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Study of Sol-Gel ZnO thin film transistor with oxidation

treatment

student : Chien-Jui Huang Advisors : Dr.Po-Tsun Liu

Department ( Institute ) of Industrial Technology R & D Master Program on

Photonics and Display Technologies
National Chiao Tung University

ABSTRACT

Zinc oxide(Zn0O) is a transparent semiconductor , it’s band gap is 3.3eV in the visible
region of the spectra and therefore, also less light sensitive .This transparent zinc-oxide thin
film transistor have character of less light sensitive * higher opening of AMLCD pixel ~ higher
mobility.

ZnO TFT was fabricated by sol-gel .Sol-Gel is a’spin-on-deposition technology. We
can use this way to form ZnO thin film in the room temperature(RT) and room pressure (RP)
environment. The process of spin-costing deposition provides a more efficient way for
depositing device components and low cost than vacuum techniques.

In addition, we dope Zr element in ZnO solutions to form ZrZnO thin film in order to
decrease the grain size of ZnO. We can use this way to get a ZnO show a semiconductor
characteristic.

When we finish the process of spin-costing deposition , we improve the ZNO-TFT

character by different annealing temperature - pressure and other oxidiative method. We

also improve the zno film uniform by different baking method, then we can get an optimal
condition.
The material analysis of ZnO film is discussed by AFM, FTIR, SEM, TDS and N&K.

The electrical characteristic was measured by the I-V measurement system.
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Table captions

Chapter1

Table 1 shows experimental flow path in my experiment.

Chapter2

Table 2 shows the material characteristic of the ZnO thin films with different baking
conditions.
Table 3 shows electronic properties of ZnO-base TFTs with different baking
conditions.
Table 4 shows electronic properties —of .ZnO-base TFTs with different curing
conditions.

Tableb shows a comparison sheet of the ZnO-and ZrZnO TFTs.
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Figure captions

Chapter1

Figure1-1 shows the hexagonal wurtize structure of Zinc Oxide

Chapter2

Figure2-1 shows a device structure of Zn1-xZrxO-TFTs

Figure2-2 shows a device structure of ZnO-TFTs

Chapter3

Figure3-1 shows the corresponding peaks of FTIR for ZnO

Figure3-2 illustrates the FTIR"-measurement result of varied baking temperature ZnO
film on a single crystalline Silicon substrate

Figure3-3 illustrates the FTIR measurement result of varied Curing temperature ZnO
film on a single crystalline Silicon substrate

Figure3-4 illustrates the FTIR measurement result of varied environment ZnO film on
a single crystalline Silicon substrate.

Figure3-5 illustrates the FTIR measurement result of varied Curing temperature
ZrZnO film on a single crystalline Silicon substrate

Figure3-6 shows the corresponding peaks of FTIR for ZrO

Figure3-7 illustrates the SEM measurement result of the ZnO thin films anneal under

350°C oxygen environment.
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Figure3-8 illustrates the SEM measurement result of the ZnO thin films anneal under
500°C oxygen environment.

Figure3-9 illustrates the SEM measurement result of the ZnO thin films anneal under
350°C vacuum environment.

Figure3-10 illustrates the AFM measurement result of the ZnO thin films baking at
150°C under oxygen environment.

Figure3-11 illustrates the AFM measurement result of the ZnO thin films baking at
200°C under oxygen environment.

Figure3-12 illustrates the AFM measurement result of the ZnO thin films baking at
30°C under oxygen environment.

Figure3-13 lustrates the TDS-measurement result of the Sputter ZnO thin films.
Figure3-14 illustrates the TDS measurement result of the Sputter ZnO thin films of
capping Nitride.

Figure3-15 shows the Ip-Vg of comparison between baking temperature150~300°C
by hotplate

Figure3-16 shows the Ip-Vp of our devices with the conditions of baking at 200°C for 10
min

Figure3-17 shows the Ip-Vgof ZnO TFT after stress

Figure3-18 show the Ip-Vg of our devices with the condition of annealed under 0.3 torr
oxygen ambient with different temperature 350 375 400°C

Figure3-19 shows the Ip-Vp of our devices with the condition of annealed under 0.3
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torr oxygen ambient with temperature 350°C for 1 hr

Figure 3-20 shows the ID-VG of our devices with the condition of annealed at 350°C
under oxygen ambient with pressure vacuum, 0.3, 0.6 torr for 1 hr.

Figure 3-21 shows the ID-VD of our devices with the condition of annealed at 350°C
under oxygen ambient with pressure 0.6 torr for 1 hr

Figure 3-22 shows the threshold voltage and mobility of the different curing pressure

Figure 3-23(a) show the Ip-Vg of our devices with the condition of annealed under

Room Pressure furnace.

Figure 3-23(b) show the Ip-Vp of our devices with the condition of annealed under

Room Pressure furnace

Figure 3-24 shows the different conditions of treat with H,O,

Figure3-25 shows the Ip-V¢ of our devices with-different condition of treat with H,O.
Figure3-26 shows the ID-VG of our devices with the condition of annealed under 0.3
torr oxygen ambient with different temperature 350 425 500°C

Figure 3-27 shows the threshold voltage and mobility of the different curing
temperature for ZrZnO TFTs

Figure 3-28 shows the ID-VG of ZrZnO devices with the condition of annealed at
350°C under oxygen ambient with pressure vacuum, 0.3, 0.6 torr

Figure 3-29 shows the threshold voltage and mobility of the different curing pressure
for ZrZnO

Figure 3-30 shows the ID-VG characteristic of ZnO and ZrZnO devices
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Chapter 1 Introduction

1-1 General Background

Transparent electronics are nowadays an emerging technology for the next
generation of optoelectronic devices. The fundamental device that enables the
realization of transparent circuits is a transparent transistor. The only possibility to
perform transparent transistors is by using oxide semiconductors. Oxide
semiconductors are very interesting materials becausethey combine simultaneously
high/low conductivity with high visual transparency and have been widely used in a
variety of applications (e.g. antistatic coatings; touch display panels, solar cells, flat
panel displays, heaters, defrosters; optical coatings, among others). Transparent

oxide semiconductor-based transistors have recently been proposed, using as active

channel intrinsic zinc oxide (ZnO). The main advantage of using ZnO deals with the
fact that it is possible to growth at near room temperature high quality polycrystalline
zinc oxide, which is a particular advantage for electronic drivers, where the response
speed is of major importance. Besides that, since ZnO is a wide band gap material
(3.2 eV), it is transparent in the visible regionof the spectra and therefore, also less

light sensitive.

Besides these works, ZnO-based TFTs reveal large off-state current, because the



channel is conductive without applying gate bias. This phenomenon may be attributed
to the as-deposited ZnO thin films containing high carrier densities, thus increasing
the conductivity in the channel. Hence, one of the most important works in ZnO-based
TFTs research efforts is to reduce the carrier concentration in ZnO thin films. Since it
has been demonstrated that the ZnO films exhibited a lower carrier concentration with
a higher annealing temperature. In this study, we investigated the properties of sol-gel
derived Zr-doped ZnO films at a low annealing temperature of 350°C, and the effects

on the electrical performance of Zn1-xZrxO-TFTs are also discussed.

1-2 Motivation

ZnO is an n-type, wide band gap(3.7eV) semiconductor with various applications,
such as varistors, acoustic wave devices, and light emitting diodes. Recently, ZnO
utilized as active channel layers (ACLs) in thin-film transistors (TFTs) have attracted
much attention due to its transparency and low processing temperature. Most of the
ZnO-based TFTs were realized by laser molecular-beam epitaxy, sputtering, or
pulsed-laser deposition (PLD), and the mobilities ranging from 0.05 to 70 cm2/Vs
were obtained with these studies. Besides the fabrication of ZnO ACLs in TFTs

involving vacuum facilities mentioned above, some studies demonstrated another



deposition method, Sol-Gel, to fabricate ZnO ACL in TFTs. Some one reported that

ZnO-TFTs had been prepared by the sol-gel process through dip and spin-coating

methods, respectively. For large area flat-panel display fabrication, the Sol-Gel

process provides a more efficient way for depositing device components than vacuum

techniques.

Zinc Oxide, having a hexagonal wurtize structure as shown in Figure1-1, has a

variety of optical and electrical properties depending on deposition condition. In

general, the structure, electrical properties, ZnO composition are strongly affected by

various processing conditions :such as the'.geometry of the apparatus, plasma

conditions, gas phase compaosition, ~processing temperature and annealing

temperature.

In this paper, we studied the device properties of TTFTs with ZnO film as channel

layer deposited by Sol-Gel. Studies will be undertaken to interpret the growth

mechanism of ZnO films, crystallographic structure, and electrical properties of the

films. We have explored experimentally as functions of the deposition and annealing

conditions and defined an optimal deposition condition for TTFT. By considering the

carrier concentration, the mechanisms of film growth and treatment methods will be

reported and discussed later.



Chapter 2 Experimental Procedure

Table 1 shows experimental flow path in my experiment. There were seldom
papers about this deposition method for depositing ZnO and ZrZnO film for TFTs utility.
Because of the innovation of Sol-Gel, we got to reference lots of surveys on other
deposition and treatment methods. Finally we defined a suitable deposition condition.

Thin films deposited procedures have been studied for a long time. We can divide
the thin film deposited procedures roughly in two parts. One is Physical Vapor
Deposition (PVD), and another one is Chemical Vapor Deposition (CVD) Technique.
In this study, we use a Chemical Vapor Deposition (CVD)— Spin Coater to deposit the

ZnO films as channel layer.

2-1 TFT Fabrication

In order to making sure our ZrZnO TFTs have lower off current , we demonstrated
the ZrZnO-based TFT with a conventional structure, to fabricating easily and
efficiently.

The device structure of Zn1-xZrxO-TFTs as shown in Figure2-1 is the

bottom-gate type and was fabricated by the following sequence of processes. The
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metal MoW was deposited on the glass substrate as a bottom gate electrode. Silicon
Nitride served as the gate insulator with a thickness of 3000 A. The source and drain
electrodes were made up of indium-tin oxide (ITO) and channel width and length were
50 and 3 2 m, respectively. Finally, the Zn1-xZrxO thin films were deposited by spin
coating with the processing

parameters.

The device structure of ZnO-TFTs as shown in Figure2-2 is the bottom-gate type
and was fabricated by the following sequence of processes. The metal MoW was
deposited on the glass substrate as a bottom gate electrode. Silicon Nitride served as
the gate insulator with a thickness of 3000-A. The source and drain electrodes were
made up of indium-tin oxide (ITO) 'and channel width and length were 50 and 3 xm,
respectively. Finally, the ZnO thin films were deposited by spin coating with the
processing parameters.

Device structure of ZnO and Zngg7Zrpp3O TFTs in bottom-gate type were
fabricated by the Taiwan TFT LCD Association (TTLA). The ZnO and ZrZnO film were

fabricated by spin coater in the National Nano Device Laboratories (NDL).

2-2 Experimental Procedures



After spin-coating ZnO and ZrZnO thin films, it will be treated with varied methods.
One is Room Pressure Annealing Furnace and another is Backend Vacuum
Annealing Furnace. The others is dip in H2O,. In Room Pressure Annealing Furnace,
we had controlled its temperature and oxygen pressure and gas flowing. In Vacuum
Annealing Furnace, we had controlled its temperature, oxygen pressure and gas
flowing in high vacuum atmosphere. In H,O,, we had controlled its dip time and
coating time. After these treatments, the material analysis and the electrical

characteristic of our devices had been measured and discussed.

2-2-1 spin-coating ‘deposition

The Zn.ZrO sol-gel precursors were synthesized by the mixing of zinc
Acetate(Zn(CH3CO00)2:2H20) and zirconium isopropoxide (Zr((CH3)2CHO)2)
dissolved in 2-methoxyethanol and monoethanolamine (MEA), and the solutions were
stirring at 60°C for 30 min. The nominal x value for Zn_ZrO is 0.3. Zn1_ZrO thin
films were deposited using the sol-gel solution by the spin-coating method. After
coating, the films were immediately baked at 300°C for 10 min on the Hot-plate.

The ZnO sol-gel precursor were synthesized by the mixing of zinc acetate

((CH3CO0O0)2Zn-2H20) dissolved in 2-methoxyethanol and ethanolamine. ZnO thin



films were deposited using the sol-gel solution by the spin-coating method. After
coating, the films were immediately baked at 200°C for 10 min on the Hot-plate. The
rotation rate of the spin coater is 400 rpm 15 seconds for step1 and 2000 rpm 20

seconds for step 2.

2-2-2 Changing Baking Temperature

After deposited by spin coating, the films were dried at three conditions ranged
from 150 ~300°C for 10 min over a hot plate to evaporate the solvent and remove
organic residuals. The procedures from coating to-drying were only one times until the
desired thickness of the sintered films was reached. Then we discussed the effect of

removal solvent and, the influence of crystallinity and uniformity of ZnO thin film.

2-2-3 Patterning

There are many scientific or technical literature which report HClI and HNOS3 can
etch ZnO. But we find the solution’s etching rate is too fast. It will damage the ZnO
pattern and exhibit a lateral etching phenomenon. So we use the CH3COOH as buffer

solution to reduce the etching rate. In our studies, we find out the optimal solution rate



as HyO: CH3COOH: HCI/HNO3; : = 1 : 2 : 40. HNO3 is main etching solution.
CH3COOH is buffer solution for reducing the etching rate. In our study, ZnO films are

patterned by photolithography and wet-etching with the solution mention above.

2-2-4 Changing Annealing Temperature

In general, the physical characteristics of polycrystalline semiconductors are easily
modified by their crystallite sizes and boundary effects. The electrical properties are
much more easily disturbed as’long as ‘the band structure altered inside the
crystallites from the optical properties. The size of crystallites and the magnitude of
the associated grain-boundary effects are dependent upon the preparation and
treatment method, such as temperature in deposition or annealing, sputtering process,
and deposition technique. In this section, we adjusted the annealing temperature for
ZnO films to find out the optimal conditions for TTFTs.

Vacuum Annealing Furnace was used as annealing equipment, when we wanted
to add the temperature conditions to improve the properties of ZnO films. Samples
could be studied with only temperature influence in high vacuum atmosphere, or in a
pure oxygen or nitrogen atmosphere by using vacuum Annealing Furnace.

After coating, ZrZnO films were immediately dried, and then annealed in a



Back-end vacuum annealing furnace at 300 350 400°C for 1 hr under oxygen
ambient. ZnO films were annealed in a backend vacuum annealing furnace at
350, 375, 400°C for 1 hr under oxygen ambient. Because we wanted to remove the
solvent and organic residuals. Then the size of crystallites can be increase and

re-crystallize with these conditions.

2-2-5 Changing Annealing Pressure

In our studies, Room PressureAnnealing Furnac and Vacuum Annealing Furnace
were used as annealing equipment. When‘we wanted to change the oxygen pressure
conditions to improve the properties-of ZnO films, samples could be studied with only
pressure influence in one temperature by using vacuum or Room Pressure Annealing
Furnace. We put samples with 0.1~0.6 torr oxygen pressure at 350°C for 1 hr in
vacuum Pressure Annealing Furnace.

Among a number of annealing conditions which can obviously influence the
properties of ZnO and ZrZnO films, by the material analysis and electrical
characteristic to establish a database of ZnO and ZrZnO thin films. And we can
choose to an optimal deposition and annealing condition for TFTs. We use N&K

analyzer to measure the thickness and SCANNING ELECTRON MICROSCOPE



(SEM) to analysis the grain size of ZnO and ZrZnO. All those films were examined by

Fourier Transform Infra-Red (FTIR) to check the bonding.

2-2-6 Hydrogen peroxide(H,0,) oxidation

Hydrogen peroxide is a liquid made up of two atoms of hydrogen and two oxygen
atoms (H20,). As a molecule, it is similar in structure to water (H20), but less
stable. It readily breaks down into water and oxygen when placed in contact with
something it can react with. For example, if you pour hydrogen peroxide on a wound,
you will see a fizzle similar t6 bubbles that appear when soda pop is poured into a
glass. Those bubbles on the wound*are oxygen.

The most simple approach to provide oxygen species for ZnO growth is to employ
O,, but the molecular bonding energy of O, is as high as 5.16 eV. This fact makes
thermal dissociation of oxygen directly at the substrate surface practically impossible.
So, it is necessary to provide special sources of reactive oxygen species for effective
ZnO oxidation. One of the possibilities to obtain reactive oxygen species is by
employing plasma source, but the implementation of plasma sources can cause
surface damage by high-energy particles, contamination of growing layers by source

materials and possible degradation of plasma sources due to the high reactivity of

10



oxygen radicals. So, further attempts to find alternative sources of reactive oxygen

species have been made to solve these problems. Such alternatives to oxygen

plasma cell can be the implementation of reactive oxygen-containing compounds ,like

ozone, electron cyclotron resonance source or the recently presented

implementation of H,O, as an oxidant for oxidation of ZnO. The improvements of the

quality of ZnO layers by employing hydrogen peroxide as an oxidant are described in

the present paper.

We dip the ZnO base TFTs in hydrogen peroxide solutions and changed the

coating times. ZnO TFTs were dipped in hydrogen peroxide solutions for 30min.

Among a number of oxidationconditions which can obviously influence the properties

of ZnO by the electrical characteristic. We use |-V systems to analysis the oxidative

efficiency of hydrogen peroxide for ZnO.
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Chapter 3 Results and Discussions

3-1 ZnO Film Analisys

3-1-1 The FTIR Measurement of ZnO and films

The principle of FTIR is that the energy of the molecules of our samples in
unoccupied excited rotational and vibrational states, which is different from the
ground-states, can correspond to photon energies found in the infrared. These can be
detected and identified by FTIR. Figure3-1 shows the corresponding peaks of FTIR
for ZnO. There are three peaks in the wavelength. (cm™) of 437 , 617 and 675. These
peaks belonged to ZnO. There.is one peak in the wavelength (cm™) of 1446. These
peaks belonged to C-H bonding. Fiqure3-2 illustrates the FTIR measurement result of
varied baking temperature ZnO film on a single crystalline Silicon substrate.
Figure3-3 illustrates the FTIR measurement result of varied Curing temperature ZnO
film on a single crystalline Silicon substrate. In this studies, we find out that the
organic bonding can be removed completely at 350°C. Figure3-4 illustrates the FTIR
measurement result of varied environment ZnO film on a single crystalline Silicon
substrate. In this studies, we find out that the organic bonding can be removed

completely under 350°C oxygen environment.
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3-1-2 The FTIR Measurement of Zry g3Zng 970 Films

Figure3-5 illustrates the FTIR measurement result of varied Curing temperature
Zrp03Zng 970 film on a single crystalline Silicon substrate. Figure3-6 shows the
corresponding peaks of FTIR for ZrO. There are five peaks in the wavelength (cm™) of
474, 530, 575, 630, 645. These peaks belonged to ZrO,. The Zr-O bonding is not
found in ZrZnO thin films by the FTIR measurement. No organic peaks were detected
in the Zry.03Zng 970 thin films by FTIR where the curing temperature is higher than

350°C.

3-1-3 The SEM Measurement of ZnO Films

The Scanning Electron Microscope (SEM) is a microscope that uses electrons
rather than light to form an image. There are many advantages to using the SEM
instead of a light microscope.

The SEM has a large depth of field, which allows a large amount of the sample to
be in focus at one time. The SEM also produces images of high resolution, which
means that closely spaced features can be examined at a high magnification.
Preparation of the samples is relatively easy since most SEMs on require the sample

to be conductive. The combination of higher magnification, larger depth of focus,

13



greater resolution, and ease of sample observation makes the SEM one of the most
heavily used instruments in research areas today.

We can check the grain size of ZnO thin films with different temperature and
pressure by SEM measurement. In our studies, we use SEM to analysis the ZnO films
which anneal under 350 and 500°C. In addition, we use SEM to analysis the ZnO films
which anneal under vacuum and oxygen environment. Figure3-7 illustrates the SEM
measurement result of the ZnO thin films curing at 350°C under oxygen environment.
Figure3-8 illustrates the SEM measurement result of the ZnO thin films curing at
500°C under oxygen environment.'Figure3-9:illustrates the SEM measurement result
of the ZnQO thin films curing at:350°C under vacuum environment. From the analysis

by SEM, we can conclude that'the ‘grain size is'increase with higher temperature.

3-1-4 The AFM Measurement of ZnO Films

In my studies, | use AFM ( Atomic Force Microscopy ) to analysis the roughness
of the ZnO thin film. The atomic force microscope (AFM) is a very high-resolution type
of scanning probe microscope, with demonstrated resolution of fractions of an

Angstrom, more than 1000 times better than the optical diffraction limit. The AFM was

14



invented by Binnig,Quate and Gerber in 1986, and is one of the foremost tools for
imaging, measuring and manipulating matter at the nanoscale.

Figure3-10 illustrates the AFM measurement result of the ZnO thin films baking at
150°C under oxygen environment.Figure3-11 illustrates the AFM measurement result
of the ZnO thin films baking at 200°C under oxygen environment.Figure3-12
illustrates the AFM measurement result of the ZnO thin films baking at 30°C under
oxygen environment. From the analysis by AFM, we can conclude that the uniformity
is decrease with higher temperature. The best roughness is baking at 150°C. But we
can not remove organic bond at'150°C, so we use two-step baking to solve this
problem. First, we put the ZnO-FFT on the hotplate at 200°C to get an uniform thin
films and then we put the ZnO=TET films'in‘the Furnace at 350 °C to remove organic

bonding.

3-1-5 The TDS Measurement of ZnO Films

Thermal Desorption Spectroscopy (TDS) involves heating a sample while
contained in a vacuum and simultaneously detecting the residual gas in the vacuum
by means of a mass analyser. As the temperature rises, certain absorbed species will
have enough energy to escape and will be detected as a rise in pressure for a certain

mass.
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We can check the oxygen diffusion of ZnO thin films with different temperature by
TDS measurement. In our studies, we rose the temperature to 500°C to analysis the
diffusion of the ZnO thin films. In addition, we capped SiNx with the thickness of
5000A by PECVD to prevent oxygen diffusion. Figure3-13llustrates the TDS
measurement result of the ZnO thin films. There are a lot of oxygen diffused from DC
Sputtered ZnO at 100~500°C. The maximal value is 0.289% at 300°C. When we
capped Silicon Nitride on the ZnO thin films, the oxygen was restrained form ZnO thin
films efficiently. The maximal value decreased and its value was 0.149g at 348°C.
Figure3-14llustrates the TDS measurementresult of the ZnO thin films of capping

Nitride.

3-2 The Electrical Characteristics of ZnO
based TFTs

3-2-1 Baking with various temperature

We put ZnO thin films on hotplate to remove the solvent and organic residuals
bonding. The temperatures were 150, 200 and 300°C. Figure3-10 shows the Ip-Vg of

comparison between baking temperature150~300°C by hotplate. Figqure3-11 shows

16



the Ip-Vp of our devices with the conditions of baking at 200°C for 10 min. And the
annealing temperature is 350°C and pressure is 0.3 torr with W/L=50/3 pm.

It can be seen that the properties of semiconductor increased dramatically with
lower baking temperature. Table2 shows that the roughness increase with higher
baking temperature and the ratio of organic bonding decrease with higher baking
temperature. Table 3 shows electronic properties of ZnO-base TFTs .The condition of
baking 200°C for 10 min shows a maximum mobility. The condition of baking 300°C
for 10 min shows a conductive property that is not a good semiconductor. Then we
stressed the ZnO-base TFTs of the Noramlly On for 30min. It can be seen that the
TFTs show a semiconducting ‘property. It is'showed in Figure3-12. It can be seen that
the defects increased dramatically with increasing stressing time. These defects will

trap a lot of electron to let a conductive ZnO thin film become a semiconductor.

3-2-2 Changing Annealing Temperature

We put ZnO thin films in Vacuum Annealing Furnace under 0.3 torr oxygen ambient
and the temperature are 350 375 400°C. Figure3-13 show the Ip-V¢ of our devices
with the condition of annealed under 0.3 torr oxygen ambient with different

temperature 350 375 400°C for 1 hr. Figure3-14 shows the |p-Vp of our devices with
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the condition of annealed under 0.3 torr oxygen ambient with temperature 350°C for 1
hr. Table 4 shows electronic properties of ZnO-base TFTs with different curing
conditions. The maximum mobility of ZnO TFTs is 0.0027 Vst where the curing
temperature is 350°C. According to the Table 4, threshold voltage decreased with
higher curing temperature. From the electrical characteristic, we can conclude that the
ZnO grain size is too big at higher temperature. So the grain size and free carrier
increase with higher temperature. Therefore, when we annealed at 400°C, the

electronic characteristic showed Normally On for ZnO-TFTs.

3-2-3 Changing Annealing Pressure

We put ZnO thin films in Vacuum Annealing Furnace at 350°C under oxygen
ambient and the pressure are vacuum , 0.3 , 0.6 torr. Figure 3-15 shows the ID-VG of
our devices with the condition of annealed at 350°C under oxygen ambient with
pressure vacuum, 0.3 , 0.6 torr for 1 hr. Figure 3-16 shows the ID-VD of our devices
with the condition of annealed at 350°C under oxygen ambient with pressure 0.6 torr
for 1 hr. Figure 3-17 shows the threshold voltage and mobility of the different curing
pressure.lt can be seen that the threshold voltage (Vt) decreased dramatically with

higher oxygen partial pressure. The mobility (u) increased dramatically with higher
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oxygen partial pressure. The maximum mobility of ZnO thin films was 4.6X10° V'.s™,
where the pressure is 0.6 torr. The minimum threshold voltage of ZnO thin films
transistor was 6 volt, where the pressure is 0.6 torr. From the electrical characteristic,
we can conclude that the defect of the ZnO thin films is too much and grain size is too
small at lower oxygen pressure.

We put ZnO thin films in Room Pressure Annealing Furnace at 350°C Fiqure
3-18(a)(b) shows the ID-VG and ID-VD of our devices. The characteristic of ZnO TFTs

is not better than annealing by Backend Vacuum Furance.

3-2-4 Hydrogen peroxide oxidation

In this chapter, we use two methods to treat with Hydrogen peroxide (H>O5). First,
we dipped the ZnO thin films transistors into Hydrogen peroxide, then we spined
varied times or annealed in higher temperature. Figqure 3-19 shows the different
conditions of treat with H,O,. Second, we dipped the ZnO thin films transistors into
Hydrogen peroxide with different temperature.

Figure3-20 shows the Ip-Vg of our devices with different condition of treat with
H,0O. It can be seen that only the condition 1 showed a semiconducting characteristic,

other conditions showed insulating characteristic. We can conclude that the H,O, can
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etch the weakly bonding of ZnO. Especially, the etching phenomenon is conspicuous
for grain boundary and interface of the ZnO thin films. So the other conditions show an

insulator.

3-2-5 Zrg03ZNg 970 based TFTs

ZnO-based TFTs reveal large off-state current, because the channel is
conductive without applying gate bias. This phenomenon may be attributed to the
as-deposited ZnO thin films containing high. carrier densities, thus increasing the
conductivity in the channel. In‘this paper, we replace ZnO with Zrg ¢3Zng.970.

Figure3-21 shows the ID-VG"and ID-VD of our devices with the condition of
annealed under 0.3 torr oxygen ambient with different temperature 350 425 500°C for
1 hr. Figure 3-22 shows the threshold voltage and mobility of the different curing
temperature. The threshold voltage and mobility increase with higher curing
temperature. When we annealed Zrg ¢3Zng 970 TFTs with 500°C for 1 hr, it shows a
normally on phenomenon. This result attribute to bigger grain size and higher carrier
concentration. Figure 3-23 shows the ID-VG of our devices with the condition of
annealed at 350°C under oxygen ambient with pressure vacuum, 0.3, 0.6 torr for 1 hr.

Figure 3-24 shows the threshold voltage and mobility of the different curing pressure.
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The threshold voltage decreases with higher curing temperature. The mobility
increases with higher curing temperature. Figure 3-25 shows the ID-VG characteristic
of ZnO and Zry 03ZNng 970 devices. Table§ shows a comparison sheet of the ZnO and
Zrp.03Zng 970 TFTs. The mobility and threshold voltage value of the ZnO TFTs is higher
than Zry03Zng 970 TFTs. Especially, the off-current of the Zrp ¢3Zng97O TFTs is lower

than ZnO TFTs. The off-current of the Zry 03Zns 97O TFTs is 1.12x107A.
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Chapter 4 Conclusion

We have developed an optimized deposition condition for Sol-Gel ZnO
semiconductor film and succeeded to fabricate a ZnO-based transparent thin film
transistor with bottom-gate structure. The optimal conditions for depositing the ZnO
film by Spin Coater at room temperature is baking 200°C on the Hotplate. With the
development of wet etchants, ZnO active regions can be patterned exactly and
completing TFT device fabrication. Followed by the implementation of thermal
annealing at different temperature, and in different pressure with oxygen flow, the
mechanism and the effect of thermal treatment on ZnO films also were studied in
detail. High temperature annealing process seems to cause the high carrier
concentration, and increase“.the *conductivity dramatically. The most suitable
deposition condition for ZnO films with solgel system have been successfully
established by annealing ZnO at 350°C and with 30 sccm oxygen flow at 0.6 torr. For
large area flat-panel display fabrication, the chemical solution deposition process
provides a more efficient way for depositing device components than vacuum
techniques. Finally, We successfully demonstrated ZnO and Zrg 03Zng 970 -based TFT

on glass substrate with low annealing temperature and other oxidation method.
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Figure1-1 shows the hexagonal wurtize structure of Zinc Oxide

Hexagonal wurtzite

|

Figure2-1 shows a device structure of Zry03Zng 970 -TFTs
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Figure2-2 shows a device structure of ZnO-TFTs
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Figure3-1 shows the corresponding peaks of FTIR for ZnO
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Figure3-2 illustrates the FTIR measurement result of varied baking temperature ZnO

film on a single crystalline Silicon substrate
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Figure3-3 illustrates the FTIR"mea‘su"re‘méﬁt re$ult of varied Curing temperature ZnO

film on a single crystalline Silicon substrate
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Figure3-4 illustrates the FTIR measurement result of varied environment ZnO film on

a single crystalline Silicon substrate.
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Figure3-35 illustrates the FTIR-measurement result of varied Curing temperature

ZrZnO film on a single crystalline Silicon-substrate
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Figure3-6 shows the corresponding peaks of FTIR for ZrO.
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Figure3-8 illustrates the SEM measurement result of the ZnO thin films anneal under

500°C oxygen environment.
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Figure3-10 illustrates the AFM measurement result of the ZnO thin films baking at

150°C under oxygen environment.

Cursor

Zero Crossing Stopband Execute

Roughness Analysis

Peak Surface Area Summit

Image Statistiecs

. Z range 9.031 nm
. Mean -0.0001 nm
. Raw mean -0.0001 nm
. RMs (Rq) 0.857 nm
. Ra 0.670 nm
Box Statistics
Z range
Mean
Raw mean
Rms (Rq)
Mean roughness (Ra)
Box x dimension
Box y dimension

0 1.

20061225.002
Peak Off Summit Off Zero Cross. Off Box Cursor

Figure3-11 illustrates the AFM measurement result of the ZnO thin films baking at

200°C under oxygen environment
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Figure3-12 illustrates the AFM measurement result of the ZnO thin films baking at

30°C under oxygen environment.
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Figure3-13 lustrates the TDS-measurement result of the Sputter ZnO thin films
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Figure3-14 illustrates the TDS measurement result of the Sputter ZnO thin films of

capping Nitride
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Figure3-15 shows the Ip-Vg of comparisonbetween baking temperature150~300°C

by hotplate

Te-5

o mm  — mm—

Te-B S
Te-7 +
Te-8 1
Te-9 4
Te-1H

Te-11

Te-124
_ p1E
Te-1H BZ00
—_———— B2

1E'1““|‘ T T T T
=20 1] 20 40 60

32



Figure3-16 shows the Ip-Vp of our devices with the conditions of baking at 200°C for 10

min
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Figure3-18 show the Ip-V¢ of our devices with the condition of annealed under 0.3 torr

oxygen ambient with different temperature 350 375 400°C
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Figure3-19 shows the Ip-Vp of‘our devices with the condition of annealed under 0.3

torr oxygen ambient with temperature 350°C for 1 hr
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Figure 3-20 shows the ID-VG of our devices with the condition of annealed at 350°C

under oxygen ambient with pressure vacuum, 0.3 , 0.6 torr for 1 hr.
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Figure 3-21 shows the ID-VD-of our devices with-the condition of annealed at 350°C

under oxygen ambient with pressure 0.6-torr for 1 hr
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Figure 3-22 shows the threshold voltage and mobility of the different curing pressure.
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Figure 3-23(a) show the Ip-Vgof our.devices with-the condition of annealed under

Room Pressure furnace.
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Figure 3-23(b) show the Ip-Vp of our devices with the condition of annealed under

Room Pressure furnace.
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Figure3-25 shows the Ip-V of our devices with different condition of treat with H,O5,
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Figure3-26 shows the ID-VG of our:devices with the condition of annealed under 0.3

torr oxygen ambient with different temperature 350 425 500°C
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Figure 3-27 shows the threshold voltage and mobility of the different curing

temperature for ZrZnO TFTs
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Figure 3-28shows the ID-VG of ZrZnO devices with the condition of annealed at

350°C under oxygen ambient with pressure vacuum, 0.3, 0.6 torr
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Figure 3-29 shows the threshold voltage and mobility of the different curing pressure

for ZrZnO
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Figure 3-30 shows the ID-V.G characteristic of ZnO and ZrZnO devices
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Table 1 shows experimental flow path in my experiment.
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Table 2 shows the material chaf*acteristiq of 'fHe ZnO0 thin films with different baking

conditions.
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Table 3 shows electronic properties of ZnO-base TFTs with different baking

conditions.
B150C350 B200C350 B300C350
mobility 3.77E-04 1.39E-3 Normally On
Vit 38 25 Normally On
On/off ratio | 1.59E+06 1.29E+5 Normally On
5SS 6.02 9.43 Normally On

Table 4 shows electronic properties of ZnO-base TFTs with different curing

conditions.

325°C | 350°C | 375°C | 400C
mobility | 0.000/7 | 0.0027 | 0.0039 X
Vit 35 28 -8 X
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Tableb shows a comparison sheet of the ZnO and ZrZnO TFTs.

17 on |off

LY

ZnO |3.6E-3| 107 | 10712

=
o

ZrZn0O | 2.3E-4 10-14
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