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Electrical and Optical Properties of BZO Thin Films Deposited by RF Magnetron
Sputtering with Various Annealing Temperatures
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ABSTRACT

The effects of annealing temperature on the optical and electrical properties of BZO thin films, grown on glass
substrate, have been investigated. Analysis of the XRD shows that regardless of the annealing temperature, all BZO
thin films indicate the c-axis orientation. The full width of half maximum (FWHM) decreases from 1.65 to 1.07° as the
annealing temperature increases from 400 to 600°C. The average transmittance in the visible light region showed a high
value of 85% without significantly affecting the annealing temperature. The results of Hall effect measurements indicate
that the carrier concentration and mobility increased and the resistivity decreased as the annealing temperature
increased. The resistivity and the carrier concentration of the BZO thin films annealed 600C were 9.75 x 102 Q-cm and
421x10% em® respectively, showing the best value. The optimization of deposition and annealing conditions will
certainly make the BZO thin films promising materials for the application to the next generation of optoelectronic
devices.
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Table 1. Deposition and annealing conditions for the BZO

thin films
Deposition/Annealing
Conditions Parameters
Base Pressure 3x10°° Torr
Working Pressure 5mTorr
RF Power OW
Substrate Temperature Room Temp.
Annealing Temperature 400, 500, 600C
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Fig. 3 The AFM surface images of the BZO thin
films with various annealing temperature
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Fig. 4 Optical transmission spectra of the BZO thin
films with various annealing temperature

50

9 4olA Bl dAg] 2X7F 400414 600TC
T Ao

2 Z7Hge we B Hio] wukd gelow o
b 34 Wol Ao AU ol A &
w7b Z7hk met Aol wEe gol ARt A
& YeRdlE Bojth Agle]l w=7F FUketd oy A
W=o] AZTHE Burstein-Moss &3¥H11-12]= A
Bd Ak 7R 99 (400-800nm)oll A o]
FIEE €48 2271 400C, 500C, 600C = w3}
ghol| uwhel 7H7t 8596%, 86.30%, 8659% ol &
Ae] 2ol 2 JFE WA e Ao B
Oy 5 gAY 2=E WA s Ae
BzOWete] WlAF, o] Tk, Aol g FAF 4
g vhedl Zolth
1.0 T T T T T 1.8 -150
—— Resistivity las o
0.8 —@—Hall lmohility . A 16 mg
_ O —&— Carrier concentration 1" ’LT, 440 —e
g % {35 =
go.e- -1.45_,’_30 é
z z], E
:%0.4- -1.2§'25 §
2 = 420 g
o T 145 ©Q
02} 410 T b
J10 ‘Og
0.0 8 15

1 1 1 i i
400 450 500 550 600

Annealing Temperature (°C)

a8l 5 gXa| 2% w2 BZO gfete HiME ok
2 Jizlof 5=
Fig. 5 Resistivity , mobility, and carrier concentration of the
BZO thin fims with various annealing temperature

19 5ol Aeh o), dxe =7k 400914 600
2 4S5gel weh Aol wEe 887x10° oA
421x10% cm™® 0.8 Z7laks 2412 Yeholah o=
Az 27t Fsdel wel 37k B o]o] +27}

o] Zn ol &g A ¢ e AAE 9 Alwer] W
=9 Aow WaHa tH13] ¢4 ojF=s A
o wel 0984 152em?/ Vs 2 2 F71eHd
t}oole dAE kol M AR dFoR 3
Aelo] sbgro]l A7 Wil Ao Atz
BzOuMEEe] mARe AEle] wmeh o] Eimel s



A]

dAE & whE BZO uhute] A71A 2 B3 54

i

ARHnz dAe 2x7F S7hgel uet ghashs
FS B 600T oA A2 F BZOH ol A 975 x
107 Q-em 2 7H¢ 9 ghs YERSi,

M
)
e
5

rr iied
_>‘J_l'
)
rfo
ol
N
T
T,
]
1o
[l
N

8o e

N
@)
1z
o)
e rlo
Y,
o,

. 73 94 (400-800nm)oll A 2] 3
dx7 L7t 400C, 500C, 600T =
upe} 747} 8596%, 86.30%, 86.59% ],
250 AA S BA Ze oE YT
AP &t sl wet oA WMERe]
+ Burstein-Moss &3% #ZH A} A7]4
AVer Ak dAlg &xd we Aol e
71ekdar wAEge skt 600C
BZO®Me] Ago] FE9 olvk B
421x10%em™, 1.52em’/Ves, 9.75 x
bt ahS eI
ek 34 2AE dAg &
A719F &&= Bol g & o Add A7} ololdl
i AAY FAA 2A b B dEdre 2 ufg-

&

N

o

il

f

o

Z

i)

o,

i

o

o

N

N,

o

B i,
M fob oW Ul o o

= to L
BN

2 o n sn W O o 41 do
ox @ o
1Q offl

R
2
oo
= o

=
ok
lo
N
N
)

p
d

of
o
Jo £
@]
z B
2
o 3L
o
2
=

PN
of wEe Ayrsti s (AN E
2022-0080) A el Jste] AFH L
References
[11 S. Bose, S. Mandal, A. Barua, and S.

Mukhopadhyay, “Properties of boron doped
ZnO films prepared by reactive sputtering
method : Application to amorphous silicon thin

film solar cells,” ]J. Mater. Sci. Technol., vol. 55,
no. 15, Oct. 2020, pp. 136-143.

[2] V. Kumar, V. Kumar, S. Som, L. Purohit, O.

“Role of swift
heavy ions irradiation on the emission of
boron doped ZnO thin films for near white
light application,” J. Alloys and Compd., vol.
594, no. 5, May 2014, pp. 32-38.

[3] L. Wong and Y. Lai, “Characterization of
boron-doped ZnO
magnetron sputtering with  (100-x)ZnO-xB,O;s

Ntwaeaborwa, and H. Swart,

thin films prepared by

ceramic targets,” Thin Solid Films, vol. 583, no.
29, May 2015, pp. 205-211.

[4] L. Gao, Y. Zhang, ]. Zhang, and K Xu,
“Boron doped ZnO thin films fabricated by
RF-magnetron sputtering,” Appl. Surf. Sci., vol.
257, Nov. 2011, pp. 2498-2502.

[5] S. Kang, Y. Joung, H. Shin, and Y. Yoon,
“Effect of substrate temperature on structural,
optical and electrical properties of ZnO thin
films depodited by pulsed laser deposition,” ].
Mater Sci : Mater electron., vol. 19, Nov. 2007,
pp. 1073-1078.

[6] L. Wong and Y. Lai, “Substrate temperature
dependence of material, optical, and electronic
properties of boron-doped ZnO thin films,”
Opt. Mater., vol. 115, May 2021, pp. 111052.

[7] B. Sarma, D. Barman, and B. Sarma, "AZO
(Al: ZnO) thin films with high figure of merit
as stable indium free transparent conducting
oxide," Appl. Surf. Sci., vol. 479, no. 15, June
2019, pp. 786-795.

[8] H. Shin, Y. Joung, and S. Kang, “Effects of
substrate temperature on figure of merit of
transparent conducting GZO thin films,” ]. of
the Korea Institute of Electronic Communication
Sciences, vol. 18, no. 5, Oct. 2023, pp. 797-802.

[9] W. Li, Y. Li, G. Du, N. Chen, S. Liu, S.

and X. Niu,

“Enhanced electrical and optical properties of

boron-doped ZnO

pressure

Wang, H. Huang, C. Lu,
films grown by low

chemical vapor deposition for

51



JKIECS, vol. 19, no. 01, 47-52, 2024

amorphous silicon solar cells,” Ceram. Int., vol.
42, issue 1, Jan. 2016, pp. 1361-1365.

[10] J. Hur, J. Kim, S. Jang, J. Song, D. Byun, C.
Son, J. Yun, and K.  Yoon, “Growth of
boron-doped-ZnO by RF magnetron
sputtering for CIGS solar cells,” ]. Korean
Phys. Soc., vol. 53, no. 1, July 2008, pp.
442-445.

[11] Z. Gibbs, A. LalLonde, and G. Snyder,
“Optical band gap and the Burstein - Moss
effect in iodine doped PbTe using diffuse

infrared
spectroscopy,” New ]. Phys., vol. 15, no. 7,
Jan. 2013, pp. 075020.

[12] S. Kim, H. Yoon, D. Kim, S. Kim, and J.
Leem, “Optical properties and
resistivity of boron-doped ZnO thin films
grown by sol - gel dip-coating method,” Opt.
Mater., vol. 35, issue 12, Oct. 2013, pp.
2418-2424.

[13] K. Ellmer, “Resistivity of polycrystalline zinc

reflectance Fourier transform

electrical

oxide films:current status and physical
limit,” ]. Phys. D Appl. Phys., vol. 34, no. 21,

Nov. 2001, pp. 3097-3108.
XA 27

Z M FE(Seong-Jun Kang)

19801 Qlebristal 8223}

£/ EREER
19904 Qlshelsta vfskel A
] AR FG A} ELEFHAAD

19999 Qleteista oishel A EEstat 4
(F8ukA)
A Aol A7) Lebe g Zelyl we

=] =1

w PR SN, WEAF 2 AR

52

X 2k3|(Yang-Hee Joung)

1983 d=rdista §-g& st
(334D

A

z2ak3 2(FHAAD

199349 <lelojsti it AAA R T =Y
(33bupA))

19951 ~ @A) Aelshan 271 9eeA ek
PN

Al

LS
oy

o]: : 1;11—_\,:_21] g’—zé o B2

r
ME





