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The Effect of Crystallographic and Optical Properties Under Rapid Thermal Annealing

Conditions on Amorphous Ga>O3 Deposited Using RF Sputtering System
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Abstract: The Gaz0s thin films were deposited using an RF sputtering system and the effect of crystallographic and optical

properties under rapid thermal annealing conditions on Ga2Os thin film was evaluated. A rapid thermal annealing method can

fabricate a crystalline Ga203 thin film which is applied to various fields with a low cost and a high efficiency compared with the

conventional post-annealing method. In this study, the Ga20s treated at 900°C for 1 min showed the beta and gamma phases in

XRD measurement. In optical properties, the crystalline Ga2Os represented a high transmittance of more than 80% in the visible

region and was calculated with a high optical bandgap energy of 4.58 eV. The beta and gamma phases Ga>O3 can be obtained

by adjusting the rapid thermal annealing temperatures, and the various properties such as the optical bandgap energy can be

controlled. Moreover, it is expected that crystalline Ga203 can be applied to various devices by controlling not only temperature

but process time.
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Fig. 1. Schematic of RF sputtering system.

Table 1. Details for sputtering conditions.

Parameters Conditions
Layer Gax0;
Targets Gax0;5 (4 N, 99.99%)
Substrate Quartz
Base pressure 0.6 mPa
Working pressure 0.666 Pa
Gas flow rates Ar: 0.02 L/min
Input power 200 W (RF)

Table 2. Details for RTA conditions.

Parameters Conditions
Layer Gax0;
Temperatures 300, 500, 700, 900°C
Atmosphere Ar: 0.05 L/min
Working pressure 133.3 Pa

Time 1 min

S8 0] Al &5 WrAlojot. whata g4 AR
A2lH Ga,0:9 5442 B71d 2 a7t .

2 AFoA= H= 71T Yol Gaz0s sputterlng E}AI
= 0|85t H|ZA Gax032 SATSHA T, L & A|AHE ]
A Ga 035 94 A A|AEE S5l 300, 500, 700,
900°C2 z+zt 187t 716ttt d & 2]3t Ga,05 Bhato]
AR st™ B4 scanning electron microscope (SEM)
7+ X-ray diffraction (XRD)S Eaf H71= 91, LsHA
E2& UV-vis spectrometerz EA15}9 T},

il

==
[

o
ne.

2.4

o

ey

2

RF A1 E 32 0] &5}0] 300 nm F719] ¥] A A Atshzt
B2 HE 71 Aol ZASIY o = 711&%
gol24, ofolanggd A Z, ofNEL £

S o] &35t AAlstA e, 60°Ca fAE=

A 2027t ARE QI AHEY 3782 A Y HﬂOli oA
20] 0.6 mPad o AJATE AL, 37 Foll= S2t=otE
&74st7] 98l ok=2 0.02 L/ming 7 0

o] =&l otad S O x|5tgiCt ERY A EHo| & o] =
RS A7 3517] 95l pre-sputteringS &
A 7RO RE= 2o fAECH 7S 3rpmd
L5 2 SFAIA o] Fd =5 FHART. a5 BA
2] 2w T2 HIPA Ga,0:9] 4 §ishs Walstr] sl
A @x2] %= 300, 500, 700, 900°C & Ar 2] 7|0 A
ARJE]QiTt. & 13t 20 2 AroflA] 290 AmE Pt 5
& FA] 20 AR AEE Ul

. HIF

a2 20]= 34 AA|2) L Eo] T}2 Ga,05 91ete] XRD
e eIt 24 FA2)eHA] e Ga0uet B4
Ax2] 2% 7} 300°Co]A] 700°C7HA] 5 7}sto] = XRD T
Slo] 2 Wiste UERLEA] gholet. whelo] 24 dAl2) £&
900°Co| Al A 2]¥ Gay03 BFahe 37.9°, 44.3°, 64.1°0]| 4]
215 XRD 1 37} UERton], o] 77} B (401), y
(400), 2] 1 B (403)2} y (440)2] w} Zo|c}. XRD el &
=5 8|84 Ga,007t 24 Ax2lE Eo] 2RI} o=
ojfon] M2 EAE B8] 900°CE F4 FA2]3 Gas0s
urotol A B} yAbo] SAjo el &9lstirt. of
£ GayOs= yAOI A F 550°C o] 4ol 34 dAxj2)E &
B-Gay052 0] Aol Qojupe], 2 gl 34 o



578 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 6, pp. 576-581, November 2023: Kim et al.

as-fabricated

—300°C

Intensity (a.u.)

§401 )
[ Y(400)

10 20 30 40 50 60 70 80 90
20 (degree)

Fig. 2. The XRD patterns of the Ga>Os films at various post-annealing
temperatures.
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Fig. 3. The SEM images of the Ga20; films fabricated at various post-annealing temperatures. (a) The section of as-fabricated Ga20s, (b) the
surface of as-fabricated Ga203, (c¢) post-annealing of 300°C, (d) 500°C, (e) 700°C, and (f) 900°C, respectively.
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Fig. 4. The transmittance of the Ga>Os films at various post-annealing temperatures.
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Fig. 5. The optical bandgap energy of the Ga2O; films at various post-annealing temperatures. (a) As-fabricated, 300, 500, and 700°C and (b)

900°C.
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