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Student : Chen—Wen Wang Advisor : Dr. Po-Tsun Liu

Department of Photonics and Display Institute

National Chiao Tung University

Abstract

In this thesis, the changes in electrical properties induced by heat treatment with
supercritical CO; fluid interfuse-H,0,are“researched for amorphous TFTs. Amorphous
silicon thin film transistors (a-Si TFT$) have been widely applied to fabrication of
liquid crystal flat-panel display. Plasma-gnhancement chemical vapor deposition
(PECVD) have been used for fabrication of a-Si TFTs at low temperatures. Inevitable
amorphous silicon films among deposition have electrically active defect states
because of dangling bonds and lattice disorder. The defects reduce electrical current
due to trapping carriers. One of most important problems on fabrication of a-Si TFTs
is the reduction of densities of those defect states.

It is found that the a-Si TFTs after supercritical fluid passivation could achieve
better device performances, including the off-current and the threshold voltage and
the subthreshold swing, and also better filed effect mobility. These improvements
were attributed to the oxygen atoms passivation of the dangling bonds.

In order to demonstrate the incorporation of oxygen in silicon films by the
supercritical fluid passivation interfuse H,O, infrared absorption spectra were
measured using fourier transform infrared spectroscopy (FTIR). In addition, contact
angle and thermal desorption spectroscopy (TDS) were also been used.

These results show that the supercritical fluid passivation interfuse H,O reduces



the defect density in the silicon films with oxygen incorporation. With the excellent
characteristic, supercritical fluids will have advantages of integrating into the
fabrication of TFT-LCD’s.
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Chapter 1

Introduction

1.1 General Background

Since the first amorphous silicon thin film transistor (a-Si TFTs) was reported by
LeComber et al. in 1979 [1], many studies have been reported on a-Si TFTs. One of
the significant features of the a-Si TFT is its large on-off ratio defined as the ratio of
on state current to off state current in the terminal of the drain. Due to this
advantageous characteristic, a-Si TFTs have been thought to be suitable for switching
elements of an active matrix circuit of a liquid crystal display (AMLCD). As the
switching element in active matrix liquid cryStal display, the semiconductors such as
single-crystal Si [2], polycrystalline|Sii[3], CdSe [4], and Te [5] have been studied.
Among these devices, amorphous silicon is‘one of the most favorable semiconductors
satisfying the requirements for thin film transistorsin liquid crystal display.

In recent years, amorphous silicon'thin film transistors have been widely used in
pixel-driving elements of a liquid crystal display. The a-Si TFT is particularly
beneficial to the production of large screen displays and mass production. Large scale
matrix circuits require switching elements with a large on-off ratio. Greater than six
orders of magnitude in a-Si TFTs have been observed. Additionally, the
inverted-staggered back-channel-etched type (BCE) hydrogenated amorphous silicon
thin film transistor has been popularly employed as the switch to control the gray
level in active matrix liquid crystal display (AMLCD) [6-9] and to drive organic light
emitting diode (OLED) [10-12]. Therefore, it is important to have stable character of
device and better uniformity and lower cost for a-Si TFT.

In AMLCD, a-TFT is a switching device to turn on the current path for charging
the liquid crystal capacitor and turn off the current path for discharging. Consequently,

the leakage current of a-TFT should be low enough to keep on exact gray level before



refreshing. On the contrary, the displays reveal incorrect color or rather lack of deep
black.

However, to reduce fabrication cost, improvement of production yield is vital.
Otherwise, some defect reduction methods have been proposed, whether in

amorphous Si-TFTs or polycrystalline Si-TFTs.

1.2 Introduction to Supercritical Fluid Processes

Supercritical fluids are compounds above their critical temperatures and pressure.
Fig 1-1 [13-14] and Table 1-1 present critical temperature and pressure for some
common fluids, which are used in many commercial applications, including the
extraction of caffeine from coffee, fats from foods, and essential oils from plants for
use in perfumes. CO,-based supercritical fluids.are particularly attractive because CO,
is non-toxic, non-flammable, and,inexpensive. lts critical conditions are more
achievable with existing process equipment (31 C' ,1072 psi =72.8 atm).

The attractiveness of supereritical™fluidsfor commercial applications is their
unique combination of liquid-like'‘and. gas-like properties. Table 1-2 shows the
comparison of several physical properties of typical liquid, vapor, and supercritical
fluid state. It can be seen that high density of supercritical fluids possesses a
liquid-like density. This gives the fluid the ability, much like that of a light
hydrocarbon (i.e. pentane), to dissolve most solutes [15]. Also supercritical fluids are
gas-like in respect to their very low viscosity and little to no surface tension allowing
them to enter the smallest pores or spaces on a wafer. These properties make
supercritical fluids so appealing for cleaning, extraction, and chromatography [16].

Figure 1-2 shows the density-pressure-temperature surface for pure CO,. It can
be seen that relatively small changes in temperature or pressure near the critical point
could result in large changes in density. These properties make supercritical fluid
technology so attractive for many applications.

To put it briefly, supercritical CO; fluid is one of the green solvents. It possesses



the high density property like liquid, so it can transport more Supercritical fluid than
liquid. And supercritical COz2 has diffusivity greater than liquid, allowing for rapid
transport properties. Besides, the absence of surface tension provides for excellent

mass transport into micro-porous matrices.

1.3 Motivation

Amorphous silicon thin film transistors (a-Si TFTs) have been widely applied to
fabrication of liquid crystal flat-panel display. Plasma enhancement chemical vapor
deposition (PECVD) has been used for fabrication of a-Si TFTs at low temperatures.
Inevitable amorphous silicon films among deposition can have electrically active
defect states due to dangling bonds and lattice disorder. The defects reduce electrical
current due to trapping carriers. One of most important problems on fabrication of
a-Si TFTs is reduction of densities of those defect states.

However, defect reduction technologies. in poly-Si TFTs due to rapid laser
annealing causes a large amount of defect states at grain boundaries have been
presented. Many investigations such as” plasma hydrogenation [17-22] and heat
treatment with high-pressure H20 vapor [23-29] have been reported for defect
reduction.

From what has been discussed above, we propose a new way of improving
electrical characteristics of amorphous silicon devices, which also reduce the defects
states of a-Si TFTs simultaneously.

It is found that the a-Si TFTs after the supercritical fluid passivation achieve
better device performances. The treatment effectively makes defect states electrically
inactive. Additionally, supercritical fluids technology will have advantage of
integrating fabrication of TFT-LCD’s because of the low cost and the process easily.

In the following, we first describe the fabrication process and then, the basic

principle of amorphous thin film transistors. Next, characteristics of fabricated TFT’s



are given. Finally, we discuss the defect reduction effect of the new treatment.

1.4 Thesis Outline
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Fluid Critical Critical Pressure (Psi)
Temperature("C') (latm=14.7psi)
Helium (He) -268 33
Neon (Ne) -229 400
Argon (Ar) -122 706
Nitrogen (N,) -147 492
Oxygen (O,) -119 731
Carbon dioxide (CO,) 31 1072
Sulfur hexafluoride (SFs) 46 545
Ammonia (NHz) 133 1654
Water (H20) 374 3209
Table 1-1 Critical temperature and pressure for some common fluids
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Chapter 2

Fabrication and Experiment

2.1 Devices Structure and Fabrication

In this experiment, we fabricate the a-Si TFTs and polycrystalline silicon thin
films successfully. Moreover, we use supercritical fluid technology to treat the a-Si
TFTs and poly silicon thin films. The cross sectional view of a-Si TFT is shown in Fig.
2-1 and the schematic cross sectional view of polycrystalline silicon thin film is
shown in Fig. 2-2. For material analysis and measurements, polycrystalline silicon

films were formed. The fabrication procedure is described as follows.

Fig. 2-1 shows a cross-sectional view of. the a-Si TFT. This structure was
fabricated based on the fabrication process described below. A corning glass was used
as the substrate. The gate metal was Cr, deposited by DC sputtering, with the
thickness of 150 nm and patterned by photolithography followed by wet etching
processes. The conventional back channel etching (BCE) TFTs were used with 380
nm thick silicon nitride (SiNx), hydrogenated amorphous silicon layer of 150 nm
thickness, and 50 nm thick n" a-Si:H were deposited on the substrate by PECVD. 300
nm Al layer was deposited by thermal evaporation coater and then patterned for
source and drain region by wet etching. Then, island region was patterned by dry

etching processes.

Fig. 2-2 shows a cross-sectional view of polycrystalline silicon thin film. This
structure was fabricated based on the fabrication process described below. First,
silicon nitride (SiNx) films of 230 nm thicknesses were formed by LPCVD on a

silicon substrate. Then, polycrystalline silicon films of 75 nm thicknesses were



formed on substrates using the low pressure chemical vapor deposition (LPCVD)

method.

2.2 Experimental Procedures

Fig. 2-3 shows the schematic drawing of the supercritical fluids treatment system.
Pump A feeds a high-pressure syringe pump and supplies high-pressure
ambient-temperature CO,. Pump B feeds a high-pressure syringe pump and supplies
solvents. The sample is setting in the pressure chamber. And the flow rate is restricted
by modulated tube.

In the experiment, three kinds of conditions have been used, respectively. They
were described as follows. For the purpose of material and electrical analysis, a-Si

TFTs and polycrystalline silicon thin films were treated at the same time.

1. Annealing-only
The samples were cut into pieces suitable for the size of pressure chamber
(Fig. 2-3). The temperature of chamber was set for 150°C. Here the supercritical
fluids system was the same as an airtight hot plate. When the temperature
arrived to 150°C, the experiment began by placing the samples within the
pressure chamber.

After 2 hours, we removed the samples from the supercritical fluids system.

2. HO
The samples were cut into pieces suitable for the size of pressure chamber.
The temperature of chamber was set for 150°C. When the temperature arrived to
150°C, the experiment began by placing the samples within the pressure
chamber. Then, the H,O from the pump B fell to the pressure chamber (Fig.
2-3).



After 2 hours, we removed the samples from the supercritical fluids system.

3. SCCO;/ Propyl alcohol / H,0O

The samples were cut into pieces suitable for the size of pressure chamber.
The temperature of chamber was set for 150°C. Propyl alcohol and H,O were
used for co-solvent. The percent of co-solvent was 10%. The experiment began
by placing the samples within the pressure chamber in the first process step.

In the second process step, the syringe pumps of Pump A and Pump B (Fig.
2-3) were pressurized to 3000 psi, and then the supercritical CO, carried the
co-solvent into pressure chamber. The step provided for that CO, and co-solvent
in supercritical fluid state and ensured the pressure chamber was clean.

In the third process step, the syringe pumps of Pump A and Pump B were
pressurized to 3000 psi, and more co-solvents were carried by supercritical CO,
into the chamber. During +this|soak step, the supercritical CO, and co-solvent
were maintained in contact with the sample.

After 2 hours, it wasfollowed by dry step. The samples were soaked by
supercritical CO, at 3000 pst.© Then ‘they were flushed several times by
supercritical CO, at 3000psi. The dry step was performed to carry away the
solvent on the samples. Lastly, the experiment ends by depressurizing the

pressure chamber and removing the samples.

Finally, all samples were placed on the hot plate, whose temperature was
maintained at 200°C for 1 hour. Afterward they were been measurement by material

and electrical.

2.3 Measurement and Parameter Extraction



In this section, we will introduce the electrical measurement instrument and the
methods of typical parameter extraction.

The electrical property analysis instrument mainly used the Agilent 4156A
semiconductor analyzer. The Agilent 4156A semiconductor analyzer with probe
stations was used to analyze the electrical properties of the devices. In our experiment,
it was used for I-V measurement and bias-temperature-stress (BTS). The ground
probe station was provided an electrical isolation. The water-cooled thermal plate
within an optical shielding box and plate could be controlled by the TPO315A thermal
controller between 25°C and 300°C. The source measurement units (SMUs) were
used to control voltage sources where current flowing through could be measured.
The voltage or current sources were supplied by Agilent 4156A semiconductor
analyzer.

The methods of parameter extraction such as threshold voltage, subthreshold
swing, on/off current ratio, field-effect mobility ‘e, and activation energy of the

device were described as below;

1. Extraction of the threshold voltage

Threshold voltage is defined as the gate-source voltage at which conduction
electrons begin to appear in the channel of TFT. A low threshold voltage is needed to
assure the TFT operational region at a reasonable voltage ranges.

In the transfer characteristics, threshold voltage can be determined by the
methods of linear line plot threshould voltage and constant current threshould
voltage. In this thesis, we use the method of constant current threshould voltage in
which the voltage at a specific drain current NIy is taken as the threshold voltage. This
technique is adopted in most studies of a-TFTs.

Constant current threshould voltage -

V, =V, (NIy =1nA) (2-1)
NI, =1, X(Lj (2-2)

10



2. Extraction of the subthreshold swing

Subthreshold swing S.S. (V/dec) is a typical parameter to describe the control
ability of gate toward channel. It is defined as the amount of gate voltage required to
increase/decrease one order of magnitude drain current. The subthreshold swing of the
transfer characteristics should be low enough in order to achieve fast on/off state
transition of the transistor. It strongly depends on the density of defect states in the
channel material. An abrupt subthreshold swing ensures the transistor working at a

high performance.

The subthreshold swing of the transfer characteristics is defined as (Figure 2-4):

SS.= AV, 2-3
. ._Alog(ld) @)

In this thesis, we define that one-half of the gate voltage required to decrease the
threshold current by two orders of magnitude-isssubthreshold swing.

$.8.= |V, (NI, =1nA)-V, (NI, =10pA)|/2 (2-4)
L
NIy =1 dX(Wj (2-5)

The density of states (DOS) in TFT can be determined by the exponential
transition between the on and off states. This parameter gives the information about
the density of states at the interface between the amorphous silicon and the gate
insulator (interface states) and in the bulk of the amorphous silicon (bulk states). The
subthreshold swing could be affected also by states corresponding to defects at the
channel surface (surface states). It is found that the surface states can have the same
effect on the subthreshold swing as the interface states [30]. Here we assume that the
densities of deep bulk states Ny and interface states Ny are independent on the

energy.

11



In the typical a-Si TFT, the defects in the amorphous silicon film and defect
states near the insulator-silicon interface are mainly responsible for the performance
of TFT in the subthreshold swing. For poly-Si TFT, defect states at the grain
boundary are mostly responsible for the performance.

We will discuss the density of states in more details in the next chapter.

3. Extraction of the on/off Current Ratio

On/off ratio is another important factor of a-Si TFTs. High on/off ratio represents
not only large turn-on current but also small off current (leakage current). High
Ipson/Ipsor (on/off) ratio is desirable in TFT, for good “transparent and
non-transparent” states transition of the liquid crystal cell. To reach this goal, the
transistor should have a high enough I, and a low enough I.

The limit of the on current for:a-Si TFT 1s:the electron mobility in the channel
material. In general, the a-Si TET owns ahn €lectron mobility lower than 1cm/Vs. This
is because of the high defect concentration i a-Si:H (about lolscm-3).

Lower value of the off currentis necessary for high on/off ratio of the a-Si TFT.
When a high negative voltage is applied to ‘the gate, holes will accumulate near the
gate. Then off current will increase. One solution for this is to introduce n” a-Si layer
into the drain and source contacts. The hole current will be eliminated by
recombination in the n” a-Si region. Also, this n" a-Si doped layer can improve the on
current and avoid Schottky barrier between the source / drain metal contacts and the
channel material of amorphous silicon.

There are many methods to specify the on and off current. The easiest one is to

define the maximum current as on current and the minimum leakage current as off

current while drain voltage equal to 0.1V.

DS max,on

on / off current ratio = (2-6)

DS min, off vV, =0.1V

12



4. Extraction of the field-effect mobility

Another important parameter of the a-Si TFT is the filed-effect mobility. The
field-effect mobility (urg) is determined from the transconductance g at low drain
voltage. The transfer characteristics of a-Si TFTs are similar to those of conventional
MOSFETs. Accordingly, the first order of the current-voltage relation in the bulk Si

MOSFETs can be applied to the a-Si TFTs, which can be expressed as
W 1

lo = e Coc [V =Vi Vo = Vo] (2-7)
Where
Cox 1s the gate oxide capacitance per unit area,
W is channel width,
L is channel length,
Vrh 1s the threshold voltage.
If Vp is much smaller than Vg - Vg (that is Vp << Vs - V14 ) and Vg > Vrp, the

drain current can be approximated as:

W
Iy = 1eeCyy T(VG =V Vo (2-8)

Thus, the transconductance is defined as

aly _WC,, #tee

—2 | = V _
8VG Vp =const. L D (2-9)

On =

Therefore, the field-effect mobility can be obtained by

L

g m(max)
V D

2-10
WC , 2-10)

Hre =

5. Extraction of the activation energy

When gate voltage is applied in field effect structures, positive gate voltages
cause accumulation of electrons near the gate/channel interface. The induced
electrons fill the available states above the Fermi level. Then, the Fermi level is
shifted towards the conduction band E. (towards higher energy). Negative gate

voltages cause emission of electrons from the states below the Fermi level.
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Consecutively, Fermi level shift towards the valence band E,, (towards lower energy
levels).

The rate at which E. moves towards the conduction band (in n-channel a-Si TFTs)
depends on the density of states located in the band gap and on the distribution of tail
states close to the conduction band. When gate voltage (V) is small, the Fermi level
is located in deep states. Increasing V, leads to a shift of the Fermi level towards the
conduction band, and the tail band states become important.

Other way to shift the Fermi level is by thermal activation of the carriers. Ipg in
a-Si TFTs can be temperature activated [31-33]. From measurements of the
temperature dependent current at constant gate voltage (V,), we can deduce the

activation energy E,= Ec-Er as a function of the gate voltage. To use the following

dependence:
lnaz—lnalz_Kiax(%—Til] (2-11)
GIZWI;d x\l/Df (2-12)
02:de Xi/DTS: (2-13)
Where

o, 1is channel conductivity at temperature T,
o, 1s channel conductivity at temperature T,
I os; 18 the drain-source current at temperature T,
| o5, 1s the drain-source current at temperature T»,
Kp 1is the Boltzmann constant,
W s the length of the channel,
L is the width of the channel,
d is the thickness of the channel.
By measuring the drain-source voltage at different temperatures and keeping the

same drain-source current, and then the activation energy (i.e. the Fermi level position)
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can be determined from the slope of the Arrhenius plot (log(I,q) vs. 1000/T) by the

following equation:

(2-14)

-E, 1000 1000
log I, —loglyg, = -

X
1000 x log(e)x K (Tz T,

If we apply different gate voltages (V,), we will get different channel
conductivity and corresponding drain-source current. Therefore, different Arrhenius
plots can be obtained for each value of V,. The activation energy can be found as a
function of the gate voltage. For that reason, it is necessary to measure the transfer

characteristics at different temperatures.

6. Extraction of the density of states

The information on DOS shape is important for understanding the physical
mechanisms responsible for the device behaviots. The DOS shape is related to the
threshold voltage, subthreshold swing;-and field effect mobility of the TFTs.

Globus et al. [34] proposed a method for evaluation of DOS in a-Si TFTs,
from the dependence of E, vs. Vg If it'is assumed that the DOS does not suffer sharp
changes for energy interval about kT, the charge of acceptor-like states Q,, filled by

the gate bias is given by

—Epo+aVs

Q=g EE g(E)E (2-15)

FO

Where q is the electronic charge, V is the surface potential, E, is the
equilibrium Fermi level in the silicon layer, and g(E) is the density of states. The
charge Q, can also be expressed as

Q=g =g o Ve (2-16)

Where qn, is the surface charge, Vi, is the flat-band voltage, € and d. are the gate
dielectric permittivity and gate dielectric thickness, and d, is the thickness of the space
charge layer. From above equations, differentiating with respect to V, can be

obtained
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d (n dqVs dE,
B (S - g(E
dvg{dt] 9(E:) av, o Jav. (2-17)

Where E, = Ec - Epo - qV,is the activation energy, Er = Epo - qV| is the quasi
Fermi level. Hence, the density of localized states can be related to the derivative of

the activation energy with respect to gate bias:

@J(Ea)=—ddv"((::ttj

iE (2-18)

a

dv

9

If we assume that the band bending in the a-Si layer is small compared to the
characteristic energy of the density of states variation, then d, = t where t is the a-Si

layer thickness, and above equation can reduce to

&
g(Ea)=——O|Ea (2-19)

dt-
qd; qv

9

This method for determination of the density of states is explained in details in
[34]. According to ref. [34] this technique onl§ accounts for the acceptor-like states in
the band gap. Advantage of the method is-its simplicity. It is necessary to perform
only field-effect measurements at different temperatures. Using this method, the
density of states can be evaluated in relatively large energy interval from the band gap.
It is suitable for evaluation of changes in the density of states due to bias stress.

The activation energy method is fast and simple and is suitable to observe the
changes in the density of states due to bias stress, illumination, etc. The main
disadvantage of this method and also of the method of the subthreshold swing is that
they do not permit the separation of the bulk states from the interface sates at the
channel / gate insulator. Both methods are based on field-effect measurements that are
strongly dependent on the quality of the interface between the channel material and
the gate insulator. This does not permit the exact evaluation of the intrinsic DOS of

the channel material, independently from the properties of this interface.
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Chapter 3

Result and Discussion

3.1 Electrical Analysis

Figure 3-1 shows transfer characteristics of a-Si TFTs (log (NId)-Vg) before and
after annealing in supercritical fluids treatment system for 2 hours at 150°C. TFTs had
a gate width of 20pm and a gate length of 10um. The transfer characteristics were
measured at a drain voltage 0.1V and temperature was 30°C. After annealing,
subthreshold swing was the same as before annealing. This means that deep states in
the channel region (amorphous silicon) were alike while it was been heated 2 hours at
150°C. Especially, off current wasiincrease.after annealing. Figure 3-2 shows transfer
characteristics of a-Si TFTs (NId-Vg) before and after annealing in supercritical fluids
treatment system for 2 hours at 150 C. From slope of the curve, we observed that
before and after annealing the mobility were similar. However, threshold voltage
showed slight improvement after annealing.

Table 3-1 shows parameters (field-effect mobility, subthreshold swing and
threshold voltage) of a-Si TFTs before and after annealing in supercritical fluids
treatment system for 2 hours at 150°C. TFTs had a gate width of 20um and a gate
length of 10pum. The transfer characteristics were measured at a drain voltage 0.1V
and temperature was 30°C. Here we used random sampling and obtained 3 series of
measured results. In these result, it could observed that mobility was slight decrease
after annealing. However, threshold voltage and subthreshold swing showed slight
improvement after annealing.

Figure 3-3 shows transfer characteristics of a-Si TFTs (log (NId)-Vg) before and
after annealing in supercritical fluids treatment system for 2 hours at 150°C. TFTs had

a gate width of 20pm and a gate length of 10um. The transfer characteristics were
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measured at a drain voltage 10V and temperature was 30°C. Subthreshold swing was
the same whatever before or after annealing. But, the off current increased after
annealing in comparison with before annealing.

Figure 3-4 shows output characteristics of a-Si TFTs before and after annealing
in supercritical fluids treatment system for 2 hours at 150°C. TFTs had a gate width of
20um and a gate length of 10um. The output characteristics were measured in
temperature of 30°C. It was been observed that drain current increased after
annealing.

Figure 3-5 shows transfer characteristics of a-Si TFTs before annealing in
supercritical fluids treatment system for 2 hours at 150°C. TFTs had a gate width of
20um and a gate length of 10um. The transfer characteristics were measured at a drain
voltage 0.1V and temperature 30°C~60C . Figure 3-6 shows transfer characteristics of
a-Si TFTs after annealing in supercritical fluids treatment system for 2 hours at 150°C.
TFTs had a gate width of 20um and a gate length of 10pum. The transfer characteristics
were measured at a drain voltage 0.1V and temperature 30°C~60°C . Figure 3-7 shows
transfer characteristics of a-Si TETs before-annealing in supercritical fluids treatment
system for 2 hours at 150°C. TFTs had a gate width of 20um and a gate length of
10um. The transfer characteristics were measured at a drain voltage 10V and
temperature 30°C~60°C. Figure 3-8 shows transfer characteristics of a-Si TFTs after
annealing in supercritical fluids treatment system for 2 hours at 150°C. TFTs had a
gate width of 20um and a gate length of 10um. The transfer characteristics were
measured at a drain voltage 10V and temperature 30°C~60C .

Figure 3-9 shows temperature activation of the drain-source current of the only
annealing 2 hours at 150°C sample (Figure 3-6) for different gate voltages. From the
slope of Figure 3-9, we could extract the activation energy.

Figure 3-10 shows activation energy vs. gate voltage for the samples which
before and after annealing in supercritical fluids treatment system for 2 hours at
150°C. TFTs had a gate width of 20pum and a gate length of 10um. For gate voltages

from -6V to 6V, the activation energy (Ea) before and after annealing was the same.
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Therefore, defect states before and after annealing were similarity.

Figure 3-11 shows density of states (DOS) vs. trap state energy (E;) for the
samples which before and after annealing in supercritical fluids treatment system for 2
hours at 150°C. TFTs had a gate width of 20um and a gate length of 10um. Where
trap state energy (E; was the needful energy which electron in the trap of the
amorphous silicon band gap jumped to conduction band (Ec). It was observed that
density of states (DOS) before and after annealing was almost the same. That is to say
defect states before and after annealing were similarity.

Figure 3-12 shows transfer characteristics of a-Si TFTs (log (NId)-Vg) before
and after H,O passivation for 2 hours at 150°C. TFTs had a gate width of 20pum and a
gate length of 10pum. The transfer characteristics were measured at a drain voltage
0.1V (and 5V) and temperature 30°C. Subthreshold swing, threshold voltage and
mobility were serious decrease after H,O passivation in comparison with before
passivation. Figure 3-13 shows transfer characteristics of a-Si TFTs (NId-Vg) before
and after H,O passivation for 2 hoursat 150 C.

Table 3-2 shows parameters [(field-effect mobility, subthreshold swing and
threshold voltage) of a-Si TFTs before and after H,O passivation for 2 hours at 150°C.
TFTs had a gate width of 20um and a gate length of 10um. The transfer characteristics
were measured at a drain voltage 0.1V (and 5V) and temperature was 30°C. Here we
used random sampling and obtained 3 series of measured results. In these result, it
could observed that mobility, threshold voltage and subthreshold swing showed
serious decrease after H,O passivation.

Figure 3-14 shows transfer characteristics of a-Si TFTs (log (NId)-Vg) before
and after H,O passivation for 2 hours at 150°C. TFTs had a gate width of 20pum and a
gate length of 10pum. The transfer characteristics were measured at a drain voltage
10V (and 20V) and temperature was 30°C. We observed that all parameters of a-Si
TFT were also serious decrease.

Figure 3-15 shows output characteristics of a-Si TFTs before and after H,O

passivation for 2 hours at 150°C. TFTs had a gate width of 20pm and a gate length of
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10um. The output characteristics were measured at temperature was 30°C. Current
crowding phenomenon was been observed after H,O passivation because of source
and drain metals were been oxidation seriously by H,O. Then, resistance was
increase.

Figure 3-16 shows transfer characteristics of a-Si TFTs (log (NId)-Vg) before
and after SCCO, fluid interfuse H,O passivation for 2 hours at 150°C. TFTs had a
gate width of 20um and a gate length of 10um. The transfer characteristics were
measured at a drain voltage 0.1V and temperature was 30°C. After SCCO, fluid
interfuse H,O passivation, subthreshold swing was better than original sample. This
means that deep states in the channel region (amorphous silicon) was been extensive
decrease. Especially, off current was lower than that of original sample. Because of
back channel was repaired by oxygen atoms from SCCO, fluid interfuse H,O. Figure
3-17 shows transfer characteristics.of a-Si TFTs (NId-Vg) before and after SCCO,
fluid interfuse H,O passivation=for 2 hours at150:C. From slope of the curve, we
observed that mobility increased after SCCO, fluid interfuse H,O passivation. In
addition, threshold voltage wasexténsive improvement after SCCO; fluid interfuse
H,O passivation.

Table 3-3 shows parameters (field-effect mobility, subthreshold swing and
threshold voltage) of a-Si TFTs before and after SCCO, fluid interfuse H,O
passivation for 2 hours at 150°C. TFTs had a gate width of 20pm and a gate length of
10um. The transfer characteristics were measured at a drain voltage 0.1V and
temperature was 30°C. Here we used random sampling and obtained 3 series of
measured results. In these result, it could observed that mobility, threshold voltage
and subthreshold swing showed extensive improvement after SCCO, fluid interfuse
H,O passivation.

Figure 3-18 shows transfer characteristics of a-Si TFTs (log (NId)-Vg) before
and after SCCO, fluid interfuse H,O passivation for 2 hours at 150°C. TFTs had a
gate width of 20um and a gate length of 10um. The transfer characteristics were

measured at a drain voltage 10V and temperature of 30°C. We observed that all
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parameters of a-Si TFT were also improvement.

Figure 3-19 shows output characteristics of a-Si TFTs before and after SCCO,
fluid interfuse H,O passivation for 2 hours at 150°C. TFTs had a gate width of 20pm
and a gate length of 10pum. The output characteristics were measured at temperature
of 30°C. It was been observed that drain current was increase after SCCO, fluid
interfuse H,O passivation.

Figure 3-20 shows transfer characteristics of a-Si TFTs before SCCO, fluid
interfuse H,O passivation for 2 hours at 150°C. TFTs had a gate width of 20pum and a
gate length of 10pum. The transfer characteristics were measured at a drain voltage
0.1V and temperature 30°C~60°C. Figure 3-21 shows transfer characteristics of a-Si
TFTs after SCCO; fluid interfuse H,O passivation for 2 hours at 150°C. TFTs had a
gate width of 20um and a gate length of 10um. The transfer characteristics were
measured at a drain voltage 0.1V .and temperature 30°C~60°C. Figure 3-22 shows
transfer characteristics of a-Si TETs before SCCO; fluid interfuse H,O passivation for
2 hours at 150°C. TFTs had a:gate width-of 20um and a gate length of 10pum. The
transfer characteristics were measured-at a-drain voltage 10V and temperature 30°C
~60°C. Figure 3-23 shows transfer characteristics of a-Si TFTs after SCCO, fluid
interfuse H,O passivation for 2 hours at 150°C. TFTs had a gate width of 20pum and a
gate length of 10pum. The transfer characteristics were measured at a drain voltage
10V and temperature 30°C~60C.

Figure 3-24 shows activation energy vs. gate voltage for the samples which
before and after SCCO; fluid interfuse H,O passivation for 2 hours at 150°C. TFTs
had a gate width of 20pum and a gate length of 10um. For gate voltages from -6V to
-2V, the activation energy (Ea) after SCCO, fluid interfuse H,O passivation was
higher than before SCCO; fluid interfuse H,O passivation. Because of a-Si TFT back
channel was repaired. The mechanism of back channel was discussed in the chapter
3.3. For gate voltages from -2V to 2V, the activation energy (Ea) after SCCO, fluid
interfuse H,O passivation was lower than before SCCO, fluid interfuse H,O

passivation. That is deep states were decrease after SCCO; fluid interfuse H,O
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passivation. For gate voltages from 2V to 6V, the activation energy (Ea) after SCCO,
fluid interfuse H,O passivation was lower than before SCCO; fluid interfuse H,O
passivation. That is tail states were also decrease after SCCO; fluid interfuse H,O
passivation.

Figure 3-25 shows density of states (DOS) vs. trap state energy (E;) for the
samples which before and after SCCO, fluid interfuse H,O passivation for 2 hours at
150°C. TFTs had a gate width of 20um and a gate length of 10um. Where trap state
energy (E;) was the needful energy which electron in the trap of the amorphous silicon
band gap jumped to conduction band (Ec). It was observed that deep states were
largely decreased. That is to say defect states were effectual degradation after SCCO,

fluid interfuse H,O passivation.

3.2 Material Analysis

From experiment result of chapter 3.1, we conjecture that defect states are
decreasing because of the dangling “bonds can .be terminated by oxygen atoms
provided from H>O. In order to demonstrate the incorporation of oxygen in silicon
films by the supercritical fluid passivation interfuse H,O. In this section, we use
fourier transform infrared spectroscopy (FTIR) to observe the change of intensity of
Si-O bonding. In addition, contact angle and thermal desorption spectroscopy (TDS)
are also been use.

Figure 3-26 shows the optical absorption spectra after passivation 2 hours. There
was no increment in the Si-H absorption peak within wavelength 2000 cm™ ~ 2200
cm™ after the H,O and supercritical fluids passivation. However, the S-O absorption
peak (~ 1080 cm™) was been observed, and there was increment in H,O and
supercritical fluids samples compared with only annealing treatment.

Figure 3-27 shows the optical absorption spectra after passivation 2 hours and

then hot plate baking 1 hour at 200°C. The same as before hot plate baking (Figure
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3-26), there was no increment in the Si-H absorption peak within wavelength 2000
cm™ ~ 2200 cm™ after the H,O and supercritical fluids passivation. However, the S-O
absorption peak (~ 1080 cm™) was observed, and there was increment in H,O and
supercritical fluids samples compared with only annealing treatment.

From figure 3-26, figure 3-27 and above discussions, it could be confirmed that
oxygen atoms dissociated from H,O and supercritical CO, fluid interfuse H,O would
only have the role of terminating the dangling bonds locally. The present passivation
by H,O and supercritical CO; fluid interfuse H,O will be useful for the reduction of
the defects in the silicon films for a-Si TFTs fabrication processing.

During H,O and supercritical CO; fluid interfuse H,O passivation, a large
number of polar H,O molecules would be absorbed in polycrystalline silicon thin film.
Therefore, the analysis of thermal desorption spectroscopy (TDS) for moisture, M/e
(mass-to-charge ratio) = 18 peak, is shown below. Figure 3-28 shows the thermal
desorption spectroscopy (TDS)- after passivation 2 hours. It is apparent that the
quantity of moisture in polycrystalline silicon thin films is arising greatly after H,O
passivation. However, the content of'moisture is almost intact, even less than the only
annealing sample, after SCCO2 fluids process mixed with H,O. This reason is
supercritical CO, fluids possess the high density property like liquid, so it can
transport more supercritical fluid than liquid. And supercritical CO, has diffusivity
greater than liquid, allowing for rapid transport properties. Besides, the absence of
surface tension provides for excellent mass transport into micro-porous matrices.

Figure 3-29 shows the thermal desorption spectroscopy (TDS) after passivation 2
hours and then hot plate baking 1 hour at 200°C. It is apparent that the quantity of
moisture in polycrystalline silicon thin films is almost the same as only annealing
sample after H,O passivation and SCCO; fluids passivation mixed with H,O. Because
of these samples was heating 1 hour after passivation.

For above discussion, SCCO, fluids passivation mixed with H,O maked devices
performance better. Additionally, the absorbed moisture in silicon thin films was also

decreased after supercritical fluids passivation.
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Material has hydrophobic resin or hydrophilic resin. When DI water drop in
hydrophobic resin, the value of contact angle is larger. After some treatment or on
another material of hydrophilic resin, the value of contact angle is reduced (Figure
3-30). In other words, material has hydrophobic resin then the value of contact angle
is larger. Material has hydrophilic resin then the value of contact angle is smaller.

Table 3-4 shows contact angle of polycrystalline silicon thin films after
passivation 2 hours. Lower row was after passivation 2 hours and then baking 1 hour
at 200°C. Upper row was after passivation 2 hours without baking 1 hour. From
experimental result, the contact angle of only annealing samples was slight decrease
in contradistinction to original polycrystalline silicon thin films. The slight decrease in
contact angle was native oxide on the surface after annealing. However, the contact
angle of passivation by H,O and SCCO, fluids mixed with H,O was heavily reduced
compared with original polycrystalling silicon thin films and only annealing samples.
Because these samples surfaces were been oxidation by moisture.

According to above results, it was been confirmied that the silicon bonds would

be terminated by oxygen atoms provided from H,O.

3.3 Mechanism

In this chapter, we will discuss density of states (DOS) in the amorphous silicon

and back channel effect in the a-Si TFTs.

1. Density of states (DOS) in the amorphous silicon

In a-Si film, defects are uniformly distributed over the film volume. The
crystalline order is lost within a distance of the order of the lattice parameter. This
results in the modification of band structure. The energy gap of a-Si is 1.5eV,
compared to 1.1 eV of single crystal silicon. The lack of a long-range order also

implies that some of the bonds are unsaturated, that is, dangling. In practice, a
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concentration of dangling bonds in the material is not avoidable. Reconstructed bonds
can form among dangling bonds. Both dangling and reconstructed bonds give rise to
electronic energy levels in the energy gap, and the dangling bond states are believed
to be located near mid-gap [35] (Figure 3-31). Other gap states can be introduced
purely as a consequence of the random fluctuations of the crystalline potential. These
states (disorder-induced localized states) are located at energies close to the
conduction and valence bands, and they constitute the so-called band tails [35]
(Figure 3-31). As a results, the energy gap is occupied with a continuum of states, and
is described by the DOS function N(E), which is expressed in cm_3eV_].

The a-Si:H TFT operation theory [36] (Figure 3-32) is very different from crystal
silicon MOSFET. When no voltage is applied, the energy bands are closed to the flat
band condition. If a gate voltage, which is positive but less than threshold voltage, the
Fermi level moves through the deep' states, which are occupied. Meanwhile, some
space charges locate in the tail band and-the occupancy of these states is low, since
they are above the Fermi level.:Thus, the deep states-dominate the total space charge.
The small fraction of the band tail electrons‘above the conduction band mobility edge
makes the increasing of source-drain current. The space charges in the deep states
increase in proportion to the increase in the gate voltage, but the current increases
exponentially as the band bending increases. Above the threshold voltage, the space
charge in the band tail states exceeds the space charge in the deep states, even though
the Fermi level is still below the tail states. Now, both the total space charge and the
source-drain current increase linearly with the applied gate voltage and we have a
well define filed effect mobility. The mobility is thermally activated with an
activation energy given by the width of the tail states, not by Ec-Er.

As mentioned above, we know that the Fermi level shift with the gate voltage is
strongly dependent on the density of states (DOS). At high density of states more
carriers must be induced in order to fill the states from E.upward. Therefore, it is
necessary to apply higher gate voltage in order to induce more carriers in the channel.

On the contrary, when the density of states is low, the states from E. upward are
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easily filled at low concentration of the induced charge and the Fermi level is easily
shifted at low gate voltages. From correlation between the DOS and the gate voltage
allows obtaining the shape of the density of states by studying the dependence of E,
vs. V.

The information on DOS shape is important for understanding the physical
mechanisms responsible for the device behaviors. The DOS shape is related to the

threshold voltage, subthreshold swing, and field effect mobility of the TFTs.

2. Back channel effect in the a-Si TFTs

Figure 3-33 depicts the leakage characteristics of the TFT [37]. Here, we identify
three distinguishable regions, which are characterized by ohmic conduction, front
channel conduction and conduction at the back interface. The relative dominance of
each mechanism is determined by bias conditions and device geometry, and is
elaborated in the reference paper [37]./Here, we' discuss the reverse subthreshold
region (back channel region).

When we apply low positive’(or negative) gate voltages, the drain-source current
changes exponentially with the gate-source voltage [37]. This region is known as the
subthreshold region, either for forward and reverse regimes of operation. At low
positive Vgs, the accumulation of electrons at the front a-Si:H / a-SiNx:H interface is
responsible for subthreshold conduction, whereby the TFT’s drain-source current
varies exponentially with the gate voltage. The extension of the band bending at the
interface into the bulk a-Si:H layer provides a low concentration of free electrons,
which in turn enables conduction by virtue of diffusion. As the gate voltage is
decreased to zero and to low negative values, this accumulation of electrons at the
front interface decreases only to leave behind electrons at the back a-Si:H / a-SiNx:H
interface, which now become responsible for the reverse subthreshold behavior
(conduction at the back interface). As the gate voltage is decreased further to high

negative Vgg, there is a growing accumulation of holes at the front interface. The
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conduction of this front hole channel is responsible for the exponential increase in the
current at high negative gate and high positive drain voltages (Figure 3-33). The
current is limited by field-enhanced generation of holes at the gate-drain overlap
vicinity by virtue of the Poole-Frenkel effect.

At low negative Vgs, the presence of electrons at the back interface and the
extended band bending in the bulk a-Si:H provides a conduction path for leakage [37].
The density of electrons at the back interface is dependent on the applied gate voltage.
An increase in the negative gate voltage decreases band bending and thus the electron
density at this interface. Therefore, the charge at the back interface can be reduced to
zero from its initial negative value (electrons) and can then become positive (holes)
by virtue of the negative gate voltage.

Figure 3-34 shows the band diagram for an arbitrary cross section of the TFT in
the middle of the channel, which illustrates the :accumulation of electrons at the back
interface. At low negative Vgs,~Gauss’ Law yields-for the electric field (Es;) in the

a-Si:H at the back interface

q°D,
ESizg—b(l//SbO _‘//sb) (3-1)

Si

Here, q denotes the elementary charge, &g the dielectric constant of a-Si:H,
Dy, the density of interface states, y, the band bending, and g, the no-voltage

band bending at the back interface. The applied voltage V, can be written as

Va=Ws +Vi +Veg (3-2)
Where Vi is the voltage drop over the gate insulator and
E
Vg =& — s _—;Fn (3-3)

Here, ¢,, is the gate metal work function, y the electron affinity in a-Si:H,
and E., the difference between the conduction band edge and the intrinsic
Fermi-level in a-Si:H. Gauss’ Law for the electric field (Egss) at the front interface

gives
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CV, —&5Eg =04 Dgy (’//Sf _'//Sfo) (3-4)
Where C; is the gate dielectric capacitance per unit area, Dggr is the density of
interface states, g is the band bending at the front interface and g, is the
zero-voltage band bending at the front interface. Reference paper [37], we can get the

following equation

quSSf Egi
V.-V :C—i(WSf _WSfo)"“//Sf +C—i
2
q°D 20NV v,
X L—SSb(l//SbO_l//Sb)] 4B gha (3-5)
& Esi

At low negative Vgs, the trapped carriers at the interface are much higher than

those trapped in the donor-like tail states. The reduces above equation to

q°D q°D
V, =V zTSSf(‘//sf “/ISfo)"“//Sf + C_SSb

('//Sbo ~WYsp ) (3-6)

Above equation shows the effect of-the applied-voltage on the band bending at
the two interfaces. Then, we substitute below. equation into above equation. The

voltage drop (Vsi) across the a-Si:H layer is

_ quSSb

Vg Ry —Wg, = - (‘//Sbo _‘//Sb)tSi (3-7)
si
Yields
V, —Ves =, (Vo — ¥, ) (3-9)
Where
2
a, ~ 9" Dy, 1+ 9" Dy
o Cs
Vio ® Vo
_S&si
S tSi

The current density J, in the back channel due to the presence of free electrons,
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OE,,

Jc :nree N oA, 39
h free x (3-9)

Where ng. is the density of free electrons, u, is the effective mobility of
electrons in the a-Si:H bulk, Ey, is the quasi Fermi level of electrons, and x is the
position. The density of free electrons can be written as

_Ecen v

n.=N.e "e" (3-10)

free

Where N¢ is the density of free carriers at the conduction band edge and Vr is
the thermal voltage. Integrating Jc, over the channel thickness yields the total current

at the back interface (Igc), as

5 oE,
IBC :WJ.O N free M Wdy (3-11)

Here, d is the thickness of the:electron-accumulation layer close to the back
interface. Then, calculates above equation and refers to paper [37], we can get the

following equation

W VGsivtb
e = loge 7o (3-12)
L
V 2 ’D
g, =159 Dsss {1+ 1 s }/T (3-13)
a'b Ci CS
Sr
Vip ® 8,V ® V_‘//Sbo (3-14)
T
~Ecen
qNCe " :unSr
= 3-15
0B Enqu ( )

Where, S; denotes the reverse sub threshold slope and y, is a fitting parameter.

Comparing the slopes of the current-voltage characteristics in the reverse and

forward subthreshold regimes, the density of states at the back and front interfaces can
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be obtained. However, the front interface has an interface state density that is smaller

by a factor of three only compared to the back interface.

S :V—qzquSSb l—l-quSSf
" a, C C, |’

From above equation, we also know that the density of back interface states (Dsgsp)

is lesser, reverse subthreshold swing (S;) is smaller.

3.4 Summary

In this chapter, we confirm that after the supercritical fluid passivation achieve
better device performances, including the on-current, the off-current, the threshold
voltage and the subthreshold swing, and also better filed effect mobility. In addition,
back channel is also repaired by supercritical: fluid passivation. These improvements
are attributed to the oxygen atoms passivation of the dangling bonds and it is observed
by material analysis (i.e. FTIR, TDS and Contact.angle). These mean that density of
defect states in the channel region (amorphous silicon) are decreased after

supercritical fluid passivation interfuse H,O.
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Fig. 3-1 Transfer characteristics of a-Si TETs before and after annealing

for 2 hours at 150°C (was measured at V=0.1V and T=30C)
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Fig. 3-2 Transfer characteristics of a-Si TFTs before and after annealing

for 2 hours at 150°C (was measured at V4=0.1V and T=30C)
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Device name | W/L=20/10 Mo'fi"ty >3 Vin
(cm?/VS) (V/dec.) (V)
Sample 1 Before 0.4018 2.0616 2.6603
After 0.3774 1.7849 1.5966
Sample 2 Before 0.4020 2.0539 2.2678
After 0.3938 1.8941 0.8000
Sample 3 Before 0.4032 2.0773 2.7078
After 0.3738 1.7901 1.1619

Table 3-1 Parameters of a-Si TFTs before and after annealing for 2

hours at 150°C (was measured at V4=0.1V and T=30C)
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Fig. 3-3 Transfer characteristics of a-Si TFTs before and after annealing

for 2 hours at 150°C (was measured at V4=10V and T=30C)
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Fig. 3-4  Output characteristics of-a-Si. TFTs before and after annealing

for 2 hours at:150°C (was‘measuied at T=30C)
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Fig. 3-5 Transfer characteristics of a-Si TFTs before annealing for 2

hours at 150°C (was measured at V4=0.1V and T=30"C~607C)
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at 150°C (was measured at V0.1 V:and T=30"C~60C)
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Fig. 3-7 Transfer characteristics of a-Si TFTs before annealing for 2

hours at 150°C (was measured at V=10V and T=30"C~607C)
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Fig. 3-13  Transfer characteristics of a-Si TFTs before and after H,O

passivation for 2 hours at 150°C (was measured at linear region, T=307C)
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Device name | W/L=20/10 Mo'fi"ty >3 Vin
(cm?/VS) (V/dec.) (V)
Sample 1 Before 0.4234 1.6098 2.3000
After 0.0350 3.3959 3.7452
Sample 2 Before 0.4068 1.7174 3.3095
After 0.0419 3.1355 3.5212
Sample 3 Before 0.4108 1.6480 2.7408
After 1.05x107 X X

Table 3-2 Parameters of a-Si TFTs before and after H,O passivation for

2 hours at 150°C (was measured at linear region and T=307C)
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Fig. 3-14 Transfer characteristics of a-Si TFTs before and after H,O

passivation for 2 hours at 150°C (was measured at sat. region, T=307C)
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Fig. 3-15 Output characteristics'of-a-Si TFTs before and after H,O

passivation for 2 hours at 150°C (was:measured at T=307C)
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Fig. 3-16 Transfer characteristics of a-Si TFTs before and after SCCO,
passivation for 2 hours at 150°C. (was measured at V4=0.1V and T=30"C)
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Fig. 3-17 Transfer characteristics-of a-Si TFTs before and after SCCO,

passivation for 2 hours at 1:50°C. (was measured at V4=0.1V and T=30"C)

Device name | W/L=20/10 Mo'fi"ty >3 Vin
(cm?/VS) (V/dec.) (V)
Sample 1 Before 0.4265 2.0447 2.8018
After 0.4375 1.3272 0.4224
Sample 2 Before 0.4249 1.9111 1.6530
After 0.4358 1.6278 0.2700
Sample 3 Before 0.4230 1.8460 1.1170
After 0.4390 1.4542 0.2673

Table 3-3 Parameters of a-Si TFTs before and after SCCO, passivation

for 2 hours at 150°C (was measured at V4=0.1V and T=30C)
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Fig. 3-18 Transfer characteristics of a=Si TFTs before and after SCCO,
passivation for 2 hours at 150°C. (was measured at V=10V and T=30C)
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Fig. 3-19 Output characteristics of a-Si TFTs before and after SCCO,

passivation for 2 hours at 150°C (was measured at T=30C)
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Fig. 3-20 Transfer characteristics,of a-Si TFTs before SCCO,

passivation for 2 hours at }50:C(measuredat V~0.1V, T=30"C~607C)
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Fig. 3-21 Transfer characteristics of a-Si TFTs after SCCO, passivation

for 2 hours at 150°C (measured at V4=0.1V, T=30"C~607C)
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Fig. 3-22 Transfer characteristics,of a-Si TFTs before SCCO,

passivation for 2 hours at.150°C (measured:at V=10V, T=30"C~607C)
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Fig. 3-23  Transfer characteristics of a-Si TFTs after SCCO, passivation
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Fig. 3-25 Density of states (DOS) vs. E, for the samples before and after
SCCO; fluid interfuse H,O passivation (2 hours, 150°C)
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Fig. 3-29 Thermal desorption spectroscopy after passivation 2 hours

and then hot plate baking 1 hour at 200°C
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Fig. 3-30  Contact angle measurement

Poly - Si SCCO,/ H,0O
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treatment) alcohol
Before (hot plate)
. 48.1 38 5 17.4
Baking
After (hot plate)
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Table 3-4 Contact angle after passivation

49




10%

1u21

I L ¥
donor-like
states g (E)

acceptor-like
states g,(E)

o~ 1[}2“ / . \
.> L tail states \
o 19 %
t?E 10
18
10
L ; fﬁep states
g 10 \
n ,,mﬁ
1 H15
1u14 | . i M T 1 L. ] . I
00 02 04 06 08 10 12 14 1.6
E E
v E F.E\.-' {EV) c
Fig. 3-31 Density of states (DOS) in the amorphous silicon
Gate SiNx a-Si Gate.  SiNx _.a-Si Gate SiNx a-Si
Vg:V[:B VFB<Vg<VT / Vg>VT /
Ec Ec
Ec ] r S C
E E E
FM E, Eoy — v /_' v
Erm
- /
EC EC
Ei Ee o o _— E;
Vg:V[:B Vg>VT
E\/ EV

Fig. 3-32  Schematic illustration of the basic operation of the a-Si TFT
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Chapter 4

Conclusion

Amorphous silicon thin film transistors (a-Si TFTs) have been widely applied to
fabrication of liquid crystal flat-panel display. Plasma enhancement chemical vapor
deposition (PECVD) has been used for fabrication of a-Si TFTs at low temperatures.
Inevitable amorphous silicon films among deposition can have electrically active
defect states due to dangling bonds and lattice disorder. The defects reduce electrical
current due to trapping carriers. One of most important problems on fabrication of
a-Si TFTs is the reduction of densities of those defect states.

In this thesis, we report fabrication of a-Si TFTs using defect reduction of
supercritical fluid passivation interfuse H>O. This method of the defect reduction
treatments is essential for the higher on-cutrent; thé lower off-current and threshold
voltage as well as the subthreshold swing, and ‘also better filed effect mobility. In
addition, back channel is also“repaired by supercritical fluid passivation. These
improvements are attributed to the oxygen atoms passivation of the dangling bonds
and it is observed by material analysis (i.e. FTIR, TDS and Contact angle). These
mean that density of defect states in the channel region (amorphous silicon) are
decreased after supercritical fluid passivation interfuse H,O. Incidentally, it is first
confirmed that the a-Si TFTs after the supercritical fluid passivation could achieve
better device performances. In order to compare with the result of supercritical fluid
passivation, we have also reported that the only annealing and the use of H,O
passivation at temperature of 150°C.

Additionally, supercritical fluids technology will have advantage for integrating

the fabrication of TFT-LCD’s, because of the low cost and the process easily.
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