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ABSTRACT

In this thesis, we have successfully developediraftim transistors (TFT)

using a novel material amorphous-Indium-GalliumeZdxide (a-1IGZO) as

semiconductor layer, with high carrier mobility. &'hluse of 1GZ0O-based
material can increases the field-effect mobilityTéifT devices, the aperture of
AMLCD panel and releases the issue of photo-exdi#alage current. In this
work the a-IGZO film was deposited on a glass gabstby sputtering
Indium-Gallium-Zinc-Oxide target in DC glow disclgar plasma of an
argon/oxygen mixture. We changed the power of D@tepand substrate move
rate to adjust the uniformity of the a-IGZO filmIs&, the conductivity and
carrier concentration were controlled by adjustthg flux of the mixture
oxygen during film deposition and thermal anneal@gperatures. An optimal
IGZO film deposition condition was finally estaltied at room temperature for
the 1IGZO TFTs. The benefit of using the DC sputigstem possesses the
feasibility and varieties to easily adjusting tiptimal rate of a-IGZO for TFTs.



Several material analysis techniques, such as ARRD, SEM, Four-Point
Probe, and etc. were utilized to discussing thestafyzation, grain size, and
sheet resistance of a-IGZO films. Electrical chemastics and conduction
mechanisms of a-IGZO TFT devices were also invatt by |-V characteristic
analysis and DC bias stress stability. Finally, dngbient effect was discussed.
The water molecule absorption dominates the a-l@Gfbient interaction in
ambience. The SiNx or SiOx passivation layer wagsodieed by PECVD at 200
°C. Furthermore, their performance such as enviemal stability is

investigated.
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Chapter 1 Introduction

1.1. General Background

Display technologies have become an important HiRTiadustry in recent
years. Nowadays, the a-Si:H TFT, which is used lyides drivers of Active
Matrix Liquid-Crystal Display (AMLCD), has encroaeth on the territory of the
cathode ray tubes. But the deadly issue to the rrahteased on a-Si:H in
channel layer in TFTs is low field effect mobilif- 0.5 cni/Vs), photo
sensitivity (low band gap about 1.7 eV) and rathgh deposition temperature

(~ 400 °C). Since the band gap of a-Siis-in visible regithe photo excited

carriers (photo current effect) " might make the yaoh AMLCD out of control.

For this reason, the opaque metals to keep a-8dbasannel blind from visible
light are integrated necessarily. This causes lavpEning of AMLCD pixels
and more complicated device fabrication.

In terms of power consumption, a large part oféhergy of the display is
cost from the backlight instruments, such as CathGde Fluorescent Lamps
(CCFL). We need to maximize brightness and efficyerut the opaque TFTs
based on a-Si:H restricts the amount of light tbeat be transmitted to the
observers [1]. Then, fabricating high-performanavices is challenging of
owing to a trade-off between the brightness andgrosonsumption. For the

purpose of enhancing power efficiency, display tetbgy based on organic



light emitting diodes (OLED), including polymerglhit emitting diode (PLED)
are demonstrated for promising for providing ligbight, power efficient, and
high brightness performance at reasonable voltagearrent levels.

Another advantage of using organic and polymer natés the low
fabrication temperature, which can also realize d@lvay on flexible substrate

(processing temperature below 2@0). But the challenging facing the OLED

and PLED is the need of high driving voltage anghhdriving current for the
controlling circuit. However, the driving circuieems difficult for us to use the

a-Si based material for the low mobility limited.

1.2. Amorphous Semiconductors

An important semiconductor feature is the carrieonaentration
controllability over several orders of magnitudéAmorphous semiconductors
are preferred over polycrystalline ones for actaxgers from the viewpoints of
processing temperature and uniformity of devicaattaristics.

Research on amorphous semiconductors started iM0s196 seek
appropriate materials. Fig. 1-1 summarizes thef bnistory of amorphous
semiconductors. The largest impact on electrongsthe discovery of
hydrogenated amorphous silicon (a-Si:H) by Speat beComber in 1975.
This is the first material which can control carr@ncentration by impurity

doping as in crystalline, and it opened a new fesntalled ‘Giant Micro-



electronics’ which means electronics based on itg¢abricated on a large area
substrate. Nowadays, active-matrix flat-panel éggAMFPD) circuits mainly
use a-Si:H thin film transistors (TFTSs).

Recently, a new electronics is emerging for appbca which cannot be
fabricated by Si MOS technology. This frontier e¥ible electronics” is
characterized by electronic circuits fabricated aganic (flexible substrates)
instead of inorganic (hard) glasses. The flexi#ectronic area was born to
meet a strong demand for large-area displays beadlass substrates are heavy
and fragile, and are obviously inconvenient. Amawsh semiconductors are
much preferable than crystalline semiconductordléxible electronics. So far,
organic molecule semiconductors have been almadusxely examined for
such applications but their. performance, and chdmigstability are not
sufficient for practical applications.———Further,etHield-effect mobilities of
organic TFTs are too low to drive high-resolutidnigh speed active matrix

organic light emitting diode (AMOLED) displays [2].

1.3. Amorphous In-Ga-Zn-O TFTs

Transparent Amorphous oxide semiconductors (AOSsg¢ lattracted keen
attention since the high performance thin-film &igtors can by obtained by
using the amorphous In-Ga-Zn-O (a-1GZO) thin filfes the semiconductor

layers deposited on plastic substrates by pulse-ldsposition (PLD) at room



temperature [2]. The TFT performance is also cardnl by using the sputter
deposition [3], which demonstrates the possibtityhe large-area applications.
The dependence of the TFT characteristics on thé&ln@mposition is

investigated in detail by a novel combinational raagh [4], since the

multi-metal AOSs can take any ratios of the conmpmsi

The average carrier transportation paths in covaemiconductors, such
as a-Si:H, consist of strongly directive sp3 oibitdhe bond angle fluctuation
significantly alters the electronic levels, causmgh density of deep tail-states,
as shown in Fig. 1-2.

In contrast, transparent oxides constituting ofviygaost transition metal
cations with the (n-1)dn< :electron configuration, where mr 4, are the
transparent AOS (TAOS) candidates having large ltielsi comparable to
those of the corresponding . crystals.” The electraathyeay in oxide
semiconductor is primarily composed of spatiallyesygl ns orbitals with an

isotropic shape, as shown in Fig. 1-2.
The a-ITO-ZTO [6] ~1ZO [7] and c-ZnO have high density carrier density
hence is difficult to control the device charadtecs. Besides, amorphous

In-Ga-Zn-O (a-1GZ0) is transparent throughout thisible spectrum; the

transmittance is greater than 80i#ovisible light region as shown in Fig. 1-3.



1.4. Motivations

One method to achieve the purpose of efficient posemsumption, low
fabrication temperature, and the recent progressamsparent oxides which are
semiconducting to near-metallic materials is todl@y Transparent Conducting
Oxide (TCO). TCO has been studied for several yaacduding Indium Tin
Oxide (ITO), Tin Oxide (Sng), Zinc Oxide (ZnO), In-Ga-Zn-O (IGZO), and
etc.

We study and develop TFTs by substituting tradalcaamorphous silicon

based from a popular TCO materidiGZO as channel layer. Un-doped 1GZO

film behaves as an n-type transparent.semiconddcterto the defects such as

oxygen vacancy. It has a wide band gap (2.8 ~ 3.3 eV) [8, 9] with optical

transmission about 80 % transparency in-.the visdohge (400 ~ 900 nm) in the
visible portion of the electromagnetic spectrum][Ilhe main advantage of
using 1IGZO deals with the fact that it is possilbe growth high quality

amorphous IGZO films at room temperature [11]. Besithat, thin films based
on a-IGZO have been studied for several yearsHeir iow cost, low photo

sensitivity, no environmental concern, and esplgciagh mobility [12].

In this paper, we report on the properties of amoys indium gallium zinc

oxide (a-1GZO) TFTs fabricated on glass substratear room temperature
using a single target. The resistivity and cardencentration of a channel in

TFTs were controlled by sputtering power of an argmd oxygen mixture



atmosphere. Studies will be undertaken to interiretgrowth mechanism of
a-1GZO films, crystallographic structure, and elea properties of the films.
We have explored experimentally as functions ofdbposition and annealing
conditions and defined an optimal deposition coodifor TFT.By considering
the device characteristics, the mechanisms ofdilawth and preserve methods

will be reported and discussed later.



Chapter 2 Principles and Characterization

2.1. Operation Principle of TFTs

Conventional TFTs compose of a semiconductor lagegate insulator
layer, and three electrode terminals including ga@urce and drain. The
bottom-gate-top-contact TFT structure is shownigq E-1.

Transistors can be classified into the depletiomenoand the
enhancement-mode, based on whether drain curcewms through TFT when no
voltage is applied to gate electrode. For the etepi-mode TFT, when the
device is on, drain current flows through.the dewkehen no gate voltage is
applied. For the enhancement-mode TFT, when thieelés off, only leakage
current flows through the TET without-applying tiete voltage.

The energy band diagrams through the gate of anype-t
enhancement-mode TFT is introduced to explain tiveet modes of TFT
operation, as shown in Fig. 2-2.

When no gate voltage is applied, the semicondustan an equilibrium
state. When a negative gate bias is applied, dited electrons in the
channel are repelled from the semiconductor/gaterface and create a
depletion region of positive charge, as indicatgedhe positive curvature in the
conduction band and valance band near the insusdtown in Fig. 2-2 (b).
When a positive gate bias is applied, delocalizedtens in the channel are

attracted to the semiconductor/insulator interfacereating electron

-7 -



accumulation at the interface, as indicated by ribgative curvature in the
conduction band and valance band near the insuiatéfig. 2-2 (c). These
accumulated electrons at the semiconductor/insulaterface provide a current

conduction path and form the channel.

2.2. TFTs Structure

An amorphous In-Ga-Zn-O (a-IGZO) TFT is similartte corresponding
inorganic device that is called the metal-oxideisemductor field-effect
transistor (MOSFET) in basic structure and opematimode. The three
fundamental device components of TETSs .are the cobrdkectrodes (source,
drain, and gate), the active: semiconductor layed, the dielectric layers. The
typical device configurations are shownas Fig. 248 common configuration
iIs the bottom-gate structure with the gate eleerad on the bottom of the
dielectric layer. The source and drain electrodesdafined either on top of the
semiconductor called top-contact structure or #rmaisonductor is deposited on
top of the source-drain electrode and dielectrigedacalled bottom-contact
structure. The other important device structuréhes top-gate, where the gate
electrodes are defined on the most top of TFT dsvic

Top contact devices have been reported to haveisuperformance for
semiconductors compared with their bottom contasiaks. A reason has been

suggested that this is a result of reduced con¢acttance between the electrode



and the semiconductor layer. In opposite to botbmmtact devices, there is an
increase of area for charge injection becauseestthaller contact resistance in
top contact structure. In addition, different stawe has individual advantages

and disadvantages about fabrication process. Tieegt®wn as Table 2-1.

2.3. Electrical Measurement

The device electrical properties were measured Hf? @156A analyzer in
a light-isolated probe station at room temperatlrdps-Vss measurement, the
typical drain-to-source bias was swept froms\e -10 V to Wos = 20 V. In
Ibs-Vps measurement, the typical drain-to-source bias smaept from \bs = 0

V to Vps =20 V.

2.4. Parameter Extraction Method

2.4.1.Determination of the Vth

Threshold voltage (M) was defined from the gate to source voltage at
which carrier conduction happens in TFT channely, i%/related to the “gate
insulator thickness” and “the flat band voltage”.

Plenty of methods are available to determinewhich is one of the most
important parameters of semiconductor devices. Wasis adopts the constant
drain current method, which is, the voltage at ac# drain current NJ is

taken as ¥, that is, \, = Vg (NIp) where 4, is threshold voltage and NI

-9



stands for normalized drain current. Constantenurmethod is adopted in
most studies of TFTs. It provides g ¥¢lose to that obtained by the complex
linear extrapolation method. Generally, the thréstorrent Np = Ip/ (W/L) is
specified at 1 nA in linear region and at 10 nAsaturation region; W and L

represent for TFT channel length and width, respelgt

2.4.2.Determination of the Subthreshold Swing

Subthreshold swing (S.S., V/dec. ) is a typicalapaater to describe the
control ability of gate toward channel which is #@eed of turning the device
on and off. It is defined as the amount of gatkage required to increase and
decrease drain current by one-order of‘magnitudg. iS related to the process,
and is irrelevant to device dimensions.-S.S. cahebsened by substrate bias
since it is affected by “the total trap ‘densityluting interfacial trap density and
bulk density”. In this study, S.S. was defined ag-balf of the gate voltage
required to decrease the threshold current by tere of magnitude (from 10
A to 10'° A). The threshold current was specified to bedtan current when

the gate voltage is equal t@,V

2.4.3.Determination of the Field-Effect Mobility

Typically, the field-effect mobility rg) is determined from the

transconductance {§ at low drain bias (¥ = 0.1 V). The TFT transfer |-V

-10 --



characteristics can be expressed as

W 1
Iy =1eeCox T[(VG =V Vo _EVDZ] ( 2-1 )

Where
Cox Is the gate oxide capacitance per unit area,
W is channel width,
L is channel length,
Vi is the threshold voltage.
If Vp is much smaller than &/— Vry (i.e. Vb << Vg — Vi) and g > Vi,

the drain current can be approximated as:
W
Ip =HeeCox T(\/G ~Vin Vo ( 2-2 )

The transconductance is defined as:

w
gm :“FECOX TVD ( 2_3 )
Thus,
- (2-4)
Mee C, W, Om

2.4.4.Determination of On/Off Current Ratio

Drain on/off current ratio is another importantttacof TFTs. High on/off
current ratio represents not only the large turreoment but also the small off

current (leakage current). It affects AMLCD graydés (the bright to dark state
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number) directly.

There are many methods to determine the on ancliofénts. The practical
one is to define the maximum current as on curagick the minimum leakage
current as off current while drain voltage equal@YV. The on/off current ratio

Is expressed as

Ipg max.on |VD=10V ( 2_5 )

I pgmax.off
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Chapter 3 Experimental Procedure

3.1. TFT Fabrication

Table 3-1 shows experimental flow path in my expent. There were
seldom papers about this deposition method for slepg a-1IGZO film for
TFTs utility. Because of the innovation of DC sputtwe got to reference lots of
surveys on other deposition and treatment methédsally, we defined a

suitable deposition condition.

3.1.1.a-IGZ0O TFT Device Fabrication

In my experiments, the fabrication and propertiésbottom-gate-type
(BG/BC) thin-film transistors wsing ‘a-1IGZ0O films ahannel layer will be
described. The cross-section view" of a-IGZO TFTéritated on glass
substrates is shown schematically in Fig. 2-3\(¢. follow TFT fabrication in
Taiwan. And it used G2 glass that size is 370 x #AWf). Table 3-2 shows
a-IGZO TFT device fabrication flow path in my expeent. The detalil

descriptions are as followed

(a) Substrate Cleaning
Step 1: Clean glass substrate by DI water

Step 2: Clean glass substrate by DHF solution
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Step 3: Clean glass substrate by DI water.

Step 4: Dry Clean glass substrate Bygls.

(b) Gate Metal formation

In Fig. 3-1, we used the sputter to deposit MoWetagf 500 A on glass
substrate. After the deposition, gate region wefendd by lithography process,
which is the first mask. Then the patterned gats feamed by dry etching.
After metal gate forming, stripper solution in stgmnic oscillator was used to

eliminate passive photoresist.

(c) Gate dielectric formation.

In Fig. 3-2, as metal gate had been defined, thssgiubstrate was sent to
chamber plasma-enhanced chemical-vapor deposijgirm to deposit 1000 A
SiNx as gate dielectric. After the deposition, gdtelectric was defined by
photolithography process, which is the second ma&blen the patterned gate
dielectric was formed by dry etching. After gatesldctric forming, stripper

solution in supersonic oscillator was used to elate passive photoresist.

(d) Source-drain isolation formation
In Fig. 3-3, we used the sputter to deposit layeiTD 1000 A on gate
dielectric. After the deposition, gate region wdedined by lithography process,

which is the third mask. Then the patterned gate feamed by wet etching.
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After metal gate forming, stripper solution in stgmnic oscillator was used to

eliminate passive photoresist.

(e) Active region defined

In Fig. 3-4, we used the metal pad as a hard neadkfined active region.
Finally, a 500 A thick a-IGZO (In:Ga:Zn:O = 1:1:}:thin-film was deposited
by sputter at room temperature. The DC sputteriag wsed for reducing the
charges accumulated on the a-IGZO target. Thesileggo was done with a
continuously gas flow of argon and oxygen withoatentional substrate
heating.

The cross-sectional and planed view, of a-IGZO TB{fscture are shown
schematically in Fig. 3-5 (a)-and (b), respectivélge channel width (W) of the
device were of 500 um and the channel lengths (&)38, 50 and 60 um. and

the width/Length ratio of our a-1IGZO TFTs was abd6t66, 10, and 8.33.

3.1.2. DC Sputtering

DC sputtering has the advantage of higher depaositade and is less
expensive than RF sputtering. A DC sputtering sysgeshown in Fig. 3-6, the
substrate is located above the target and actbeasriode. DC sputtering is

commonly applied to deposit conductive materials.
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3.2. Methods of Depositing a-IGZO Films

3.2.1. The Taguchi Method

We expect to find the process parameter of exdellarformity by using
Taguchi Method. It also helped us to understandctiracteristics of N-Slot
ICP system. The main purpose is to apply in oneptmization parameter of
the product manufacturing process physically austd)g. The uniformity is
below 10 %, and the Sheet electric resistance tieeds in 10° Q/o. Residual
plots for thickness show in Fig. 3-7. Residual lfutr uniformity show in Fig.

3-8.

3.2.2. Changing of‘DC Power in-Sputter System

a-1GZO films were prepared by reactive pre-spuitgvith a direct current
power in mixed argon and oxygen gas at atmospheaeanstant pressure of 3
x 10° Torr. As the sputtering apparatus a diode-typetoeaequipped with a
substrate holder, DC power supply, gas lines, vacgauges, and a pumping
system was used. By using a machine pump, a résdessure of the order of

2x10° Torr was achieved. A square of Indium-Gallium-Zidgide 300x 540

mm dimension was used as a target.
We change the DC power of sputtering to adjustotstenal thickness and

uniformity of our a-IGZO films. Pre-sputtering ised to clean the surface of
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IGZO target. The results are listed on the Tab8 3-

The characteristics of a-IGZO film can be contmllby varying the
deposition conditions. When the DC power is loGGZ-O film is not applicable
for TFT channel layer because the film Uniformisyhad. When DC power is
high (over 2.3 kW), a-IGZO film becomes thickness thick. In intermediate
DC power 2.3 kW, a-IGZO film is suitable for TFTarimel layer. it is one of
the key parameter to control the uniformity of TB&havior. They are shown in

Fig. 3-9. So we define the optimal power conditionsputtering as 2.3 kW.

3.2.3.Changing of substrate move rate in Sputter System

We change the substrate move rate- of sputteringdfast the optimal
thickness and uniformity of aur a-IGZO films. Tresults are listed on the Table
3-4.

The characteristics of a-IGZO film can be contmllby varying the
deposition conditions. When the substrate moveisatew, a-IGZO film is not
applicable for TFT channel layer because the flimkiness is too thick. When
substrate move rate is high (over 400 mm/min), Z20Gilm becomes thickness
too thin. In intermediate substrate move rate 406/min, a-IGZO film is
suitable for TFT channel layer. it is one of they kmrameter to control the
uniformity of TFT behavior. They are shown in F§10. So we define the

optimal substrate move rate condition on sputteasig¢00 mm/min.
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3.2.4.Adjusting the Rate of Oxygen

The carrier source of Si and metal oxide is shawRig. 3-11. For Si, the
carriers are resulted from impurity doping as showfig. 3-11 (a). Electrons
dominate the carrier transport for phosphorous-doe Carrier transport is
dominated by holes for boron-doped Si. For metaldex the carrier
concentration is related to the oxygen vacancy; @agen vacancy provides
two electrons, as shown in Fig. 3-11 (b).

Because of the oxygen vacancies in the a-IGZO fistGZO TFT
characteristics are strongly associated with théZ0 film. The reactions on
film surface dominate the threshold voltage,\¢hift. The oxygen absorption
changes the carrier concentration. The‘oxygen pbeorforms depletion layer,
resulting in 4, shift.

The oxygen absorption accompanies partial chamester, \}, varies at
different oxygen flow rate implies the change inrigat concentration during the
absorption and desorption processes. When the oxfyge rate increases, the
channel carrier concentration decreases becauses®foxygen vacancies in
a-1GZO film. Therefore, higher voltage is neededutm on the channel.

In our experiments, several oxygen flow rates (0.45, 0.8, 2, 3,4, and 5
sccm) were adopted so as to prepare the a-IGZO iith various physical
properties. The results are listed on Table 3-5.

The electrical characteristics of a-IGZO film caa dontrolled by varying
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the deposition conditions (Ar flow rate and fw rate). When the oxygen flow
rate is low, a-IGZO film is not applicable for TFhannel layer because the
film conductivity is high. When oxygen flow ratehggh (over 3 sccm), a-IGZO
film becomes insulator. In intermediate oxygen floate (0.5 ~ 2 sccm),
a-1GZ0O shows semiconductor characteristics anditalde for channel layer. It
Is considered that the low oxygen flow rate incesathe electrical conductivity
of the deposited film [2, 13]. In the case of Asglow, even though it is not
strongly related to electrical property of a-IGZMf it is one of the key
parameter to control the uniformity of TFT behavibig. 3-12 shows that only
in a proper range of POwilliithe "a-1GZO exhibit the semiconductor

characteristics [14].
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Chapter 4 Results and Discussions

4.1. Thin film Analysis of Material

4.1.1. Four-Point Probe

Resistance measurement was practiced in this stuaynfirm the film
gualities of our dual metal layers samples. Thepdasnwere measured 9 points
on the glass of G2 size (370 x 470 mm).

In the sheet resistance measurement, several amstst need to be
considered, as shown in Fig. 4-1 (a). The probeah@®be resistance Rp. It can
be determined by shorting two probes.and measuhen resistances. At the
interface between the probe tip and the semicoonduttiere is a probe contact
resistance, Rcp. When the  'current flows from thealkntip into the
semiconductor and spreads out in the semiconduttere will be a spreading
resistance, Rsp.

Finally, the semiconductor itself has a sheet t@&st® Rs. The equivalent
circuit for the measurement of semiconductor shesistance by using the
four-point probe is shown in Fig. 4-1 (b), and (E)vo probes carry the current
and the other two probes sense the voltage. Eadbedras a probe resistance
Rp, a probe contact resistance Rcp and a spreaesmgfance Rsp associated
with it. However, these parasitic resistances @andylected for the two voltage

probes because the voltage is measured with aimiggdance voltmeter, which
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draws very little current. Thus the voltage dropsroas these parasitic
resistances are insignificantly small. The voltagading from the voltmeter is
approximately equal to the oltage drop across éng@nductor sheet resistance.
By using the four-point probe method, the semicatolusheet resistance can be

calculated:
R.=F]

Where V is the voltage reading from the voltmetas, the current carried
by the two currentcarrying probes, and F is a abioe factor. For collinear or
in-line probes with equal probe spacing, the calwadactor F can be written as
a product of three separate correction factors:

F=F1F2F3

F1 corrects for finite sample‘thickness, F2 cogdot finite lateral sample
dimensions, and F3corrects for placement of thdgsowith finite distances
from the sample edges. For very thin samples wighptrobes being far from the
sample edge, F2 and F3 are approximately equalédn0), and the expression

of the semiconductor sheet resistance becomes:

The four-point probe method can eliminate the efiatroduced by the
probe resistance, probe contact resistance anddpgeresistance. Therefore it
has more accuracy than the two point probe methd[d The a-IGZO film sheet

resistance is shown in Fig. 4-2.
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4.1.2. X-ray Diffraction (XRD)

X-ray diffraction (XRD) is a rapid analytical teaqoe primarily used for
phase identification of a crystalline material @agh provide information on unit
cell dimensions. The analyzed material is finelpuyd, homogenized, and
average bulk composition is determined. X-ray ddfron is based on
constructive interference of monochromatic X-raysl a crystalline sample.
These X-rays are generated by a cathode ray tulieted to produce
monochromatic radiation, collimated to concentrated directed toward the
sample. The interaction of the incident rays withe tsample produces
constructive interference (and«a diffracted-rayewltonditions satisfy Bragg's
Law (M. = 2d sin6). This: law relates the wavelength of electromaignet
radiation to the diffraction angle and the lattsgeacing in a crystalline sample.
These diffracted X-rays are then‘detected, prodeasd counted. By scanning
the sample through a range @f@gles, all possible diffraction directions of the
lattice should be attained due to the random aateart of the powdered material.
Conversion of the diffraction peaks to d-spacinfiswas identification of the
mineral because each mineral has a set of unigpacings. Typically, this is
achieved by comparison of d-spacings with standzfetence patterns [16].

Fig. 4-3 show the measurement of as-deposited ®&IBIh on a glass
substrate (G2) with different oxygen flow rates5(0l, and 2 sccm). This plot

presents the non-crystallization characteristiciof
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4.1.3. Atomic Force Microscope (AFM)

The Digital Instruments Dimension SPA500 atomiccérmicroscope
(AFM) was used to characterize the surface morgolof the a-IGZO thin
films. The tapping-mode scanning prevents the pfoda damaging the sample
surface and can get more precise surface topograpformation. In the
tapping-mode, the probe oscillates up and down laglgu The cantilever
vibrates at various frequencies depending on thgmmale of the van der Waals
force between the cantilever tip and the sampléaser A laser beam reflected
by the cantilever detects the tiny vibration of daatilever, as shown in Fig. 4-4.
The feedback amplitude and the phase signals afahtiever were recorded by
the computer. The amplitude signals provide thepmology information and
the phase signals reveal the material informatlan. |

AFM provides three-dimensional ‘'surface topographywanometer lateral
and sub-angstrom vertical resolution on a-IGZO fimg. 4-5 and Fig. 4-6 show
the atomic force topography of a-IGZO film (thicleseof 500 A) without and

with annealing in 250C (1 hr), respectively. Use to scan size jg®of square

and scan rate is 0.8 HZhe root-mean-square for roughness of surface en th
a-IGZ0 film before annealing is 5.510 A and aftenealing is 8.414 A. The
roughness information of surface morphology of mithannealing is better than

annealing.
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4.1.4. SEM

Fig. 4-7 and Fig. 4-8 show the cross-section vimage of a-IGZO film
after DC sputtering deposition before and after 261 hr) thermal treatment,
respectively, and reveals the grain size increasthstemperature. Fig. 4-9 and
Fig. 4-10 schematics the a-IGZO film before ancra50 °C (1 hr) thermal

treatmentespectively. It reveals that the grain size insesavith temperature.
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4.2. The a-IGZO TFTs Analysis of Electrical

Characteristics

4.2.1. The Effects of Post-Annealing on a-1IGZO TFTs

A remarkable advantage of AOSs (e.g. IGO, ZTO, Zi©)}hat AOSs
works as active layers in semiconductor devices efvéhese are formed at a
low temperature including room temperature (RT) haitt any defect
passivation treatment. However, it has also beenogmzed that a
post-deposition thermal annealing at eg300 °C improves TFT stability and
performances; including better saturation. curremaller hysteresis, andyV
[18-20].

The post-annealing effect on device-with' 1KA SiNateginsulator is shown
in Fig. 4-11. 4, shifts positive after poest-annealing because poaealing leads
to the lattice structure rearrangement, structuebdxation, and the improved
a-1GZO bonding. Post-annealing improves the chddiedctric interface; and
the charge trapping defects are decreasgdshifts positive to be near 3.44 V
after the thermal treatment. Table 4-1 shows tharadteristics of devices

without and with thermal annealing.
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4.2.2. The Effects of DC power on a-IGZO TFTs

The a-IGZO TFTs were operated in enhancement mbkde.SiNx gate
insulator is 1000 A thickness. Fig. 4-12 (a) shdkes oxygen rate as 0.5 sccm
Ib-Ve. Fig. 4-12 (b) shows the oxygen rate as 0.65 dgeX. The sample was
fabricated in DC power 1, 1.5, and 2.3 KW and afggygen rate as (50 / 0.5,
and 0.65 sccm) by sputtering. The overall transfaracteristics exhibit almost
parallel shifts with little change in other devigarameters such as mobility and
subthreshold swing. After DC power 2.3 kW, the tstafsaturated and we can
see electrical characteristics have better othEable 4-2 show the device

characteristics were measured semiconductor pagaieer thermal annealing.

4.2.3.The Effects “of  Oxygen Flow Rate on a-IGZO

TFTs

Good electrical characteristics like large on-stdtain current, small
threshold voltage, and low threshold voltage wdrgaioed when the oxygen
flow rate is 0.7 sccm, as shown in Fig. 4-13. Tampgle was fabricated in DC
power 2.3 KW and argon/oxygen rate as (50 / 0.65,@75, and 0.85 sccm) by
sputtering. We can obviously observe the similactical performance they
appeared. After oxygen rate 0.7 sccm, we can sdalitpcand subthreshold
swing have better others. Table 4-3 show the devitaracteristics were

measured semiconductor parameter after thermabinge
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4.2.4. Summary

Post-annealing improves the bonding in a-IGZO bseawf the
semiconductor/insulator interface modification dadal atomic rearrangement
and the threshold voltage can be adjusted to be3xwd/.

The DC power improves the film density in a-IGZOcaéase of the
semiconductor modification and local atomic reagement and the device
electrical properties have better.

The oxygen flow rate was varied to examine oxygbaogotion effect.
The Vi, changes with the oxygen flow rate. The oxygen mees provide
electrons and increase the channel carrier coratentr leading to a bigger

mobility.
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4.3. The a-1GZO TFTs Reliability Analysis

4.3.1. The DC (10 V) Bias stress of different active layer

thivkness (500 A, 1 kA, and 2 kA)

To investigate the characteristics of a-IGZO TF&asihg various channel
thicknesses, we varied the a-IGZO channel thickniess 500 A, 1 kA, and 2
kA, by controlling the deposition time during sguihg growth. The DC bias
stress stability of a-IGZO TFT was also investigat®uring the stress, a
positive DC voltage was applied to the gate while $ource and the drain were
grounded. The a-IGZO TFT behavior under strestasva in Fig. 4-14, which
reveals that the transfer curves-of the a-IGZO FhRift generally to the same
direction as the gate bias. Fig. 4-14 (a) showsdkalts of a-IGZO TFT under
positive gate bias stress (+10V) for-50000 secohls transfer curves shift to
positive voltage direction for longer time. The F#14 (b) is the extracted
electrical parameter of yand SS from Fig.4-14 (a). We can see the dejta V
have about 1.59 V positive shift behavior and SS suailar.

The TFT behavior under stress is shown in Fig. 4«t%ch reveals that the
transfer curves of the a-IGZO TFT shift generatiytlhe same direction as the
gate bias. Fig. 4-15 (a) shows the results of adQ@FT under positive gate bias
stress (+10 V) for 50000 seconds. The transfer esurshift to the positive
voltage direction as the gate bias as expectedFithet-15 (b) is the extracted

electrical parameter of yyand SS from Fig. 4-15 (a). We can see the dejfa V
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have about 0.75 V positive shift behavior and &&s similar.

The TFT behavior under stress is shown in Fig. 4«t6ich reveals that the
transfer curves of the a-IGZO TFT shift generatiytlhe same direction as the
gate bias. Fig. 4-16 (a) shows the results of ad@FT under positive gate bias
stress (+10 V) for 50000 seconds. The transferemushift to positive voltage
direction for longer time. The Fig. 4-16 (b) is thetracted electrical parameter
of Vi and SS from Fig. 4-16 (a). We can see the dejtdnd&e about 0.46 V

positive shift behavior and SS was similar.

4.3.2. Summary

As shown in Fig. 4-17 :inereasing the thicknesghefactive layer leads to
a higher off current. The reason for this:is tlmet off current is proportional to
the channel layer thickness, as ‘indicated in thleviing equation: s [off] =

(o WH/L)Vps, (o : electrical conductivity, t: thickness of activayér, W: width

of channel, L: length of channel). The on-currealues are not significantly
changed regardless of the channel thickness. Térease of off current and
similar on current resulted in a decrease of théofbrcurrent ratio with

increasing the active layer thickness. The on/offent ratios for the TFTs with
50, 100, and 200 A thick active semiconductor weB9E+08, 1.35E+08, and
1.34E+08, respectively. The corresponding fielegteffmobilities of the TFTs

with 50, 100, and 200 A thick a-IGZO layers weré74.4.75, and 4.73 civs,
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respectively. The shape of the transfer curve &edbehavior of the mobility
change are similar to the results reported by Sueeal [21, 22].

The Vi, always shows positive values and is slightly iasezl with time
under the experiment. This demonstrates that th&Z® TFT remains in
enhancement-mode operation. The threshold voltadensay be caused by the
bias stress during measurement, resulting in tHectlestate creation in the
channel [23-25]. Powell et al. suggested that d#afe defect creation is
dependent on stress time and strongly affecteceimpérature in a-Si/H TFTs
[26]. Based on the above results, we concluded tthatoptimum a-1GZO
channel thickness was 500 A in terms of large agitur current, low threshold

voltage, high mobility, high on/off-current, andvsubthreshold swing.
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4.4. The a-IGZO TFTs passivation Environmental
stability analysis
4.4.1.The Effects SiNx 1 kA and SiOx 1 kA (rich and

less H atomic) on a-1IGZO TFTs

The effects of the passivation process on the &@ahnealed devices
were investigated. We employed silicon nitride gsasasivation layer. We were
deposited by PECVD at 200 °C, with 160 W rf powed &.9 Torr process
pressure. For deposition of the silicon nitrideelayH, flow rate was varied at
700 sccm. The device characteristics were measseguconductor parameter
analyzer before and after~the passivation process raeasured again after
additional thermal annealing-in. air at 250°C fdr. 1

Fig. 4-18 shows the transfer characteristics oth€Z0O TFTs passivation
with silicon nitride. The characteristics were measl before and after the
post-annealing. It is observed that the drain curgd the nitride-passivation
a-IGZO TFT is not modulated by gate voltage andhigher than that of the
oxide-passivation TFT.

We employed silicon oxide (rich H atomic) as a pagson layer. We were
deposited by PECVD at 200 °C, with 700 W rf poweddl Torr process
pressure. For deposition of the silicon oxide lay&O flow rate was varied at

2500 sccm for a fixed SyHlow rate of 50 sccm. The device characteristiesew
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measured semiconductor parameter analyzer befateatier the passivation
process and measured again after additional theanradaling in air at 250 °C,
and 300 °C for 1 hr.

Fig. 4-19 shows the transfer characteristics oth€Z0O TFTs passivation
with silicon oxide (rich H atomic). The charactéias were measured before and
after the thermal annealing. It is observed that tirain current of the
unannealed a-IGZO TFT is not modulated by gateageltand is higher than
that of the post-annealed a-IGZO TFT. The anneate?50 °C a-IGZO TFT

shows poor characteristics such as a saturationlitydb ) of 4.25 cr/Vs, a

subthreshold voltage swing (S.S.) of 0.36-V/decadd,a threshold voltage £y
of -6.24 V. By contrast, the annealed.at 300 °C HRbws much improved

characteristics such ag of4.56 cM/Vs,-S.S. of 0.18 V/decade, and, \of

-2.58 V. Table 4-4 shows ‘thetidevice characteristwere measured
semiconductor parameter before and after thermradalimg.
We employed silicon oxide (less H atomic) as anoffessivation layer.

We were deposited by PECVD at 200 °C, with 700 Wpatver and 1 Torr

process pressure. For deposition of the silicomexayer, NO flow rate was

varied at 1000 sccm for a fixed SiHlow rate of 20 sccm. The device
characteristics were measured semiconductor paganaetalyzer before and
after the passivation process and measured ag&m afiditional thermal

annealing in air at 250 °C, and 300 °C for 1 hr.
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Fig. 4-20 shows the transfer characteristics oth€ZO TFTs passivation
with silicon oxide (less H atomic). The charactiecswere measured before and
after the thermal annealing. It is observed that tirain current of the
unannealed a-IGZO TFT is not modulated by gateageltand is higher than
that of the post-annealed a-IGZO TFT. The anneate?50 °C a-IGZO TFT

shows characteristics such as a saturation mok(lity of 4.04 cri/Vs, a

subthreshold voltage swing (S.S.) of 0.11 V/decadd,a threshold voltage £y
of 0.77 V. By contrast, the annealed at 300 °C HRb6ws much improved

characteristics such ag of 4.42 cMVs, S.S. of 0.11 V/decade, and, \of

0.07 V. Table 4-5 show the device characteristiesewneasured semiconductor
parameter before and after thermal' annealing.

Fig. 4-21 shows the environmental stability of Z(GTFTs. The devices
were stored in humidity 40 % RH,; 25°°C and measafésr some time periods.
Many cases show that the oxide semiconductors earsitsve to the humidity.
One expect that the chemisorbed water moleculéseiroxide semiconductors
may donate electrons, and changing (increasinginthiesic conductivity [27].
Here two types of devices are compared, one nossiadion layer and the
other uses SiOx (less H atomic). As shown in Fig14a), the transfer curves
of a-IGZO TFT with none passivation shifted voltdgegely. Table 4-6 show
the device characteristics with none passivatidns phenomenon may be due

to the poor water impermeability of the a-IGZO filfihe environmental
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stability was improved remarkably for the devicathviOx (less H atomic) as
passivation. No significant changes were observedhe transfer curves of
a-1GZO TFT using SiOx (less H atomic) as passivatayer, as shown in Fig.
4-21 (b). Table 4-7 show the device characteristith SiOx (less H atomic)

passivation.

4.4.2. Summary

In the contrast, the oxide-passivated TFT exhibmgrmal transfer
characteristics. This difference can be explainad f@llows: During the
deposition of the passivation layer by PECVD, tharmel surface of a-IGZO is
exposed to plasma including hydrogen; nitrogen,@aydien radicals. In case of
nitride passivation, a large amount of hydrogenvipled from SiH and NH
gases is contained in the plasma and’is resultardtyporated in the deposited
nitride film. It is known that the hydrogen radiczsily reduces an oxide film
and the reduction reaction is dependent upon thetsaie temperature and the
partial pressure of hydrogen [28]. Fig. 4-22 présdhe SEM cross-sectional
view of a-IGZO films treated by hydrogen plasmaaie and at 700 sccm / 340
W, respectively. When the a-IGZO films are exposedhydrogen plasma,
reduced indium concentrates on localized area ¢irolie surface diffusion and
agglomerates. Consequently, the a-IGZO film becomese conductive by

oxygen reduction during the deposition of the déripassivation layer, even
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though the bond breakage due to ion bombardmenired by the final thermal

annealing. The silicon oxide has relatively low fogkn content and is

deposited in oxygen-rich plasma. So we expecteadfthize physical damage by

the ion bombardment could be minimized and enouglyen was supplied to

the back surface of the a-IGZO film, the channetent might decrease and the
threshold voltage would shift to the positive dtrec.

The characteristics were measured after the theamataling in air at 250
°C, and 300 °C for 1 hr. From electrical charastesj the a-IGZO TFT with
SiOx (less H atomic) passivation is better thar thigh SiOx (rich H atomic)
passivation. When hydrogen ions' are implanted fiing it is suggested that
incorporation of hydrogen-related species wouldugrice largely threshold
voltages, on-to-off current ratios, and stabilifyfé-Ts [29]. Fig. 4-23 shows the
SEMS depth profiles of SiOx deposited with the fleate of SiH at 50 and 20
sccm, respectively. The hydrogen atoms diffuse tindoa-1GZO layer deposited
with SiH, at 50 sccm is more than that at 20 sccm.

The a-1IGZO film is sensitive to the surface absorpbf oxygen and water
molecules. When the oxygen molecules in atmospfidrento the oxygen
vacancies, they decrease the electrical conductofita-IGZO film. In other
view, the oxygen vacancies can be assumed as hAotkshey can assist the
electrical conduction of a-IGZO film. Passivatiantihe key factor for sustaining
the a-IGZO TFT subthreshold properties and theadsvreliability. The Y, for

both devices shifted after their exposure to hutpidturthermore, the  shift
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was accompanied by the rapid increase of the ornzaoffent ratio from
4.41E+09 to 1.94E+07. This suggests thaO Hadsorption indeed donates a
partial negate charge to the a-IGZO surface witheeimolecular or hydroxyl
forms. The similar formation of extra electron tans has been attributed to the
donation of electrons (called the “donor effect9rh the chemically adsorbed

H,O molecules to the surface of oxides such as ZOcBE.
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Chapter 5 Conclusion

We have developed an optimized deposition condifion sputtering
a-IGZO semiconductor film and succeeded to fakgicat 1GZO-based
transparent thin film transistor with bottom-gatérusture. The optimal
conditions for depositing the a-1GZO film by DC #fguing at room temperature
is under the atmosphere of (argon/oxygen) mixt&@Q.7) sccm. With the
definition of hard mask, a-IGZO active regions dan patterned exactly and
completing TFT device fabrication.

In the first part, we have developed an optimizegasition condition for
sputtering a-1IGZO semiconductor-film.

In the second part, Post-annealing improves thstaltnity in a-1GZO
because of the semiconductor/insulator interfacdifcation and local atomic
rearrangement. As a result, the field mobility tenup to 3.07 cAiVs and the
threshold voltage can be adjusted to 3.44 V. Thesp@ter power improves the
crystallinity in a-IGZO. As a result, the field mibty can be up to 3.09 cfiVs
and the threshold voltage can be adjusted to 3.7Vh¥ oxygen flow rate was
varied to examine oxygen absorption effect, I8 smaller for smaller oxygen
flow rate, since the depletion layer underneathathsorption layer forms due to
the charge transfer between absorbed add a-IGZO forms. Our device
performance is appropriate for display applications

In the third part, to investigate the charactarsbf a-IGZO TFTs having
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various channel thicknesses, we varied the a-IGE&nhigel thickness, i.e., 50,
100, and 200 nm, by controlling the deposition tolneing sputtering growth.

The Vi, always shows positive values and is slightly iasezl with time
under the experiment. This demonstrates that th&Z® TFT remains in
enhancement-mode operation. The threshold voltadtensay be caused by the
bias stress during measurement, resulting in tHectlestate creation in the
channel. However, the Hall mobility of the a-IGZ@mk increases with
increasing carrier concentration contrary to comieaal crystal semiconductors,
as reported in earlier works [34, 35]. To clarifyetcorrelation between the
field-effect mobility of InGaZznO4 films and variatis of carrier concentration
by manipulating the thickness of the a-IGZO chanager, further in-depth
study is required.

In the fourth part, the effects:of-different passion materials on a-IGZO
TFT were investigated. The adopted materials axx,S5iOx (rich H atomic),
and SiOx (less H atomic). The direct SiNx passoraibn a-IGZO TFT by the
PECVD process will not be adopted since the hydrodeped SiNx will
increase the a-IGZO TFT conductivity. In our progsTFT structure with
passivation layer, an hydrogen less SiOx chanméption layer on the a-1IGZO
thin film can prevent a-IGZO TFT from losing theygen and water molecules.

The adoption of the passivation layer prevents diegradation under
humidity.  Passivation is the key factor for sustay the subthreshold

properties and devices reliability. Based on o@vimus results, we will further
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study the effects of organic/inorganic passivatiom a-IGZO TFTs.
Passivation for a-IGZO TFT opens a potential way fadbricate high

performance a-IGZO TFT with good reliability in aiabce.
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Figures
1950. 1960. 1970. 1980. 1990. 2000
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Fig. 1-1 History of amorphous semiconductors on fields.[2]
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Fig. 1-2 Schematic orbital drawing of electron mpedly ( conduction band
bottom ) in conventional silicon-base semiconductand ionic oxide

semiconductor.[5]
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Fig. 2-1 Bottom-gate-bottom-contact TFT structure.
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Fig. 2-2 The semiconductor energy band diagram w{@nunbiased, (b)

negative gate voltage bias, and (c) positive galiage bias.
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Fig. 2-3 IGZO TFT device configurations when (ajtbm gate top contact, (b)
top gate bottom contact, (c) bottom gate bottomtaxcin and (d) top gate top

contact.
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Fig. 3-1 The gate metal of MoW deposition process.

Fig. 3-2 The gate metal of SiNx deposition process.

Fig. 3-3 The S/D metal of ITO deposition process.

Fig. 3-4 The active region of a-IGZO depositionqass.
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(b)

Fig. 3-5 (a) Schematically illustrated top-view@AO TFTs,(b) Schematically

illustrated cross-sectional a-IGZO TFTs.
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Fig. 3-7 Residual plots for thickness.
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Fig. 3-8 Residual plots for uniformity.
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300 mm/min and O/Ar of 2/50 were fixed
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Fig. 3-9 Physicaproperty of aslGZO film as a function of DC poweunrthg

deposition.
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Fig. 3-10 Physicaproperty of IGZO film as a function of substrate veaate

during deposition. (a) DC power set at 1.5 kW, @ndDC power set at 1 kW
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(b)

Fig. 3-11 The carrier source of (a) Si, and (b) &Mekide.
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Fig. 3-12 Electrical property of IGZO TFT as a ftion of oxygen and argon

flow rate during deposition.[14]
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Fig. 4-1 Measurement of film sheet resistance.
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Fig. 4-2 The sheet resistance of a-IGZO film on %7@70 mm substrate.

_DC power = 2.3 KW, move rate = 400 mm/min, Ar = 50 sccm

Relative intensity (a.u.)
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2 0 (deg.)

Fig. 4-3 The measurement of as-deposited IGZO foma glass substrate (G2)

with different oxygen flux.
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Fig. 4-5 The AFM result of a 500 A thick a-IGZO il grown at

room

temperature without annealing. (a) 2D picture (RM®) (b) 3D picture
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Fig. 4-6 The AFM result of a 500 A thick a-IGZO il grown at room

temperature after annealing in 250 °C (1 hr). @)p&cture (RMS), and (b) 3D

picture
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(b)
Fig. 4-7 The cross-section view of full a-IGZO filmithout annealing. (a)

50,000 magnification, and (b) 90,000 magnification
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(b)
Fig. 4-8 The cross-section view of full a-IGZO filafter annealing in 250 °C (1

hr). (a) 50,000 magnification, and (b) 90,000 mégaiion
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(b)
Fig. 4-9 The top-view of a-IGZO film without annee. (a) 50,000

magnification, and (b) 90,000 magnification
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Fig. 4-10 The top-view of a-IGZO film after annewiin 250 °C(1 hr). (a)

50,000 magnification, and (b) 90,000 magnification
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Fig. 4-11 Thed-Vs characteristic of TFTs with different,@ow rate (0.65 and

0.7 sccm) before and after thermal annealing.
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Fig. 4-12 Thed-Vs characteristics of a-IGZO TFTs fabricated with p&@wer 1,
1.5, and 2.3 kW and argon/oxygen rate of (a) 500c¢n, and (b) 50/0.65 sccm

by sputtering after annealing in 250 °C (1 hr).
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Fig. 4-13 The 3-V¢ characteristics of a-IGZO TFTs fabricated with PpGwver
2.3 kW and argon/oxygen raterof 50/0.65, 50/0.70 58, and 50/0.85 sccm by

sputtering after annealing in"250 °C (1 hr).
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Fig. 4-14 The bias stress stability of a-IGZO 500’RTs at room temperature

(25 °C), (a) b-Vg, and (b) shows the stressing time vigshift and S.S.
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Fig. 4-15 The bias stress stability of a-IGZO 1 KATs at room temperature

(25 °C), (a) b-Vg, and (b) shows the stressing time vigshift and S.S.
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Fig. 4-16 The bias stress stability of a-IGZO 2 KATs at room temperature
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Fig. 4-17 Drain to source currentr§)- Vs:gate to source voltage dy as a

function of semiconductor thickness (5004, & kAd& kA). Vbs was 10 V.
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Fig. 4-18 The 4-Vg our a-IGZO TFTs with 1 kA SiNx passivation. The

characteristics were measured after 1 hr final almmggat 250 °C.
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Fig. 4-19 The d-Vg our a-1IGZO TFTs with 1 kA SiOx passivatiqmich H
atomic). The characteristiosere measured- after 1 hr final annealing at 250 and

300 °C.
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Fig. 4-20 shows the{Vs our a-IGZO-TETs with 1 kA SiOx passivation (less H
atomic). The characteristiosere measured- after 1 hr final annealing at 250 and

300 °C.
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Fig. 4-21 The transfer curves of a-IGZO TFTs shgwime environmental
stability, (a) none passivated device, and (b) Si€ss H atomic) passivated

device.
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Fig. 4-22 The cross-sectional view of SEM of a-IG#l@s treated by hydrogen

plasma at (a) none, and (b) 340 W/ 700 sccm.
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Fig. 4-23 The depth profile of SEMS of SiOx/a-1Gdéposited with Sikiflow

rate at 50 sccm and 20 sccm. (H:atomic)
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Table

Table 2-1 Features of top contact and bottom costaactures.

Top contact

Bottom contact

Advantage

better TFT performance

easy to make higher resolyti

easy to control interface

easy to make short cHanne

easy to control active layer
formation

Disadvantag

shadow mask for S/D pattern

worse TFT performance

difficult to control channel
length

degradation during the proce

difficult to control alignment

difficult to make high
resolution

difficult to make large TFET

array

—71 --



Table 3-1 Experimental Flow Path.

A
Paper Survey )

—t—

Deposition Conditions )

P e m—

Shadow Mask Glass Mask Etching Solution
Preparation Preparation Preparation

—

Oxide Thin film
(IGZO)

Taguchi
method

AFM Resistance SEM XRD

ey S—

bottom gate  __ pavice Fabricated
bottom contact

—

Electrical Analysis
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Table 3-2 a-IGZO TFT device fabrication Flow Path.

Glass acquire AEI

AEI AEI
\/ \/ \/ A
Glass clean Glass Clean Glass Clean Glass Clean
\4 \/ \/ \
Gate (MoW) SiNx (CVD) S/D (ITO) Shadow mask
(sputter) v (sptitter) v
¥ :
PR coating 02100 PR coating I?ch? s%%?ttcler;?
\ \ \ v
Explore Explore Explore Electric
v v v characteristics
Develop Develop Develop NCASLIC
\/ \Z \/
ADI ADI ADI
\ \ v
Hard bake Hard bake Hard bake
v \/ \
Etching Etching Etching
\ \ \/
Strip Strip Strip
\/ \/ 7

Table 3-3 Conditions of the DC power we applied.

dc power | SUb- movel o /ar  [Thicknesd Uniformity Sheet electric resistance
rate
(kw) i (sccm)| (A (%) (Q/o) (Qscm)
1 300 2/50 | =287 6.3 7—-12E+12 |2 - 3.4 E+0]
15 300 2/50 | =450 4.1 83-15E+143.7 -7 E+Ow
2 300 2/50 | =581 45 |1.06-1.6 E+1
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Table 3-4 Conditions of the substrate move ratdieghp

Table 3-5 Conditions of the oxygen flow rate apglie

Sub. move

d‘?lfv‘i/")"er S”(%]rr:fr;’ﬁ] )rate O,/Ar (sccm) | Thickness (A) U”'f(‘j/';;“'ty

15 100 2/50 ~ 1349 15
15 200 2/50 ~ 647 2.9
15 300 2/50 ~ 450 4.1
15 400 2/50 ~ 332 6.3
15 600 2/50 ~ 215 7

15 800 2/50 ~ 158 7.3
1 100 0.5/50 ~ 1094 2.6
1 200 0.5/50 ~ 523 3.3
1 400 0.5/50 ~ 270 7.6

y

y

dc power ate O/Ar Thic'lg\ness Unifcgrmity Sheet electric resistance

(kW) (mm/min) (scem) | (%) () (/o) (€2+cm)

1 150 0.1/50) = 731 4.7 21-96E+Q5 1.5-7

3 500 0.8/50[" = 596 6.7 3.1-12E+(05 1.9-7.2

5 850 | 0.45/50 ~385 85 | 36-15E+05 1.4-5.8
2.3 120 2/50 | =1748 2.7 1E+11~12 |1.7 E+06~0F
2.3 200 3/50 | =957 4.2 3 E+11~12 |2.9 E+06~0]
2.3 400 4/50 | =448 55 1 E+12~13 |4.5 E+06~0]
2.3 600 5/50 | =248 7.3 3.5-7.3E+118 - 18 E+0
2.3 800 5/50 | =207 | 8.2 2 E+13~14 | 4 E+07~08]
2.5 100 2/50 | = 2156 5.6 5E+09~10| 1 E+05~0ﬂ5

Table 4-1 The performance for a-IGZO TFTs beforal after thermal
annealing.

02 (sccm) 0.65 0.7
Vin (V) 2.44 2.46
(unannealed) (-7.44) (-2.87)
W (cmé/V-s) 2.5 3.07
s.s. (V/dec) 0.68 0.69
on/off ratio 8.34E+07 1.21E+08
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Table 4-2 The performance of the a-IGZO TFTs whign DC sputter power.

DC power
(KW) 1 1.5 2.3
O, (sccm) 0.5 0.65 0.5 0.65 0.5 0.65
Vin (V) 4.5 4.8 4.08 4.14 3.82 3.77
W (cnf/V-s) 3 2.6 3 3.1 3.05 3.09
s.s. (V/dec) 0.5 0.54 0.3 0.31 0.26 0.24
on/off ratio | 7.14E+08| 4.27E+08| 7.84E+08| 9.17E+08| 8.07E+08| 1.07E+09

Table 4-3 The performance of the a-IGZO TFTs whih dxygen flow rate.

02 (sccm) 0.65 0.7 0.75 0.85
Vi (V) 2.44 2.46 2.57 2.47

U (cnf/V-s) 2.5 3.07 2.65 2.88

s.s. (V/dec) 0.68 0.69 0.7 0.53

on/off ratio | 8.34E+07 1.2 1E+08 3.35E+07 8.77E+07

Table 4-4 The performance;of the a-IGZO TFTs with £iOx (rich H atomic)

passivation.
. : 250C 1hr 300C 1hr
02 (sccm) origin SiOx Anneal Anneal
Vi (V) 0.55 -6.24 -2.58
U (cnf/V-s) 4.86 4.25 4.56
s.s. (V/dec) 0.1 0.36 0.18
on/off ratio 4.3E+10 5.9E+07 1.4E+09

Table 4-5 The performance of the a-IGZO TFTs wité £i0x (less H atomic)

passivation.
. _ 250C 1hr 300C 1hr
02 (sccm) origin SiOx Anneal Anneal
Vi (V) 0.71 0.77 0.07
U (cnf/V-s) 3.6 4.04 4.42
s.s. (V/dec) 0.24 0.11 0.11
on/off ratio 4.0E+10 1.2E+10 6E+10

75 --




Table 4-6 The device characteristics of the a-IGEJs with none passivation.

02 (sccm) | 1stday| 2ndday 7th day 14th day | 21th day

Vin (V) 0.15 0.66 0.58 1.25 1.09
U (cné/V-s) | 2.94 3.07 3.04 3.05 3.04
s.s. (V/dec)] 0.21 0.29 0.35 0.33 0.39

on/off ratio | 4.41E+09] 4.38E+09 | 2.19E+09 | 4.33E+07 | 1.94E+07/

Table 4-7 The device characteristics of a-IGZO Twith SiOx (less H atomic)
passivation.

02 (sccm) | 1stday| 2ndday 7th day 14th day | 21th day

Vi (V) 1.17 0.58 0.33 0.1 0.11
U (cnf/V-s) | 3.83 4 4.36 4.16 3.63
s.s. (V/dec)] 0.32 0.22 0.31 0.20 0.28

on/off ratio | 1.15E+10] 1.24E+10 | 1.39E+10| 2.61E+09 | 1.1/E+10
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