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Abstract

In this thesis, we have successfully fabricatett3ZO TFTs by depositing the
channel films with a radio-frequency- (RF) sputter. Because the RF sputters have
merits of low manufacture-temperature and good uniformity on a large scale, making
this deposition technique highly suitable for fabrication oftH&ZO devices. In this
thesis, the impacts of the deposition.conditions, such as oxygen flow and deposition
power, on the properties of tlielGZO films are carefully explored in order to find
suitable manufacture parameters. And then,dH&ZO TFTs fabricated with the
suitable manufacture parameters were subjected to different post annealing treatments
to study the effects of the treatments. Moreover, effects of "alayer inserted
between S/D metal arwtIGZO channel are demonstrated to be useful for enhancing
the device’s output performance.

We've also investigated the temperature stability of the devices by measuring the
device characteristics at different temperatures. Finally, the hysteresis properties of
0-IGZO TFTs are addressed and verified that the deposition parameters of the

a-IGZO channel layer have a significant impact on the hysteresis window.
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Chapter 1

Introduction

1.1 General Background of Metal-Oxide-Based

Thin-Film Transistors

With fast growth of consumer electronic market, the displays with light weight,
slim, high resolution, low power consumption and high electrical performance have
been substantially implemented to various-commercial electronic products. At present,
thin-film transistors (TFTs)-device technologies used in flat-panel displays, such as
liquid crystal display (LCD) and organic light emission displays (OLEDSs), are mainly
amorphous silicon o-Si) TFTs and low-temperature poly silicon (LTPS) ones.
However, the field-effect mobilitypeg)..of a-Si-TFTs is only 0.1~1 cm?:¥.s* and
can’t be applied to high speed logic circuitries. Although the LTPS TFTs have a much
higher mobility up to 100 cm?:¥-s?, the higher fabrication cost as well as the issues
associated with the grain boundaries contained in the channel layer limit their
application to small-area version.

In recent years, many groups in the world start to explore alternative TFT
technologies which can be manufactured at low temperatures and provide intriguing
properties such as higher aperture ratio and high mobility. Metal-oxide semiconductor
material is one of the possible candidates of channel material to solve the problems
mentioned above in the silicon-based TFTs. Table 1.1 compares the properties of

silicon-based TFTs with metal-oxide ones. Actually the metal-oxide TFTs have



attracted a lot of attentions in the fields of active-matrix liquid crystal display
(AMLCD), e-paper, touch-screen technology, and flexible electronics [1-3], because
they are transparent and can be fabricated at low temperatures. In 2003, Hoffman, a
professor at Oregon State University, had demonstrated the first zinc oxide (ZnO)
transparent TFTs (TTFTs) on a glass substrate [4] with excellent on-off ratid of 10
and pre of around 2.5 cm2-¥-s1. The transmittance in the visible light wavelength
(400 nm~700 nm) is about 75%. In the next year, Hosono’s group [5] showed an
amorphous indium-gallium-zinc oxidex{{GZO) film deposited on a polyethylene
terephthalate substrate at room temperature exhibiting a Hall mobility exceeding 10
cm2-VV1.s1, Such a value is an order larger than that of dyeinatedx-Si devices and

is stable under repetitive bending' test of the plastic substrate. Moreover, the high
transmittance rate can effectively increase the aperture ratio of the device in a pixel.
ZnO anda-IGZO both have wide band gap (above 3eV) [4, 6], therefore it would not
have high photo-induced leakage current as visible lights irradiate the panel.

To develop TTFTs, we need to find suitable materials from the viewpoints of
chemical bonding and electrical structure so that the devices can operate with better
performance, such as good on-off current ratid)(20d piee (~10 cmz2-\V1-s1) [7-8].

In 1996, Hosonet al. had proposed a hypothesis about how to choose the channel
materials of TTFTs. The hypothesis predicts that the preferred metal-oxide film
should be composed of heavy metal cations (HMCs) with an electron configuration
(n-1)d°ng’ (n=4) [1-3]. From Fig. 1.1, it shows that the possible elements which can
use in metal-oxide film. Some elements are poisonous for human body, for example
mercury (Hg), arsenic (As) and cadmium (Cd). Indium (In) is rare in the earth crust.
Therefore, how to choose the suitable element from the HMCs is essential to the
development of metal oxide TTFTs.

For most wide bandgap semiconductors, the valence band is formed By the
2



orbits of occupied oxygen. However, the bottom of conduction band is mainly
constructed by the orbit of unoccupied metal cations. The unoccspaetit of
HMCs is isotropic; if the crystal structure allows the HMCs to be close to each other
and generate sufficient orbit overlap, the mobile paths of electrons can be formed. Fig.
1.2 shows that the carrier transport difference in crystalline and amorphous
semiconductor. In covalent semiconductors sucho&d the transport paths are
composed of strongly directiveporbitals, therefore structure randomness would
greatly affect the orbital overlap and degrade the carrier mobility. In contrast,
amorphous metal-oxide semiconductors (AMOS) are composed of post transition
HMCs which provides spherica orbital. The overlap of HMCsbrbitals and the
oxygen’s 2p orbitals is rather large, and ‘is.not significantly affected even in an
amorphous state [5]. As a result, AMOS has higher mobility.

ZnO [4, 9-12], a-IGZO [5, 7-8], aluminum-zinc oxide (AZO) [13-15], and
indium-zinc oxide (1ZO) [8, 16] are the materials that have been widely studied in
recent years. ZnO and AZO films are polycrystalline, the film uniformity and
controllability of the device characteristics are the issues that need to be concerned.
General requirements for TTFTs include (1) good stability and uniformity, (2) low
manufacture temperature, (3) excellent device characteristics, (4) low carrier
concentration (15 to 1°%cm?®) in the channel for the purposes of suppressing the
off-current and control of threshold voltage {)V[8]. From literature survey, we
choosea-IGZO TFTs as the major subject to study in this work. The reasons are
following:

First of all, we could control the carrier concentration of the depogiiizO
film. A higher indium (In) content is expected to enhapgeand promote the on
current by a significant increase in the carrier concentration [17]. The gallium

(Ga)-rich film suppresses the carrier generation bec&as® has stronger strength
3



thanIn-O bonding and is effective in suppressing the formation of oxygen vacancy
[17-18]. Thus, an appropriate addition of Ga is an effective way to attain lower off
current and carrier concentration. The zinc (Zn) contributes to the reduction of
shallow tail states [19] below the conduction band and interface states between gate
oxide and channel, thus the sub-threshold swing (SS) would be reduced. Secondly, the
0-IGZO films have the potential for better TFTs performance and stability than
polycrystalline films because the films are free from grain boundaries in the channel.
However, if the Zn composition of arlGZO film is too high, it tends to change the

film texture from amorphous to polycrystalline which would draw some negative
effects on device properties due to the existence of grain boundaries [18]. Finally, the
higherpge for a-1GZO films deposited. at or slightly above room temperature (RT) is

another major merit.

1.2 Overview ofa-IGZO TFTs

There are many deposition methods-available for formingoth®&ZO active
channel ina-1IGZO TFTs. Table 1.2 shows the advantages and disadvantages of
different deposition techniques. Among them, pulse laser deposition (PLD) [5, 8,
20-21] and sputter are the most common deposition methods. PLD has fast deposition
rate and high composition similarity between target and deposited films, but the cost
of equipment, contamination and the difficulty to large scale deposition constrain its
feasibility in commercial electronic products. Although sputter technique has
limitations associated with the relatively low deposition rate, its good uniformity on
large scale, precise composition control between target and deposited films and lower
manufacture cost make it a suitable tool. Types of sputters can be divided into direct

current (DC) sputters and radio frequency (RF) sputters. DC sputters are used to



deposit films with excellent electrical conductivity such as metal, while RF sputters
are used to deposit insulating materials. Both DC [22-23] and RF sputters [7, 17-18]
have been adopted to depasitGZO films and used as the channel in the fabrication
of a-1IGZO TFTs.

In essence, to optimize the quality 0flGZO film is important to achieve
excellent device characteristics @IGZO TFTs. For sputtering deposition there are
many process parameters such as power, deposition temperature, oxygen partial
pressure, working pressure and the composition of 1IGZO target, that need to be
considered. Different deposition conditions may result in different amount of oxygen
vacancies which would release free electrons in the film. The HMCs and oxygen
bonding M-O) have the probability to break and restructure during the deposition,
which in turn would induce oxygen vacancies. When the metal atom and oxygen
come close, charge transfer occurs due to the different electron affinity of these atoms.
We can use the following formula to represent the phenomenon during the deposition
of a-1GZO film.

M-—0+M-0-M-0—M + oxygen vacancy + 2e~, (Eq. 1-1)
In other words, the more oxygen vacanciesdh&ZO film has, the higher carrier
concentration the film contains. Therefore, we need to carefully adjust the above
deposition parameters to optimize the device characteristics in terms of grhigh
steep SS, low ¥ and large on-off current ratio. The device characteristicsI&ZO
TFTs deposited at room temperature reported in most of publish papers are not worse
than those deposited at a high temperature. In addition, the passivation layer which
directly contact with the channel film region, such as hydrogenated silicon nitride
(SiNy), would highly reduce the channel resistivity by enhancing carrier concentration
and forming nearly ohmic contacts to reduce the parasitic source to drain resistance

[24]. Hydrogen atoms diffusing into tleeIGZO film may act as donors to contribute
5



free electrons. This indicates that a low channel resistivity at contact interface is
necessary to obtain good ohmic contact.

The nonlinearity of the output characteristics of @h8i TFTs is caused by large
contact resistances between the source/drain electrodes and the channel film. Similar
effects have been observed aAlGZO TFTs. The voltage drop across the contact
should be small compared to the voltage drops across the active region and metal
electrodes. The multilayer electrode structures such as titanium (Ti)/Al and Ti/Au are
often used to decrease the contact resistance and improve the adhesion of channel and
electrode.

Furthermore, argon (Ar) plasma treatment at source and drain metal contact
regions ina-IGZO channel film also improve.the contact resistance [25]. Different
plasma treatments in various ambient, such as hydroggnd¥ygen (Q), nitrogen
(N2) and nitrous oxide (pD), are also investigated.. For instance, hydrogen atoms
serve as donors in hydrogen plasma treatment [25hl&ma would cause oxygen
adsorption onto the channel film.and lead to-the creation of acceptor-like states [26]
which trap the conducting electrons anlGZO film, and N plasma can break the
bonding of HMCs and oxygen to generate free carriers [27]. Different post annealing
environment [18, 28-29] and laser annealing [30-31] were also used to enhance and
control device characteristics by reducing the channel resistivity and bulk defects.

AMOS research has made a large progress in the past few years, but the
fundamental carrier transport mechanism and material properties are still not well
known because of their complexity. Kamighal had observed unusual behaviors in
temperature dependences of free electron density and mobilitg-f&ZO and
crystalline IGZO (c-IGZO) [32]. For examplgyes at RT enhances with increasing
carrier concentration. This is totally different from conventional crystalline

semiconductors because of ionic impurity scattering. They proposed that the
6



percolation conduction is more suitable to explain the carrier transport properties
observed imi-1GZO film [32, 34-35]. The basic theory of percolation conduction is

that for electrons there are different mobile paths that exhibit different carrier
transport properties. From Fig. 1.3 [32], electrons would take low barrier height and a
winding path at a low temperature because the transmission probability is limited by

the Boltzman factor which is expressed as

e et (Eq. 1-2)
Electrons will take a shorter and straight path at higher temperature even a higher
potential barrier height is encountered [32, 35-36]. On the other hand, Fig. 1.4 shows
that Fermi level below or above the edge of the conduction band presents another way
to describe the percolation and degenerate conduction mode [37].

To understand the subgap-density of states (DOS) is important to improve the
0a-1GZO TFTs characteristics. The strained and disordered chemical bonds form deep
and localized states between the ‘conduction band minimum and the valence band
maximum. These states act as trapping.centers for electrons-[B&O TFTs with
the channel film deposited with different conditions have different subgap DOS. The
larger DOS observed in the depletion-mode TFTs than in the enhancement-mode is
explained by the larger density of donors in the depletion mode TFTs [36]. The
annealed TFTs have smaller DOS, reduced defect density and shallow defects.
Different methods were proposed by different groups to extract DOS, such as
capacitance-voltage (C-V) characteristics of TFTs [38-39], simulation [40] and charge
pumping [41]. A low density of subgap traps is important for reducing the SS and

operation voltage afi-1IGZO TFTs.



1.3 Motivation and Objective of this Thesis

Based on the successive research and innovation in recent years, metal-oxide
TFTs may offer an attractive alternative for replacing silicon-based TFTs. Metal-oxide
TFTs may even have the potential to the manufacturing of the consumer electronic
products in the future. Nonetheless, from the historical background stated above, more
efforts in understanding the effects of the film composition and the process treatments
on the properties of the channel films are still urgently needed. In this th&SiBO
TFTs were fabricated and characterized with homemad&ZO targets. The
advantages of homemadelGZO targets are low cost and the ability to tailor the
composition of In:Ga:Zn. One of the objectives of this thesis is to find the best
composition in then-IGZO target in-order to obtain the best device characteristics.
Furthermore, by varying the composition-of théGZO target, we can compare and
study the impacts drawn by different metal elements in the channel film. Since this is
the first work on the metal-oxide TFTs conducted in our group, we also intend to
optimize the device manufacture parameters and develop a fabrication technique of

bottom-gaten-1GZO TFTs.

1.4 Organization of this Thesis

In Chapter 2, we present the fabrication of the n-tgpGZO TFTs by
describing the basic process flow The measurement setups employed for device
characterization are also presented in this chapter.

In Chapter 3, we present and discuss the electrical characteristics of the
fabricated devices, including the on-off current ratigs, SS and W. The impacts of
the deposition power and oxygen flow on the device characteristics will be discussed

respectively. Also, we investigate the effects of various post treatments on the

8



electrical characteristics of the devices. Effects of ataper inserted between the

0-1GZO channel region and source/drain metal contact are also studied.
Finally, we summarize the concluding remarks from our experimental results and

the suggested future work in Chapter 4.



Chapter 2

Device Fabrication and Measurement
Setup

2.1 Manufacturing Process of IGZO Targets and

Characteristics of Deposited IGZO Films

In this study, theomposition of the IGZO powder used in the experiment was

mixed by an atomic ratio of In:Ga:Zn = 1:1:The target powder (b3, GaOs, ZnO)

with high purity was purchased from Optotech Materials Co. The powders were then
milled, followed by calcining at 1000°C for 1 hour."Next, the powders were ground
and sieved through a 250-mesh screen. Afterwards, the material was further formed
into the sputter target under a pressure of 60,000-70,000 kgtcdR50°C for 60
minutes in Ar ambient.

After the IGZO target was formed, we mounted it in the sputter chamber for the
deposition of IGZO thin films on glass substrates. Table 2.1 shows the major process
parameters of the deposition. Certainly the process conditions may affect the
properties of the deposited material, such as the atom ratio of deos$®ED film
and the deposition rate. In this work, we used n&k analyzer to measure the thickness
of IGZO thin film. The atom ratio of the depositedGZO films was investigated by
X-ray photoelectron spectroscope (XPS). The surface roughness was investigated by
atom force microscope (AFM). From Fig 2.1, we can see that higher deposition power

has faster deposition rate owing to the higher sputter yield. However, the mean free
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path of the sputtered species could be reduced as a higher oxygen partial pressure is
implemented and, as a result, the deposition rate is slower. Form the X-Ray
Diffraction (XRD) material analysis of 1IGZO films which was deposited in RT, we
found out that the IGZO film without post annealing is always in amorphous state

regardless of the deposition conditions.

2.2 Device Fabrication and Process Flow

In the section, we introduce the basic process flow otith®@ZO TFT devices.
The device structure belongs to the inverted-staggered type, which is the most
commonly used structure for active matrix liquid crystal display (AMLCD). Figure
2.2 shows the schematic process flow for-fabricating the devices. It can be seen that
the a-IGZO TFT device was fabricated on the surface of a silicon dioxide film
thermally grown on a silicon substrate. For fabricating this structure, a 100 nm
Al-Si-Cu was first deposited by. physical vapor deposition (PVD) as gate electrode
and patterned by wet etching (Fig. 2.2(a)).-Then, a 100 nm TEOS oxide was deposited
by plasmaenhanced chemical vapor deposition (PECVD) as the gate dielectric (Fig.
2.2(b)). It is worth noting that before depositing t®GZO active layer, we had to
pre-sputter the target for 15 minutes to prevent the contamination of IGZO target
surface. Subsequently, a 50 m¥IGZO film was deposited as the channel layer by
the RF sputter at room temperature under different deposition power and oxygen
partial pressure (Fig. 2.2(c)). The atomic ratio of IGZO target was In:Ga:Zn=1:1:1.
The system’s base and working pressures were 3%afr and 5 m Torr, respectively.
During sputtering, the flow rate of Ar was fixed at 50 standard cubic centimeter per
minute (sccm), while the oxygen flow was set at 1sccm, 3sccm, or 5sccm, with

oxygen partial pressure of 9.8 x1®.83 x10 or 4.54 x1d Torr, respectively, all
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with a fixed deposition power (100W). The oxygen partial pressure was derived from
O./(Ar+0,) x working pressure. In this work, we also explored the effect of the RF
power by setting the power at 100, 125, 150, 200W at constan ga&Omixing ratio
(50/1) and oxygen partial pressure of 9.8 XT@rr. After thea-IGZO channel film

was deposited, an optional a-IGZO layer and a source/drain metal were deposited
using lift-off process (Fig. 2.2(d)). The optional n-IGZO layer allows us to
compare the electrical characteristics of devices with and without it. Such an n
0-IGZO film was deposited without flowing the oxygen during sputtering. The
source/drain metal was a 300 nm Al/Ti metal compound which was deposited with
deposition power fixed at 75W by a DC sputter and the working pressure was 3 m
Torr (Fig. 2.2(e)). Afterwards, we:performed a lithographic step to define the active
device region (Fig. 2.2(f)). Since the etching rate ofdH&ZO with hydrochloric

acid (HCI) was too fast, we used a diluted HCI solution (HGD H 1:200) instead to
avoid damage and severe lateral etching obth&ZO channel film (Fig. 2.2 (g), (f)).

In order to contact the gate electrode, contact etching was performed by wet etching
using buffer oxide etcher (B.O.E.).  Fig. 2.2 (i) and Fig. 2.2 (j) show the

cross-sectional views of tlelGZO devices without and with thé o-IGZO layer.

2.3 Measurement Setup

In our study, electrical measurements of all devices were executed by an
HP4156A precision semiconductor parameter analyzer, and the measurement
temperature was maintained at°’@5 Prior to the measurements, allGZO TFTs
samples used in this study were annealed af@@0r 40 minutes on the hot plate
aiming to remove the excess moisture on TFTs.

The basic electrical parameters of the fabricated device were extracted from the
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electrical characteristics. Note that the threshold voltagg (vas not extrapolated

from the }-Vq curves, rather, thegvwas defined in this work as the value gfwhen
lg equals 1nA X% under \4 of 0.1V, where W and L are the channel width and the

channel length, respectively, as estimated from the patterns of the mask. The

subthreshold swing (SS) was calculated by the following equation:

SS = dlog(1g) ’
dvg

(Eg. 2-1)
the minimum SS value was extracted in the drain current region betw&antd0
10*%A. The transconductance {Bwas also extracted from the Vg curves, and we

could calculate the lineau=e by the following equation with ¥=0.1V:

_ LGp
T W-Cox'Vp

UEE (Eq. 2-2)

For on-current @), the value was defined as thewhen \; — Vi, = 8V at \p,=10V.
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Chapter 3

Results and Discussion

3.1 Effects of Deposition Conditions

3.1.1 Introduction

0a-1GZO channel layers are usually deposited by sputters because of the low
deposition temperature and thus the feasibility for manufacturing of devices on
flexible substrates. It is well known that the properties of amorphous metal oxide
semiconductor materials are strongly dependent on the processing conditions. In this
regard, there had been several reports exploring the effects of deposition power [29],
oxygen flow [18, 29] and working pressure [18], on the basic electrical characteristics
of a-1IGZO TFTs. The analysis of different process parameters are the major object of
this section with an intent to acquiring suitable process parameters for deposition of
0-IGZO layers with superior properties. In particular, the impact of different

sputtering parameters is investigated.

3.1.2 Effects of Deposition Power

Figures 3.1(a)~(d) show the transfer characteristics ofath€ZO devices
deposited with deposition power of 100W, 125W, 150W and 200W, respectively, at a
constant oxygen flow of 1sccm. In each figure at least 10 devices were measured in
order to understand the uniformity of the characteristics. Overall the uniformity of the
manufacture process is good as can be seen in the figures. Typical device

characteristics of each split are put together in Fig. 3.2 for comparison. Some clear
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trends are shown in the figures. First, the transfer curve is shifted to the left with
increasing sputtering power. Second, a higher deposition power results in larger
off-state current. The extracteq,VSS, and on-current for each split are shown as a
function of channel length in Figs. 3.3(a), (b) and (c), respectively. In Fig. 3.3(a) it
is seen that the variation ofyMs reduced with increasing deposition power, though
the trend of SS seems not clear in Fig. 3.3(b). As shown in Fig. 3.3(c), the
on-current measured at the same gate overdrive is higher as the deposition power
increases. It is known that theé’frcations ina-1GZO channel film would extend the
conduction band minimum and reduce the effective mass of the conduction electrons
which would enhanceuse and reduce the resistivity of the-IGZO film [17].
Moreover, the YV, is negatively. shifted by: increasing the carrier concentration.
However, the carrier concentration @flGZO channel film is controlled by oxygen
vacancies and the incorporated In concentration.

Table 3.1 shows that the value-of In/(In+Ga+Zn) ratio of the deposited films

which increases with increasing deposition power. The concentration of these metallic
compositions was obtained with the "XPS technique. The dependence of the
In/(In+Ga+Zn) ratio on the deposition power is postulated to have a strong influence
on device characteristics includinga\Mirg, carrier concentration and off current [17,
42]. However, as shown in Fig. 3.3(b), the SS is slightly deteriorated at a higher
deposition power. This indicates that the interface traps between gate oxide and
0-IGZO channel layer are not seriously affected by the deposition power. Fig. 3.4
shows that the field-effect mobilitypge) extracted from the transconductance

enhances with increasing deposition power. Tipefor the devices processed at a
lower deposition power is slightly reduced as the channel length is shorter thran 20p
It is postulated to be related to the effect of the S/D parasitic resistance in these
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devices with a shorter channel length. Next, this issue is clarified by measuring the
resistance components in the devices.
The total resistance {f&) as a function of channel length can be evaluated by

using the total resistance method conducted in the linear region [24]:

R _ Vp _ L
total Ip HrEi*CoxW:(VG—Vin)

+ Rgp, (Eg. 3-1)

where Gxis the oxide capacitance, W is the channel width, L is the channel lgagth,
is the effective mobility and & is the S/D parasitic resistance. From this equation,

we can evaluatgl: and channel resistance per micrometer as a function of gate
overdrive, and the results for devices with L/W = 100/400¢haracterized at 3%

0.1V are shown in Fig. 3.5(a). The extracted resistance components are shown in Fig.
3.5(b). The measuredsRvalues are in the rangefrom 3.5 to 6<7, knore than one

order in magnitude smallerthan the channel resistance in this case. On the other hand,
the results for a device with a short channel length efid0are shown in Fig. 3.6. In

this case the extractedsiRvalues are comparable to that shown in Fig. 3.5(b).
However, due to the ten times smaller in channel length, the channel length is
significantly reduced. As a result, the impact of thg & device characteristics is no
longer negligible in the short-channel devices.

In Figs. 3.7(a) and (b), it is seen that the channel resistance decreasgs=while
increases, respectively, with increasing gate overdrive voltage. It is obvious that a
higher gate overdrive voltage induces more free electrons to transpa+tGAO
channel layer which is the main reason for the reduced channel resistance. On the
other side, the more induced electrons would reduce the potential barrier for carrier
conduction [32, 34-37]. As has been introduced in Chap. 1, the electrical behavior of
thea-IGZO TFTs can be explained by a percolation model. As shown in Fig. 1.4(b),

as the Fermi level is manipulated by the gate bias in the degenerate state, shorter
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carrier transport paths around the valley of energy barrier could be formed as the gate
voltages increases. The output characteristics of the devices with different deposition
power are shown in Fig. 3.8. The differences among the splits in on-current at the

same gate overdrive voltage are obvious.

3.1.3 Effects of Oxygen Flow

Figures 3.9(a) and (b) show the transfers characteristics of sex@GZO
devices with oxygen flow of 3sccm and 5sccm, respectively, at a constant deposition
power of 100W. As compared with the results shown in Fig. 3.1(a) for the split with
oxygen flow of 1sccm, the variation in device characteristics is not worse. Fig. 3.10
shows the typical transfer curves of the three splits. As described in Chap. 1, oxygen
vacancies are the main source to release free electrons to transport in the metal-oxide
semiconductors. This is clearly confirmed in the figure that the transfer curves are
positively shifted with increasing oxygen flow. Therefore, a higher gate voltage is
necessary to accumulate free ‘electrons to-form a conductive layer between the source
and drain. In addition, the extracted electrical parameters are show in Figs.
3.11(a)~(d). Fig. 3.11(a) shows that thg Kas a weak dependence on the channel
length. This is because the channel length is more than 30x longer than the gate oxide
thickness, thus the short channel effects are expected to be small. In Fig. 3.11(b), the
SS increases with increasing oxygen flow. It is known that the SS can be affected by
the bulk defects in the-IGZO channel film in addition to the interface traps, thus the
reduction in SS might result from the greater densification and lower amount of the
bulk defects as deposited at a lower oxygen partial pressure [18, 29, 43]. Fig. 3.11(c)
shows the on-current measured under the same gate overdrive voltage of 8V. From

this plot, we know that on-current reduces with increasing oxygen flow owing to
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deficiency in carrier concentration. Fig. 3.11(d) shows fhatis dependent on the
channel length. The electrical behavior is similar to that described in pervious
sub-section and 48 should have drawn effect on the short-channel devices.

The channel resistance apg extracted from total resistance method are shown
as a function of gate overdrive in Fig. 3.12. It is obvious that a higher gate overdrive
voltage induces more free electrons to transport in the channel, which is the main
reason to reduce channel resistance. Because the depwd®tD channel layer
with a higher oxygen flow has less carrier concentration, a higher potential barrier
height and longer transport path are expected from the percolation model (Fig. 1.14
(a)). Therefore, the channel resistance gpdre higher in the films with a lower
oxygen flow. Fig. 3.13 shows the' output characteristics of devices deposited with
different oxygen flow. Despite the higher resistivity, the ohmic S/D contacts are still
formed for the split with high oxygen flow as shown in the output characteristics,
attributed to the large S/D contact area. However, the undesirgbleffects still
need to be taken into consideration and solved in practical circuit applications in
which the contacts are minimized for performance concern. In order to solve this
problem, several methods have been proposed, such as plasma treatment [25-27],
post-annealing treatment [28-29] and post-laser annealing [30]. In the next section, we
explore an approach which adopts ah insertion layer to improve the device
characteristics.

Summary of the major effects of the deposition parameters on the electrical
characteristics ofi-IGZO TFTs are shown in the Table 3.2. Based on these observed
trends, most of the devices characterized in the remaining sections of this thesis were
fabricated with the following suitable sputtering parameters: deposition power is

150W, Ar/Q, gas mixing ratio is 50/1, oxygen flow is lsccm. Major electrical
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characteristics of the fabricated devices are as follows: fhis 9.660.15V, SS is
0.47610.023V/decade}ire extracted by transconductance is 10®36 cnf/Vs, and

the on-current is 2.0@t03x10°A at Vs-V,=8V and \L=10V.

3.2 Effects of the Insertion "nLayer between

Source/Drain and the Channel

Deposition conditions of the*rinsertion layer are described in Chap. 2. It is a
heavily-dopedx-IGZO layer which has a high carrier concentration in order to reduce
the contact resistance of the S/D metal contacts. To confirm this point, we took the

Hall measurements to probe the carrier_concentration and resistivity of the deposited

films. The resistivity of the-ho-1GZO- layer is 2.85%0° Q-cm and the carrier

concentration is 1.280"cm®. Details about the device fabrication are also given in

Chap. 2. To reduce interface defects between the-semiconductor layer and metal, the
n* layer and the S/D metal were deposited-sequentially in a sputter with base pressure
of 2 x10° Torr.

Fig. 3.14 shows the output characteristics of th&GZO devices with and
without n" layer. From the output performance, we can see that treairoent of
a-IGZO devices with hlayer is increased by 36% at the same gate overdrive. The
transfer characteristics of the two devices are shown and compared in Fig. 3.15. As
compared with the device without thé imsertion layer, both on and off currents
increase with the “ninsertion layer. The increase in on-current is attributed to the
reduction in the parasitic resistance and is consistent with the results presented
previously [44]. The main reason is attributed to the thinning of the tunneling width at

the S/D contacts due to a high amount of carrier concentration [33]. However, the
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causes for negative shift of the threshold voltage and increase in the off current are not
clear at this stage, presumably due to the difference in film thickness because of the
lack of reproducibility with the homemade sputtering system. Figures 3.16(a), (b), and
(c) showprg, Vin, and on-current of the two splits of devices. Effects of the insertion

layer in improving the mobility and on current are clearly illustrated in the figures.

3.3 Effects of Different Annealing Ambient

The ambient for the post-annealing treatment of the fabricated devices was
varied and studied in order to understand the effects on the characteristitS 2D
devices. The post annealing process is one of the major factors to dictate the electrical
behavior because this process can generate. or diminish free carrierkGEO
channel films and modulate the film’s properties. In this study, the annealing ambient
employed includes the forming gas (95%@%H,) and nitrogen environment, and the
annealing duration is one hour. Fig: 3.17 shows the representative transfer curves after
the annealing treatment and Fig. 3.18 compares the extracted electrical parameters.
The on-current measured agV =8V at \b=10V are 2.010.03x10°A, 1.780.09x
10°A and 1.660.03x10°A for fresh devices and annealed ones done in forming gas
and nitrogengas, respectively. As can be seen in Fig. 3.17 that the transfer
characteristics ofi-IGZO TFTs are dramatically affected by the annealing ambient. In
order to explain these results, we postulate some possible schemes and explore their
suitability for the observed electrical behaviors of the annealed samples.

In the a-IGZO films the metal species tend to bond with the oxygen ones. As
oxygen vacancies are generated inside the films, more electrons are released. When
the a-IGZO structure is annealed in a higher temperature, it generates oxygen

vacancies and it is well known that one oxygen vacancy can release two free

20



electrons.

From the on-current performance, we find that the on-current of devices
receiving post annealing treatment is smaller than that of fresh ones. It is postulated
that the carrier concentration is reduced by the post annealing process and obviously
the film’s properties are dramatically affected by the treatments. Accounting for this
point, three different possible conditions for the channel films are shown in Figs.
3.19(a) ~(c). Figure 3.19(a) corresponds to the situation of fresh devices in which a
homogeneous film is assumed. In Figs. 3.19(b) and (c), we assume that, during the
post-annealing treatment, the hydrogen and/or nitrogen atoms presenting in the
environment may diffuse into theelGZO channel film from the back channel surface
and modify the film with a high resistivity. However, in Fig. 3.19(b) it is assumed that
thickness of such a modified resistive region is thinner than the original film thickness,
while in Fig. 3.19(c) the whole film is modified: From Fig. 3.20, we find that the
off-state current is not dependent on gate voltage but on drain voltage. Such a
phenomenon implies that the performance of the off-current is related to intrinsic
0-1GZO film resistivity which depends on the manufacturing parameters. Based on
this hypothesis, the resistivity of-IGZO channel film by different drain voltage at

V¢=-3V can be calculated as follows:

vD L
R=1>=Piczo " 57 (Eq. 3-2)

ID
wherepiczo is the resistivity ofo-1IGZO channel film, t is the channel thickness of
0-1GZO film, L is the channel length and W is the channel width. Fig. 3.21 confirms
the linear relation between drain current and drain voltage for devices receiving
different post-annealing treatment. Thus, the reciprocal of slope can be regarded as

the resistance of the-1IGZO channel film. From the plots, the calculated resistivity of

a-1GZO film without post annealing (the fresh devices) is about@®FKQ-cm. Such
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a value can be adopted as the resistivity in the unmodified region in Fig. 3.19(b).
Assuming the resistivity of the surface modified region is much higher than that of the
unmodified region in Fig. 3.19(b), and the thickness of the unmodified regigmis t

can estimate, in the post-annealed devices with the following relation:

t; = pigzo(fresh) - =, (Eq. 3-3)
where R is the resistance for the post-annealed devices extracted from Fig.i8.20. t
about 2.78 nm for the device annealed in forming gas and about 0.39 nm for the
device annealed in nitrogen. The latter is so thin that we can regard the film as fully
modified as the situation shown in Fig. 3.19(c).

The extracted electrical performance presented in Figs. 3.18(a) and (b) shows
indirect evidence supporting .the -above hypothesis. In Fig. 3.18(a), ¢thés V
increased by the post annealing treatments, .and-is the highest for the split which
received treatment in the-nitrogen ambient because#&ZO channel film has
been transformed into a highly resistive state. In summary, this study shows that the
resistivity of post annealed devices.is_higher than that of the fresh ones, while the

transfer curves show positive shift.

3.4 Temperature Instability

For circuit applications, it is also important to consider the electrical stability of
a-1GZO TFTs under various gate bias [36, 39], temperature [39, 45-46] and lighting
conditions [47-48]. Moreover, the electrical instability also has been reported by
several groups that it strongly depends on the gate dieleet&ZO channel
interface properties [48-49]. In this section, we evaluate the temperature dependence
of electrical behaviors oa-IGZO TFTs having PECVD TEOS oxide as the dielectric

material.
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The temperature-dependent measurements started °@t &%l increased to
125°C in 25C increment per step. In order to minimize the measurement errors, 15
minutes hold time at each temperature step was used to ensure a steady state was
achieved before the measurement. In Fig. 3.22, the transfer characterigtS£®d
TFTs measured at various temperatures frof€26 125C with a fixed drain voltage
Vp=0.1V are shown. As can be seen in this figure, the drain current in the off and

sub-threshold regions increases with increasing temperature. Figs. 3.23(a) and 3.23(b)

show the extracted SS angh\as a function of temperature betweefiand 128C.

The off and sub-threshold currents in TFTs with ZnO-based multi-component oxide
are described by the thermally activated Arrhenius model where it is assumed that the
thermally activated electrons from deep level trap states and tailing states are excited
thermally into the conduction band-and move toward the drain electrode by the lateral
electric field [39]. In the metal-oxide semiconductor, the deep level trap states are
caused by oxygen vacancies, while the tailing states are caused by the structural
disorder of the semiconductor films..It is-well known that the extra free carriers of
metal-oxide semiconductor are mainly due to the generation of oxygen vacancies. The
thermally activated oxygen atoms leave their original position and induce oxygen
vacancies (deep states) with the remaining free electrons at the original sites. The
activated oxygen atoms become interstitial and affect the electrical performance of
0a-IGZO TFTs. Therefore, the negative,\8hift with increasing temperature and the

SS increase with increasing temperature can be understood as the consequence of
thermal activation. The SS is deteriorated by the dramatic increase of trap def)sity (N
including the density of states (DOS) of trdGZO film (Ng) and interface traps (N

at a higher temperature [43, 46] with the following relation:

Cox-ASS

AN, = In (10)-kT

(Eq. 3-4)
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where Cox is the gate capacitance, k is the Boltzman constant, T is the measurement
temperature, and3S is the change of SS with increasing temperature.
According to the Arrhenius model [50-51], the drain curreps) (hear the

sub-threshold region can be expressed with the following equations:

Ips = Ipg - € kT, (Eq. 3-5)

In(Ips) — In(Ipe) = —Ea(2), (Eq. 3-6)
where ho is the pre-factor and ,Eis the activation energy. Fig. 3.24 shows the
Arrhenius plots of am-1GZO device measured at drain biases of 0.1 and 5V. It is
well known that, for amorphous-semiconductor TFTs, most of the free carriers
induced by the gate electric field go into the tailing states but a small fraction go to
the conduction band with higher-electric field [52-53]. As shown in Fig. 3.23, the off
current and sub-threshold current have strong temperature dependence implying a
high activation energy. There have been many reports that the tailing states obey an
exponential distribution and the -characteristic ‘energy of tailing states has been
estimated to be less or comparable to the thermal energy (0.0259eV) at room
temperature [33, 39,50-51]. As a resulk, decreases exponentially as the gate bias
increases in the on-state. Under such a situation, the Fermi level moves closer to the
conduction band edge until it reaches the tailing states [45]. Thus, the high density of
tailing states causes the pinning of Fermi level and reduces the slope, as shown in
Fig. 3.24. Furthermore, the activation energy in the off current region is weakly
dependent on the gate voltage. The activation energy-IBZO devices at different
drain voltage (¥=0.1V and 5V) are 0.13eV and 0.17eV, respectively, which is in
contrast to the normal TFTs. This electrical behavior is still unknown and needs to

be verified by more experiments.
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Fig. 3.25 shows that the on-current @fiGZO TFTs slightly increases when
temperature increases to°Z5 but decreases as the temperature is further increased.
In Fig. 3.26, a similar trend is exhibited on transconductangg (hese trends can
be explained as follows: the enhancement in on-current ands @wing to the
increase in carrier concentration due to the aforementioned thermal activation process.
Nonetheless, as temperature is abovéC7%he mechanism of phonon scattering

dominates the electrical performance and results in the degradation.

3.5 Hysteresis Characteristics

Several studies on the hysteresis phenomenon have been reported. In this thesis
such an issue is also addressed. In the following analysis, the forward sweep (FS)
refers to the sweeping of gate voltage from a negative value to a positive one, and the
reverse sweeping (RS) refers to the sweeping in-the opposite direction. Difference
between the transfer characteristics of the two sweeping modes indicates the extent
and effect of the hysteresis. ‘In addition,-it -has been shown that the kind of gate
dielectric used in devices may have effects on the hysteresis [54-55]. In this study, we
explore the characteristics of devices with PECVD TEOS/8iI5Z0 channel. Figs.
3.29(a), (b), (c), and (d) show the results of measurements performed on devices with
the a-IGZO channel deposited with RF power of 100, 125, 150, and 200W,
respectively. The ©flow is fixed at 1sccm for these devices. Figs. 3.30(a) and (b),
show the results of measurements performed on devices with-iB&ZO channel
deposited with @flow of 3 and 5sccm, respectively. The RF power is 100W for the
devices. In the figures, the hysteresis loops are clockwise.

The above results are presumably due to the electron trapping in the gate oxide

which occurs mainly during the FS so that the Vth shifts positively in the RS curve.
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The trapped electrons are injected from the channel into the gate oxide. The process
parameters obviously play a role in affecting the hysteresis. The hysteresis window is
defined as

Hysteresis Window = Vi, (RS) — Vi, (FS), (Eq. 3-7)
where \{, is defined as the value ofyWhen | equals 1nA ><¥ under \§ of 0.1V.

Fig. 3.31(a) shows the hysteresis window extracted from Figs. 3.29(a) ~(d) as a
function of deposition power. It is seen that the window size shrinks with increasing
deposition power. Fig. 3.31(b) shows that the hysteresis window extracted from Figs.
3.29(a), 3.30(a), and (b) as a function of oxygen flow with a fixed deposition power
(100W). The hysteresis effect becomes more severe as oxygen flow is used.

During FS, the free electrons are accumulated near the interface by high electric
field exerted by the gate voltage, and some of the-electrons are injected into the gate

dielectric and trapped therein. During RS and even subsequent FS, not all of the

trapped electrons would de-trapithus becomes. larger. The de-trap rate of the

trapped electrons in the gate oxide depends on the trap level and distance from the
channel. These properties are affected by the deposition conditions @fl@&O

channel [55]. More efforts are needed for making these phenomena more clear.
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Chapter 4

Conclusion

4.1 Conclusion

In this thesis, we have successfully fabricated and characteri#t@dO TFTs
with thea-1GZO channel layer deposited under various sputtering parameters. As the
film was deposited with a higher RF power but a fixed oxygen flow conditions, we
observed that the transfer curves are negatively shifted whilis improved without
deteriorating the SS. It was. confirmed by XPS measurements that the value of
In/(In+Ga+Zn) ratio of the ‘deposited films increases with a higher deposition power,
presumably the reason thate is significantly enhanced.Moreover, by comparing
the characteristics of devices. deposited with different oxygen flow and a fixed
deposition power, the carrier concentration of thé6GZO channel is found to be
reduced with increasing oxygen flow during sputtering. As a result, the transfer curves
are positively shifted angge is significantly decreased. From the electrical results of
the a-IGZO TFTs, the deposition power of 150W with oxygen flow of 1sccm was
chosen as the sputtering conditions for preparingitf®@ZO channels in this study.

We've also investigated the effects of animsertion layer between S/D metal
and a-IGZO channel layer. In this studg-IGZO TFTs with the hinsertion layer
exhibit less S/D parasitic resistance than the ones witHdnsertion layer, which in

turn enhances the on-current. Nonetheless, origins for the accompanying degradation

in the off-current and the negative shift of,\Yemain unclear at this stage. Besides,

the changes of transfer performance with the variation of post annealing treatments
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have been studied as well. It was observed that the resistivity afl(BEO channels
receiving the post annealing treatment is higher than the control without the treatment,
resulting in an increased\and mobility degradation.

Temperature-dependent sub-sthreshold charactengttesalso observed for the
fabricatedo-1GZO TFTs. The increase in sub-threshold current-t6ZO TFTs is
well described by the thermally activated electrons. The thermally activated Arrhenius
model proposes that the activated electrons are released from traps into the conduction
band and may increase the current by orders of magnitude. However, the transfer
characteristics are degraded as temperature rises abtvel7& to the dominance of
phonon scattering. The differences in hysteresis characteristicsoefGE® TFTs
are mainly from the contribution of trapped electrons in or near the gate dielectric and

trapping/detrapping in-1IGZQ channel layer.
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Table 1.1 Comparison of silicon based semiconductor TFT and metal-oxide based

semiconductor TFT.

Figure Captions

a-Si TFT Poly-Si Metal Oxide TFT

Phase Amorphous Polycrystalline Amorphous or
Polycrystalline
Channel Mobility 1 cm3/Vi.st ~200 cm?/\/t-s?t 10~40 cm3/\t-st

Switching 0.4~0.5 V/decade 0.2~0.3 V/decade  0.09~0.6 V/deq
Characteristics
Source/ Drain ~105A ~10%A ~10%A
Leakage Current
Uniformity Good Not Good Good
Long-term TFT Low High Unknown
reliability
Maximum Process ~250°C ~400-500°C RT to 350°C
Temperature
Manufacturing Low(4~6) High (7~11) Very low (4~6)
Cost (Number of
mask)
Application LCD LCD, OLED LCD, OLED

Display
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Fig.1.1. The elements of heavy metal cations v(n-1)d°ns’ electronic configuratiol

on the Periodic Table.
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(@) (b)

Fig. 1.2. Schematic drawings for the carrier transport paths (that is, conduction band

bottoms) in the crystalline and amorphous-semiconductor. (a) Covalent semiconductor,

for example, silicon. (b) Post transition metal-oxide semiconductors. [5]
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Fig. 1.3. lllustration of the image of percolation conduction over distributed potential
barriers. The drawn surface shows a potential isosurface for electron transport. (a)
High temperature case. An electron chooses a shorter but higher barrier path. (b) Low

temperature case. An electron chooses alonger, but lower barrier path. [32]

41



(b) (c)

Fig. 1.4. The bumpy surface represents the conduction band edge and flat layer
represents the Fermi level. The model is simplified by assuming that the temperature
is close to 0 K. (a) when the Fermi level is low, there is not enough electron to induce
above the conduction band edge. (b)As the Fermi level increases, electrons trickle
through potential valley (percolation conduction) (c) when the Fermi level is high

enough, almost all potential barriers are immersed under the Fermi level so that

electrons more almost unhindered. [37]
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Table 1.2. The common deposition methods for manufacturing Zn@-4GdO film

as active channel of transparent TFTs.

Deposition
Technology

Advantages

Disadvantages

Sol-gel method

Easy Processing

Low Cost of Equipment

High manufacture temperature

Spray

Easy Processing

Low Cost of Equipment

High manufacture temperature

Chemical Vapor

High Film Quality

High manufacture temperature

Deposition , =" . .
(CVD) High Productivity \olatile material
Sputter High Film Quality The damaged sputter target

Low Manufacture Temperature
Good Uniformity of Large Scale

Good Adhesion

Low Deposition Rate

Evaporation

Fast Deposition Rate

Difficult to control the deposited
film

Pulse Laser
Deposition (PLD)

Good Surface Roughness
Easy to Make Multilayer
Fast Deposition Rate

The deposited film reserves the
stoichiometry of sputter target

Contamination (particle attached
Low productivity
High cost of equipment

Not easy to make large scale
deposition
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Table 2.1. Major deposition parameters for preparingath€Z0 films. In (a) the
deposition power was varied to study its impacts, while in (b) the oxygen flow was

varied to study its impacts.

System base pressuré Torr) 3x10°
Working pressure ( mTorr) 5
Deposition temperature( °C ) RT
Ar gas flow (sccm) 50
O gas flow (sccm) 1
RF deposition power (W) 100~125 ~150 ~200
(a)
System base pressuré Torr) 3x 10°
Working pressure (mTorr) 5
Deposition temperature( °C ) RT
Ar gas flow (sccm) 50
Oz gas flow (sccm) 1-3-5-10
RF deposition power (W) 100
(b)
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Fig 2.1. (a) The deposition rate as a function of power at constant oxygen flow (1sccm)
and (b) the deposition rate as a function of oxygen flow at fixed deposition power

(100W).
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TEOS Oxide

(a) (b)

Fig. 2.2. (a) Gateefinition and (b) deposition of a 100 nm TEOS oxide by PEC

PR

TEOS Oxide TEOS Oxide

(©) (d)
Fig. 2.2. (c) 50 nno-IGZO «channel film was' deposition by RF sputter. (d)

coating for defining the source/drain regic

PR
TEOS Oxide TEOS Oxide

(€)

Fig. 2.2. (e) Formation of source/drain metal deposition with tt-off method. (f)

Coating of a PR layer.
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Fig. 3.1. Transfer characteristics of thelGZO devices deposited with deposition
power of (a) 100W, (b) 125W, (c) 150W and (d) 200W at a constant oxygen flow of

1sccm.
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Fig. 3.1. Transfer characteristicsmiGZO devices deposited with deposition power
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49



106 r Fixed Oxygen Flow: 1 sccm _.
E W/L=400/100 pm Lm0

Drain Current (A)

6 4 2 0 2 4 6 8 10 12
Gate Voltage (V)

Fig 3.2. Typical transfer characteristics @iGZO devices deposited with different

deposition power.

50



5 L] L] L] L]
| Fixed Oxygen Flow: 1 sccm — e —  200W
e —-m—. 150W
S AT 2o — —A—. 125W ]
< Fresh — e —- 100W
%‘ sl H“{———i———i-————: _
6 L
|
= I
© 2F ’—I"_—__{ -
B = —F———F
£
o1 e ]
I ‘_‘_—‘_—— —_— e ”___
S ocE-og-=T
O [ A A A A A
0 20 40 60 80 100 120
Channel Length (um)
(a)
r Fixed Oxygen Flow: 1 sccm :
o - W=400pm 1
8 O7F v,=01v 1
< | ]
>  Fresh { ]
o> 06F '.
= i ]
é 05} { . ]
S [ i 3 ]
g 04 ' § % I e 100W
= ; A 125W
@ 03} v 150w
[ | 200W
0.2t . . . . .
0 20 40 60 80 100 120

Channel Length (um)
(b)
Fig. 3.3. (a) Extracted threshold voltage and (b) sub-threshold swing as a function of

channel length for devices deposited with various rf powers.
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Fig. 3.3. (c) Extracted on-current measured g@W,=8V and \L=10V as a function
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Table 3.1. Summary of material analysis é6tGZO films with different deposition

power.

XPS RT AFM

Oz
Power| Flow RMS
(W) | (sccm) | In(%)| Ga(%) 2Zn(%) O(%) (nm) | In/(In+Ga+Zn)

50 1 20.03] 11.76 8.11 60.1  0.589 0.502
100 1 19.43] 10.26 7.84 6247 0.763 0.518
125 1 21.23] 10.61 9.2 58.88 0.612 0.516
150 1 21.29, 10.07 9.17 59.47 0.581 0.525

200 1 20.73, © 9.14 8.09 ~ 62.04 0.574 0.546
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Fig. 3.4. Field-effect mobility for devices deposited at different rf powers as a

function of channel length.
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a function of gate overdrive for a device with W/L of 4004190
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Fig. 3.7. (a) Extracted channel resistance per micrometer and (b) effective mobility as

a function of gate overdrive.
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Fig. 3.8. Output characteristics of devices deposited with rf power of (a) 100W, (b)
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Fig. 3.8. Output characteristics of devices deposited with rf power of (a) 100W, (b)
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Fig. 3.9. Transfers characteristics of sevarflGZO devices with oxygen flow of (a)
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Fig 3.10. Transfer characteristics aflIGZO devices deposited with in different
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Fig. 3.11. (a) Extracted threshold voltage and (b) sub-threshold swing as a function of

the channel length.
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as a function of the channel length.
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Fig. 3.12. Extracted (a) channel resistance per micrometer and (b) effective mobility

as a function of gate overdrive.
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Fig. 3.13. Output characteristic of devices with the channel film deposited at an

oxygen flow of (a) 3sccm and (b) 5sccm.
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Table 3.2 Summary of electrical characteristicsoefGZO TFTs with different

sputtering deposition parameters. W/L=46010Qum.

Deposition 100W 100W 100W 125W 150W 200W

P N O,=1sccm | O,=3 sccm | O,=5 sccm | O,=1 sccm | O,=1 sccm | O,=1 sccm
Conditions
Vin (V) 3.23+0.15 5.67+0.17 6.70+0.28 2.13+0.28 0.66%0.15 0.97+0.07
HFEZ 7.40+0.18 6.71+0.16 5.31+0.26 7.89+0.59 10.22+0.36 14.17+0.08
(cm/Vs)
SS

0.429+0.033 0.432+0.037 0.388+0.039 0.477+0.044 0.476+0.023 0.472+0.035

(V/decade)
On current
<10° A) 1.62+0.04 1.08+0.04 0.91+0.08 1.51+0.66 2.10+0.08 2.47+0.11
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Fig. 3.15. Transfer characteristics of devices ithl without i insertion layer.
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Fig. 3.16. (a) Field-effect mobility, (b) threshold voltage, and (c) on-current as a

function of channel length.
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Fig. 3.21. Relations between drain current and draoitage for fresh and
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Fig. 3.27 Transfer characteristics of 5 consecutive FS and RS measurem:
0a-1GZO TFTs with afixed oxygen flow and different deposition po\ of (a) 200W

and (b) 125W.
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Fig. 3.27. Transfer characteristics of 5 consecutive FS and RS measurements of
0-IGZO TFTs with a fixed oxygen flow and different deposition power of (c) 150W

and (d) 200W.
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Fig. 3.28. Transfer characteristics of 5 consecutive FS and RS measurements of
a-1GZO TFTs with a fixed deposition power and different oxygen flow of (a) 3sccm

and (b) 5sccm.
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Fig. 3.29. Hysteresis window as a function of (a) deposition power with a fixed
oxygen flow of 1sccm and (b) oxygen flow with a fixed deposition power of 100W in

a-1GZO devices.
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