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Highly Transparent, High-Performance 1GZO-TFTs
Using the Selective Formation of IGZO Source
and Drain Electrodes

Hung-Chi Wu and Chao-Hsin Chien

Abstract—In this letter, high-performance, highly transparent
amorphous InGaZnO (IGZO) thin-film transistors (TFTs) with
IGZO source/drain electrodes were fabricated. Rapid thermal
annealing treatment effectively converted IGZO from a semicon-
ductor into a conductor. Using a patterned SiO, capping layer,
highly transparent IGZO-TFTs with selectively formed IGZO
electrodes were fabricated on a glass substrate. The mobility of
the fabricated IGZO-TFT was 8.3 cm?/V s, ON/OFF ratio was
3.1 x 10% and subthreshold swing was 0.44 V/decade. Thus,
the proposed scheme provides a simple and practical method of
fabricating high-performance, highly transparent IGZO TFTs.

Index Terms—RTA, self-aligned, IGZO, TFT.

I. INTRODUCTION

N-GA-ZN-O (IGZO) is an extremely promising candi-

date for use in amorphous oxide semiconductors because
IGZO thin film transistors (TFTs) typically exhibit excellent
electrical performance, including high channel mobility, a
favorable on/off ratio, a steep subthreshold swing (S.S.), and
an acceptable threshold voltage [1]. IGZO is widely used in
flexible electronics, TFTs, electronic paper, and sensors, and
is positioned to become mainstream in the next generation of
TFT technology [2], [3]. However, controlling the composition
of oxygen in IGZO is challenging; the ratio of oxygen atom in
IGZO and the oxygen bonding state can be drastically influ-
enced by the deposition condition, heat treatment, and other
factors [4], [5]. Chasin et al. discovered that changing oxygen
content in IGZO by varying oxygen flow during deposition
considerably influenced the properties of the contact between
electrodes and IGZO. They successfully formed a Schottky
contact with metal by using appropriate amounts of IGZO
oxygen [6].

Recently, numerous groups have focused on the fab-
rication of fully transparent, homojunctioned IGZO-TFTs.
Ahn et al. demonstrated that plasma treatment can form IGZO
into an effective electrode; in addition, Hy plasma treatment
increases the carrier concentration in IGZO and effectively
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Fig. 1. Schematic structures of IGZO-TFTs in this work.

defines electrode regions [7]. Chen et al. reported that phos-
phorus implantation enabled IGZO to act as an electrode,
demonstrating the possibility of fabricating the IGZO-TFTs by
forming self-aligned electrodes [8]. The authors of this study
previously demonstrated highly transparent full IGZO-TFTs,
in which IGZO was turned into an effective electrode by using
rapid thermal annealing (RTA) [9]. However, the previously
proposed fabrication process was more complicated compared
with the processes used in other studies [7]-[9]; IGZO was
required to be deposited twice—once for the electrode, and
once for the semiconductor channel region.

In the current study, a novel and simple scheme for
fabricating highly transparent, high-performance IGZO-TFTs
with selectively formed IGZO electrodes is proposed. Using
SiO, capping on the IGZO channel altered the oxygen
bonding states of the uncovered IGZO regions. RTA treatment
converted the semiconductor regions into conductor regions,
facilitating the formation of highly transparent IGZO TFTs
with selectively formed IGZO electrodes.

II. DEVICE FABRICATION

Fig. 1 shows the schematic IGZO-TFT structure. A glass
substrate was used as the starting material. After cleaning
the substrate, a 50-nm ITO layer, connected to the pad for
probe contacting, was defined and deposited using lithography,
and an E-gun provided the gate electrode. A —100nm SiO;
layer was then formed at 300 °C by using plasma-enhanced
chemical vapor deposition (PECVD). A 200-um wide,
50-um long channel region was patterned using lithography.
Sputtering was then used to deposit 30 nm of IGZO.
The process was previously reported [9]. Next, a 50-nm SiO2
layer was deposited at 150 °C by using PECVD, and patterned
by lithography using the same mask for defining the ITO gate
electrode. The channel length was defined based on the length
of the SiO; cap. After fabrication, the devices were treated
using RTA at 400 °C for 1 minute. The electrical character-
istics were measured using HP4156 semiconductor parameter

0741-3106 © 2014 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.



646

10 g Backward
10°f o Forward
10" | -~ RTA without

capping
V=5V

=

w

E

=

=)

=

=

1

=]
.10 5 0 5 10 0 2 4 6 8 10

Gate voltage (V) (d) 0

2

25 Gate voltage
5V

e 75V

15} A 10V

2
>

° ° <

° =
-

7t 17

Mobility (cm
n

V,=0.1v]
0 20 40 60 80 100 0 20 40 60
Channel length (um)

. A Y
80 100
Channel length (um)

Fig. 2. (a) Transfer and (b) output characteristics of the IGZO-TFTs with
W/L = 200/50 pm. The blue line in (a) is for the IGZO-TFT subject to the
RTA treatment without SiO; capping. (c) Width-normalized on-state resistance
as a function of the channel length at different gate voltages. (d) Mobility and
threshold voltage in the linear region as a function of the channel length.

analyzer. The thin film properties were measured using X-ray
photoelectron spectroscopy (XPS) and Hall measurement, and
the optical transmission measurement of the IGZO film was
measured using ultraviolet/visible/near infrared spectroscopy
(Hitachi U-4100).

III. RESULTS AND DISCUSSIONS

Fig. 2(a) shows the transfer characteristics of the fabricated
IGZO-TFT. The differences between two sweeping directions
observed in the off-state indicated numerous trap states in
the IGZO channel after RTA [10]. The transfer characteristic
of an IGZO-TFT that lacked a SiO, capping layer yielded
only a horizontal line; in other words, no on/off feature was
observed. This confirmed the effect of RTA treatment on
the properties of IGZO. To determine how RTA treatment
affected the interface, an IGZO-TFT involving a Ti electrode,
which did not undergo RTA treatment, was also fabricated (not
shown). The S.S. was approximately 0.44 V/decade, which
was nearly identical to that of the IGZO-TFT with IGZO
electrodes. This result indicated that RTA only influenced the
IGZO properties near the surface, and did not substantially
affect the interface between the IGZO and SiO; dielectric
layer. Fig. 2(b) shows the corresponding output characteristics;
the output behavior was rather normal. Fig. 2(c) shows the
channel-width-normalized on-state resistance as a function
of the channel length at various gate voltages. The contact
resistance extracted using the transfer line method [11] was
713 (Q-cm), which was larger compared with that in previous
studies [7] and [8]. Defining the SiO2 cap by using the same
lithography mask as the ITO gate electrode elucidates the
upper limit of the contact resistance. In practice, the length
of the SiO2 cap (i.e., channel length) must be defined using
a separate mask that exhibits smaller dimensions compared
with the gate length, generating reduced contact resistance
at the cost of increased gate/drain and gate/source overlap
capacitance. Fig. 2(d) exhibits the mobility and threshold
voltage in the linear region as a function of the channel length.
The threshold voltage did not differ markedly among TFTs
demonstrating various channel lengths, implying that RTA
treatment did not substantially influence the properties of the
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TABLE I
SEVERAL PARAMETERS OF OUR AND TWO
PREVIOUSLY REPORTED IGZO-TFTs

Contact
Vi Mobility S.S. On/Off
Method resistance
(V) (cm* Vsec) (V/decade) ratio
(Q-cm)
In this work 1.4 8.3 0.44  3.1x10° 713
Plasma [7] 0.96 7.27 0.49 1.2x10’ 75
Ton implantation[8] 5.6 5 0.5 6.0x107 260
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Fig. 3. Transmission spectra of our sample at different stage during
IGZO-TFTs fabrication. Inset is the photograph of the fabricated IGZO-TFTs.

IGZO channel. In addition, mobility increased as the channel
length increased, indicating that contact resistance limits the
effective mobility of the device at short channel lengths; thus,
channel length is a critical factor in determining the level
of device performance. Table I shows a comparison between
the IGZO-TFTs and IGZO electrodes formed using various
processes. The electrical performances of the IGZO-TFTs
fabricated in this study were comparable to those of electrodes
fabricated using plasma and/or ion implantation. Although
high contact resistance degraded the electrical performances,
the fabricated device exhibited satisfactory device mobility
compared with that of devices fabricated in previous studies
[7] and [8]. This satisfactory device mobility was attributed
to the properties of the IGZO channel rather than the contact
resistance. The hydrogen released from the PECVD-deposited
Si0, may diffuse into the IGZO channel and improve device
mobility, because of hydrogen can act as a donor in IGZO.
A high carrier concentration in the IGZO channel results in
increased device mobility [12]. Thus, RTA treatment enables
IGZO to act as an electrode, and reducing the contact resis-
tance warrants further investigated. These results elucidate the
possibility of fabricating highly transparent, high-performance
IGZO-TFTs by using RTA treatment.

Fig. 3 shows the optical transmittance spectra of the sample
at various stages of device fabrication without considering
reflectance. The samples were high transparency (70%) at
the wavelengths above 350 nm. However, in the visible
region, this drop in transparency was obvious when compared
with the reference sample. The degradation may have been
caused by the presence of the ITO layer or the effect of
thin-film thickness. This result demonstrated that the
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Fig. 4. (a)(b) O 1s XPS narrow scan spectra of the IGZO thin films without
SiO; capping layer during the RTA treatment. (c)(d) The same condition with
SiO; capping layer. The number means the analyzed regions (1 and 3 for the
surface; 2 and 4 for the bottom). (e)(f) The XPS depth profiles of the IGZO
layers with and without SiO, capping layer after the RTA treatment.

IGZO layer retained a high level of transmittance after
RTA treatment. Therefore, high-performance, highly transpar-
ent IGZO-TFTs with selectively formed IGZO electrodes were
fabricated using the proposed scheme.

Fig. 4 shows the Oy XPS narrow scan spectra of IGZO
thin film with and without a SiO; capping layer. All samples
were calibrated based on the carbon signal. The IGZO layers
with and without SiO, capping layer yielded considerable
differences in O, signals near the surface region The Oig
peak can be fitted by two nearly Gaussian distributions.
01(529.96 + 0.1eV) is related to the O, ion in the lattice
surrounded by the Zn, Ga and In atoms in the [GZO compound
system. Op (531.55 £ 0.1eV) is associated with O; ions
located in oxygen-deficient regions within the matrix of IGZO
[14] and [15]. The ratio of Op state in the surface region
was increased in the absence of a SiO; capping layer after
RTA treatment, but no obvious difference in Oy state ratio
was observed in the bottom region in either case. These
results further indicated that RTA treatment changes only the
properties near the surface region of the IGZO, and maintains
the properties of the bottom region. Thus, the IGZO TFT that
lacked SiO; capping did not exhibit an on/off feature after
RTA treatment. Figs. 4(e) and (f) show the XPS depth profiles
of the IGZO layer with and without a SiO» capping layer after
RTA treatment. A greater reduction in oxygen near the surface
region occurred in the IGZO layer that lacked capping, com-
pared with the capped IGZO layer. RTA treatment facilitated
oxygen out-diffusion from the IGZO layer, generating oxygen
vacancies [9], and resulting in an increased carrier concentra-
tion (approximately 102°/cm?) and Hall mobility of carriers in
the IGZO. Therefore, the SiO; capping layer can be used to
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stop oxygen out-diffusion during RTA treatment. The effect of
RTA treatment is primarily limited to the surface region, and
does not affect the entire IGZO region. Furthermore, oxygen
vacancies and oxygen bonding states play a critical role in
determining the resultant IGZO properties.

IV. CONCLUSION

In summary, high-performance and highly transparent
IGZO-TFTs with selectively formed IGZO electrodes were
developed in this study. The optical transmittance spectra
demonstrated that RTA treatment did not considerably degrade
the transmittance of IGZO thin film. An XPS analysis demon-
strated that the RTA process transformed the oxygen bonding
states of the IGZO, causing IGZO to behave as a conductor. In
addition, the results indicated that RTA treatment influenced
only the surface region of the IGZO layer. The oxygen
bonding state in IGZO is essential in determining the electrical
performance of IGZO-TFTs. The proposed scheme enables
fabricating highly transparent IGZO-TFTs with homojunc-
tioned IGZO electrodes.
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