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ABSTRACT

We prepared AZO (AlLOs: 3wt %) thin films according to the substrate temperature using the pulsed laser deposition
method and the structural, electrical, and optical properties of the thin films were investigated. The AZO thin film
deposited at 400C showed the best (002) orientation and the FWHM was 0.38°. As a result of the investigation of
electrical properties, it was confirmed that the carrier concentration and mobhility increased and the resistivity decreased as
the substrate temperature increased. The average transmittance in the visible light region showed a high value of 85% or
more regardless of the substrate temperature. The Burstein-Moss effect, in which the carrier concentration would increase
with increasing substrate temperature thereby widening the energy band gap, was also observed. The resistivity and the
figure of merit of the AZO thin film deposited at a substrate temperature of 400C were 6.77 x 10 4Q-cm and 1.02x 10* @
L.em™ respectively, showing the best value.

=

AZ0 Thin Film,, Resistivity, Transmittance, Figure of Merit, Burstein-Moss Effect
A70 vt WA g £33l A E9 7144 Burstein-Moss & 3

» Mtistm MO|HHEH ZEMS * Received : Oct. 17, 2023, Revised : Nov. 14, 2023, Accepted : Dec. 27, 2023
(ferroksj@jnu.ac.kr) + Corresponding Author : Yang-Hee Joung
o WAMAL : Mt atu M7|YetEH 33 Dept. of Electrical & Semiconductor Engineering
d = 202310, 17 Email : jyanghee@jnu.ac.kr
- THeES

2 12023 11. 14
- AN - 2028 12, 27

1067



JKIECS, vol. 18, no. 06, 1067-1072, 2023

DR EREE
AREA UaE
WAl

3o

to
o W U omyorr H1
rlo

¢

LR g B

(e} ]' T v

o] %*Oizl Xﬂ’“ol %Oi 01% A = A
ek Aol AlEdh AAolt5-7]. el ITO
A BA2 Axy aRA8ler 2e99] 5o

g
w5 Azgo] Hshl AT FolAuw

o
A%, e P, A2 Y 5o w2 o

Mo
o
ol
2

W e ARE AL In, 2 5 2e 3% Uk
E98 0% 53, 3% 94 FoA Al w4
AZORHER AR 7hA, B, 34 29710
3 A o e 7L Slol wig A
= grpa QH10-111 AZO®hehe vhekeh 3
e ol &3lA AR ¢ AAR, FE 2TEE W
sol-gel WS o] &34 o FolA ghrH12-13]. =¥
§ o AR AZowute] FdA e giht d
hgol Wk A5 sol-gel M2 o]&3dto] Al

Pwo] Wa) vue] F2H S4e nxE o
Fa% Witk 22 do]

ATt AlAbeE Bhabo] A,
= ol Bz A
bl FAdzato 2] S8 TheA

of,
N
FE‘
1o, do

Ho 1%
N

g % 5
1% 2§ AL AN A 223 ARG o
g3 oM (5L T E(158)/FF108)/FF
F(15%) o ARetn A ke Azdgd. 2

2 dlolA A"l FE e 27] 1L 5x10°
Torr 7H4 @A st oH, BA(ZnO : ALOs = 97wt%
D 3wtk o AE 190X o3 £E+ 99.99%0°tt.
oA YoRE 248nm IS ZE KrF eximer 9]
A (Lamda Physics, Compex 200 AM&3}3on

SHze| WhE 712 ellle] zARslTh @lo]A oy
A W 20]/em’ oY BT 7]#ALol o] AR
60mm=z stk He FEe ALEYS
200mTorr 2 4ASA FAet, 7|H2EE A2
A 400CE WA A [ 3s T

A7ZOurete]  AAA 4 wigAde X-ray

Diffractomete(XRD, Philips, PW 3020)5 A}&3}e] 2
o7} 20"~60" M elelA SAskela, whte] 33k i
W el=  Atomic Force Microscope(AFM, VG,
Microlab 310F)& ©]&st%ith #3td Fix 542
UV-vis spectrometer(Varian, Cary-500)& ©]-&3}¢]
gs}oit‘r % %714 E4L van der Pauwd$ ol

3t Hall effect measurement(Accent, HL5500PC)Z
1 ), olsE, A wEE S5

= OFO Jle

O 12 712 EE delA 200, 300, 400C =
SAA 7he] g AZOHHe] XRDIHS e
L OF 1A Bo]l BE AZOHMH A
(002)¥) sxte] #A g oH, o= AAHHE] 7|5l

FH9 Foz 4 MFHALS Jnlshe Ao



Flgemel o AZO wetel H714 % #ehd 54 ws
vl AZO®RRe] A7 3 weke g vk gk 2t o714, D& AR "] A7), A= X-A9 3, B
= ¥W A duyA e 9GEe vt V9eert & = FWHM %, 6+ (002)3]2.2] Bragg Ztolt). 7|3k
7¥etoll whel (002)9] 2] Z77F " FUkeke], 400 =7 F7bebel whek A e A7)E 1550004 2067
TolA 7P 2 34 925 vehdiich nm & F7kete FAE HEhd It
345 T T T T T T T T 0.65 ~24
T T T T 1 * —ll— (002) Peak Position
(002) — & FWHM
—~ 344 —A Grain Size m— " oso {2
o)) e
s A
,-2 ésm-. / H0.55 g-zng
c 2 A A 2 I
- o = n
. ~ 342} dos0 T {18 <&
e o = 'z
5 & SR
— ~ [ 2 [ )
N a4 f doas  J1e
:%‘ (d) Substrate Temperature : 400 °C e A \.
c
Qo _A (c) Substrate Temperature : 300 °C s 100 200 300 a0 0
c
- Substrate Temperature ("C)
\___ (b) Substrate Temperature : 200 °C
2| o} (= dioto| Hiy}= gl
{a]_Subst[ateTemperqture:E? e j-I:l 2 ||_ 0" I' AZO = 1= | |_7"—| =

(002) m= x|t 2HE 27|

30 35 40 45 50
Fig. 2 FWHM, (002) peak position, and grain size of
20 (degree) the AZO thin films with various substrate temperatures
a8 1, 7|H250 w2 AZO 2fete| XRD mfH a9 39 719X wE AZOHMe] FH NS

Fig. 1 XRD patterns of AZO thin films with various AFMO. 2 233 Az ey
substrate temperatures

a9 2& V)R E Wste wE AZORMe| wht
Z(FWHM), (002)3]=2] 20 73t 24 =712 et
W Zloltt, 7| ETt Aol A 400TC 7H4] F7Fel
upg} Wb ke 056 oA 0428 2 FAdteE FAE
UrE}LHO*E} ol EFAAAHadatom)EC] 7T E

RE FE UAE TEwe wuhjel A 9
A& olgate] ko] AgAlo] G SN7] welth
Wk Jgewsl F7kgel et (02)32e) 203
& 3429 ollA 3441° = AAE BEFE HElch o
23k vae] o]F2 7|dy} whup Apole] AP Al
o] Holet T wE wA L wjEol Aow B (c) Substrate Temperature : 300°C | (d) Substrate Temperature : 400°C
a5 k. AAHY Z7|= Scherrer WAA[15]E

- § gl 3 7|Eezo wE AZOuEte] AFM B &AL

3 eS|

skel Axtskaitt. Fig. 3 The AFM surface images of the AZO thin
films with various substrate temperatures

oo i

o]

D=0.94)/ Bcost < (1)
aFP)A B3] 7@k FueA RE AZO
ko]l Adte] ¢l 293 FUHS IR E Aow

1069



JKIECS, vol. 18, no. 06, 1067-1072, 2023

%)
32
o

L 7|2 ETE Aol 400CE F7HEe w
ge) 27k AH AAE AL B 4 9
ol AZO wehe] Eu AR7IRMS)EEE

BCaD
N
o,
N )

Surface Roughness (nm)

0 I I L I
0 100 200 300 400

Substrate Temperature (°C)

a8 4, 7|E2Eo w2 AZOuEte| M HE Y|
Fig. 4 RMS roughnesses of the AZO thin
films with various substrate temperatures

7L sl

P

K3
R
=~
)
NG
=)

3

fru
olN
N
o
rlr
S,
tlo
T
4
%o,
32

29 AZ0

HA g, o] F L, A3 Adis

pehdl Zlolet.

107 g 10 - 15
£ —m— Carrier concentration
— [ —®— Resistivity
e —A— Hall mobility . q10
5 A " —

S 10 @
= Ee —
5 r A/./ £ ® NE
=T aA / J10'§ |, §
g 107 £ L] 2 =
<} 3100 @ =}
© . 8 0=
B 10 T ¥ 1 F
E u T 4107 T
@ . 15
(&}

10 ! ! ! . 107" 420

0 100 200 300 400
Substrate Temperature (°C)

% 5 7|E2Eo mE AZOuEe| H|XE, ol

2 Izl s
Fig. 5 Resistivity , mobility, and carrier concentration of
the AZO thin fims with various substrate temperatures
films with various substrate temperatures

1070

I% bollA H%ol 7|H2ET) AoA 400TC=
el wek el sEE 587x10" oA
1273107 /em’ 0.7 F7}ah= FA1E Yehfigitt o

7|2t Aol weh Al o]&o] Zn* 2 &3}
Moz A% o B THE AFsy] Wil e
2 AZHEY, ok 7|Here] uE 718,
400C oA 1124 em?/Ves & 7F 2 38 JeRg
o ol Jwenst 45l He uhuke] Ag4o)

el Aol Abgke] FEA7] o

MAGE SR}

2ot} wab AZOWHge) ;
Fake 7Hasb H3 400CeA 677107 Q-em &
7HE A2 ge UEith

I 6S 7)Hexe mE AzOutete] Rl

A& e Aelth,

80 |

g
]
2 eof
c
@
£
E 40 Substrate Temperature
S 27°C
=
(= ----200°C
20 300 °C
—----400°C
0 L ' L L ' L
300 400 500 600 700 800

Wavelength (nm)

a2l 6. 7|E2zo wE AzQuHEte| 1)
Fig. 6 Optical transmission spectra of the AZO thin
films with various substrate temperatures

= =4

a9 604 ®ol, 7|2 ET
S7hehel whe} FE Aol J
st A Hol(blue-shift) dao] #ZHATE o=
ouix] W=zl A= oule]a AT FEe
upg} oy W= o] Wal= Burstein*Mossf_{TJr[lG]
2 Ang = glvy 29 5o Yk 732 r 2

Helol FEol F7h FAsk Fahe Fiel Wak 4

A1 3(400~800nm) G oA €]
=9} ZHJEJEU}XVF% a7 7ol el

A @el vl Azg7H(FOM)= £ A

o] t171.



Agewe o5 AZO kel 4714 % #ehd 54w
FOM=—1/pnT, w2 x107Qiem 2 7MY 5@ kS vehich shA

o714, p 9 T, & 27t WA 7pA3 Gl
Ao it Frmelth vAgE 17 5o
gb i 7MAF GoolA e Hit FiEE V|ReE
7F 2, 200, 300, 400°C = W el
86.45%, 86.09%, 86.39% o|itt. 7| H&wIt FhES:
2 AEF/HNGFIE AXE A B F A%,
oA 1.02x10' Q hem ! o2 7} 58 3 e
et

94 . . . . 10°
—I— Average Transmittance (400-800nm)
—@— Figure of Merit
92 + B
/. 310~
— " £
X 90 ° :i)
o 310 g
1] ]
g 88 £
= o
IS - 1100 =
2 g6l " s
©
= ° g
410" 3
84 Rl
[T
82 I ) I I 10°
0 100 200 300 400

Substrate Temperature (°C)

a3 7. 7| sk uE AzOoute| W FIiE et
MEHIX
Fig. 7 Average transmittance and figure of merit of the
AZQO thin films with various substrate temperatures

v, &

oo

21 =9
B AFE Hx goA] SaYges vg
w2 AZO(ALOs: 3wt %, ZnO:97 wt %)2H-<
sfof, F24 A3 24714 2 oy 5YL =
At XRDE4S Fdl 7]32% 400C oA &
AZO oA 7 4738k (002) wlEHAdS e}
o ojwe WiAZS 042° itk AZO¥HEe] EW
A7|E 71H2%7) AdEshdl mak 146914 4.24nm
5 = L A7IA 5AEE 24
A3 71327} At wel Aeo] wrs) o
S7r9 . wAge Fass V=

400C ol A S3e AZOW ] slgo] TR o5 %
2w A Zzb 1273107 em’, 11.24 em®/V's, 6.77

E
2L

N

>

L
ol

o

K 2
0¥ o

3 gdolMe Hit FaEE 7)o Aglel
&% ool Ee #s vehida, VHeEst 37t
ol uwhz} oA W= AA = Burstein-Moss &
HE #FE ¢ Q0T ARHTHAFE VHe R
et F7beke FAE YERIRen, 400T oA 1.02
x10' Q7 em ! o2 7bg 48 ghS YERASIT

2ol

—
¥ Qe Bal AZOwte] S48 4714 2
S4 4% AU Qo An daFdelans ¥
g AEtes $88 + 9es &+ AT E,
Aegq A 9 #AzA5 gF F o AE 3
£ 7o} oot ITOS WA w$ §e
A= e e 2 Sdsirt

References

[1] D. Kang, S. Kuk, K. Ji, H Lee, and M. Han,
"Effects of ITO precursor thickness on
transparent conductive Al doped ZnO film for
solar cell applications,” Sol. Energy Mater.
Sol. Cells, vol. 95, issue 1, Jan. 2011, pp.
138-141.

[21 W. Liu, S. Wu, C. Tseng, and C. Hung,
"Quality improvement of high-performance
transparent conductive Ti-doped GaZnO thin
film,” Thin Solid Films, vol. 570, May 2014,
pp. 568-573.

[3] Y. Joung and S. Kang, "Characteristics of
ITZO thin films according to substrate types for
thin film solar cells,” J. of the Korea Institute
of Electronic Communication Sciences, vol. 16,
no. 6, Dec. 2021, pp. 1095-1100.

[4] J. Jo and S. Chee, "Display Manufacturing and
Application ~ Technology in the Fourth
Industrial Revolution,” J. Digit. Contents Soc.,
vol. 19, no. 12, Dec. 2018. pp. 2423 -2429.

[5] W. Liu, W. Hsieh, S. Chen, and C. Huang,
"Improvement of CIGS solar cells with high
performance transparent conducting Ti-doped
GaZnO thin films,” Sol Energy, vol. 174, Sept.
2018, pp. 83-96.

1071



JKIECS, vol. 18, no. 06, 1067-1072, 2023

(6]

(7]

(8]

(9]

(101

[11]

[12]

[13]

[14]

D. Norton, Y. Heo, M. Ivill, K. Ip, S. Pearton,
M. Chisholm, and T. Steiner, "ZnO: growth,
doping & processing,” Mater. Today, vol. 7,
issue 6, June 2004, pp. 34-40.

Y. Joung B. Choi, and S. Kang, "Effect of
working pressure on the electrical and optical
prooerties of ITZO thin films deposited on
PES substrate with SiO» buffer layer,” J. of
the Korea Institute of Electronic
Communication Sciences, vol. 14, no. 5, Oct.
2019, pp. 887-892.

S. Na, S. Kim, J. Jo, and D. Kim, "Efficient
and Flexible ITO-Free Organic Solar Cells
Using Highly Conductive Polymer Anodes,”
Adv.  Mater.,, vol. 20, Nov. 2008, pp.
4061-4067.

J. Wu, H. A. Becerril, Z. Bao, Z. Liu, Y. Chen,
and P. Peumans, "Organic Solar Cells with
Solution-Processed ~ Graphene  Transparent
Electrodes,” Appl. Phys. Lett, vol. 92, issue
26, July 2008, pp. 263302-1-263302-3.

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. 786-79%.

Q. Bui, V. Consonni, S. Boubenia, G. Gay, C.
Perret, M. Zeghouane, S. Labau, H. Roussel,
X. Mescot, G. Ardila, and B. Salem, "High
figure-of-merit in Al-doped ZnO thin films
grown by ALD through the Al content
adjustment,” Materialia, vol. 31, Sept. 2023,
pp. 101863 (1-9).

K. Necib, T. Touam, A. Chelouche, L.
Quarez, D. Djouadi, and B. Boudine,
"Investigation of the effects of thickness on
physical properties of AZO sol-gel films for

photonic  device applications,” J. Alloys
Compd., vol. 735, no. 25, Feb. 2018, pp.
2236-2246.

Y. Zhao, W. Ding, Y. Xiao, and P. Yang,

"Manipulating the optoelectronic characteristic

of AZO films by magnetron sputtering
power,” Vacuum, vol. 210, Apr. 2023, pp.
111849.

V. Anyanwu and M. Moodley, "PLD of

transparent and conductive AZO thin films,”
Ceram. Int., vol. 49, issue 3, Feb. 2023, pp.

1072

[15]

[16]

[17]

5311-5318.

Y. Auyoong, P. Yap, X. Huang, and S.
Hamid, "Optimization of reaction parameters
in  hydrothermal synthesis: a  strategy
towards the formation of CuS hexagonal
plates,” Chem. Cent. J., vol. 7, Dec. 2013, pp.
1-12.

Y. Wang, W. Tang, L. Zhang, and J. Zhao,
"Electron concentration dependence of optical
band gap shift in Ga-doped ZnO thin films
by magnetron sputtering,” Thin Solid Films,
vol. 565, no. 28, Aug. 2014, pp. 62-68.

J. Kim, J. Lee, J. Lim, J. Kim, and S. Yun,
"High-performance transparent conducting
Ga-doped ZnO films deposited by RF
magnetron sputter deposition,” Jpn. J. Appl
Phys., vol. 49, Apr. 2010, pp. 04DP09-1-

04DP09-4.

MAE 20H

Z M E=(Seong-Jun Kang)

198941 <1altietir 8225t
A BEEEED
19043 Qlalojstin ety A
] b | Az seta 29(FAAN
19991 Qlettjsti ety AAAR TS £
(Fshubal)

H 2k3|(Yang-Hee Joung)

1983 d=rsta &85 25kt
L =D (FEAD

(19351 Qlsteistal et 3§
=88} P AD

1993 ]lethstal tishel WA sg ot £
(&3kAh)

19959 ~ @A ddigta A7 R kA g8k a
2~

w A

o]: : H]—L:_jﬂ TA 9 EA

gul

A





