppressed at high temperature. It was reasonable to explain the
degradation of TFT was reduced with temperature increasing. To confirm
the proposed mechanism, C-V measurement was employed as following.

Figure 3-12 shows C-V curves measured at 1MHz under the operation
of Gate voltage varied with grounding source and drain. C-V curves were
significantly stretched out and shifted in the positive direction. In case of
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MIS structure (Metal Insulator Semiconductor structure) result, the C–V
curve was significantly stretched out because the trapping and
de-trapping time of the trap states did not respond to higher frequency
[3.12]. In the case of TFT, the minor carriers were not generated from
energy band bending of semiconductor but came from source and drain
junctions. As the mention of above, the potential barrier induced by trap
states disturbed the minor carriers into the channel. It was possible reason
that the C-V curves were stretched out at higher frequency. The
mechanisms of degradation of I-V and C-V curves were the same.
Therefore, the degradation of C-V curves should be reduced with
temperature rising. The C-V characteristics of stressed TFTs at higher
temperature were studied in order to prove that. The C-V curves at 400K
were indicated in Fig. 3-13. The C-V curves were not stretched out at
400K. The degradation of C-V curves of stressed TFT was reduced at
400K. The phenomenon of C-V curves was the same as I-V datum of
above. It was proved that all degradations were result from a potential
barrier induced by trap states. The electrical properties of poly-Si TFT are
strongly influenced by the traps in the poly-Si film. The trap states were
created during dynamic stress time. The position of trap states was near
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the surfaces of source and drain junctions. The potential barrier induced
by trap states was mainly reason for degradation of stressed TFT. The
degradation was obviously reduced by temperature rising.

3.4 Conclusion
In this study the distinct decrease in on-current of n-channel poly-Si
TFT was found during the dynamic voltage stress. In spite of electrical
degradation appearing at the ON-current of the poly-Si TFT and the C-V
characteristics of the poly-Si TFT, the sub-threshold swing and threshold
voltage kept in a good condition. This can be inferred that the tail states
were produced in ploy-Si film due to the ac stress. By observing the
differences between linear and saturation ID-VG curves. We propose that
the symmetrical trap states located at Si/SiO2 interface near the source
and the drain junctions disturb the carrier transport, resulting on- current
degradation and the current crowding effect. To analyze Ron degradation
evolution in detail, an apparently temperature –dependent nature of Ron
was observed after stress. The observation confirms the opinion further.
Consequently, in this work, the degradation mechanism is that the trap
state generation near the source and the drain junctions form a potential
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barrier to disturbed the carriers into the channel. The phenomenon
resulted in on-current degradation, the current crowding and stretching
the C-V curves out simultaneously. At 400K, the carriers were enough
energy to de-trap from trap states. Therefore, the degradation of the
poly-Si TFT was decreasing with temperature increasing.
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Figure Caption
Figure 3-1 The stress condition and TFT scheme. The stress were
performed on the gate electrode as the dynamic stress and
source/drain were grounded
Figure 3-2 The stress pulse waveform. the rectangular pulse with amplifier
of ±15V and frequency of 500kHz
Figure 3-3 The ID-VG relationships of n-channel poly-Si TFT with different
dynamic stress times under linear operation. The distinct
decrease in on-current was found with the increasing stress
duration.
Figure 3-4 The ID-VD characteristics of TFT at 30℃ with the dynamic
stress times. Current crowding effect was observed after
dynamic stress.
Figure 3-5 The ID-VG relationships of n-channel poly-Si TFT with different
dynamic stress times under saturation operation. The on-current
degradation is significant suppressed compared to linear
operation.
Figure 3-6 The trap state distribution and the TFT scheme under linear
operation. The current paths limited in inversion layer at Si/SiO2
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interface must cross through the trap states near the source and
the drain junctions.
Figure 3-7 The trap state distribution and the TFT scheme under saturation
operation. the influence of trap states near drain junction is
apparently suppressed due to the appearance of pinch off region
Figure 3-8 The ID-VG relationships of n-channel poly-Si TFT with different
dynamic stress times under linear operation at 150◦C. Compared
with Fig 2-3, the degradation behavior observed at 150◦C is
significantly lower
Figure 3-9 The ID-VD characteristics of TFT at 150℃ with the dynamic
stress times. The turn on resistance Ron was extracted form the
linear region of ID-VD curve under the operation of small drain
voltages VD and high gate voltages VG as circled in the figure.
Figure 3-10

Ron-Temperature relationships versus stress time. The

current crowding effect was increasing with dynamic stress
duration increase and obviously reduced with temperature
increasing.
Figure 3-11

The energy diagram of TFT channel at (a) 300K and (b)

400K.
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Figure 3-12 C-V curves were measured at 1MHz under the operation of
Gate voltage varied with grounding source and drain. C-V
curves were significantly stretched out and shifted in the
positive direction.
Figure 3-13 The C-V curves were measured at 400K. The C-V curves
were not stretched out, and the degradation of C-V curves of
stressed TFT was reduced at 400K
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Figure 3-1 The stress condition and TFT scheme. The stress were
performed on the gate electrode as the dynamic stress and
source/drain were grounded
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Stress Condition

Period 2μ s

Frequency 500KHz

Width 1μ s
Peak voltage 15V

Bottom voltage -15V

Leading time
100ns
Trailing time
100ns

Figure 3-2 The stress pulse waveform. the rectangular pulse with
amplifier of ±15V and frequency of 500kHz
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Figure 3-3 The ID-VG relationships of n-channel poly-Si TFT with
different dynamic stress times under linear operation. The distinct
decrease in on-current was found with the increasing stress duration.
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Figure 3-4 The ID-VD characteristics of TFT at 30℃ with the dynamic
stress times. Current crowding effect was observed after dynamic
stress.
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Figure 3-5 The ID-VG relationships of n-channel poly-Si TFT with
different dynamic stress times under saturation operation. The
on-current degradation is significant suppressed compared to linear
operation.
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反轉層(Inversion layer)

Figure 3-6 The trap state distribution and the TFT scheme under linear
operation. The current paths limited in inversion layer at Si/SiO2
interface must cross through the trap states near the source and the
drain junctions.
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Figure 3-7 The trap state distribution and the TFT scheme under
saturation operation. the influence of trap states near drain junction is
apparently suppressed due to the appearance of pinch off region
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Figure 3-8 The ID-VG relationships of n-channel poly-Si TFT with
different dynamic stress times under linear operation at 150◦C.
Compared with Fig 2-3, the degradation behavior observed at 150◦C
is significantly lower
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Figure 3-9 The ID-VD characteristics of TFT at 150℃ with the dynamic
stress times. The turn on resistance Ron was extracted form the linear
region of ID-VD curve under the operation of small drain voltages VD
and high gate voltages VG as circled in the figure.
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Figure 3-10 Ron-Temperature relationships versus stress time. The
current crowding effect was increasing with dynamic stress duration
increase and obviously reduced with temperature increasing.
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Figure 3-11 The energy diagram of TFT channel at (a) 300K and (b)
400K.
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Figure 3-12 C-V curves were measured at 1MHz under the operation of
Gate voltage varied with grounding source and drain. C-V curves
were significantly stretched out and shifted in the positive direction.

58

Gate-Channel Capacitance(F)
(pF)

2e+2

1MHz at 400k
stress 0s
stress 100s
stress 300s

1e+2

1e+2

5e+1

-10

-5

0
Gate Bias(V)

5

10

Figure 3-13 The C-V curves were measured at 400K. The C-V curves
were not stretched out, and the degradation of C-V curves of stressed
TFT was reduced at 400K
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Chapter 4

Degradation of poly-Si under dynamic stress with drain
bias

3.4 Introduction

Low-temperature processed polycrystalline-silicon (poly-Si) has been
widely investigated as a material for mobile applications such as digital
cameras [4.1] and note book computers, because the electron mobility of
low-temperature poly-Si thin-film transistors (LTPS TFTs) is about 100
times larger than that of the conventional amorphous silicon (a-Si) TFTs.
the maximum process temperature is below 600◦C by excimer laser
crystallization. Thus low-temperature poly-Si TFTs can be applied on a
wide variety of cheap glasses. Because the low-temperature poly-Si TFTs
have a higher field-effect mobility than that of the a-Si-based TFT, the
pixel TFTs made of poly-Si are smaller than that made of a-Si as the same
drive current. As the result, Poly-Si TFT- liquid-crystal-displays (LCDs)
have some advantages compared to a-Si TFT-LCDs, which include high
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picture quality, high resolution, high brightness and high contrast.
Moreover, the poly-Si TFT can be produced as complementary transistors,
N-channel and P-channel ones. Additionally, high driving capability of
poly-Si TFTs provide possibility of integrating peripheral circuits. Taking
above advantages, poly-Si TFTs are not only applied as the pixel TFTs
but the driver circuits (ex. scan driver). If the mobility of poly-Si TFTs is
further improved, this poly-Si technology will realize the system on panel
(SOP) which will integrate memory, CPU, and display [4.2-4.4].
Therefore, for the purpose, the electrical property and instability of
poly-Si TFT must achieve the requirement of both pixel TFT and driver
circuit at the same time. As functional circuits, and suffer the high
frequency voltage pulses. Previous research reports have shown the
mechanism of N-channel TFT under dynamic voltage stress [4.5-4.7].
However, the electrical properties and degradation of TFT devices as the
pixel switches have not been clearly clarified yet. Additionally, high
mobility and driving current of poly-Si TFTs may result in different
degradations and instability issues from a-Si TFTs. In this work, poly-Si
TFTs are applied low frequency gate voltage pulses and drain voltage to
simulate pixel switch operation. Two different degradation of poly-Si
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TFTs are observed after dynamic stress. The degradation mechanism will
be investigated by electrical analysis in detail.

4.2 Experimental

N-channel poly-Si TFTs with top-gate structure were fabricated on a
glass substrate without lightly doped drain (LDD).

First, a 50nm-thick

amorphous silicon (a-Si) film was deposited by plasma enhanced
chemical vapor deposition (PECVD), and subsequently, the films were
dehydrogenated by furnace annealing. After dehydrogenation, the a-Si
films were crystallized by XeCl excimer-laser. The power of the
line-shaped beam was 350mJ/cm2. Following the laser process,
100nm-thick gate oxide was deposited by PECVD. Then the implantation
was adopted to define the source/drain (S/D) region. Then an annealing
process was performed to activate the dopant impurities. MoW was
sputtered as a gate metal. The length and width of TFTs in this work were
10μm and 30μm respectively. The overlap of gate metal and S/D junction
was 1μm. The stress pulses were performed on the gate electrode as the
dynamic stress with drain bias of 15V, as shown in Fig. 4-1. As for the
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stress condition, we used the rectangular pulse with amplitude of 0V ~
15V and frequency of 1Hz as shown in Fig. 4-2. Both the rising time (Tr)
and falling time (Tf) were 100 ns. The TFTs were stressed at room
temperature. In this work, the stressed TFT showed special degradations
on threshold voltage (Vt) and field-effect mobility. To analyze the ID-VG
curves, we find out the degradation mechanism eventually.

4.3 Results and Discussions

Figure 4-3 shows the ID-VG curves of TFT with different dynamic
stress time. After 100s dynamic stress, the sub-threshold swing and
threshold voltage (Vt) of stressed TFT kept as well as initial TFT.
Additional, the field-effect mobility of stressed TFT clearly increased.
However, after 500s dynamic stress, the stressed TFT showed distinct
degradations from 100s dynamic stress. The Vt of stressed TFT clearly
shifted to negative direction but the sub-threshold swing of stressed TFT
still kept a good condition. Moreover, differing from early dynamic stress
(after 100s dynamic stress), a clear degradation was observed on
field-effect mobility of stressed TFT instead after 500s dynamic stress
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(later dynamic stress). The special phenomena, two entirely different
degradation evolutions, indicate that at least two different mechanisms
dominated the degradations in this work.

After 100s dynamic stress, a surprising increase on field-effect
mobility of stressed TFT was observed. In general, field-effect mobility
of TFT is strongly influenced by ploy-Si property or temperature. The
corresponding formula is simplified and shown as follows [4.8-4.9].

μ = μ0e − Φ

B

/ KT

μ, ΦB, K and T indicate mobility, potential barrier height, Boltzmann
constant and temperature respectively. Φ B is strongly dependent on
ploy-Si property because energy barriers are induced by trap states in
ploy-Si film. Generally, trap states are not reduced but generated after
stress. Thus, temperature rising which resulted from self-heating effect
could play an important role in the early dynamic stress. However, if the
increase on field-effect mobility of stressed TFT resulted from a high
temperature induced by self-heating, the field-effect mobility of stressed
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TFT returns to initial value as the high temperature elimination. Figure
4-4 shows the ID-VG curves of TFT after 100s dynamic stress and 1 day
standing. After 1 day standing, the field-effect mobility of stressed TFT
indeed returned to initial value. This experiment indicates that the
increase on field-effect mobility probably is caused by self-heating. As
follows, we make self-heating stress experiment to confirm that.

In this experiment, the self-heating stress condition was gate voltage
and drain voltage of -15V. Figure 4-5 shows ID-VG curves of TFT with
different self-heating stress time. A clear increase on field-effect mobility
was observed as the data, which was obtained after 100s dynamic stress,
shown in Fig. 4-3. It confirms that self-heating effect is indeed
responsible for field-effect mobility increasing during early dynamic
stress. The experiment proves that the increase on field-effect mobility
under dynamic stress is caused by self-heating effect as TFT turns on
(both gate voltage and drain voltage are -15V).The maximum temperature
in TFT channel was not illimitably increasing with dynamic stress time,
but it kept at a certain temperature instead [4.10-4.11]. Therefore, as
dynamic stress time increasing, another mechanism gradually replaced
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self-heating effect to dominate the degradation and degrade the
field-effect mobility.

After 500s dynamic stress, the Vt shift was clearly observed. In general,
Vt shift is induced by oxide trapping or state creation. However, state
creation should result in Vt increase (shift to positive direction). Since Vt
of stressed TFT shifted to negative direction in this work, the Vt shift
induced by state creation was thus excluded. Nevertheless, in general,
oxide trapping is caused by a strong vertical electric field (above 6
MV/cm). In our experiment, the maximum vertical electric field is 1.5
MV/cm. Thus, the negative Vt shift should not be directly caused by the
vertical electrical field. As previous study, hot-carrier impact results in
electron-hole pair creation. With vertical electric field assistance, hot
holes created by hot-carrier impact inject into the buffer oxide as shown
in Fig. 4-6, resulting in negative Vt shift. Additionally, After 500s
dynamic stress, the degradation of field-effect mobility was clearly
observed. It indicates that Hot-carrier effect is a probable mechanism to
cause a negative Vt shift and degrade the field-effect mobility. As follows,
a hot-carrier stress was made to prove above opinions.
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Figure 4-7 shows ID-VG curves of TFT with different hot-carrier stress
time. The hot-carrier stress condition is gate voltage of -5V and drain
voltage of -15V. After hot-carrier stress, a clear degradation of field-effect
mobility was observed as later dynamic stress. However, differing from
dynamic stress, the Vt still kept as well as initial one. It indicates that no
deep state was created to cause the Vt shift during hot-carrier stress but
instead created trail states to degrade field-effect mobility. Similarly, it
proves that the negative Vt shift after dynamic stress was not caused by
deep state generation but charge trapping in buffer oxide instead. In the
hot-carrier stress experiment, the stress voltage in gate electrode was only
5V. Without vertical electric field assistance, hot holes created by
hot-carrier impact can not effectively inject into buffer oxide. On the
contrary, in the dynamic stress experiment, hot holes were created by
hot-carrier impact in low gate voltage region (VG<0.5 VD) as region 1
shown in Fig. 4-2, then hot holes injected into buffer oxide as following
high gate voltage region as region 2 shown in Fig. 4-2. Sequentially,
self-heating effect dominates the early dynamic stress and results in the
increase on field-effect mobility. In the later dynamic stress, hot-carrier
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effect is responsible for the rapid drop in field-effect mobility. With
vertical electric field assistance, injection of hot holes causes the negative
Vt shift. To clarify degradation mechanisms further, dynamic stresses
were repeated at 173K and 400K as follows.

The ID-VG curves of TFT with different dynamic stress time at 173K
and 400k were shown in Fig 4-8 and 4-9 respectively. In the dynamic
stress experiment at 173K, the field-effect mobility of the stressed TFT
increased with dynamic stress time increasing. Obviously, self-heating
effect entirely dominates the degradation. Because field-effect mobility of
carriers is strongly dependent on temperature as the mentioned formula
above, carriers have not enough energy to cause impact ionizations. As
the result, the Vt did not shift to negative direction. In the dynamic stress
experiment at 400K, Carriers have a superior ability to cause severe
impact ionizations because of high temperature. Thus, a clear negative Vt
shift was observed after stress. Finally, in our experiments, self-heating
and hot-carrier effects compete with each other for dominating the
degradation mechanism. The former results in temperature rising and
field-effect mobility increasing. The later results in field-effect mobility
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decreasing and negative Vt shift.

4.4 Conclusion

In this work, the TFT degradations showed two distinct natures
after the dynamic stress. In the early dynamic stress, an increase on
field-effect mobility and a slightly positive Vt shift were observed. In
the later dynamic stress, a rapid drop in field-effect mobility and a
clearly negative Vt shift were observed. These phenomena indicate
that the TFT degradations were dominated by two different
mechanisms. Some experiments were made to clarify the mechanisms.
Finally, we found that self-heating and hot-carrier effect competed
with each other and then successively dominated the TFT degradation.
The former results in temperature rising and field-effect mobility
increasing in the early stress. The later is responsible for field-effect
mobility decreasing and negative Vt shift in the later stress. The
opinion was again corroborated in varied temperature stresses. In the
dynamic stress experiment at 173K, self-heating effect entirely
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dominates the degradation, because carriers have not enough energy to
cause impact ionizations at low temperature. In the dynamic stress
experiment at 400K, hot-carrier effect entirely dominates the
degradation, because carriers have a superior ability to cause severe
impact ionizations at high temperature.
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4.6 Figure caption

Figure 4-1 The stress pulses were performed on the gate electrode as the
dynamic stress with drain bias of 15V.
Figure 4-2 The rectangular pulse waveform with amplitude of 0V ~
15V and frequency of 1Hz.
Figure 4-3 The ID-VG curves of TFT with different dynamic stress time.
Figure 4-4 The ID-VG curves of TFT after 100s dynamic stress and 1
day standing.
Figure 4-5 The ID-VG curves of TFT with different self-heating stress
time.
Figure 4-6 TFT scheme and illustration of hot-carrier impact ionization
Figure 4-7 The ID-VG curves of TFT with different hot-carrier stress
time.
Figure 4-8 The ID-VG curves of TFT with different dynamic stress time
at 173K
Figure 4-9 The ID-VG curves of TFT with different dynamic stress time
at 400K
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Figure 4-1 The stress pulses were performed on the gate electrode as the
dynamic stress with drain bias of 15V.
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Figure 4-2 The rectangular pulse waveform with amplitude of 0V ~
15V and frequency of 1Hz.
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Figure 4-3 The ID-VG curves of TFT with different dynamic stress time.
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Figure 4-4 The ID-VG curves of TFT after 100s dynamic stress and 1
day standing.
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Figure 4-5 The ID-VG curves of TFT with different self-heating stress
time.
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Figure 4-6 TFT scheme and illustration of hot-carrier impact ionization
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Figure 4-7 The ID-VG curves of TFT with different hot-carrier stress
time.
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Figure 4-8 The ID-VG curves of TFT with different dynamic stress time
at 173K
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Figure 4-9 The ID-VG curves of TFT with different dynamic stress time
at 400K
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Chapter 5

Self-heating effect induced NBTI degradation in
poly-Si TFTs under dynamic stress

5.1 Introduction

Low-temperature polycrystalline silicon thin-film transistors (LTPS
TFTs) have been widely investigated for flat-panel applications. Given its
high field effect mobility and driving current and so poly-Si TFTs can
integrate both a pixel array and peripheral circuits on a single glass
substrate, to realize system-on-panel (SOP) displays [5.1-5.4]. Recently,
in p-channel poly-Si TFTs, a negative bias temperature instability (NBTI)
has been found to raise an important reliability problem for the device
degradation [5.5]. The degradation is caused mainly by the dissociation of
the Si-H bonds, and can be thermally and electrically activated [5.6]. As
well as NBTI, self-heating should be considered. Since poly-Si TFTs are
fabricated on glass substrates which have poor thermal conductivity, heat
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generated by Joule heating cannot be efficiently dissipated during the
operation of devices and so cause NBTI degradation. Hence, self-heating
effect is a very important issue in poly-Si TFTs degradation and may
severely affect circuit performance [5.7]. Self-heating under dc stress in a
p-channel poly-Si TFT has been measured using an infrared thermal
detector [5.8]. However, the relationship between self-heating and NBTI
under ac stress has not been clearly elucidated. Additionally, when
poly-Si TFTs function as driver circuits, the device characteristics are
affected by high-frequency voltage pulse operations [5.9]. Therefore, a
detailed understanding the degradation mechanism under dynamic
operation is important.

This work studies the instability and degradation mechanism of
p-channel TFTs under dynamic stress by analyzing device characteristics,
interface traps and grain boundary traps densities before and after ac
stress.
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5.2 Experimental

P-channel poly-Si TFTs with top-gate structure were fabricated on a
glass substrate without lightly doped drain (LDD). First, a thin layer of
amorphous silicon (a-Si) (50 nm thickness) was deposited by
plasma-enhanced chemical vapor deposition (PE-CVD) on glass
substrates. The a-Si film was crystallized by XeCl excimer-laser. The
power of the line-shaped beam was 350 mJ/cm2. After the laser process,
80nm-thick gate oxide was deposited by PECVD. The source and drain
regions were formed by boron implantation and then an annealing process
was performed to activate the dopant impurities. Finally, MoW was
sputtered and patterned as a gate metal. The length and width of TFTs
studied in this work were 4.5μm and 10μm respectively.

The stress pulses were performed on the gate electrode as the AC
stress and a voltage of -15V was applied on the drain electrode
simultaneously, while the source electrode was grounded. The TFT
structure and the pulse waveform are shown as Fig. 5-1 and 5-2
respectively. We used a rectangular pulse with amplitude of -15V as
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standard pulse-stress conditions. Duty ratio was defined as ratio of pulse
width (TFT turns on) to period. Frequency of pulses ranged from 1 Hz to
10 KHz. Duty ratio ranged from 10% to 90%. The sub-threshold
characteristics were measured by sweeping the gate voltage from -10V to
2V at a drain voltage of -0.1V. The threshold voltage (Vt) was
determined as the gate voltage at which the drain current equals 10 nA in
the sub-threshold region. We have focused on Vt shifts at different stress
frequencies and duty ratio. As experimental datum, Vt shifts were
increased with duty ratio increasing from 10% to 90% and decreased with
stress frequency increasing from 1 Hz to 10 KHz. The degradation of
electrical characteristics of the device is mainly dominated by the
self-heating induced NBTI effect. Besides, Typical NBTI stress (gate
voltage was applied -15V at 125℃) and low temperature NBTI bias stress
(gate voltage was applied -15V at 30℃) were studied to prove the
degradation mechanism.

5.3 Results and discussion

Figures 5-2 and 5-3 plot the Id-Vg and output characteristics,
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respectively, of LTPS TFT under AC stress. The AC stress was applied
for 300 s at 30℃ with a stress frequency of 1Hz. The threshold voltage
(Vt) was defined as the gate voltage at which the drain current in the
sub-threshold region was 10 nA. From Fig. 5-3, the Vt shifted to the
negative direction after stress. Sub-threshold swing (S.S), field-effect
mobility and on-current also degraded. Two general causes of the Vt shift
of a TFT are charge trapping and the creation of charge defects in the gate
oxide. When a Vt shift is caused by charge trapping, a high electric field
should be applied across the gate dielectric (above 6 MV/cm). In this
experiment, the electric field across the gate dielectric (below 2MV/cm)
was not high enough to inject holes and charge trapping could not create
interface states. According to the experimental results, indicated that both
sub-threshold swing (S.S) and field-effect mobility were degraded,
revealing that interface states were created during AC stress.

To analyze the AC stress in detail, the pulse waveform was divided
into three regions - off-state, on-state and transient state (raising and
falling time). The respective regions are regions 1, 2 and 3 in Fig. 5-2.
Figure 5-5 plots the relationship between Vt shift and AC stress
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frequency for a particular accumulated duty time, and it reveals that the
degradation decreases as stress frequency increases. In case the main
degradation occurs in region 1 or 2, the Vt shift should show a
frequency-independent nature under a particular accumulated duty time.
In case the main degradation occurs in region 3, the Vt shift should show
a frequency-dependent nature and then increase with the total number of
pulses because the AC stress frequency increases. Surprisingly, in our
experimental data, the Vt shift shows a frequency-dependent nature, it
decreases as stress frequency increases. The experimental data indicates
that the transient state may not be main cause of degradation during AC
stress. Figure 5-6 plots the relationship between Vt shift and the AC
stress duty ratio, and shows that the degradation increases with the duty
ratio increases. Clearly, the on-state stress pulse may play an important
role on the AC stress.

According to above experimental data, the Vt shfit, on-current,
sub-threshold swing (S.S) and field-effect mobility were all degraded.
Such degradation may be caused by the creation of interface states in the
on-state. Therefore, we posit that the NBTI effect causes the degradation
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of LTPS TFTs during the AC stress. The interface trap state density is
estimated by neglecting the depletion capacitance of the active layer to
determine the relationship between the interface states and the Vt shifts.
The effective interface trap state density (Nit) near the poly-Si/SiO2
interface can be determined from the sub-threshold swing (S) [5.8].
⎡⎛ S ⎞⎛ q ⎞ ⎤ ⎛ C ox
N it = ⎢⎜
⎟ − 1⎥ ⎜⎜
⎟⎜
⎣⎝ ln 10 ⎠⎝ kT ⎠ ⎦ ⎝ q

⎞
⎟⎟
⎠

Figure 5-7 plots the correlation between the generation of the
extracted interface state and the corresponding Vt shift for various AC
stress times. Clearly, the interface state density increases with the Vt shift.
The linear correlation between the Vt shift and the interface state
generation indicates that the interface states may be responsible for the Vt
shift or that both had the same cause.

As stated elsewhere [5.10], the NBTI degradation mechanism of the
LTPS TFT is adopted to explain the degradation in our experiment. As
shown Fig. 5-8, since the Si-H bonds at the poly-Si/SiO2 interface are
broken under negative bias at high temperature, the dissociation of
hydrogen generates the interface states. Moreover , the hydrogen that is
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released from the interface diffuses or drifts into the gate oxide and reacts
with SiO2, forming OH groups that are bonded to the oxide Si atoms,
leaving positive fixed oxide charges in the gate oxide. Therefore, the
breaking of more Si-H bonds increases the number of interface traps and
the Vt shift. Hence, the negative gate voltage stress (region 2) during AC
operation is the main cause of the degradation by the NBTI mechanism,
and a given accumulated duty time results in a given degradation.
However, Fig. 5-5 indicates that degradation decreases as the stress
frequency increases, even when the accumulated duty time is fixed.
Notably, this frequency-dependence of dynamic NBTI stress in LTPS
TFTs differs significantly from that of dynamic NBTI stress in MOSFETs
[5.11], revealing that the degradation mechanism is not a typical NBTI .

Like the interface state generation discussed above, the grain
boundary trap state densities (Ntrap) have an important role in the NBTI
degradation mechanism of the LTPS TFT [5.10]. To study the grain
boundary trap state generation in LTPS TFTs under AC stress, Ntrap
values before and after stress were estimated using the Levinson and
Proano method [5.12], [5.13]. The flat band voltage is defined as the gate
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voltage that is associated with the minimum drain current from the Id-Vg
characteristic with a drain voltage of −0.1 V. Figure 5-9 plots relationship
between the generation of the extracted grain boundary trap state and the
corresponding Vt shift for various AC stress times. Clearly, no strong
relationship exists between the Vt shift and the grain boundary trap state,
unlike the interface trap state.

Figures 5-10 and 5-11 plot the dependence of the Vt shift on
interface trap state generation and grain boundary trap state generation at
125℃ under a static stress gate voltage of -15V. A comparison with AC
stress data indicates a difference between the dependence of Vt shift on
the grain boundary trap state. Under static gate stress, the grain boundary
trap state generation depends strongly on the Vt shift. In contrast, the Vt
shift exhibits no such dependence under AC stress, revealing that the
degradation mechanism is not a typical NBTI again.

In MOSFETs, NBTI occurs in p-channel MOS devices that are
stressed under a negative gate voltage and high temperature without a
drain voltage. Typical stress temperatures are in the range 100 ~ 250 °C
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with oxide electric fields of typically below 6 MV/cm [5.14]. In this
experiment, the stress temperature was room temperature and the drain
voltage of TFTs was -15V. Figure 5-12 plots I-V characteristics of the
LTPS TFT under a negative gate bias stress (without a drain voltage) at
room temperature. The I-V characteristics were almost unchanged.
However, degradation under AC stress with an applied drain voltage was
severe, even at room temperature. Accordingly, the drain voltage plays an
important role in the degradation mechanism. Some previous studies have
pointed out that, as TFT is turned on, the temperature in the channel can
rise to over 100°C in a few milliseconds by self-heating at room
temperature [5.15-5.16], because glass substrate has a poor thermal
conductivity. Therefore, the self-heating effect must be considered under
AC stress when a fixed drain is applied, and Joule heating breaks the Si-H
bonds at the poly-Si/SiO2 interface. In a typical NBTI study, TFTs are
stressed at high temperature. Because both poly-Si/SiO2 interface and
poly-si bulk are thermally and electrically activated, interface and grain
boundary traps are generated under NBTI stress, casing a Vt shift (Figs.
5-10 and 5-11). Comparing typical NBTI, in this work, the temperature in
the TFT under AC stress is highest at the poly-Si/SiO2 interface because
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of self-heating. Only the poly-Si/SiO2 interface is thermally and
electrically activated. Hence, the interface trap depends strongly on the Vt
shift, but the grain trap generation does not (as presented in Figs. 5-7 and
5-9). Additionally, the maximum temperature in the TFT channel
decreases as stress frequency increases as shown in Fig. 5-13[5.13], such
that the degradation decreases as the stress frequency increases (Fig. 5-5).
Consequently, the self-heating-induced NBTI effect degraded TFTs under
AC stress.

5.4 Conclusion

This work investigated the degradation mechanism of a p-type
poly-silicon thin film transistor (poly-Si TFT) under AC stress. The
subthreshold swing (S.S), Vt, field-effect mobility and on-current were
degraded. Analyzing the interface and the generations of grain boundary
traps revealed that only the interface trap generation depends strongly on
the Vt shift. This phenomenon is not typical in NBTI. Si-H bonds
dissociate only at the poly-Si/SiO2 interface, because only the
poly-Si/SiO2 interface

is

heated
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by

self-heating

effect.

The

frequency-dependence of Vt degradation was also observed under AC
stress with an applied drain voltage. The frequency-dependent Vt
degradation is completely explained by the self-heating effect, which is
decreases as the frequency increases. Accordingly, in this work, the
degradation mechanism is dominated by the self-heating-induced NBTI
effect.
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Figure Caption

Figure 5-1 Schematic LTPS TFT structure and stress condition
Figure 5-2 Waveform of gate pulse. A rectangular pulse with amplitude
of -15V and fixed raising and falling time of 100ns. Frequency
of pulses ranged from 1 Hz to 10 KHz. Duty ratio ranged from
10% to 90%.
Figure 5-3 Id-Vg of LTPS TFT under AC stress. The degradations
occurred on sub-threshold swing (S.S), Vt, field-effect
mobility and on-current.
Figure 5-4 Id-Vd characteristics of LTPS TFT under AC stress.
Figure 5-5 Relation between Vt shift and AC stress frequency with the
same accumulated duty time. The degradation decreases as
stress frequency increases and show a frequency-dependent
nature.
Figure 5-6 Relation between Vt shift and AC stress duty ratio. The
degradation increases with the duty ratio increases. Clearly,
the on-state stress pulse may importantly influence AC stress.
Figure 5-7 Relation between the extracted interface state generation and
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Vt shift with different AC stress time. The linear correlation
between the Vt shift and the interface state generation
indicates that the interface states may be responsible for the Vt
shift or that both had the same cause.
Figure 5-8 Energy diagram for negative bias temperature instability.
Figure 5-9 Relation between the extracted grain boundary state
generation and Vt shift with different AC stress time. Clearly,
no strong relationship exists between the Vt shift and the grain
boundary trap state, unlike the interface trap state.
Figure 5-10 Relation between the extracted interface state generation and
Vt shift under a negative gate bias stress (without drain
voltage) at 125℃.
Figure 5-11 Relation between the extracted grain boundary state
generation and Vt shift under a negative gate bias stress
(without drain voltage) at 125℃.
Figure 5-12 Id-Vg and Id-Vd characteristics of LTPS TFT under a
negative gate bias stress (without drain voltage) at room
temperature.
Figure 5-13 Temperature variation of TFT during the operation with
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various frequencies (from Ref. 5-13)
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Pulse：0 ~ -15V
-15V

Figure 5-1 Schematic LTPS TFT structure and stress condition
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Figure 5-2 Waveform of gate pulse. A rectangular pulse with amplitude
of -15V and fixed raising and falling time of 100ns. Frequency of
pulses ranged from 1 Hz to 10 KHz. Duty ratio ranged from 10% to
90%.
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Figure 5-3 Id-Vg of LTPS TFT under AC stress. The degradations
occurred on sub-threshold swing (S.S), Vt, field-effect mobility and
on-current.
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Figure 5-4 Id-Vd characteristics of LTPS TFT under AC stress.
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Figure 5-5 Relation between Vt shift and AC stress frequency with the
same accumulated duty time. The degradation decreases as stress
frequency increases and show a frequency-dependent nature.
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Figure 5-6 Relation between Vt shift and AC stress duty ratio. The
degradation increases with the duty ratio increases. Clearly, the
on-state stress pulse may importantly influence AC stress.
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Figure 5-7 Relation between the extracted interface state generation and
Vt shift with different AC stress time. The linear correlation between
the Vt shift and the interface state generation indicates that the
interface states may be responsible for the Vt shift or that both had
the same cause.

108

NBTI

Figure 5-8 Energy diagram for negative bias temperature instability.
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Figure 5-9 Relation between the extracted grain boundary state
generation and Vt shift with different AC stress time. Clearly, no
strong relationship exists between the Vt shift and the grain boundary
trap state, unlike the interface trap state.
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Figure 5-10 Relation between the extracted interface state generation and
Vt shift under a negative gate bias stress (without drain voltage) at
125℃.
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Figure 5-11 Relation between the extracted grain boundary state
generation and Vt shift under a negative gate bias stress (without
drain voltage) at 125℃.
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Figure 5-12 Id-Vg and Id-Vd characteristics of LTPS TFT under a
negative gate bias stress (without drain voltage) at room temperature.

113

Figure 5-13 Temperature variation of TFT during the operation with
various frequencies (from Ref. 5-13)
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Chapter 6

Asymmetric negative bias temperature instability
degradation of poly-Si TFTs under static stress

6.1 Introduction

Low-temperature polycrystalline silicon thin-film transistors (LTPS
TFTs) have been widely investigated for flat-panel applications.
Polycrystalline silicon thin-film transistors (Poly-Si TFTs) can integrate
both the pixel array and peripheral circuits on the same glass substrate to
realize the system-on-panel (SOP) display because of the high field effect
mobility and driving current [6.1-6.4]. The reliability issues of the LTPS
TFTs are very important in practical application. For p-channel TFTs,
negative bias temperature instability (NBTI) is an important reliability
problem for the device degradation [6.5]. Such degradation is caused
mainly by the dissociation of the Si-H bonds, and can be thermally and
electrically activated [6.6]. In general, degradation is uniformly
distributed in the poly-Si/SiO2 interface. In addition, because poly-Si
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TFTs are fabricated on a glass substrate with poor thermal conductivity,
heat cannot be efficiently dissipated. In our previous studies [6.7],
negative bias temperature instability (NBTI) induced by self-heating was
observed even when devices were operated at room temperature.
However, heat generated by the self-heating effect was not uniformly
distributed in the whole TFT and would likely cause an asymmetric NBTI
degradation, a phenomenon is not previously studied for poly-Si TFTs. In
this work, we investigate asymmetric NBTI degradation and further
explain the related mechanism by energy band diagrams.

6.2 Experiment

P-channel poly-Si TFTs with top-gate structures were fabricated on a
glass substrate without lightly doped drain (LDD) structures. First, a thin
layer of amorphous silicon (a-Si) (50 nm thickness) was deposited by
plasma-enhanced chemical vapor deposition (PE-CVD) on glass
substrates. The a-Si film was crystallized by XeCl excimer-laser. The
power of the line-shaped beam was 350 mJ/cm2. After the laser process,
80nm-thick gate oxide was deposited by PECVD. The source and drain
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regions were formed by boron implantation and then an annealing process
was performed to activate the dopant impurities. Finally, MoW was
sputtered and patterned as a gate metal. The length and width of TFTs
studied were 32μm and 8μm, respectively.

6.3 Result and Discussion

Figure 6-1 shows the ID-VG characteristics before and after stress
with normal and reverse modes at linear region operation (VD = -0.1V).
The stress condition with a gate voltage of -15V and a drain voltage of
-20V was applied. For the normal mode, we obtained the ID-VG
characteristic by defining the drain, gate, and source electrodes exactly
the same as the definition in the stress condition. In contrast, the
definitions of source and drain were exchanged in reverse mode. The
ID-VG characteristics of normal and reverse modes were the same before
stress. After stress, both the threshold voltage (Vt) shifts for normal and
reverse modes were again nearly the same. Here Vt is defined as the gate
voltage at which the drain current in the sub-threshold region under linear
operation was 1 nA.
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Figure 6-2 shows the ID-VG characteristics before and after stress
with normal and reverse modes at saturation region operation (VD =
-10V). The ID-VG characteristics of normal and reverse modes were all
held the same before stress.

Similar to the linear operation, the normal

mode shows performance near the reverse mode of the TFT before stress,
indicating that before stress, the TFT is symmetrical. However, after
stress, significant differences between normal and reverse mode can be
observed in the sub-threshold region and leakage current (off-state),
which indicate an asymmetrical nature. The threshold voltage (Vts) for
the saturation region operation was defined as the gate voltage at which
the drain current in the sub-threshold region under saturation operation
was 10 nA. The Vts shift was 2.02V in the negative direction in the
normal mode after stress and was 1.77V in reverse mode. Additionally,
the leakage current of the stressed TFT clearly increased in the reverse
mode. Generally, in poly-Si TFTs, the leakage current is dominated by
trap-assisted thermal-field emission and occurs in the depletion region
near the drain [6.8-6.9]. The obvious increase of the leakage current in
the reverse mode after stress indicates that the main degradation region
was instead near the source and that the trap generation was responsible
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for the leakage current increase.

Figure 6-3 shows output ID-VD characteristics (Gate voltage= -10V)
of devices before and after stress in normal and reverse modes. In general,
a larger threshold voltage shift will cause more severe on-current
degradation. However, the Vts shift did not match the on-current
degradation in this work. Surprisingly, despite the fact that the Vts shift
was worse in normal than in reverse mode, the on-current degradation of
the stressed TFT was worse in reverse than in normal mode. Additionally,
in reverse mode, the on-current of the stressed TFT in the saturation
region (circled in Fig. 6-3) increased as drain voltage increased. This
phenomenon is similar to the kink effect, but was not observed in normal
mode. In Fig. 6-4, output ID-VD characteristics (Gate voltage= -7V) of
devices, the phenomenon becomes more apparent.

To study the strange relationship between Vts shift and on-current
degradation, the linear scale ID-VG characteristics after stress with normal
and reverse modes at saturation region operation (VD = -10V) was shown
in Fig. 6-5. The curves of normal and reverse modes cross each other at
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gate voltage of about -7.8V. Two entirely different degradation
characteristics are observed at two sides of the cross point. At right side,
the drain current after stress in normal mode is lower than reverse mode.
At left side, the degradation characteristic is contrary to right side. To
summarize above data, the asymmetric degradation is only observed in
saturation operation, and the degradation characteristics are dependent on
VG.

In this experiment, the static stress condition was similar to hot
carrier stress. In hot carrier stress, the main degradation region occurs in
the pinch off region near the drain and results in increasing leakage
current [6.8-6.9]. However, in this experiment, hot carrier stress was not
the main degradation mechanism in this work as evidenced by the fact
that the main degradation region was near the source and that the stress
condition (VG= -15V, VD= -20V) was not consistent with a strong hot
carrier condition (VG=VD/2) [6.10]. Our previous studies [6.7] identified
NBTI degradation induced by self-heating effect. In order to confirm the
degradation was caused by NBTI, the effective interface trap state density
(Nit) near the poly-Si/SiO2 interface was determined from the
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sub-threshold swing (S) [6.11].

⎡⎛ S ⎞⎛ q ⎞ ⎤ ⎛ C ox
N it = ⎢⎜
⎟ − 1⎥ ⎜⎜
⎟⎜
⎣⎝ ln 10 ⎠⎝ kT ⎠ ⎦ ⎝ q

⎞
⎟⎟
⎠

In this work, sub-threshold swing S is that gate voltage necessary to
change the drain current per decade extracted from sub-threshold region
(the drain current from 10-11A to 10-9A) under linear operation. Plots of
Nit generation and Vt shift versus stress time are shown in Fig. 6-6.
Clearly, both interface state generation and the Vt shift are a power law
function of stress time. Additionally, linear relationship between the Vt
shift and the interface state generation is shown in Fig. 6-7. Thus far
several experimental data verify that degradation is caused by the same
self-heating effect inducing NBTI. In typical NBTI, uniform degradation
occurs in entire channel because of same vertical electric field in entire
channel. In our experiment, because of drain bias applying the vertical
electric field was a graded distribution decreasing from source to drain,
resulting in the same graded interface trap state distribution decreasing
from source to drain. According the opinion, we propose some energy
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band diagrams to explain the asymmetric characteristics. As follows, we
propose some energy band diagrams to explain the asymmetric
characteristics.

Figure 6-8 shows the energy band diagrams and TFT schemes for
the reverse mode at (a) small drain voltage and (b) large drain voltage. At
small drain voltage (VD ＜VG-Vt), the whole channel is still full of
inversion layer. Because carriers in the inversion layer are limited at the
interface, carrier transport would be disturbed by the interface traps
induced energy barrier and it results in a lower on-current [6.12-6.13]
However, as the drain voltage increases, the pinch off region appears in
the channel and the current path in the pinch off region becomes
unlimited at the interface. Carriers are not affected any more by the
energy barrier in pinch off region as shown in Fig. 6-8(b), resulting in the
drain current increasing. The fact corroborated by the increasing
on-current of the stressed TFT in saturation region with increasing drain
voltage, as marked in Fig 6-3. Moreover, the phenomenon becomes
apparent in Fig. 6-4 due to larger the pinch off region (VG= -7, VD=
-10V).
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Figure 6-9 shows the energy band diagrams and TFT schemes for (a)
the normal mode and (b) the reverse mode under saturation operation
with small gate bias (VG-Vt＜VD). When the TFT is operated under linear
region, the current path is always limited in the interface, whether in
normal or reverse modes. Hence, the current-voltage characteristics are
symmetric as shown in Fig. 6-1. However, the influence of interface trap
states in the pinch off region is suppressed under saturation. Additionally,
the interface trap states are a graded distribution from source to drain.
The suppression induced by pinch off region in reverse mode is more
distinct than normal mode. As the energy diagram shown in Fig. 6-9(b),
carriers do not pass though the energy barrier created by the trap states,
resulting a smaller Vts shift. On the contrary, in normal mode, the more
interface trap states are instead located in inversion region and current
path is still disturbed by the energy barrier as shown in Fig. 6-9(a).
Consequently, the Vts shift in normal mode was worse than in reverse
mode (as shown in Fig. 6-2) due to the graded interface trap state
distribution. The proposed energy diagrams explain asymmetric Vts
degradation as shown in the Fig. 6-2
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When the TFT is operated under saturation region with small gate
bias (VG-Vt＜VD), the proposed energy diagrams are as same as Fig. 6-9
(a) and (b). The suppression induced by pinch off region in reverse mode
is more distinct than normal mode. Hence, the drain current after stress is
higher in reverse mode than normal mode (as the right side of Fig. 6-5).
As gate bias increasing, the pinch off region becomes smaller and smaller.
The channel is nearly full of inversion layer. The current path is again
limited in the interface. Whether in normal or reverse modes, carrier
transport is disturbed by the interface trap state induced energy barrier
under saturation operation with large gate bias. The differences in trap
state positions and inversion layer distributions between normal and
reverse modes make different energy barriers in energy band diagrams.
Figure 6-10 shows the energy band diagrams and TFT schemes for (a) the
normal mode and (b) the reverse mode under saturation operation with
large gate bias. Under large gate bias operation, the inversion layer nearly
exists in the whole TFT channel. In other words, the carrier density is
more than the density of interface trap state in the channel. According to
Seto model [6.14], the TFT is operated under partial depleted condition.
For partial depleted condition, the energy barrier induced by the interface
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trap state rapidly decreases as the carrier density increasing. Though the
energy barriers are located at the main degradation region either of
normal and reverse modes, the energy barrier in normal mode is lower
than reverse mode because of that carrier density is more in source than
drain under saturation operation. Therefore, the drain current is more in
than is higher in normal mode than reverse mode (as the left side of Fig.
6-4) due to lower energy barrier in the channel. Consequently, the
asymmetric TFT degradation is mainly dominated by non-uniform NBTI
degradation. We employ several energy diagrams and Seto model to
further explain the asymmetric electric degradation characteristics of TFT
in this work.

6.4 Conclusion

This work investigates the asymmetric NBTI degradation of p-type
poly-silicon thin film transistors (poly-Si TFTs). Degradations occurred
on Vts, leakage current and on-current. The increase of leakage current as
the device operated in the saturation region and reverse mode indicated
the traps were mainly generated near the source, because the vertical
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electric field at the poly-Si/SiO2 interface was stronger near the source
than that near the drain. As the result, in this work, the NBTI degradation
is strongly dependent on vertical electric field at the poly-Si/SiO2. We
consider that the trap generation due to NBTI degradation was a grading
distribution from source to drain as the same grading vertical electric
field at the poly-Si/SiO2. Additionally, several proposed energy diagrams
explain the strange experimental data further. Sequentially, the TFT
degradation resulted from the asymmetric NBTI due to a grading vertical
electric field at the poly-Si/SiO2 from source to drain. The asymmetric
I-V characteristics under saturation operation were caused by a grading
distribution of trap state.
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Figure Caption

Figure 6-1 The ID-VG characteristics before and after stress with normal
and reverse modes at linear region operation (VD = -0.1V).
The stress condition with a gate voltage of -15V and a drain
voltage of -20V was applied. After stress, both the threshold
voltage (Vt) shifts for normal and reverse modes were again
nearly the same.
Figure 6-2 The ID-VG characteristics before and after stress with normal
and reverse modes at saturation region operation (VD =
-10V). The stress condition with a gate voltage of -15V and a
drain voltage of -20V was applied. After stress, significant
differences between normal and reverse mode can be
observed in the sub-threshold region and leakage current
(off-state), which indicate an asymmetrical nature.
Figure 6-3 The output ID-VD characteristics (Gate voltage= -10V) of
devices before and after stress in normal and reverse modes.
The on-current of the stressed TFT in the saturation region
(circled in Fig. 6-3) increased as drain voltage increased.
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This phenomenon is similar to the kink effect, but was not
observed in normal mode.
Figure 6-4 The output ID-VD characteristics (Gate voltage= -7V) of
devices, the phenomenon becomes more apparent than that
in Fig. 6-3.
Figure 6-5 The linear scale ID-VG characteristics after stress with
normal and reverse modes at saturation region operation (VD
= -10V). The curves of normal and reverse modes cross each
other at gate voltage of about -7.8V. Two entirely different
degradation characteristics are observed at two sides of the
cross point.
Figure 6-6 Plots of Nit generation and Vt shift versus stress time.
Clearly, both interface state generation and the Vt shift are a
power law function of stress time.
Figure 6-7 The linear relationship between the Vt shift and the interface
state generation.
Figure 6-8 The energy band diagrams and TFT schemes for the reverse
mode at (a) small drain voltage and (b) large drain voltage.
At small drain voltage (VD＜VG-Vt).
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Figure 6-9 The energy band diagrams and TFT schemes for (a) the
normal mode and (b) the reverse mode under saturation
operation with small gate bias (VG-Vt＜VD).
Figure 6-10 The energy band diagrams and TFT schemes for (a) the
normal mode and (b) the reverse mode under saturation
operation with large gate bias.
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Figure 6-1 The ID-VG characteristics before and after stress with normal
and reverse modes at linear region operation (VD = -0.1V). The stress
condition with a gate voltage of -15V and a drain voltage of -20V
was applied. After stress, both the threshold voltage (Vt) shifts for
normal and reverse modes were again nearly the same.
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Figure 6-2 The ID-VG characteristics before and after stress with normal
and reverse modes at saturation region operation (VD = -10V). The
stress condition with a gate voltage of -15V and a drain voltage of
-20V was applied. After stress, significant differences between
normal and reverse mode can be observed in the sub-threshold region
and leakage current (off-state), which indicate an asymmetrical
nature.
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Figure 6-3 The output ID-VD characteristics (Gate voltage= -10V) of
devices before and after stress in normal and reverse modes. The
on-current of the stressed TFT in the saturation region (circled in Fig.
6-3) increased as drain voltage increased. This phenomenon is similar
to the kink effect, but was not observed in normal mode.
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Figure 6-5 The linear scale ID-VG characteristics after stress with
normal and reverse modes at saturation region operation (VD = -10V).
The curves of normal and reverse modes cross each other at gate
voltage of about -7.8V. Two entirely different degradation
characteristics are observed at two sides of the cross point.
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Figure 6-6 Plots of Nit generation and Vt shift versus stress time.
Clearly, both interface state generation and the Vt shift are a power
law function of stress time.
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Figure 6-8 The energy band diagrams and TFT schemes for the reverse
mode at (a) small drain voltage and (b) large drain voltage. At small
drain voltage (VD＜VG-Vt).
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Figure 6-9 The energy band diagrams and TFT schemes for (a) the
normal mode and (b) the reverse mode under saturation operation
with small gate bias (VG-Vt＜VD).
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Chapter 7

Conclusion

In the thesis, electrical properties and reliabilities of low temperature
poly-Si TFTs (LTPS TFTs) were investigated for system on panel (SOP)
which will integrate memory, CPU, and display. Firstly, in chapter 3,
electrical properties and reliabilities of n-type poly-Si TFTs for functional
circuits were studied under high frequency voltage pulses (500 KHz). In
this study the distinct decrease in on-current of n-channel poly-Si TFT
was found during the dynamic voltage stress. In spite of electrical
degradation appearing at the ON-current of the poly-Si TFT and the C-V
characteristics of the poly-Si TFT, the sub-threshold swing and threshold
voltage kept in a good condition. This can be inferred that the tail state
generation in ploy-Si film due to the ac stress is the mainly reason for the
degradations. By observing the differences between linear and saturation
ID-VG curves. A clear reduction of degradation on driving current was
observed in saturation ID-VG curves. As the result, we propose that the
symmetrical trap states located at Si/SiO2 interface near the source and
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the drain junctions disturb the carrier transport, resulting on-current
degradation and the current crowding effect. While saturation operation,
the trap states located in pinch off region near the drain were ignored,
causing a clear reduction of degradation on driving current. To analyze
Ron

degradation

evolution

in

detail,

an

apparently

temperature–dependent nature of Ron was observed after stress. The
observation confirms the opinion further. Consequently, in this work, the
degradation mechanism is that the trap state generation near the source
and the drain junctions form a potential barrier to disturbed the carriers
into the channel. The phenomenon resulted in on-current degradation, the
current crowding and stretching the C-V curves out simultaneously. At
400K, the carriers were enough energy to de-trap from trap states.
Therefore, the degradation of the poly-Si TFT was decreasing with
temperature increasing.

In chapter 4, electrical properties and reliabilities of n-type
poly-Si TFTs for pixel switches were studied under low frequency
voltage pulses (1 Hz). In this work, the TFT degradations showed two
distinct natures after the dynamic stress. In the early dynamic stress, an
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increase on field-effect mobility and a slightly positive Vt shift were
observed. In the later dynamic stress, a rapid drop in field-effect mobility
and a clearly negative Vt shift were observed. These phenomena indicate
that the TFT degradations were dominated by two different mechanisms.
Some experiments were made to clarify the mechanisms. Finally, we
found that self-heating and hot-carrier effect competed with each other
and then successively dominated the TFT degradation. The former results
in temperature rising and field-effect mobility increasing in the early
stress. The later is responsible for field-effect mobility decreasing and
negative Vt shift in the later stress. The opinion was again corroborated in
varied temperature stresses.

In the dynamic stress experiment at 173K,

self-heating effect entirely dominates the degradation, because carriers
have not enough energy to cause impact ionizations at low temperature.
In the dynamic stress experiment at 400K, hot-carrier effect entirely
dominates the degradation, because carriers have a superior ability to
cause severe impact ionizations at high temperature.

By above works, electrical properties and reliabilities of n-type
poly-Si TFTs were roughly understood whether for functional circuits or
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pixel TFTs. However, electrical properties and reliabilities of P-type
poly-Si TFTs were not clarified yet. As follows, the instability and
degradation mechanism under dynamic stress will be studied for
p-channel TFTs in the chapter 5. The sub-threshold swing (S.S), Vt,
field-effect mobility and on-current were degraded after stress. Analyzing
the interface and the generations of grain boundary traps revealed that
only the interface trap generation depends strongly on the Vt shift. This
phenomenon is not typical in NBTI. Si-H bonds dissociate only at the
poly-Si/SiO2 interface, because only the poly-Si/SiO2 interface is heated
by self-heating effect. The frequency-dependence of Vt degradation was
also observed under AC stress with an applied drain voltage. The
frequency-dependent Vt degradation is completely explained by the
self-heating effect, which is decreases as the frequency increases.
Accordingly, in this work, the degradation mechanism is dominated by
the self-heating-induced NBTI effect.

In chapter 5, a special degradation mechanism, which is the
self-heating-induced NBTI effect, was firstly observed. Therefore, we
have merely a rough understanding for the properties of degradation
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mechanism. In chapter 6, the self-heating-induced NBTI effect will be
studied in detail. Asymmetric NBTI degradations of p-type poly-silicon
thin film transistors (poly-Si TFTs) were observed in this work.
Degradations occurred on Vts, leakage current and on-current. The
increase of leakage current as the device operated in the saturation region
and reverse mode indicated the traps were mainly generated near the
source, because the vertical electric field at the poly-Si/SiO2 interface was
stronger near the source than that near the drain. As the result, in this
work, the NBTI degradation is strongly dependent on vertical electric
field at the poly-Si/SiO2. We consider that the trap generation due to
NBTI degradation was a grading distribution from source to drain as the
same grading vertical electric field at the poly-Si/SiO2. Additionally,
several proposed energy diagrams explain the strange experimental data
further. Sequentially, the TFT degradation resulted from the asymmetric
NBTI due to a grading vertical electric field at the poly-Si/SiO2 from
source to drain. The asymmetric I-V characteristics under saturation
operation were caused by a grading distribution of trap state.
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