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Channel Extension Effect in Poly-Silicon TFTs
with LDD Structure

Student: Chih-Yu Yen Advisor: Dr. Hsiao-Wen Zan

Display Institute

National Chiao Tung University

Abstract

Polycrystalline silicon thin film transistors (poly-Si TFTs) have been studied
extensively for their application on system=on<panel.(SOP) technology due to the high
mobility. For actual applications, lightly-doped drain (LDD) structure is usually
applied to poly-Si TFTs. When the TETs turn-on, the devices have channel extension
effect to affect the electric characteristics: In this thesis, we will study on the influence
factors on the LDD channel extension. And purpose a notion to design the optimal
LDD which can get a balance between leakage current and LDD channel extension.

In the beginning, we use Silvaco, the device simulation software, to simulate the
influence of device structure. The result reveals that the vertical electric field between
gate and drain determines the degree of channel extension. Second, to simulate the
effect of temperature and get the relation which is that adding the temperature is
helpful to reduce the channel extension effect. Then, change the density of states
(DOS) of the thin film. The simulation focuses on the relation between DOS and
different LDD doping concentrations. We find that the DOS and LDD doping

concentration have specific effect on the channel extension. Base on previous results,



we compare the thin film resistivity model with Silvaco simulation results. And get
the conclusion which is the resistivity is other main reason causes the LDD channel
extension.

Finally, through above studies, we know the simplest method to reduce the
extension length is to increase the doping concentration in LDD. However, this
manner causes the ability of decreasing the leakage current at the same time. Hence,
by the way of considering the extension length as the device is turning on and the
parallel electric field as the device is turning off. We can get the optimal LDD doping

concentration to get a balance between these two problems.
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Chapter 1

Introduction

1.1 An Overview of the Poly-Si TFT Technology

In the past few years, the science and technology for the creation and use of
polycrystalline silicon thin film transistors (poly-Si TFTs) have progressed
tremendously. They can widely apply on active matrix liquid crystal displays
(AMLCDs) [1]-[3], some memory devices such as dynamic random access memories
(DRAMs) [4], static random access memoties.(SRAMs) [5], electrical programming
read only memories (EPROM)-[6], and-electrical erasable programming read only
memories (EEPROMs) [7]. Besides, linearimage sensors [8], thermal printer heads [9],
photodetector amplifier [10], and scanner [11] have also adopted poly-Si TFTs
technology. However, in the above applications, AMLCDs is the most primary trend,
which leads to a rapid development of poly-Si TFTs technology.

Compared to amorphous silicon (a-Si) TFTs, Poly-Si TFTs have much higher
carrier mobility which usually exceeds 100 cm’ / V-sec by present mature technology.
The superior carrier mobility is essential to successfully integrate Poly-Si TFTs and
peripheral driving circuits [12] on the same panel to achieve the ultimate goal, system

on panel (SOP) [13], to reduce the manufacturing cost and assembly complexity.



Moreover, through the higher mobility of poly-Si TFTs, the dimension of the poly-Si

TFTs can be designed smaller than that of a-Si TFTs to actualize high density and high

resolution AMLCDs.

However, compared with single crystalline silicon (c-Si), there are still some

problems existed in Poly-Si TFTs. Poly-Si has a lot of defects at grain boundaries.

These defects, regarded as trap states, are located in the disordered grain boundary

regions and degrade device performance obviously. Additionally, in order to fabricate

high performance poly-Si TFTs for the commercial flat-panel displays (FPD) on

inexpensive glass substrate, the lowitemperature process of Poly-Si TFTs is required.

Thus, there are three major low-temperature a-Si crystallization methods to achieve

high performance poly-Si thin film: solid phase ¢rystallization (SPC), excimer laser

crystallization (ELC), and metal-induced lateral crystallization (MILC). The

advantages of SPC method are good uniformity and smooth interface, but the

throughput is limited by the long crystallization time. The ELC method does not require

a long time to crystallize; therefore, it is suitable for mass production. However, the

roughness and uniformity of poly-Si film are important issues that may degrade the

electrical characteristics if the laser energy is not accurately controlled.



1.2 Poly-Si TFT with LDD Structure

Because of poly-Si TFTs’ high field-effect mobility and reliability, they can be
used in both the peripheral circuits and switching devices of AMLCDs. However,
poly-Si TFTs have an anomalous OFF-state leakage current which increases with gate
voltage (Vgs) and drain voltage (Vps). This undesirable OFF-state leakage current
limits the application of poly-Si TFTs in switching devices. The dominant mechanism
by which the leakage current in poly-Si TFTs is induced involves the field emission of
carriers in grain boundary traps, due to the high electric field near the drain junction
[14].

In order to reduce the leakage current; many TFTs’ structures have been
advanced. Such as multiple gate, offset gatel-field-induced drain (FID) and gate-drain
overlapped LDD (GOLD). But an effective method for reducing the electric field in the
drain region is to incorporate a lightly doped drain (LDD) region between the heavily

doped region and the active channel region [15].

1.3 Motivation

As the applications of TFTs increase in many ways, the research on the effect of
LDD structure on the device electric characteristic becomes importantly.
In the previous study about the LDD parasitic resistance (Rypp) [16], the LDD

length and Rypp are the positive linear relations. However, before LDD length is

3



abridgement to zero, the Ripp has been negation. The partial LDD is similar as
extended channel. When Vg is 15V, the channel extension length is about 0.6um,
shown in Fig.1-1. Consider the both side LDD structure, this phenomenon causes the
effective channel length increase 20%, from 6pm to 7.2um. Due to smaller and
smaller dimension of device will be fabricated on the glass substrate, this phenomenon,

the LDD channel extension, will be an important problem in short channel poly-Si

TFTs.

60

® V=3V
v Vgs= 9V
0711 g v =18y
e
204 Vps=0.1V

420 mJ/cm?

30 A

20 A

LDD Resistance R, (KQ)

10 A

0.0 0.5 1.0 15 2.0 25 3.0 35 4.0
LDD Length (pm)

Fig.1-1 The comparison between the parasitic resistance and the LDD length
including the linear fits for the extracted data of the W/L = 6 ym / 6 £ m N-type-Si

TFTs with larger LDD lengths.

Here, we would like to research on the several influence factors, such as gate



insulator thickness, LDD length, bias voltage, temperature, doping concentration, and

poly-Si thin film properties. Thus, in this thesis, we will focus on LDD channel

extension which responds to the above factors and propose the optimal LDD design

criteria for both on and off state.

1.4 Thesis Outline

This thesis is organized into the following manner.

In chapter 1, a brief overview of poly-Si TFTs for various kinds of applications is

introduced, and several popular laser erystallization technologies are described. Then,

poly-Si TFT with LDD structure and the other background studies are discussed briefly.

Finally, the motivation of this work is expressed.

In chapter 2, detailed fabrication processes of ELA poly-Si TFTs are introduced,

respectively. The simulation methods are described concisely.

In chapter 3, the discussion is divided into two parts: First, several different

factors which affect on the LDD channel extension are analyzed. Second, considering

the extended channel length and the parallel electric field which can cause the leakage

current, we propose a direction to get a balance between these two problems.

In chapter 4, the conclusions are given including the physical mechanism of the

causes of LDD channel extension and a way to optimize the LDD design.



Chapter 2

Experimental Procedures

2.1 Device Fabrication Process

In this experiment, typical top-gate, coplanar self-aligned poly-Si TFTs were
fabricated on the glass substrates and crystallized by ELA method. The Poly-Si TFTs
with and without LDD structure were also fabricated, respectively. The schematic
cross-sectional view of the devices is shown in Fig.2-1 and Fig.2-2 in page 7. The
device manufacturing process is deseribed belowrand shown in Fig.2-3 in page 8.

First, the oxide buffer layer was deposited on the glass substrate to prevent the
diffusion of the impurities existing in the glass substrate from the silicon layer. Then,
the undoped 50-nm-thick a-Si layer was deposited on the buffer layer. After that, the
a-Si films were recrystallized by ELA method with 420mJ / cm’ laser energy, and the
recrystallized poly-Si films were patterned into the active islands. Afterward, the gate
insulator layer was deposited. Here the gate insulator layer was combined with the
50-nm-thick silicon oxide layer and the 20-nm-thick silicon nitride layer. Next,
phosphorus ions were implanted to form the n” source/drain regions and the n LDD
regions. However, the TFTs without LDD would skip the step which was

implantation of n LDD regions. These dopants were activated by thermal process.



Finally, metal layer was deposited and then patterned for the source/drain and gate

regions as the metal pads. The brief specification of the devices is show in Table I.

G

Dielectric
Poly-Si |n | n"

Buffer Layer

Fig.2-1 The schematic cross-sectipr_l%ﬂ view o-lf"the__' W/L = 6um / 6um N-type Poly-Si

TFT with LDD structure

G

Dielectric
Poly-Si | nt

Buffer Layer

Fig.2-2 The schematic cross-sectional view of the W/L = 6um / 6um N-type Poly-Si

TFT without LDD structure
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Fig.2-3 The fabrication process of the W/L =6 ﬂmr/ 6 1« m N-type-Si TFTs.

2.2 Simulation Method
2.2.1 Definition of the LDD Channel E;;tensi;)ﬁ

In our experiment, HP4156 was applied to measure the current-gate voltage
(In-Vg) in order to extract the LDD resistances. Then plotted the comparison between
the LDD resistance and LDD length diagram, and calculated the intercept of x axis as
the experimental data of extended channel, which is shown in Fig.2-4 in page 9.

The simulation software, Silvaco, was used to simulate the current density
distribution of the devices during on-state and extract the surface current density from

the interface which was between gate and insulator. Those are shown in Fig.2-5 and



Fig.2-6 in page 10. When the surface current density decayed from the maximum to
¢! times, we defined this distance between the edge of the gate electrode as channel

extension length, which is shown in Fig.2-7 in pagel1.
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Fig.2-4 The definition of LDD channel extension length which is extracted from the

W/L=6um/ 6y mN-type-Si TFTs.
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Fig.2-7 The definition of LDD channel extension length which is extracted from the

simulation result.

2.2.2 Simulation Method

According to the above definition of the LDD channel extension, we compared
the experimental data with simulation results under various gate biases and
temperatures to determine the defects of poly-Si film. The compared results are
shown in Fig.2-8 and Fig.2-9. The trap density of states (DOS) is shown in Fig.2-10.
In the DOS figure, where

Nga - The total density of acceptor-like states in a Gaussian distribution, and unit

is cm”.
Nra © The density of acceptor-like states in the tail distribution at the conduction

band edge, and unit is cm™/eV.
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Fig.2-8 The comparison between the raw data and simulation result under various

gate biases.
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Fig.2-9 The comparison between the raw data and simulation result under various

temperatures.
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Fig.2-10 The initial trap density of states (DOS) which is matched with the real

device.

Then, the simulation would be “divided into- two major parts. One part was

discussion about the effects of gate insulator thickness, LDD length, bias voltage,

temperature and poly-Si thin film property on LDD channel extension. The other part,

we researched the relation of two kinds of structures, the typical and gate overlapped

LDD (GOLD) TFTs’ structures, between electric filed and LDD doping concentration

during off-state.

The total simulation various parameters of every section are show in Table II to

Table VI.
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Chapter 3

Results and Discussions

3.1 The Influence Factors on LDD Channel Extension
3.1.1 Gate Insulator Thickness and Bias Voltage

First, base on the simulation parameters which are determined in chapter 2, we
change the gate biases from 3 to 15V and gate insulator thicknesses from 60nm to
150nm. The comparison diagram between LDD channel extension length (AL) and

gate biases with respect to different gate insulator thicknesses is shown in Fig3-1.

0.70
N, = 1.12x10%° cm™/eV
.65 E ~
0657 N, = 6x10" cm* =
1 T=298K ~ I
0.60 o -7
. -
-~
0.55 o -
-~

€ 0.50
3
- 0.45
<

0.40

0.35 7 —— 60nm

—v— 100nm
0.30 7 —@— 150nm
025 T T T T T T
2 4 6 8 10 12 14 16

Gate Bias (V)

Fig.3-1 The influence of gate insulator thickness on the channel extension effect

obtained from Silvaco ATLAS simulation with parameters listed in Table II.
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Obviously, AL and gate biases are positive correlations. However, AL and gate
insulator thicknesses are negative correlations. The major simulation parameters are
shown in Table II.

While the gate bias is arisen, the y-direction vertical electric field between gate
and drain is increased. Consequently, the additional gate induced carriers’ region
which can regard as the extended channel length is also increased. On account of the
same reason, adding the gate insulator thickness causes the vertical electric field is
abated and AL is decreased.

Second, fix the gate insulator, thickness inithe initial condition which is 60nm.
Change the gate biases from 3 to 15V and change the-L. DD doping concentration from
1.2x10"™ cm™ to 1.2x10" cm™. We can observe that increasing doping concentration
causes that AL is curtailed, which is shown in Fig3-2.

The influence of gate biases that can affect the vertical electric field has been
described previously. Increasing LDD doping concentration can directly reduce the
energy barrier height of the grain boundary, and diminish the resistivity of LDD.
Therefore, the carriers in the LDD region can overcome the grain boundary barrier
and move more easily toward the drain electrode in the horizontal direction. Because
of more difficult to keep the carriers in the LDD region near the gate electrode, we

will see the AL seems to be suppressed.

15
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Fig.3-2 The influence of LDD doping concentration on the channel extension effect

obtained from Silvaco ATLAS simulation with parameters listed in Table II.

3.1.2 LDD Length

Following the previous simulation manner, the variable which is insulator
thickness is replaced by LDD length. And TFTs’ LDD lengths change from 0.5um, to
2um in Fig.3-3. The major simulation parameters are shown in Table III. As the LDD
length is increased, AL only increases linearly in the initial regions and achieves
respectively saturation values in the longer LDD length regions.

Over the 1um LDD, the AL is saturated. The saturation values are directly equal
to the result of 60nm in Fig.3-1 in section 3.1.2. But as LDD less then 1um, AL is

limited by the length of LDD region. According to these two trends, the influence of

16
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Fig.3-3 The influence of LDD length on the channel extension effect obtained from

Silvaco ATLAS simulation with parameters listed in Table III.

the gate voltage can be deduced that the gate bias may only control a limited region

around the gate electrode. The effect of different' LDD length on AL is limited only

while the gate voltage is large enough to induce AL which is longer then LDD length.

Briefly, while the influence of gate bias is large than the length of LDD, the AL is

limited as the length of LDD, on the contrary, the AL will be equal to the result of

60nm in Fig.3-1.

3.1.3 Temperature

When applying the poly-Si TFTs in the circuits, the temperature is also a

significant problem. Hence, we vary the LDD doping concentration with the different
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surrounding temperatures which are 233K, 298K, and 363K. The simulation result is

showing in Fig.3-4. The major simulation parameters are shown in Table IV. We can

observe that when the temperature is increased, AL is decreased.
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1019

Fig.3-4 The influence of temperature ‘on the channel extension effect obtained from

Silvaco ATLAS simulation with parameters listed in Table IV.

In this figure, there are two factors to affect AL. The influence of doping

concentration has been described in previous 3.1.1 section. The other factor,

temperature, will determine the thermal velocity of the carriers. Hence, the carriers

are able to own higher thermal energy and thermal velocity when we increase the

temperature. The carriers have higher thermal velocity. It means that the carriers

spend less time stopping around the dopants and suffer less impurity scattering. The
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carriers have higher thermal energy. In other word, more carriers can overcome the
grain boundary barrier. So the carriers can move to drain electrode more quickly and
possibly. At the same time, the gate bias will be hardly to keep the carriers. Base on
above reasons, AL is dominated by thermionic emission effect and impurity scattering
effect in temperature response. Hence, we can observe this phenomenon, increasing

the surrounding temperature reduces the AL.

3.1.4 The Poly-Si Thin Film Property

After discussing about the basic factors, in. this section, we will focus on the
poly-Si thin film properties in detail. Because this is-a n-type TFT, in the density of
states (DOS) of the thin film, the main influence on induced carriers’ numbers is
acceptor-like state region which is composed by two states which are acceptor-like
deep state and acceptor-like tail state. In the Slivaco software, the deep state is
assumption as a Gaussian distribution and the tail state is assumption as an
exponential distribution. There are two parameters can adjust these two states. One is
Nga which specifies the total density of acceptor-like states in a Gaussian distribution,
and unit is cm™. The other is Ny, which specifies the density of acceptor-like states in
the tail distribution at the conduction band edge, and unit is cm/eV. Therefore, we

can through varying the Nga and Nt to respectively adjust the deep state and tail
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state in the acceptor-like state of the DOS.

First of all, we fix the Nga which is 6x10" cm'3, and modify the Nps as
1.12x10", 1.12x10"®, and 1.12x10" cm>/eV. The major simulation parameters are
shown in Table V. The DOS is shown in Fig.3-5. Again, we change the LDD doping
concentration with above three kinds of the DOS to analysis the influence on AL,
which is shown in Fig.3-6. However, except the effect of doping concentration, the
various Nta values seem to only make little variations.

Then, the N4 and Nga exchange for each other. In this time, we fix the Ntp
which is 1.12x10* cm™/eV, and.medify the/Nga as 1x10"7, 3x10", 6x10"7 and
1.2x10" cm™. The major siinulation pardmeters-are shown in Table V. The
simulation result is shown in Fig.3-7:"The DOS is shown in Fig.3-8. Although the
Nga are different, the effects of doping concentration are all the same :  As increasing
the doping concentration, AL will be decreased. While exceeding the turning points ,
AL will drop swiftly. Nevertheless, four kinds of Nga values have four respective
critical points. In other words, the critical point and Nga have specific correlation.
According to the mechanism of AL explained in the preceding sections, we believe
the extended current path from gate channel in LDD region is related to the resistivity

of poly-Si thin film.
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The correlation between resistivity and doping concentration is referred in Seto’s

model [17]. Consider the depletion of the grain of poly-Si thin film, the correlation

curve is shown in Fig.3-9 which also has a specific turning point at
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N=0Q/L (1)
where N is the doping concentration and unit is cm™.
Q is the deep level trap density of state and unit is cm™.

L is the average grain length of poly-Si thin film and unit is c¢m.
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FIG. 3. Room-temperature resistivity ve doping concentra-
tion. The experimental data is plotted with theoretical curve.

J. Appl. Phys., Vol. 46, No, 12, December 1975

Fig.3-9 The correlation between resistivity and doping concentration. [17]

Compared to our study,

N=& _NoxL_

3 3 G4 )

Therefore, when the LDD doping concentration (N) is equal to Nga, AL should be
going to drop rapidly. This assumption is matched perfectly with our simulation

results in Fig.3-7.
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Now, because of the critical point N = Nga, the Fig.3-7 can be divided into two
regions to discuss. The two regions are the left-hand side N < Nga, and the right-hand
side N > Nga. We transfer the diagram from Fig.3-7 into Fig.3-10. Vary the Nga from
1x10"7 em™ to 1.2x10"™ em™ with respect to different doping concentrations (N)
which are 1x10"7, 1.2X1018, and 4x10'® cm?. In this figure, the bottom curve is N >

Naa, the top curve is N < Nga, and the central curve is cross the N = Nga point.
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R L . — 18
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Fig.3-10 The influence of LDD doping concentration and Nga on the channel
extension effect obtained from Silvaco ATLAS simulation with parameters listed in

Table V.

When N > Nga, according to Seto’s model [17] and R. R. Shah’s research [18],

as the Nga is raised, the difference between N and Ngja is going to be less. Hence the

25



resistivity and AL is increased conspicuously. In brief, the better thin film quality has

fewer defects and higher conductivity, therefore has shorter extended channel length.

While N < Nga, the minimum Nga has the best thin film quality and the smallest

resistivity, however, it also has the maximum AL in our simulation. This result is

contrary to our earlier inferences. Clearly, there have other mechanisms which we do

not realize to involve in.

Finally, we will additionally study the effect of thin film property on different

temperatures. The major simulation parameters are shown in Table VI. In the section

3.1.3, we have proposed that increasing the surrounding temperature reduces the AL.

In the different thin film properties, this phenomenon-is also existence. The results are

shown in Fig.3-11 and Fig.3-12: The'slope means the various degree of AL with

respect to different temperatures.

While we adjust the Nga, the slopes are corresponding changed but the changes

do not exist specific trends. In spite of the influence of the Nga on slope does not exist

consistency, the Nta has different effect on slope. As the Nt, is arisen, the decay of

AL 1is also raised. The slope is more negative. These results we deduce that the

increasing Nta causes the free carriers which is induced by gate voltage become

fewer, so the influence of temperature will be more conspicuously. But why the

various Nga does not have the same trend, the reasons we are still researching, now.
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3.2 Optimal LDD Design for Both ON and OFF State

In the section 3.1, we realize that if we want to restrain the LDD channel
extension through device fabrication process, we should grow better thin film which
exists fewer defects or dope more dopants into the LDD region. However, the quality
of thin film is limited by manufacture equipments and technologies. On the contrary,
the method of controlling the doping concentration is easier to achieve the goal,
reduce the LDD channel extension.

Doping more dopants into the LDD region can reduce the current path extended
from gate channel while the TFT .is on state. Nevertheless, as the TFT is off state,
because of doping more dopants,| the parall€l electric field between gate and drain
electrodes will increase and cause the leakage -current arises. This outcome is
contradictory to the original LDD’s purpose which is to suppress the leakage current
during off state.

Therefore, in this topic, we will research the optimal LDD design for both on and

off states by the discussion about the relation between AL and the parallel electric

field.
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3.2.1 Various Poly-Si Thin Film Properties

The Fig.3-13 is the parallel electric field distribution with different LDD doping
concentrations which are 1x10'%, 2x10", and 4x10" ¢m™. The gate bias voltage is
constant in -10V. Because of the electric field direction is from drain to gate in the off

state, the values are negative. We choose left-hand side maximum values and compare

them with the Fig.3-6 and Fig.3-7 in Fig.3-14 and Fig.3-15.
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Fig.3-13 The parallel electric field distribution of TFT with 1 4z m LDD under Vgs=

-10V.
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Through the Fig.3-14 and Fig.3-15, we can point out the optimal LDD design
criterion for both on and off states. For example, in our device, the optimal LDD
doping concentration is located on about 3x10'® cm™. It is clear that in the optimal
doping concentration, the TFT devices have the shorter extended channel and the
lower parallel electric field. We can through this comparison to get the balance
between these two problems which are channel extension and leakage current at the

same time.

3.2.2 GOLD Structure TFT

Furthermore, in the end of section 3.2, we are interested in the gate overlapped
LDD (GOLD) TFTs’ structure which can effectively suppress the leakage current. The
overlapped LDD length is 1pum, and none extra LDD structure over out the gate
channel. The structure, net doping profile, current density distribution, surface current
density distribution, and parallel electric field distribution are shown in Fig.3-16 to
Fig.3-19. The gate bias is constant in 15V during on state, and in -10V during off state.
The overlapped LDD concentration is from 1x10'7 to 1x10" cm™. We can see that
the surface current density will drop quickly in the GOLD region as the doping
concentration is too large. It perhaps reduces the effective channel length and

derogates the performance of the TFTs. The comparison between AL and the parallel

32



electric field, the result is shown in Fig.3-20. Obviously, AL in the GOLD structure is

almost equal to zero. The GOLD TFTs is an excellent structure to suppress the

leakage current and LDD channel extension.

-0.4

-0.3

-0.2

-01

Vertical Position ( £ m)

01

0 2 8 10 12 14 18 18

- .~ A
@ptqg@la‘?ogtlopn'( (L m)
Fig.3-16 The net doping profile Jﬁtﬁl;'e“’(}' truct
K, = =
4“!‘!‘3!"‘5"5{:“’{5‘.“‘"“

Current Density Distribution of GOLD
VGS =15V & VD = 0.1V

-0.4

-0.3

-0.2

-0.1

Vertical Position (¢ m)

01

Lateral Position (£ m)

Fig.3-17 The current density distribution of the GOLD structure.
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Chapter 4

Conclusion

In this thesis, we present the influence factors on LDD channel extension and
purpose the optimal LDD design for both on and off states by way of the simulation
software, Silvaco.

First, we discuss several influence factors, such as gate insulator thickness, LDD
length, bias voltage, temperature and poly-Si thin film property. However, these factors
almost are around two main issues,'One is the vertical electric field between gate and
drain electrodes, and the other is the resistivity of Lightly Doped Drain. The vertical
electric field can induce the carriers and keep them:to form the extended current path.
The channel extension effect is dominated by the vertical electric field. However,
while the LDD length is not long enough, the extended channel length will be limited
by LDD length. Moreover, the channel extension is regarded as the channel length of
the parasitic transistor and the parasitic transistor is also dominated by thermionic
emission effect in temperature response. The other issue is the resistivity of LDD.
According to the Seto’s model, as doping concentration is increased and larger than
Naa, the resistivity of LDD will be decreased. Because of decreasing the resistivity, it

assists the carriers in moving toward drain electrode and reduces the carriers which
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can form the extended channel. It coincides with our simulation results perfectly.

While the doping concentration is large than Nga, the extended channel length is

dropped swiftly. Hence, we deduce the resistivity of the thin film is the other main

issue to influence on LDD channel extension effect.

Second, doping more dopants into the LDD region can suppress the channel

extension. However, it also increases the parallel electric field and leakage current.

Here, we give a notion to design the optimal LDD. Through a comparison between

channel extension length and parallel electric field, we can point out the optimal LDD

design criterion which has the shorter extended channel length during on state and less

leakage current during off state.

Finally, the proposed LDD channél extension factors’ influences are established

basing on the simulation and the assumptions mentioned above. Our research results

provide some factors and an approach which can be the reference and help improve

the electric characteristics of the devices for all poly-Si thin film TFTs with LDD

structure.
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Appendix A
Density of States Model in Silvaco

It is assumed that the total density of states (DOS) and g(E), is composed of four
bands: two tail bands (a donor-like valence band and an acceptor-like conduction band)
and two deep level bands (one acceptor-like and the other donor-like) which are
modeled using a Gaussian distribution.

8(E) = gry(E) + grp(E) + 84(E) + g6p (E) (A-1)
Here, E is the trap energy, Ec is the,conduction band energy, Ev is the valence band
energy and the subscripts (T, G, A, D) stand for tail; Gaussian (deep level), acceptor

and donor states respectively.

E-FE

gr4(E) = NTA e.rp[ WTA(] (A-2)
E -E
grp(k) = NTD "’“’P[ WTD J (A-3)
2
8G4(E) = NGA """{{%;LT] (A-4)
,
gGplE) = NGD "“3’}[{5 ;55 D]_] .

For an exponential tail distribution, the DOS is described by its conduction and

valence band edge intercept densities (NTA and NTD), and by its characteristic decay

energy (WTA and WTD). For Gaussian distributions, the DOS is described by its

total density of states (NGA and NGD), its characteristic decay energy (WGA and
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WGD), and its peak energy/peak distribution (EGA and EGD). Table A shows the

user-specifiable parameters for the density of defect states [19].

Table A. User-Specifiable Parameters for Equations A-2 to A-5
Statement Parameter Default Units
DEFECT NTA 1.12x10* cm”/eV
DEFECT NTD 4.0x10% cm™/eV
DEFECT NGA 5.0x10" em’
DEFECT NGD 1.5x10" cm”
DEFECT EGA 0.4 eV
DEFECT EGD 0.4 eV
DEFECT WTA 0.025 eV
DEFECT WTD 0.05 eV
DEFECT WGA 0.1 eV
DEFECT WGD 0.1 eV
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Appendix B

Temperature Correlation Equations

Trapped Carrier Density

The ionized densities of acceptor and donor like states (nr and pr respectively)

are given by:
Pr = Prat Pea (B-1)
Ny = Npp +Ngp (B-2)

where nra, nga, prp and pgp are-given below.

E C

Pry = jgﬂ4(E) ']}TA(E, n,p) dE (B-3)

E,

I

= | g~4(E) -f, (Enp)dE (B-4)
_[ GA r:-.A I
E

=
Q
M

|

I/'
E C

i B-5)
nom = [ g(E) -f, (E.nmp)dE. (
mw= | em [

I/'
E C

(B-6)
Ry = g-n(E) -f, (E.np)dE
GD J‘ GD 'aD

E,
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fira(E, n, p) and  fig4(E, n, p) are the ionization probabilities for the tail and Gaussian
acceptor DOS, while fip(E, n, p) and fiop(E, n, p) are the ionization probabilities
for the donors.

In the steady-state case, the probability of occupation of a trap level at energy £

for the tail and Gaussian acceptor and donor states are given by Equations B-7

through B-10.
E -E
1‘?3 SIGTAE n+ ‘p SIGTAH » mp[ T J
(E.n,p) = L B-7
frH 7 ) E-E - E,-E (B-7)
v, SIGTAE |n+n; ex;{?l} +v, SIGTAH ' P tn; 9‘}?[ T J
E:’_E
v, SIGGAE n +1'p SIGGAH n; m‘p[?J
7 (E,n,p) = (B'S)
2y ., E-E_ E,—E-,
v, SIGGAE ':."? + n; e?\xp[?} +1'Jl SIGGAH | p+n; e\p[—}‘f /.l
E-E.
v_SIGTDHp+v_ SIGTDE n. e.\'p[ - ?}
5 (Emp) = ) n i kT
trp E-E-~ E,-E (B-9)
v, SIGTDE |n+n, e’.\'})|:7:|/; Yy SIGTDH ( \pt+n ?‘P|: T Jl
E—EI.
rp SIGGDH;)+1' SIGGDE n; @.\p[ T J
fI (E.np) =
GD E Er \ E, - Ex (B-IO)
v, SIGGDE | n+n e\p[TlJ TV SIGGDH | P+?f mp[ T ]J

where v, is the electron thermal velocity and v, is the hole thermal velocity, n; is the
intrinsic carrier concentration. SIGTAE and SIGGAE are the electron capture
cross-section for the acceptor tail and Gaussian states respectively. SIGTAH and
SIGGAH are the hole capture cross-sections for the acceptor tail and Gaussian states

respectively and SIGTDE, SIGGDE, SIGGDH, and SIGGDH are the equivalents for
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donors states [19].

Table B-1. User-Specifiable Parameters for Equations B-7 to B-10
Statement Parameter Default Units
DEFECT SIGTAE 1.0x107'¢ cm?
DEFECT SIGTDE 1.0x107" cm?
DEFECT SIGGAE 1.0x107'¢ cm?
DEFECT SIGGDE 1.0x107 cm’
DEFECT SIGTAH 1.0x107 cm’
DEFECT SIGTDH 1.0x1071¢ cm’
DEFECT SIGGAH 1.0x107 cm’
DEFECT SIGGDH 1.0x10°® cm’

Steady-State Trap Recombination

For steady-state conditions, the net recombination/generation rate is identical for

electrons (R,) and holes (R,) (i.e., instantaneous equilibrium). Using Equations B-7

through B-10 to give the values of ftand following the derivation by Shockley and

Read [20] and Hall [21], the Shockley-Read-Hall recombination/generation rate due

to the defect states is given by: [19]
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E~

2
v vp SIGTAE SIGTAH (np—ni) &)

R = J' z
np E_E. E-E

EV v, SIGTAE (n +n; mp{k—TrD + vp SIGTAH (p tn, e:\p[ﬁp

2
v, 1-p SIGTGAE SIGGAH (n‘pfi’fi) gGA(E)

! FE I I (B-11)

7
v, SIGGAE (r.'+ n; eap[ T D +1’p SICCAH (p+ n; LAP{WD

2
) v, v, SIGTDE SIGTDH [np—n,-) grplE)

E—E’. Ei_E
v, SIGTDE [n +n, exp[ T D + Vp SIGTDH [p+ n; exp[—k T p

2
v, vp SIGGDE SIGGDH (np—ni) gGD(E)
- dE
E-F. E.—FE

1 i
v, SIGGDE (n+ n; eAp[ T D +1,p SICCDH (p + n; m‘t{k—p

Transient Traps

For the transient case, time is required for catriers to be emitted or captured and

therefore instantaneous equilibrium cannot be assumed. This means that Equation

B-11 is no longer wvalid for transient simulations. Instead, the total

recombination/generation rate for electrons (which is equal to electron recombination

rate minus the generation rate for electrons) is calculated using the transient

probabilities of occupation for acceptors (f;74 and fic4). These are calculated by

solving additional rate equations (Equations B-12 and B-13).
E

J ¢ Effj
aiPra) = J.gm(E’{"n SIGTRE [” (1‘1}“(5)) R ”‘P[TD
E, ‘ ‘
(B-12)
Ez.fE
v SIGTAH [pff]}i(E) - [J 7f}TA(E)) n exp|: T B } dE
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EC
d E-E
cTr(pGA) = J. gGA(E){vn SIGGAE [n (I _ffG4(E)) —er4(E) ", exp[ﬁﬂ
EV
(B-13)

v SIGGAH |pf. (E) (J 7 (E))n ex] E’—_E dE
r Pligy "\ g T p[’ff}

The total hole recombination/generation rate can also be determined from the

transient values of fi7p and f,qp (see Equations B-14 and B-15).

EC'
0} ( 7 . E?_E
E(n.TD'} = J gTD(E'}|}n SIGTDH I\p II\I _frTD[E]J _J}TD[E] n; e.\p[?:lj‘ (B-14)
Ey
( .' . E-E_)
_y 1= )| B, exp| ——
v SIGTDE '.,\”’frm(‘g] 1 ffTD(E']"l " é’rp[ T }] } dE
EC E. - EJ
d - [ . (12— ) - M| (B-15)
dr{nGD) = I ‘bGD(E]{‘p SICGDH Lp |.k] erD(E}"l erD{E) n e.\p[ T l
Ey

/ ) E_E._»
{ \ ) i
~v_ SIGGDE | n f’GD(E] -1 _ffGD(E)’} n. e.\p[ e N } dE

A transient trap simulation using this model is more time consuming than using the
static model but gives a much more accurate description of the device physics. It may
sometimes be acceptable to perform transient calculations using the static trap

distribution and assume that traps reach equilibrium instantaneously [19].
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Table I

The brief specification of the poly-Si TFTs

W/L=6um/6ym

Average Grain Size = 0.8 y m

Name Material Thickness
Active Layer Poly-Si 50 nm
SiOx 50 nm
Gate Insulator
SiNx 20 nm

LDD Length=0.5 £ m~35ym

Name Material Doping Concentration
LDD (n-) 1.2x10"® cm?
Phosphorus = =
n+ 20x10” cm
Table I1

The simulation parameters of the section 3.1.1

Gate Insulator |Gate Bias | LDD Concentration [Temperature Nrta Nga
thickness (nm) V) (cm™) (K) (cm?/eV)| (cm™)
60
100 3~15 1.2x10" 298 1.12x10%° | 6x10"
150
Gate Insulator |Gate Bias | LDD Concentration (Temperature Nta Nga
thickness (nm) \%) (cm'3) (K) (cm'3/eV) (em™)
1.20x10"
2.00x10"®
60 3~15 2.54x10"8 298 1.12x10*° | 6x10"
4.00x10"®
1.20x10"
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Table 111

The simulation parameters of the section 3.1.2

LDD Length | Gate Bias | LDD Concentration |Temperature| Nrta Nga
(pm) V) (cm”) K)  [(em™eV)| (em?)
3
0~2 9 1.2x10" 298 1.12x10*°| 6x10"7
15
Table IV

The simulation parameters of the section 3.1.3

. LDD Concentration 3 3
Gate Bias (V) ( _3) Temperature (K) | Nya (em™/eV) | Nga (em™)
cm
233
15 2x10"7 ~ 1x10" 298 1.12x10% 6x10"
263
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Table V

The simulation parameters of the section 3.1.4

. LDD Concentration B P
Gate Bias (V) (em?) Temperature (K) [ Nta (em™/eV) | Nga (cm™)
cm
1.12x10"
15 2x10"7 ~ 1x10" 298 1.12x10%° 6x10"
1.12x10*!

. LDD Concentration 3 3
Gate Bias (V) ( _3) Temperature (K) | Nya (cm™/eV) [ Nga (em™)
cm
1x10"7
3x10"
15 2x10" ~ 1x10" 298 1.12x10% -
6x10
1.2x10"
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Table VI

The simulation parameters of the various temperatures in section 3.1.4

LDD Concentration

Gate Bias (V) (em?) Temperature (K) | Npa (em™/eV) | Nga (em™)
3x10"
3 6x10"
1.2x10"®
3x10"
9 1.2x10"® 220 ~ 380 1.12x10* 6x10"
1.2x10"®
3x10"
15 6x10"
1.2x10"®
. LDD Concentration 3 3
Gate Bias (V) (cm'3) Temperature (K) | Nya (em™/eV) | Nga (em™)
1.12x10"
3 1.12x10*
1.12x10*
1.12x10"
9 1.2x10" 220 ~ 380 1.12x10* 6x10"7
1.12x10*!
1.12x10"
15 1.12x10*
1.12x10*
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