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Abstract

In this thesis, we have successfully developedga pierformance thin
film transistor (TFT) with zinc oxide active laydeposited by atmosphere
pressure plasma (APP) jet. Zinc oxide films shorersily preferred (002)

orientation in XRD analysis. Zinc oxide films hageer 8¢ transmittance

of visible light and band gap energy 3.25eV. Thamefzinc oxide films
deposited by APP jet are suitable for transparewnitces. Wide band gap can
release the issue of photo-excited leakage curdgnfirst, we fabricated
TFTs on silicon substrate. Experimental paramedérdPP jet which we
tested and compared including thickness of actigger, hot plate
temperature, carrier gas, and main gas. We haveelagjmd high
performance devices with an on/off ratio of 2.3%E0saturation mobility of
3.21cnf /Vs, a threshold voltage of 27.3V, a gate voltageng of 3.83
V/decade. In this thesis, several material analygibniques, such as XRD,

SEM, and PL were utilized to discussing the cryigition, grain size, and



surface morphology of ZnO films. Electrical chagagdtics and conduction
mechanisms of ZnO TFTs were also investigated B dharacteristic
analysis. We have fabricated TFTs successfully vdal experimental
parameters on glass substrate. It can prove thiagx@periments are feasible
for real and mass manufacturing in AMOLED or AMLCDhe threshold
voltage becomes lower from 27.3V to 11.8V becabusehydrogen in gate

insulator SiN: H would diffuse to active layer as donors.
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Chapter 1

Introduction

1.1 Forward

Display technologies are very important industime$aiwan, and create
the value of output near one trillion new Taiwanlals every year. Many
products we use day-to-day like PC screens, nat& bomputers, and cell
phones contain display technologies. TFT-LCD hasnbéeveloped for a
long time in display technologies. Amorphous sific(a-Si:H) thin film
transistors (TFTs), which are used widely as devefr TFT-LCD module
like Active Matrix Liquid-Crystal. Display (AMLCD),which integrates
TFT-LCD and backlight source module. For thinngesas and wider angle
of view, Active Matrix Organic Light Emitting DiodeAMOLED) has been
the leading role of display technologies recently.

But the deadly issue of the material based on H-fai:active layer in
TFTs is low field effect mobility (~0.5¢fiv™* SY)[1], photo sensitivity (low
band gap about 1.7eV) and rather high depositiompésature (~40Q )
[2],[3]. Since the band gap of a-Si is in visibkgime, the photo excited
carriers (photo current effect) might make the yaraed AMLCD and
AMOLED out of control. For this reason, the opaquetals to keep a-Si
based channel blind from visible light are integdahecessarily. This causes

lower opening of AMLCD pixels and more complicatklice fabrication.

Nowadays, organic light emitting diodes (OLED) hagen an



important development and target of display tecbgiels. Display
technology based on OLED is demonstrated to promuigor providing
lightweight, power efficient, and high brightnesrformance at reasonable
voltage and current levels. And AMOLED does notdchéacklight source
module because OLED can produce light by itselt tBa issue we need to
solve is that driving OLEDs need higher voltage anaing current than
LCDs for controlling circuit. However, the drivirgrcuit seems difficult for

us to use the a-Si based material for the low ritglimited.

So the material based on zinc oxide as active liay€FTs becomes the
better choice than a-Si because ZnO TFTs have angatyeous property
about high field effect mobility [4]. Zinc oxide ithe ideal material for
active layer in TFTs which can achieve the purposeefficient power

consumption, low fabrication temperature, and gadng ability [5].

1.2 Motivation

In fact, we can deposit thin film composed withezbxide by several
ways, including chemical methods and physical neghend. Different thin
film fabrication mechanisms would influence the maweristics of zinc
oxide like grains size, defect kinds, and thin fdomlity very much. Another
aspect we need to consider is prime cost durinthalbevice manufacturing
process. And the process integration of ZnO TFTstnlne suitable for
several different substrate materials like silieaafer for research and glass

for real mass manufacturing.

ZnO thin film deposited for TFTs reveals polycryiate with a

hexagonal wurtize structure and has a preferreghtaiion with the c-axis



perpendicular to the substrate [6]. Intrinsic Znlthfbehaves as an n-type
transparent semiconductor due to the defects ssiaxygen vacancies. In
fact, oxygen vacancies in zinc oxide could suppbefelectrons. It has a
wide band gap (~-3.37eV) with optical transmissawer 80% in the visible
portion of the electromagnetic spectrum. Besides, ttnin films based on
ZnO have been studied for several years for thewr tost, low photo

sensitivity, and high field effect mobility.

Recently, many teams announced their reports aflaitication
methods to ZnO TFTs, including RF magnetron spnt€r], atomic layer
deposition (ALD)[8], and pulsed laser depositiorP8)[9]. But physical
deposition and ALD need to be operated in vacuuramtier because
reducing the probability that.radicals‘and ions tmaalision with vapor
molecules during deposition. in this-way, RF or B@gnetron sputtering
and atomic layer deposition are not feasible fat amd mass manufacturing
because of high prime cost and‘low throughput, €@ TFTs by using
them to fabricate have better electrical propertiean normal chemical
depositions.

Some chemical solution depositions do not nbedoperated in
vacuum chamber, but there are many impurities afeicts which we could
not forecast in ZnO thin film. So the quality of @rbecome worse and is
not ideal for TFTs. Besides that, chemical soluti@positions usually need
high fabrication temperature (>4Q00 tp provide enough energy for
molecules debonding and chemical reaction. It fiscdit to integrate high
temperature process in TFTs fabrication if the sabss are glass and

flexible material. Synthesizing all above-mentionfdbrication methods



Issues, we studied the device properties of TFTth ¥nO film as active

layer deposited by atmospheric pressure plasma jet.

We paid much attention to atmospheric pressuregetuse this kind of
plasma does not require a complicated vacuum sysateich would reduce
the cost of processing and enlarge the size lib@}. [Moreover, atmospheric
pressure plasma jet is also a low temperature psoCeEhe temperature of

plasma could be as low as 200which could reduce the thermal damage of

substrate and even be applied for plastic substéR® jet is suitable for
large area substrate because of no vacuum chamBé&th jet systems. And
the most important reason of using APPCVD is thaliuof ZnO film
deposited by this fabrication method is well enotmlbe the channel layer
of TFTs .

In this paper, studies “will ‘be undertaken to intetrpthe growth
mechanism of ZnO films, crystallographic structued electrical properties
of the films and TFTs. We have explored experimgntes functions of the
deposition conditions and defined an optimal deposicondition for TFT
including fabrication temperature, thickness ahfilmain gas and carrier gas
during deposition process. And we integrated ZnO T#th an optimal
deposition condition on glass substrate to proaf this feasible to make a
transparent device by our fabrication method. 8ysidering the electrical
properties , the mechanisms of film growth, andittieiences of different

conditions will be reported and discussed later.



Chapter 2

Literature Reviews

2.1Reviews of thin film transistors applications
2.1.1Thin film transistors

A thin-film transistor (TFT) is a special kind oield-effect transistor
made by depositing thin films of a semiconductdivacayer as well as the
dielectric layer and metallic contacts over a suppg substrate[11]. A
common substrate is glass, since the primary agpit of TFTs is in liquid
crystal displays. This differs from the conventibmansistor where the

semiconductor material typically is.the substratesh as a silicon wafer.

TFTs can be made using a wide variety of semicaldunaterials. A
common material is silicon. The characteristicsaofilicon based TFT
depend on the crystalline state. That is, the semadigctor layer can be either
amorphous silicon, microcrystalline silicon, or aan be annealed into
polysilicon. Other materials which have been ussdsemiconductors in
TFTs include compound semiconductors such as cadnselenide and
metal oxides such as Zinc Oxide. TFT's have algm lmeade using organic

materials (referred to as an Organic TFT or OTFT).

By using transparent semiconductors and transpalentrodes, such
as indium tin oxide (ITO), some TFT devices canrbade completely
transparent[12]. Because the substrate cannottanttigshe high annealing

temperature, the deposition process has to be evasplinder relatively low



temperature. Chemical vapor deposition, physicglovadeposition are
applied.

There are two main TFTs structures which are shiowiigure2-1 The
structure A is top gate structure and structure Bottom gate structure. We
choose one of two structures in TFTs fabricationpbgctical requirements
and issues. The structure of top gate conformsodgmal ideals naturally
because this structure has been used in normdl digéct transistors for

many years. But majority of TFTs fabrications doesadopt this structure .

We need to consider that process of dielectricrldgposited by PECVD
or other deposition ways would maybe influence semuluctor active layer
by plasma bombarding or thermal. treatment. Defant interface charges
would appear in active layer and the interface betwdielectric layer and
active layer. In this way, electrical propertiestop gate structure TFTs

become worse by defects and interface charges.

We usually adopt bottom gate structure in advarid€s fabrication for
better quality of semiconductor active layer thap gjate structure because
the active layer is deposited after gate dieledayer and drain or source
electrode. Using this structure avoids plasma bodibg or thermal
treatment injuring active layer . And another bénsfbottom gate structure
Is that we can fabricate devices on silicon subedras gate electrodes. So
the gate leakage would deal little influence to idey because we use
thermal oxide to be gate insulator. In this way, ea@ focus on the active
layer of TFTs. But a new problem we need to soleeua bottom gate

structure is the stability of devices after actiager exposed to the air



directly after a long time. Mists and particles Wbinvade active layer and

made the reliability of devices become worse.

In this way, an effective method to solve this peob is depositing
preservation layer on active layer like siliconridié to avoid mists and
particles invading active layer. This method wourdrease the prime cost
and influence the active layer, but we choose botjate structure to avoid

plasma bombarding or thermal treatment injuringvadayer .

2.1.2 TFTs as OLED drivers

Passive matrix organic light emitting diode (PMOLEB a display
technology as shown in figure 2-2(a) [13, 1@L.ED describes a specific
type of thin display technology which-doesn't regua backlight. An OLED
Is driven by one data line and one scan line attone order. At one time
order only one scan line would be the grounding aftfter scan lines
connect to broken circuit. The nextitime order bleow scan line would be
the grounding .This action is ordered from firsrsdine to last scan line and
repeat again and again. When one scan line becammding, OLEDs
which be connected to it would be driven by datedi as shown in figure
2-2(b) [15].

Persistence of vision is the main mechanism of PEDLio form
images to our eyes because OLEDs keep radiating duning one time
order. When monitors size became larger, for keppieal persistence of
vision ,we need to drive OLEDs by large current argh voltage to make
them radiating more light. But this movement woaildke OLEDs having
short lifetime and large power consumption. S@ ihécessary to find out a

method to keep OLEDs radiating before scan lineneoted to grounding



and accepting data line the next time.

Active-matrix OLED (Active-matrix organic light-atting diode) is a
display technology for use in mobile devices andevisions. And
Active-Matrix refers to the technology behind thddeessing of pixels.
AMOLED technology continues to make progress towalow-power,

low-cost, and large size (e.g. 40-inch) for appiarzs such as TV.

An active-matrix OLED (AMOLED) display consists QfLED pixels
that have been deposited or integrated onto ditmrtransistor (TFT) array
to form a matrix of pixels that generate light upelectrical activation as
shown in figure 2-3(a), which functions as a seokswitches to control the

current flowing to each of the pixels as showniguife 2-3(b).

Typically, this continuous. current flow is contexdl by at least two
TFTs at each pixel ,one to start and stop the ahgqugf a storage capacitor
and the second to provide a voltage source atete heeded to create a
constant current to the pixel and eliminating needhe very high currents

required for passive OLED matrix operation.

Active-matrix OLED displays provide higher refresate than their
passive-matrix OLED counterparts, and they conswgaificantly less
power. This advantage makes active-matrix OLEDS sweted for portable
electronics, where power consumption is criticab#dtery life. The amount
of power the display consumes varies significadéypending on the color

and brightness shown.



2.2Reviews of ZnO TFTs

ZnO thin film deposited for TFTs reveals polycryiate with a
hexagonal wurtize structure and has a preferreghtaiion (002) with the
c-axis perpendicular to the substrate. Zinc oxide $everal advantages[16,
17]:

1. Cost down and abundant
2. Wide band gap~3.3eV
3. High mobility
4. Bipolarity material (n-type or p-type with difemt dopants)
And using zinc oxide to replace a=Si as activeldayd FTs has many
Advantages[18, 19]
1. High filed-effect mobility (> 1cmv ™ Sh
2. Low deposition temperature
3. Wide band gap (~3.3eV)

4. Stability
2.2.1 ZnO TFTs Fabricated by Atomic Layer Depositia

Atomic layer deposition (ALD) is a thin film depdisin technique that is
based on the sequential use of a gas phase chqrocalss. The majority of
ALD reactions use two chemicals, typically calledeqursors. These



precursors react with a surface one-at-a-time seguential manner. By
exposing the precursors to the growth surface tedba a thin film is
deposited.

ALD is a self-limiting (the amount of film matal deposited in each
reaction cycle is constant), sequential surfacemcstey that deposits
conformal thin-films of materials onto substratdsvarying compositions.
ALD is similar in chemistry to chemical vapor depios (CVD), except
that the ALD reaction breaks the CVD reaction imda half-reactions,
keeping the precursor materials separate duringrebetion. Due to the
characteristics of self-limiting and surface reawsi, ALD film growth
makes atomic scale deposition control possiblek&sgping the precursors
separate throughout the coating process, atomer @yntrol of film growth
can be obtained as fine as ~0.1 A (10 pm) per nayeol Separation of the
precursors is accomplished: by pulsing ‘a purge gamcélly nitrogen or
argon) after each precursor pulse to remove expessursor from the

process chamber and prevent 'parasitic’' CVD deposin the substrate.

The growth of material layers by ALD consists gbeating the
following characteristic four steps as shown inufeg2-4:

(1) Exposure of the first precursor.

(2) Purge or evacuation of the reaction chambeernmve the non-reacted
precursors and the gaseous reaction by-products.

(3) Exposure of the second precursor or anothatrnrent to activate the

surface again for the reaction of the first preours

10



(4) Purge or evacuation of the reaction chamber.

Transparent ZnO thin film transistor was fabricatedglass substrate.
The field effect mobility is about 1~10 éfd's. The active layer (ZnO), gate
insulator (ALO; or SiN), and source-drain electrode (ZnO:Al) were
deposited by atomic layer deposition as shown guiré 2-5. The carrier
density of the ZnO layer was carefully adjustedetduce off-current of TFT.
Good contact with small contact resistance was éoripetween the active
layer and the source—drain electrode. The on-offo raf ZnO TFTs
fabricated by ALD is about 810,

The four main factors contributing to obtain wedlHaved ZnO-TFTs
by ALD method were the reductionof the carrier amtoof ZnO film by
lowering the growth temperature, minimal damage the surface of
dielectric during the S/D and active layer processiee high quality of the
dielectric layer grown by ALD, and-the good ohmontact between the S/D
and the active layer resulting in ZnO TFT perforcersuitable for an
OLED driving device. Although the wet etching oéthctive layer degraded
the TFT performance, it showed promise as a larga mansparent display.
The active layer process temperature was as 1od085C and was also

compatible with a plastic substrate to realize=aifile display.

The major limitation of ZnO TFTs fabricated by ALi®its slowness and
high prime cost; usually only a fraction of a manar is deposited in one
cycle. Fortunately, the films needed for future-@ation ICs are very thin
and thus the slowness of ALD is not such an imporssue. Although the

selection of film materials grown by ALD is wide,amy technologically

11



important materials cannot currently be depositedlbD in a cost-effective
way. ALD is a chemical technique and thus ther@wsays a risk of residues

being left from the precursors.

2.2.2 ZnO TFTs Fabricated by RF Magnetron Sputterimg

Sputter deposition is a physical vapor depositioocess for depositing
thin films, sputtering means ejecting material frartarget and depositing it
on a substrate such as a silicon wafer. The tasgédte source material.
Substrates are placed in a vacuum chamber and uen@ga down to a
prescribed process pressure. Sputtering starts wahargative charge is
applied to the target material causing a plasmgl@aw~ discharge. Positive
charged gas ions generated in the:.plasma regionatracted to the
negatively biased target plate.at a very high sp@&ad collision creates a
momentum transfer and ejects atomic size partides the target. These
particles are deposited as a thin‘film'into thdame of the substrates.

Magnetron sputtering can be done either in DC or riRbtdes. DC
sputtering is done with conducting materials. lfe tharget is a non
conducting material the positive charge will build on the material and it
will stop sputtering. RF sputtering can be donehbodnducting and non
conducting materials. Here, magnets are used tease the percentage of
electrons that take part in ionization of eventsl dnereby increase the
probability of electrons striking the Argon atoms shown in figure 2-6,
increase the length of the electron path, and hermease the ionization

efficiency significantly.

ZnO thin-film transistors as shown in figure 2-7bifi@ated by RF

12



magnetron sputtering on Si substrates held nean temperature. The best
devices had field-effect mobility of more than 2%¥s and an on/off ratio
about 16~10. With high optical transparency ~80% for waveléngt
400nm.The combination of transparency in the \silelxcellent transistor
characteristics, and low-temperature processing es1aknO thin-film
transistors attractive for flexible electronics damperature sensitive

substrates.
2.2.3 ZnO TFTs Fabricated by Pulsed laser depositio

Pulsed laser deposition (PLD) is a thin film deponi (specifically a
physical vapor deposition, PVD) technique wheregh ipower pulsed laser
beam is focused inside a vacuum chamber to strileeget of the material
that is to be deposited as shown in figure 2-8sThaterial is vaporized
from the target (in a plasma plume) which deposiass a thin film on a
substrate (such as a silicon wafer facing the targéis process can occur
in ultra high vacuum or in the presence of a bamkgd gas, such as oxygen
which is commonly used when depositing oxides tiy foxygenate the

deposited films.

While the basic-setup is simple relative to manweotdeposition
techniques, the physical phenomena of laser-targetaction and film
growth are quite complex (see Process below). Whenlaser pulse is
absorbed by the target, energy is first convertedle¢ctronic excitation and
then into thermal, chemical and mechanical eneegulting in evaporation,
ablation, plasma formation and even exfoliatione Bjected species expand
into the surrounding vacuum in the form of a pluemntaining many

energetic species including atoms, molecules, relest ions, clusters,

13



particulates and molten globules, before deposibngthe typically hot

substrate.

Bottom-gate-type thin film transistors using ZnO as active channel
layer have been constructed. The ZnO layers wepesited using pulsed
laser deposition at 400 °C, and the material thas iformed had a

background carrier concentration of less thah0¥ cmi®. A double layer

gate insulator consisting of SiGnd SiN was effective in suppressing
leakage current and enabling the ZnO TFT to opeyateessfully. Théon
/off ratio of ZnO TFTs fabricated on Si wafers wasrethan 10and the
optical transmittance of ZnO TFTs fabricated orsglavas more than 80%.
These results show that it is possible to fabrieatensparent TFT that can
even be operated in the presence of visible lighit the deposition
temperature of PLD is too«high. It makes ZnO thimf transistors
fabricated by pulsed laser depasition not attractor flexible electronics on

temperature sensitive substrates.

2.2.4 ZnO TFTs Fabricated by Sol-Gel Process

The sol-gel process, known as a chemical solutieposition in
atmospheric pressure[20], is a wet-chemical tealigyidely used in the
fields of materials science and ceramic engineei®ugh methods are used
primarily for the fabrication of materials (typitala metal oxide) starting
from a chemical solution which acts as the preaufso an integrated

network of either discrete particles or networkypaérs. Typical precursors

14



are metal alkoxides and metal chlorides, which wplesarious forms of
hydrolysis and polycondensation reactions.

In this chemical procedure, the 'sol' (or solutigmadually evolves
towards the formation of a gel-like diphasic systntaining both a liquid
phase and solid phase whose morphologies rangedisetrete particles to
continuous polymer networks. In the case of théomhlthe volume fraction
of particles (or particle density) may be so lowtth significant amount of
fluid may need to be removed initially for the di&k properties to be
recognized. This can be accomplished in any nurabeays. The simplest
method is to allow time for sedimentation to occamd then pour off the
remaining liquid. Centrifugation can also be useddcelerate the process of

phase separation.

Removal of the remaining liquid (solvent) phaseursss a drying
process, which is typically ‘accompanied by a sigaift amount of
shrinkage and densification. The rate at whichstilgeent can be removed is
ultimately determined by the distribution of potgsn the gel. The ultimate
microstructure of the final component will clealdg strongly influenced by
changes imposed upon the structural template dutmg phase of

processing.

Afterwards, a thermal treatment, or firing procesften necessary in
order to favor further poly-condensation and enkamechanical properties
and structural stability via final sintering, deieation and grain growth.
One of the distinct advantages of using this methamy as opposed to the
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more traditional processing techniques is that ifieagon is often achieved
at a much lower temperature. Sol-gel process wasrsin figure 2-9.

The precursor sol can be either deposited on arstds$o form a film,
cast into a suitable container with the desiredpehar used to synthesize
powders. The sol-gel approach is a cheap and lowéeature technique
that allows for the fine control of the productiseenical composition. Even
small quantities of dopants, such as organic dyekrare earth elements,
can be introduced in the sol and end up uniform§persed in the final
product. It can be used in ceramics processing madufacturing as an
investment casting material, or as a means of mindwery thin films of

metal oxides for various purposes.

ZnO films deposited by sol-gel process for TFTs dnee thermal
treatment over 500 to make the grains size becoming larger as shawn i
figure 2-10. It makes ZnO thin-film transistors maated by sol-gel not
attractive for flexible electronics on temperatwensitive substrates. The
TFTs fabricated by sol-gel have a field effect nigbabout 0.5~1 cfilV s
and an on-off ratio 76-1° in previous literatures. We find some devices
fabricated by different methods data which is tistetable 2-1.
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Figure 2-5 ZnO TFT fabricated by ALD
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Figure 2-6 Magnetron sputtering
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Figure 2-7 ZnO TFT fabricated by RF magnetron spirity
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Figure 2-8 Pulsed laser deposition
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Table 2-1 Table of electrical properties and coodg

On-off IMobility Temperature |Condition
ratio (sz-v—l- S—l) (oc)
ALD 10°~10 2~15 <107 Vacuum
[RF 10°~10 1~10 <5¢ Vacuum
Sputtering
Pulsed 1010 1~5 400C Vacuum
Laser
Sol-gel 16~10 <1 500C  |Atmosphere
|Pressure
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Chapter 3
Experiments

3.1 Experimental Procedures
The experimental procedures listed below:

N+ Si Wafer RCA Clean

1

Thermal Oxidation 1000 A

4

ZnO Deposited by APP

i

Lithography and Wet etching

Hot Plat temperature
QL Film thickness
Carrier Gas

Drain and Source Electrode Main Gas
by E-Gun | | rreeeeeeeeeeeeeess

4L

Lift off Process
I-V properties
C-V properties

SEM images QL
XRD analysis
XPS analysis
PL analysis

Measurement and analysis

Results and Discussion
for Deposition Conditions

TFTs Fabricated on Glass
Subtrate

Figure 3-1 Schematic illustration of experimentaigedures.
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3.1.1 ZnO deposited by APP jet on Si wafer

In our Literature Reviews, the fabrication and mdi@s of bottom gate
type thin film transistors using an intrinsic Znirf as active layers will be
described. We chose bottom gate structure to b&abrecation of TFTs on
n+type silicon wafer as substrate. We usually atboftbom gate structure in
advanced TFTs fabrication for better quality of Egmductor active layer
than top gate structure because the active layelefwsited after gate
dielectric layer and drain or source electrode.nglghis structure avoids
plasma bombarding or thermal treatment injuringivaciayer .Silicon
wafer was TFTs gate electrode, and we chose n+$jijpen wafer for
lower gate electrode resistance and bias voltaggate electrode than

n-type Si wafer.

After RCA clean procedure, silicon wafer was put furnace for
oxidation process. Silicon dioxide-was chosen asgite insulator. And the
thickness of gate insulator was 1000A. Temperatidiréhermal oxidation
was 100@C with 90minutes. We chose this slightly thick tmelss because
we did not want the gate leakage current to inftgedevice I-V properties.
And then ZnO thin film was deposited by APP jetaasive layer with the
deposition conditions including hot plate tempematuZnO thickness,
different kinds of main gas and carrier gas, ddfegmratios of oxygen in main

gas.

We needed to find out the suitable deposition domts for promoting
the quality of zinc oxide deposited by APP jet.fabricate ZnO TFTs with

good electric properties and high transparence was goal. So the
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procedure of ZnO deposited by APP jet was the mggbrtant step in TFT
fabrication.

The zinc oxide thin films were deposited by APP gst shown in
figure 3-2 (the sketch of diagram isn’t proportidn® the real size of
equipment). N+ silicon wafers were placed on hateplvith suitable process
temperature. Zn(N§), water solution was used as fhwcursos to deposit

ZnO thin film. The concentration of Zn(NJ) water solution was 0.2M .

We chose a suitable gap distance as 5mm tosdepaO thin film with
good quality. The carrier gas carried mists of ZD{N water solution to the
plasma region. The carrier gas and mists of ZnjN®ater solution were
mixed with main gas, and these gases would becdammp by arcing
mechanism because of high pulsed voltage. ZR{N®,O, carrier gas, and
main gas would participate with-some. reactionslasma region. And then
main gas would carry these plasmas to substratereshece the plasmas
temperature. We could use a computer to contratrsng path including
starting point and terminal point. The scannindpais shown in figure 3-3.
The main gas carried plasmas to substrate anditiceozide films were
deposited by chemical vapor deposition.

Chemical vapor deposition (CVD) is the process @pasiting a solid
film on the wafer surface through one or more viggbrecursors, which
react or decompose on the substrate surface ta@edtie desired deposit.
Frequently, volatile by-products are also produceldich are removed by
gas flow through the reaction chamber. The samptace or its vicinity is

heated in order to provide additional energy to #iygestem to drive the
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reactions. The plasma and radicals would causg¢isaacand nucleation on
samples, and then zinc oxide films would grow frestand shape to

continuous films.

The experimental parameters of APP jet are showtalte 3-1. The
thickness of active layer(scan times), hot plateperature, carrier gas, and
main gas are experimental parameter which we wohklhge in order to
discuss the influences to devices and to find bet llest parameters for
electrical properties. We would use these paramétefabricate devices on
glass substrate. Other experimental parametersudgtiable for high quality
films so we would not change them during each empmrt like gap

distance, gas flow rate, and nozzle speed.

3.1.2 Patterning

After ZnO deposited, the next step was to defirdh d&T's active layer
region. This procedure was carried out in lithogsaprea by photo resist
spinner and mask aligner. The patterns on masldé@ining active layer
region, drain electrodes, and source electrodaetiasvn in figure 3-4. We
etched zinc oxide layer by 0.5% hydrochloric acidtev solution with 15
seconds after photo resist had been put cover zimeroxide as a barrier

layer for the region which we wanted to reserve.

When zinc oxide which we did not want to reserve lbaen etched
completely, the next step was to define drain andce electrodes . At the
first we though the procedures of defining draid source electrodes were
depositing aluminum and etching it by lithograpmg avet etching. But the

active layer was under drain and source electroldias. very difficult to
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choose suitable acid solution which kept good etglgelectivity between
aluminum and zinc oxide. Zinc oxide would be etckhedy quickly by all
acid solution which would etch aluminum. So we uaegpecial technique to
replace etching process to define drain and salemrodes on active layer.
This special technique was lift-off. The procedur&3 FTs fabricated on n+
silicon before lift-off process as shown in figuBe5. These procedures
contained thermal oxidation, ZnO thin films depeditby APP jet, and
defining active layer region by lithography techreq

3.1.3 Lift-off

Lift-off process contains several steps as showfigime 3-6. First we
put photo resist as a cover over zinc oxide regwich we did not want
aluminum deposited. And then we used E-Gun to depasninum about
1000A on Si wafer. At last, we put Si wafer in acet with ultrasonic
shaking to lift off all photo resist and aluminum ib. So a part of aluminum
would stay on active layer as drain and sourcerelées. And the device as
shown in figure 3-7 would be measured electricapprties and the results

would be discussed in next chapter.
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3.2 TFTs fabricated on glass substrate

After we found out the best parameters to &albel zinc oxide active
layer in TFTs on silicon substrate, we tried toriedite devices on Asahi
display glass substrate AN100. If the devices @sglkubstrate could work
and still has high performances, we could prove tha experiments are
feasible for real and mass manufacturing. The Z&%D $tructure is shown
in figure 3-8.And the patterns on mask are showifigare 3-9. The ZnO

TFTs on glass substrate are shown in figure 3-10.

At first TaN 50nm was deposited by sputter on gkadsstrate as gate
electrode, and then we defined the gate electregem by first mask. We

reduced the area of gate electrede toreduce REdatays.

The reason of using TaN to replace Al is that Tal¥ better thermal
stability. It was very important because the neXxCR'D process would be

proceeded in high temperature(40Q conditions. And then we used
PECVD to deposit SiN H (210nm) as the gate insulator. The thickness of
SIiN : H was chosen because the capacitance of gatetmrswiauld be same

to the capacitance of thermal oxide. The reasamsify SiN: H to replace
SiO, being gate insulator is the thickness of $iN thicker than Si@with

the same capacitance because of SHNhas larger dielectric constant than

SiG,.

In this way, the gate leakage current would redueeause of thicker

gate insulator. Another reason is there is manydgeh in SiN: H because

the raw materials of depositing SiNH in PECVD are Siliand NH. The
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hydrogen in SiN: H would defuse to zinc oxide as donors. Donors ttear
interface of gate insulator and active layer caelilice the threshold voltage
of device[21]. And then we defined gate insulategion by second mask.
The active layer, drain electrode, and source reldetwere defined by the
same methods of TFTs on silicon substrate. We tisedthird mask to
define active layer region and the forth mask téingedrain and source

electrodes region including lift-off process.
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3.3 Material analysis equipments

3.3.1 SEM

The scanning electron microscope (SEM) is a type elsctron
microscope that images the sample surface by swaitnvith a high-energy
beam of electrons in a raster scan pattern[22].€léerons interact with the
atoms that make up the sample producing signatsctiretain information
about the sample's surface topography, composdimmh other properties

such as electrical conductivity.

The types of signals produced by an SEM includersgary electrons,
back-scattered electrons (BSE),..characteristic ys§;ralight, specimen
current and transmitted electrons. Secondary eleatetectors are common
in all SEMs, but it is rare that a single machineuld have detectors for all
possible signals. The signals result from inteoadiof the electron beam
with atoms at or near the surface of the sampleghénmost common or
standard detection mode, secondary electron imagirtgEl, the SEM can
produce very high-resolution images of a sampléasar revealing details
about less than 1 to 5 nm in size. Due to the venyow electron beam,
SEM micrographs have a large depth of field yieddia characteristic
three-dimensional appearance useful for undersigritlie surface structure

of a sample.

We used SEM to observe the thickness of ZnO filmd aurface
configuration. Top views of SEM images could take tnformation about

grains size or roughness to us.
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3.3.2X-ray Diffraction

In an X-ray diffraction measurement, a crystal i®umed on a
goniometer and gradually rotated while being bomédrwith X-rays,
producing a diffraction pattern of regularly spaspots known as reflection.
The two-dimensional images taken at different rotest are converted into a
three-dimensional model of the density of electrathin the crystal using
the mathematical method of Fourier transforms, dogt with chemical
data known for the sample. Poor resolution (fuzzsher even errors may
result if the crystals are too small, or not umfoenough in their internal
makeup .X-ray crystallography is related to sevestiler methods for
determining atomic structures. Similar diffractipatterns can be produced
by scattering electrons or neutrons;. which arewike interpreted as a
Fourier transform. If single -¢rystals of sufficiesize cannot be obtained,
various other X-ray methods can be- applied to abtieiss detailed
information; such methods include_ fiber diffractigpowder diffraction and
small-angle X-ray scattering. In all these methdls, scattering is elastic;
the scattered X-rays have the same wavelengtheamtloming X-ray. By
contrast, X-ray scattering methods are useful ui\gshg excitations of the

sample, rather than the distribution of its atoms.

We used XRD to observe ZnO film and obtain infororatabout
crystalline structure and grain size. PolycrystallznO has a (002) peak in

typical x-ray diffractogram. And using Scherrerrfardation

D =KA/Bcosf to calculate grain size. D is grain size. K idrasient

parameter. A is the wavelength of X-ray.
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3.3.3 Photoluminescence analysis

Photoluminescence (abbreviated as PL) is a progeswhich a
substance absorbs photons (electromagnetic radjadiod then re-radiates
photons. Quantum mechanically, this can be destr@sean excitation to a
higher energy state and then a return to a lowerggrnstate accompanied by
the emission of a photon. This is one of many foaihkiminescence (light
emission) and is distinguished by photoexcitatiercitation by photons),
hence the prefix photo. The period between abswrpéind emission is
typically extremely short, in the order of 10 namoends. Under special

circumstances, however, this period can be exteimdeaninutes or hours.

PL analysis is shown in figure 3=10, we use He&Sefl (325nm) to be
the incident raywl to the material surface. The laser would arousetreles
jumping to conduction band (from valence band. Thexauld appear
electron-hole pairs. After a short time, the eleasr recombined with holes
in valence band. Antiv2 as emergent ray would radiate out from material
surface. We can detehv2 to know the material band gap energy. If there
are many trap states in band gap, the intensitywafwill reduce because
electrons are trapped in trap states.
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Figure 3-5Zn0O deposited by APP jet on Si substrate
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Table 3-1 APP jet experimental parameters

Parameter Value
Substrate temperature (°C) 100, 200, 300
Gap distance (mm) 5
Scan times 1,3,5,10,15,20
Carrier gas flow rate (sccm) 30
Main gas flow rate (SLM) 35

Carrier gas Nitrogen, CDA
Main gas Nitrogen + Oxygen ( sccm )
Zn(NO,), concentration (M) 0.2
Nozzle speed (mm/s) 20
Ultrasonic frequency (MHz) 2.45
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Chapter 4

Results and Discussions

4.1 Parameters of depositing ZnO films

APP jet process parameters we would change andnidsting scan
times, carrier gas, main gas, hot plate temperaWeewould discuss some
measurements and material analysis later. Whenngesine of these
parameters, other parameters we used were mostddes. The order of

results and discussions of each parameters is

1. The thickness of active layer
()20 nm  (2) 30 nm  (3)50 nm " (4)100 nm
(5)150 nm (6)200 nm
2. Hot plate temperature
(1)100C (2)20@ (3)300C
3. Carrier gas
(LN (2)CDA
4. Main gas
(1)N, 35SLM (2) N+120sccm@
(3)N,+240sccm@  (4)N,+360sccm @

5. TFTs Fabricated on Glass Substrate
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4.2 Thickness of ZnO in TFTs

The ZnO thin films deposited by APP jet are the tmogportant key
point of the electrical properties of devices. AIRP jet systems, we could
control several conditions including scan timegyriea gas, main gas, hot
plate temperature to influence the quality of ZriDectrical properties of
devices including current on-off ratio, field eftemobility, and threshold
voltage are significant for applications .But befdinding out the best
process conditions to deposit zinc oxide, we neé¢dathose a suitable ZnO

thickness for active layer.

In this experiment, Zn(Ng), water solution was used as thecursos
to deposit ZnO thin film. The concentration of Zig}), water solution was
0.2M .The main gas was,Mith-a flow flux 35sIm. The carrier gas was
CDA(Clean Dry Air) with a-flow flux 300sccm . Thermmperature of hot
plate was 100 . We chose several different thicknesses of Zn@dise
layer to fabricate TFTs. We used scan times torobtite thickness of ZnO.
The time of one scan cycle was 120 seconds. Anéxperiment conditions
were shown in table 4-1.We used SEM to check tlokniess of zinc oxide
was close to our expectation as shown in figureMelcould make sure that

zinc oxide grew about 10nm in one scan time.

The XRD analysis of different thickness active layggeshown in figure
4-2. The intensity of each diffraction peak becomaeger with thicker films
thickness. We found zinc oxide data in JCPDS(JointCommittee on
Powder Diffraction Standards) and compare eachradtibn peaks and
Bragg angle ( (002) at 2=34.42", (100) at 2 =31.769, (101) at &
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=36.252) .We could make sure the films deposited by APPaje zinc

oxide.

We could find out the films show typical polycryi§tee zinc oxide
properties including strongly preferred (002) ot&ion and appearing (100)
(101) orientation diffraction peaks. (002) orierdatis perpendicular to the

substrate and along c-axle.

For transparent devices application, we used gjpecimplement to
measure the transmittance of zinc oxide films @sglsubstrate. We find the

thickness below 100nm films has overdg§0transmittance. It is suitable for

transparent devices [23]. And we used a functiooualbransmittance and
reflectance

T=@1-R)e™

T Transmittance R : Reflectance
a : Absorption coefficient d : Thickness

We used the transmittance and reflectance to @uhe absorption
coefficient as shown in figure 4-3. And then wedisdsorption coefficient
to extract the band gap energy of zinc oxide. Téredbgap of zinc oxide we

calculated by absorption coefficient is 3.25eV.

PL analysis of zinc oxide is shown in figure 4-4¢ wse He-Cr laser
(325nm) to be the incident rdawl which radiated to the material surface.
The laser would arouse electrons jumping to conoidiand from valence
band. There would appear electron-hole pairs. A#ieshort time, the

electrons recombined with holes in valence bandl W2 as emergent ray
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would radiate out from material surface. We caredsdtv2 to know the

material band gap energy. The band gap energynaf axide which was
measured by PL is about 3.26eV because the waublefhdv2 is 380nm.

The results of different measurement methods sheav band gap energy.
The band gap energy 3.25eV is large enough forspament material
because of the largest energy of visible light.l888V. So the visible light
would not be absorbed in zinc oxide. In this wéng ¢lectrical properties of

devices can work normally in visible light enviroant.

The ZnO TFTs fabricated with different active laytarickness from
10nm to 200nm had been measured by Agilent 4156C,f¥ s curve and
Io-Vp curve as shown in figure 4-5. The gate leakageentrwas below
10"°A. It controls the off current of devices with 10n80nm, 50nm active
layer TFTs. We could find out-the devices which Haellargest on-off ratio
were the TFTs with active layer 30nm and 50nm. dh@ff ratios of them
are about 10

But the off current becomes larger with thickeckimess of active layer
including 50nm, 100nm, 150nm, 200nm. The reasarffafurrent becoming
larger is the leakage current paths and thicknéssctive layer become
larger at the same time when thickness above 50Rme. equivalent
resistance is too law when thickness above 50Mmen the thickness of
active layer is below 50nm, gate leakage dominatiesurrent as shown in
figure 4-6. When the thickness of active layer mwe 50nm, the bulk
leakage current in zinc oxide dominates off currdime result of electrical
properties shows the thickness between 30nm to 58nmost ideal for

on-off ratio. So we measured the\p curve of 50nm active layer devices.
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Figure 4-7 shows that total active layer is in é&ph state because the drain
current does not increase with drain voltage dusatgration mode.

We defined some important devices electrical prioger

Threshold voltage(saturation mode)
Ib=Kx (Vg-Vth)?
|D1/2:K1/2x (Vg-Vth)

Field effect mobility(saturation mode)
KY2=1/2 x W/L x Cox x Mobility
W/L= 100Qum /10Qum
Cox=31.85nF/cf

On-off ratio :

Imax/Imin

We extracted threshold voltage and field effect ititgbin saturation

Y2_v/s curve. The slope of curve in saturation mode §atd

mode by §
the intercept on x-axle is threshold voltage. Ahent we used ¥ to
calculate mobility. The important electrical profpes are listed in table 4-1.
We can find the mobility of device with 10nm actieger is very small. The
XRD analysis of 10nm zinc oxide is shown in figdr8. The quality of film
become worse because the intensity of (002) pealeak. We also use the

Debye — Sherrer equation to calculate grains dizeno oxide films:
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_ 0.9/
[ cosd

A is the wavelengtlf is the FWHM 0 is Bragg'’s angle

The grains size of 10nm film is 82A. The grainsesaf 30nm film is
291A.The grains size of 50nm film is323A.The grasie of 10nm film is
356A.The grains size of 10nm film is smaller thatmers very clearly
because the film is too thin. Grains can not groaturely and the film
shows amorphous structure. Too many grains in@ine would reduce the

mobility because of grain boundaries scattering.

Off currents of active layer above 50nm devicesobex larger than
active layer below 50nm devices because of smallgnvalent resistance
and more leakage current routes in bulk zinc ox@e.current of TFTs has
very little promotion from active layer 30nm to 200, but leakage currents
have lager promotion. So on-off ratio became smalilgh thicker active
layer. TFTs with 10nm active layer have very snmabbility because of
small grains size as shown in XRD results. We che@em to be the
thickness of TFTs active layer for ideal on-offioat
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4.3 Hot plate temperature

The next parameter we discuss is the temperafulnet plate. In many
deposition methods, we hope the film to crystalizaturely and to show
large grains size so that films deposited by mamgthods with heating
substrates. But high temperature maybe causes dhe&lamages or some
reactions we could not expect. The parameters bplade temperature are
100C , 200C , 30@ Figure 4-9 is theptVg curve of different hot plate
temperature. We can find the off current becomeyeiarwith higher
temperature, and the on current shows the samd bainthe promotion is
smaller than off current very much. A reasonablgaxation for the trend of
on current is grains size became larger becausetdigperature made films

crystallizing maturely by enough energy.

The SEM images of top view are shown in figureO4-Grains size
becomes larger with higher temperature and the Iityobvould increase
because of fewer grain boundaries scatterings.nSsurent becomes larger
with higher temperature. The trend is also foundfincurrent, but it is not
reasonable to explain that mobility variation doates the off current. In
table 4-2, promotions of field effect mobility withfferent temperature are

not enough to increase off current several orders.

Maybe films deposited on 300 substrate have more -carriers

concentration so that the off current becomes fattgen low temperature.
But threshold voltage of three different temperatdevices has no obvious
variations. It seems that carriers concentrationitoé oxide has no obvious

variations with different temperature parameters.
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And then we found a interesting phenomenon in ID-GUrve as shown
in figure 4-11. When we discussed about thickndsactve layer, 50nm
thickness zinc oxide could totally handle in depletregion during devices
were in saturation mode. But we found the draimentrbecome larger with
drain voltage even in saturation mode. It seemnsthiegie are leakage current
paths we do not find out. And then we discuss spossible reasons and

reasonable explanations.

High temperature in atmosphere-pressure environmeuld cause
reactions we could not expect between samples amdinathis way,
impurities or dopants in ZnO would cause defectd &maps. Even in
depletion region, carriers still could move trapttap. We make conjectures

that the hopping mechanism makes the.on and afécubecoming larger.

Another reason of increasing on and off currenthigh hot plate
temperature make the grain size-and mobility largeron and off current
become larger . We chose 1QDas hot plate temperature for better stability
and larger on-off ratio. Another reason is that temperature is suitable for

flexible electronics.
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4.4 Carrier gas

In APP jet systems we have three kinds carréess gould be chosen
including nitrogen, CDA (compressed dry air), armdoa. Nitrogen and
argon cause similar results in TFTs electrical props because their

activity is not large enough to influence reactigagously in plasma region.

So nitrogen and argon only have a function as nomeat gas about
carrying mists of precursor water solution to plasmegion as normal inert
gas. In this way, we chose nitrogen and CDA asiartagas to discuss
because argon is more expensive than nitrogen.tigaitrogen to replace
argon to be carrier gas is suitable for our costrdprinciple. We controlled
the thickness of active layer being:same with dgffie carrier gas. The

thickness of active layer is near 50nm.

Figure 4-12 shows very huge difference betweeog#n and CDA. The
off current with nitrogen as carrier gas is lartitean CDA about five orders.
And saturation current of nitrogen as carrier gasarger than CDA one
order. The results show some leakage current pltiménate the off current
in nitrogen as carrier gas, but gate leakage cudeminates the off current
in CDA as carrier gas.

We know the most familiar intrinsic defects in ziagide are oxygen
vacancies. The oxygen vacancies generate fregaisdn zinc oxide, and
increasing the carrier concentration. The relatignetween resistance and
carrier concentration is an inverse ratio. In thiy, it seems that the off
current with nitrogen as carrier gas increase lsxamarrier concentration

increases. The detailed device electric propedredisted on table 4-3. An

47



indeed evidence is that threshold voltage has \ayious difference
between nitrogen and CDA as carrier gas becausizeddifferent electrons

concentration.

When electrons concentration becomes larger, tesltbld voltage will
becomes smaller. Therefore we think that the oxy@®ancies in zinc oxide
generate free electrons to increase off current (BA as carrier gas has an
ability to repair oxygen vacancies. So the off eatrof devices with CDA as

carrier gas is smaller than nitrogen very much.

We think the oxygen in CDA can repair oxygen vaoas o that off
current is dominated by gate leakage. But CDA dostanany different
kinds gas including N(78%), Q.(21%);. Ar (1%), CQ Ne, He and so on.
For proving oxygen is the key point to influencevides electrical properties,
the next parameters we tested are different rafi@xygen in nitrogen main

gas. The carrier gas was still nitrogen:.
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4.5 Main gas

Several flow rates of oxygen were mixed withimgas, the parameters
of main gas are (1)\85 SLM (2)N35 SLM + Q 120 sccm (3)B35 SLM
+ O, 240 sccm(4)M35 SLM + Q 360 sccm. The results of electrical
measurement are shown in figure 4-13. There isoalsvidecrement of off
current when oxygen was mixed with main gas. ltrsethat oxygen causes

very large influence to zinc oxide films.

And then we find that gate leakage dominates thewfent of devices
with oxygen in main gas. The electron concentratimtomes smaller
because oxygen vacancies are repaired by oxygemaim gas. When
electron concentration becomes'smaller, the thidslatage will becomes
larger. So table 4-4 shows threshold voltage ofasvbecomes larger when

oxygen is mixed with main gas.

Oxygen causes some influences to mobility as shovigure 4-14 and
to threshold voltage as shown in figure 4-15. We fiad some evidences
about oxygen vacancies are repaired by oxygen in gas by PL analysis.
When there are defects in material, some trap sstatkk appear between
conduction band and valence band. In figure 4-hé, incident rayhvl
radiateto the material surface. The laser would arousetreles jumping to

conduction band from valence band.

There would appear electron-hole pairs. After artshone, the
electrons recombined with holes in valence bandl W2 as emergent ray
would radiate out from material surface. We caredgtv2 to know the

material band gap energy. If there are many trapestin band gap, the
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intensity of hv2 will reduce because electrons are trapped in ttafes
Therefore the intensity afiv2 is stronger with the more oxygen ratio as
shown in figure 4-17 because defects and oxygeanges are repaired.
When the flow rates of oxygen are 240sccm and 3B0sthe intensity of
hv2 shows weaker than 120sccm oxygen flow rate. Theare we think is
too much oxygen in zinc oxide causes some defdasokygen atoms in
interstitial sites. Another important influence okygen is that mobility
decreases from 2.97é " S* to 1.75cri V"' S . Figure 4-18 shows that
the (002) orientation which has most strong intigns weaker with more
oxygen in main gas. But (110) and (100) orientapeak is stronger with
more oxygen in main gas. Oxygen radicals and itwasvshigh activity, so
nucleation will emerge in phase plasma regionhla way, particles which
are produced during nucleation emerges in phasenplaegion will appear
in zinc oxide. They are scattering centers andethest field effect mobility
reduces. We can see there are more particles wnsfirface with more
oxygen in main gas in figure 4-19.

Oxygen vacancies could provide free electrons asi@an ZnO. When
the concentration of electrons becomes larger,thiheshold voltage will
become smaller. Oin main gas can revamp oxygen vacancies in ZnO.
Oxygen radicals and ions have high activity, soleaton would emerge in
phase plasma region. Synthesizing all above-mestiome chose N+ 240
sccm Q to be main gas parameter because of largest aadf At last we
compare the electrical properties of our deviceth viiest experimental
parameters to other devices fabricated by severahwn methods as listed
in table 4-6.
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4.6 TFTs on glass substrate

After we found out the best parameters includiotgive layer thickness,
carrier gas, main gas, hot plate temperature tacktle zinc oxide active
layer in TFTs on silicon substrate, we tried toriedite devices on Asahi
display glass substrate AN10O. If the devices @sglsubstrate can work
and still have high performances, we can prove thatexperiments are

feasible for real and mass manufacturing.

Electrical properties of devices on glass substietd on silicon
substrate are listed in table 4-5. Because the igatgator of devices on

glass substrate is SiN deposited by PECVD. Surface of SiN is rougher

than thermal oxide, and there are ‘many traps aridctdeexist in the

interface between gate insulator and active lay®. the mobility and

subthreshold swing of devices on glass substrateorse than devices on
silicon glass substrate. The gate leakage cur@ntrdites the off current as
shown in figure 4-20 so that the off current of ideg on glass substrate is
larger than devices on silicon substrate. Figu 4&hows that the active
layer is total in depletion region during devices &andled in saturation

mode.

The hydrogen in SiN H would defuse to zinc oxide as donors. Donors
near the interface of gate insulator and activeeragould reduce the
threshold voltage of device. So the threshold galthecomes lower from
27.3V to 11.8V. This is a very important improvermdrecause lower

threshold voltage is suitable for TFTs as drivarsircuits.
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(a)Scan one time about 10nm (b)Scan 3 timesutal30nm

(c)Scan 5 times about 50nm (d)Scan 16édgiabout 100nm

1
15.0kV 13.1mm x50.0k SE(U) 1.00um 15.0kV 13.5mm x100k SE(U) 3/4/10 19:29

(e)Scan 15 times about 150nm (HScanr@égiabout 200nm

Figure 4-1 SEM images of real zinc oxide thickness
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Figure 4-3 Transmittance of different thicknessczmide on glass substrate
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Figure 4-10 Top view SEM images with different tesrgture
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Table 4-1 Electrical properties of devices
with different active layer thickness

10nm 30nm 50nm 100nm 150nm 200nm
On-offratio | 7 5% 105 | 1.53%107 | 12X107 |52X105 |1.64X105 |7.5X10¢
Field-effect| 0.05 3.02 3.12 2.78 3.21 3.56
mobility
(em? « V¥ - 8)
V,, 242V 273V |278v  |272v |283V 28.8V

Table 4-2 Electrical properties of devices with

different hot plate temperature

100 °C | 200°C |300°C
On-off 8.2x10% | 2.5%10° | 8 2%x10°
ratio
Field- 1.12 |1.85 2.54
effect
mobility
E{th 202V | 201V | 30,1V
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Table 4-3 Electrical properties of devices withfehént carrier gas

CDA |N;
On-off 0.2x10° | 1.1x10°
ratio
Field-effect | 1.12 | 2.1
mobility

20.7V | 18.5V
Vl;h

Table 4-4 Electrical properties of devices with
different O2 ratios in main gas

N, N,+120 N,+240 N,+360
st:al:llll:I'l 5 m:llll:I'l 5 ﬂ:mﬂl

On-off 6.2x107 | 4.5x%107 | 8.2x107 | 3.7x107

ratio
Mobility 2.07 25 1.03 1.75
Vi 15841V | 23,60V | 2435V | 2456V

Table 4-5 Electrical properties of devices on dédfe substrates

On-off | Field-effect | Subthreshold- |V &
ratio mobility swing
TETs onglass | 5.8x10° | 1.78 4.78V/decade |11.8V
substrate
TFTs on silicon | 2.3x107 | 3.21 3.83V/decade |27.3V
wafer substrate
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Table 4-6 Table of ZnO TFTs electrical propertied process

conditions of several methods to fabricate devices

[24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34]

On-off Mobility Temperature | Condition
ratio (cm® » V1 e ST (‘C)
APP Jet 2.3x107 3.21 200°7C Atmosphere-
Pressure
ALD 105~108 2~15 <100°C Vacuum
RF 105’“10? 1~15 {SU:C Vacuum
Sputtering
Pulsed Laser | 104~106 1-5 400 °C Vacuum
Sol-gel 103~10% =1 500 °C Atmosphere-

Pressure
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Chapter 5

Conclusions

We have fabricated TFTs with zinc oxide depositgd abmosphere
pressure plasma jet. The zinc oxide films shownsgiip preferred (002)
orientation perpendicular to the substrate and h@de band gap 3.25eV.

Zinc oxide films have over 8§ transmittance with visible light.

Experimental parameters which we chose includingktiess of active
layer, hot plate temperature, carrier gas, and masimake TFTs becoming
high performance devices with an on/off ratio 08x0, a saturation
mobility of 3.21cn/Vs, a threshold-voltage of 27.3V, a gate voltagig
of 3.83 V/decade.

We have fabricated TFTs'"'successfully with ideal esxpental
parameters on glass substrate. It can prove thiagx@eriments are feasible
for real and mass manufacturing. The thresholdageltboecome lower from

27.3V to 11.8V because the hydrogen in gate insufilN: H would diffuse

to active layer as donors.
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Chapter 6
Future Works

We have fabricated TFTs on glass substrate suctigsdfut the gate,
drain, and source electrode materials are Al arid. Tia the future we can
study other materials like TCO to replace metatteteles, and the TFTs

will become total transparent devices.

AZO, GZO, and 1ZO deposited by APP jet have highduativity and
transmittance. SiQdeposited by APP jet shows good insulator properti
We can integrate the TCO, Si@nd ZnO in one transparent device by APP

jet systems. In this way, the prime cost will dese

The hot plate and plasma temperature is too highséme flexible
substrates. We can study how to reduce the proeegserature in the future.

We will make APP jet suitable for flexible electros
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