J. Math. Fund. Sci., Vol. 45, No. 3, 2013, 209-217 209

Effect of Chlorine Plasma Treatment on Electronic
Propertiesof GIZO Thin Film Grown on SiO,/S Substrate

Dahlang Tahir*, Suhk Kun Oh?, Hee Jae K ang?, Sung Heo®, Jae Gwan Chung® &
Jae Cheol Le€?

'Department of Physics, Hasanuddin University,
Jalan Perintis Kemerdekaan 10, Tamalanrea, Mak86245, Indonesia
’Department of Physics, Chungbuk National University
Cheongju, 361-763, South Korea
Analytical Engineering Center, Samsung Advanceditirie of Technology,
Suwon, 440-600, South Korea
Email: allanctahir@yahoo.com

Abstract. The effect of chlorine plasma treatment on eleétrgoperties of
GIZO grown on Si@Si by RF magnetron sputtering was investigatedgi¥i-
ray photoelectron spectroscopy (XPS), reflectiorecebn energy loss
spectroscopy (REELS), and secondary ion mass ggeopy (SIMS). SIMS
depth profiles indicated that the concentrationr® and ZnO on the surface
was decreased after,Qilasma treatment. REELS data showed that the gapd
increased from 3.4 to 3.7 eV. XPS showed thatdrahd Zn2p,, shifted to the
higher binding energies by 0.5 eV and 0.3 eV, retpely. These phenomena
were caused by oxygen deficiency and hydrocarboacaination reduction as
indicated by Cl atom bonding with In and Zn catighat are present on the
surface after Glplasma treatment.
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1 I ntroduction

Metal-oxide semiconductors, e.g. Zn—-0, In—Zn-0 @aeIn—-Zn—-0 (abreviated

as GIzO) thin films, have been extensively investiggl for optoelectronic

applications such as flat panel displays, transpagiectrodes in solar cells, and
transparent thin film transistors [1]. Transparenide-based transistors for
display using GIZO as channel materials show higtbitity over amorphous

silicon thin film transistors (TFTs). High-performze GIZO TFTs, fabricated

on plastic, cellulose paper, and flexible substiafgovide high field-effect

mobility (>10 cm2/V s), low processing temperat(®250°C), great potential

for low-cost and large-area deposition [2,3].

Recently, it has been reported that high-perforrmahETs were made with
amorphous gallium indium zinc oxideGI1ZO channel layers treated by argon,
oxygen, and BO plasma in order to improve the contact resistaacd
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instability under light illumination [4,5]. The dace states under different
ambient gasses and degradation behavior underahd¢rcstress for InGaznO
TFTs have also been investigated [6,7]. In addittydrocarbon impurities in
GIZO, inevitably incorporated during deposition,vhaa negative effect on
device performanceOne way to reduce the residual hydrocarbon from the
GIZO is to adopt the chlorine plasma treatment bseachlorine can easily
react with carbon and hydrogen to form ¢&hd HCI, respectively [8,9].
Chlorine can also substitute oxygen on the surddcnO thin films in order to
increase band gap and electrical properties [1@le Tontrol of oxygen
deficiency by adjusting the oxygen supply duringoakgtion is crucial to
achieve the optimum properties for use as the aamaterial in TFTs. The
influence of oxygen deficiency on the electroniusture of an a-GIZO using
rf-Magnetron sputtered GIZO TFTs has been repddtéd 2].

The electronic properties of GIZO thin films areegtial for understanding the
transport properties of TFT devices based on GIB0.far, the effect of
chlorine plasma treatment on the electronic progerof GIZO has not been
experimentally investigated. Therefore, in this kvare have studied the effect
of chlorine plasma treatment on the electronic erbgs of as-grown and
treated GIZO films as a key to electrical propertissing secondary ion mass
spectroscopy (SIMS), reflection electron energyslepectroscopy (REELS),
and X-ray photoelectron spectroscopy (XPS) measemésn The atomic
concentration ratio Ga:Iln:Zn~2:2:1 with variatiansO,/(O,+Ar) concentration
are 0, 2, and 8%, respectively.

2 Experiment

GIZO thin films were deposited by rf magnetron $pumg on SiQ/Si
substrates with an rf power of 200 W at room terapge in an argon gas
ambience containing 0%, 2%, and 8% of oxygen. TR& ¥nd REELS spectra
were obtained using a VG ESCALAB 210. They were suead using an Al
source with a pass energy of 20 eV. The incidedttakeoff angles of electrons
were 55° and 0° from the surface normal, respdgtivEehe XPS binding
energies were referenced to C 1s peak of carbaammamation at 284.5eV. The
REELS were measured with a primary electron enefdy5 keV for excitation
and with a constant analyzer pass energy of 20T full width at half
maximum (FWHM) of the elastic peak was 0.8 eV. @eeth profiles of GIZO
were measured using SIMS.

3 Results and Discussion

We made use of the REELS measurement to find thd ap. Figure 1 shows
the REELS spectra for GIZO thin films. The band gapues were determined
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from the energy loss spectrum; this method is desdrin Ref. [13-17]. It is
noted that the bandgap of the, @lasma treated GI1ZO films increased 0.3 eV.
We attribute this phenomenon to the band gap obthary endpoint of GI1ZO
owing to an 1rO; decrease in GIZO thin films. It is known that ¢aléne ZnO
has a band gap of about 3.37 eV [18], crystallim®{ has a direct band gap of
around 3.6 eV, and an indirect bandgap of 3.1-3/3[¥0], and crystalline
Ga0; has a band gap of about 5 eV [2Bjor GIZO, plasma peaks appear at
11, 19.8, 26, and 55 eV. A strong plasmon peak agpat 19.8 eV. Another
broad plasmon peak appears around 55 eV away frerelastic peak center.

Cl, treatment !(02+Ar) E =1500 eV
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Figurel Reflection electron energy loss spectra of GIZn tfiims for the
primary energies of 1500 eVb.

Figure 2(a) shows narrow scans of the Ig,3peaks. The chemical states of
In,O; and In(OH) were detected on the surface of the untreatedirspac
which corresponded to binding energies of 444.6 4448 eV, respectively.
For the C} treated GIZO specimens, the main peaks were shifted higher
binding energy of approximately 445.1 eV. Accordiiogthe data reported in
the literature, the binding energy ob@y is in a range of 444.3-444.9 eV and
that of InC} in a range of 444.6-445.3 eV [21]. Thereforesiteéasonable to
conclude that Cl radicals replace O atoms formm@ll compound that exists
on the surface of the chlorine plasma treated GiZi® film. The parameters
deduced from Figure 2 are summarized in Table tltity.
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Tablel XPS binding energy states okl Gay,, and Zn, core level.

Binding Energy States (eV)

Oa/(Ar+0,) In 3ds; Ga2pzp Zn 2psp;
(%)
No Cl, No Cl, No Cl,
Treatment Treatment Treatment Treatment Treatment Treatment
0 444.6 445.1 11175 1117.8 1021.6 1022
2 444.8 4451 1117.7 1117.8 1021.7 1022
8 444.6 4451 1117.4 1117.8 1021.6 1022
In,O5 and ZnO,Cl,
In(OH)3 InCl3 Ga0; Gg0; Zn0O ZnCl,
o /(0 +Ar) In 3d5‘2 0,/(0 +ax) Zn 2p3r2
] = _(%)
(a)

Cl, treatment
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Figure2 In 3d,, Ga 2p,, Zn 2py,, and O 1s core level photoelectron spectra
for GI1ZO thin films.
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Figure 2(b) shows the narrow scans of the Zp peaks. The peak positions of
the Zn 2p;, (1021.6-1021.7 eV) of the untreated GIZO surfasgenshifted
toward a higher binding energy byD.4 eV compared with those of the
untreated GIZO, as shown in Figure 2(b). This iaths that a chemical reaction
occurred between Zn and Cl on the surface. Duttgpiasma treatment, Cl
radicals reacted preferentially with the Zn atomghie GIZO layer leading to
the formation of zinc oxychloride (ZnOly), or Cl radicals replaced O atoms,
forming zinc dichloride (ZnG) bonds as a result [22,23].

Figure 2(c) shows the narrow scans of the Gg Ppaks. The as-deposited thin
films show chemical states of ¢ at binding energies of 1117.4 - 1117.7 eV,
and, after treatment with £the binding energy was shifted to 1117.8 eV. The
binding energy of G&®;is in a range 1116.9 — 1117.8 eV [24], indicatihgtt

Cl radicals during plasma treatment were not bapaiith Ga cations on the
surface of the GIZO thin films.

The O 1s spectra in Figure 2(d) show that theeepgak in the range of 530.3-
530.8 eV. These are binding energy ranges for Qlibgnwith In, Ga, or Zn
cations. For the untreated sample, a peak appearbiading energy of around
531.8 eV indicating the bonding of O with H. Hetfge bonding between O and
H is related to the formation of In(Offponds caused by surface contamination
of the GIZO thin films by the hydroxyl groups dwedir exposure. The chlorine
plasma treatment samples show that the In-O and Zmending becomes
negligible, which demonstrates the formation ofGh-and Zn—Cl bonding on
the surface as a result.

The secondary ion mass spectroscopy (SIMS) deptfilgs of GIZO for
different ratios of @(O,+Ar) are shown in Figure 3(a) and 3(b) to be 2% and
8% respectively. It can be observed that the chamgethe surface
concentrations of InO and ZnO occurs for the samflat had plasma
treatment. Meanwhile, in the case of GaO, the sarldgomic compositions are
nearly constant unlike the untreated samples. Thesdts show that the CI
radicals did not react with the Ga atoms on théaserof the GI1ZO thin films.
This is consistent with the XPS data, as showniguré 2(c). On the other
hand, the decreased InO, ZnO, OH andb®the surface of GIZO are due to the
oxygen deficiency on the surface. Additionally, tirastic decrease of InO and
OH can be understood in terms of the formationn@fld and volatile HCI as a
reaction by-product after €plasma treatment. Chlorine can also easily react
with carbon to form CGl With chlorine plasma treatments, therefore, it is
expected that the carbons and hydrogen incorpomat&iZzO diffuse out of the
transparent thin films.
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Figure3 Secondary ion mass spectroscopy of GIZO thin filais2% and 8%

of O,/(O,+Ar).

The InO concentration in the Oblasma treated surface decreased drastically.
GaO was relatively stable but @nd ZnO were relatively low compared with
untreated samples. Therefore, the change of thégaan(REELS spectra) and
chemical shift (XPS spectra) with {flasma treatment comes from the oxygen
deficiency and the hydrocarbon impurities were oeduon the GIZO film
surface. Energetic CI ions during plasma treatnagatknown to induce the
relatively light atoms from the surface as a resiilthe physical momentum
transfer between the ions in the plasma and thmsaton the surface [25].
Therefore it is quite reasonable to assume thahyldeocarbon impurity on the
GIzO film surface is preferentially dissociated the Cl ion forming bonds

with In and Zn cations.




Chlorine Plasma Treatment on Electronic Properties of GIZO 215

4 Conclusions

We have investigated the electronic structures @remical states for GIZO
thin films with ChL plasma treatment and compared as-deposited GIZO th
films via REELS and XPS analysis. The depth prefileeasured using SIMS
indicated a decrease of the concentration of In@ AnO, and GaO was
relatively stable after chlorine plasma treatm@itlorine radicals were formed
on the surface of the GIZO, and they formed bonidls lm and Zn cations. The
band gap increased 0.3 eV after Cl plasma treatnigitating hydrocarbon
contamination decrease and oxygen deficiency osuhiace of the GIZO thin
films.
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