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Analysis on the Optical Properties and Fabrication of Textured AZO Thin Films
for Increasing the Efficiency of LED
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Abstract

The transparent conductive oxide(TCO) has been used in necessity as front electrode for increasing
efficiency of LED. In our paper, aluminium-doped zinc oxide films(AZO), which has transparent
conducting were prepared with RF magnetron sputtering system on glass substrate(corning 1737) and
annealed at 400 C for 2 hr in vacuum ambient and 600 C for 2 hr with Oz ambient respectively. The
smooth AZO films were etched in diluted HCL(0.5 %) to examine the surface properties, which in
ambient post-annealing process. We confirmed that the electric, structural and optical properties of
textured AZO thin films, which implemented using the methods of XRD, FWHM, AFM and Hall
measurement. The properties of textured AZO thin films especially depended on the ambient
post-annealing process. We presumed that the change of transmittances as R-G-B LED and the
ambient post-annealing process will be increasing the efficiency of LED.
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Fig. 1. Schametic drawing of the measurement

transmittance spectrum.
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Fig. 2. XRD patterns of AZO thin film with
ambient post-annealing process.
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Fig. 3. SEM photographs of AZO thin film
with ambient post—annealing process (for
60 second etching).
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Fig. 4. AFM photographs of AZO thin film
before - after etching with ambient
post—annealing process.
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Fig. 5. Result of Hall effect measurement for

AZQO thin films with ambient post-
annealing process.

904

$917] 3448 @ AZO wuhe 3275 cm¥/VsE &
7tet oy, A —E% 71 3443 @ AZO 94e
08229 cm¥/Vs2 ZAs9c. wald as-grown

AZO ¥t B9y SdxEl & AZO wohy
AR fAhe ojFEY FvtRde Al 3x
9 Ftel e Aoz x&%aﬂt}ne]. =P A

71l A $gA2] @ AZO oA HA 3o
71 GA SR U e FEAY FTAANAM <k
7+9] Ara(15 mTornE ~FHEJ Yol g3 A3d
AZO utato Al dAstE A4S afXeE Th
A7 ol BEE FVHAA HIAZRES AAATE
Aoz BodAn

33 43ty EM B4
Iy 62 £97] FEAE 34 wE o
A -Z AZO vtete] F31&S  spectrophotometer

2 EANF Aoy IF EYUidAM FdEAHE @
AZO wote] Rage i A 709 %A o F
% 803 %2 ¢ 9 %EvIs ey, aka E9 76
A F4dAE § AZO were REgge 43 A
7591 %olA oA F 7956 %= ¢ 4 % Z718HS
o ol d FHg FUe] UL 4] LA

34 wek AZO W) EW Fz7h Wssda

ANd EA4= FEbdon, texture TZ3E AZO
guhe] B3g Frhge] Wakd Ao wad,
100
80
BO
E T
8 80
]
£
40
E
40 4
20 - (b} after !!thiig {vacuum annealing)
{c) after éiching (0, anneatisig)
10 4 {d) betore erching tvacaum anneatlng)
{5} belaré etching {0, atineafing)
o
200 600 800
Wavelength [nm]
O 6. EH7 FEAg FHA o AZO Wt
9 ug.
Fig. 6. Transmittance of AZO thin films with

R-G-B LED with ambient
annealing process.

post-



34 LED X & ¥}

a9 7% R-G-B LEDe i3 AZO @99
F3& spectrumg A3 Aotk F E971
A F4x7 8 AZO 2% Red LEDAA F3%

=
5.7],

£o] oA A 248 %A oF F 842 %2 F
stgon A4 E97dA £z @ AZO €=
2 Blue LEDAA F3-go] oA A 306 %A
o3 % 888 %= 71 A ZUlEgu. & 29
71 TdHe A g} texture +Z3 B AZO
urotbo] Fupzrt WakEda, olHe FUTRY
HWsle] wal R-G-B LEDY S3#&% wWigs
sttt wEld Zad LEDAME I3 &4
7] 3438 @ AzZOwule], @33 LEDIA =
A B7] F4A4E @ AZO wdto] LEDEE S
Agssled ARAYL AU dRHe=
LED E€Z7/18 EAHoZ texture AZO ®HL
LEDel 4% w, A-3d FATZE FTIAE
297 3A4E B AT = J&es FAsA

—_—

@atszo
) Ghast
(pemeEuni

i) ARt Etcrieg
! \.
i

\
/w’

o o

Wiiei Aot

GIREBLED

Antamaky (sunis

ntonaty jot.mits}
\

spvm

(i) Red

1a) Greeni £
by Clyss
e} Beforo Eiching|

i Stiss
B doettehing

Initarity [arbianzut
‘tengly |isb urits]

Py sdon e o,

(ii) Green LED

o, areing

\ntarty farbainite]:
Ittty we, urka):

(iii) Blue LED

a3 7. R-G-B LED s AZO 9=¢] F3
& spectrum.

Fig. 7. Transmittance spectrum of AZO thin
films with R- G - B LED.

905

A7|AAN RS =8 R, 198 A10E, 20063 10¥

4. 2 E

2 AP = RF Magnetron Sputtering™-&

o] g8te] AZO wEhg AZ3, EH7] FEAE

"‘78’-% 23 texturedtd FHATR A7 H - Fg

# & #sgen, R-G-B LEDY H&3}

o %f-fu S4¢ BHY 27RE Ay e

o

1) 25 AZO "tete] A|Ho)A 344° F HAE
2o (0002) ZnO $4 WY 5A4L JEHe
o, A2 BH7] FEHE T4 F AZO 4
9] XRD #=Z+E as-grown AZO 22te] ¥z
Br} o 58 o] =& 120,000 °14e HA=ZE
JeEt Y. =3, FWHME as-grown AZO
uhebo] 042°0A 97 FEAE F 034°~
040°2 Z42%S FAsAT

2) SEM3} AFM #4ox FdAg T4 wet
texture T+Z3tH AZO utule] FHEA WS
gostgen, AF 719 A BEH7)AA
F49x7 T texture 7+Z3 ¥ AZO dtahe] A
& AA7E 3515 nm%} 2862 nm=E FZF &4
HA,

3) Hallas BAL Z3 A4 EVdA FEX
3 8 AZO wutel A7H EAo] $5TL 7
Attt AF 97 FdAHE & AZO
dotel wAY, ol¥E, A FEr 7
4.489x10" Qcm, 0.8229 cm*/Vs, 1.69x10" cm™
2 2R eH, As B97ldA FdAY 3
AZO uwtere Zbzb 3674x107 Qcm, 3.275
em¥/Vs, 5187x10%° cm™2 A9t

4) AF 4714 FEAE & AZO dte §

ol

Jlm

#&2 AA A 709 %ol A F 803 BE
%k 9 %% }5}95101:4, M BY7lelA FEA
g g AZO date] g e o3 A 7591 %
Al oF & 7956 BE °F 4 % F7FIAH

5) B47) FEx & AZO ¥9e R-G-B LED
of &3t FF}E spectrum S HAAIE
A%, AF B4 FEAE T texture T
Z3t9 AZO W& Red LEDd AH&3lgS
o 2Ela, Ak 971 $EAE 3 texture
Fz23" AZO ¥1e Blue LEDY H &3 3 &
o F3& spectrume] +5%< FAsAc

adAe 2

2 ATE HAAAR) A9YA A FYAY
J ATARE FYIAE



J. of KIEEME(in Korean), Vol. 19, No. 10, October 2006.

[11 A Gupta and A. D. Compann,

(2]

(3]

(41

(5]

(6]

(7]

(8l

g}

g
Mo
ral

“All-
sputtered 14 % CdS/CdTe thin-film solar
cell with ZnO:Al transparent conducting
oxide”, Appl. Phys. Lett.,, Vol. 85, No. 4, p.
684, 2004.

Z. L. Pei, C. Sun, M. H. Tan, ]J. Q. Xiao,
D. H. Guan, R. F. Huang, and L. S. Wen,
“Optical electrical properties of
direct—current magnetron sputtered ZnO:Al
films”, J. Appl. Phys.,, Vol. 2001, No. 7, p.
3432, 2001.

XY, Adetd, F9NE, A4
&, “HUYAA g ZnOAl FHAETY A=
A7 AR ARSI 20018 A g B =1
A, p. 463, 2001, '
fRF, ol AA, A7, &AE, HolFE, oF
A, ‘29 28 ZnO:Al 9 2
4 EA47, dedrEgs =84, 5249, 9%, p.
378, 2003.

and

Y

’ i, W

sgs §47, AxQ, WA, B9, 9P
4, “RF slIWEE w84 2¥ePoz A

ZAE ZnO/Glass d9 £4”, A7|AAA 53

3=FA, 119, 10Z, p. 833, 1998.

R. J. Hong, K. Helming, X. Jiang, and B.
Szyszka, “Texture analysis of Al-doped
ZnO thin films prepared by in-line reactive
MF magnetron sputtering”, Applied Surface
Science, Vol. 226, No. 4, p. 378, 2004.

X. T. Hao, L. W. Tan, K. S. Ong, and F.
Zhu,
transparent conducting aluminum doped
ZnO thin films and applications”, Journal of
Crystal Growth, Vol. 287, No. 1, p. 44, 2006.
R. J. Hong, X. Jiang, G. Heide, B. Szyszka,
V. Sittinger, and W. Wemer, “Growth
behaviours and properties of the ZnO:Al

“High-performance low-temperature

films prepared by reactive mid-frequency
magnetron sputtering”, Journal of Crystal
Growth, Vol. 249, No. 3-4, p. 461, 2003.

906

[9] C. Huh, K. S. Lee, E. J. Kang, and S. J.

[10]

[11]

[12]

(13]

[14]

[15]

Park, “Improved light-output and electrical
performance of InGaN-based light-emitting
diode by microroughening of the p-GaN
surface”, J. Appl. Phys., Vol. 93, No. 11, p.
9383, 2003.

T. Fujii, Y. Gao, R. Sharma, E. L. Hu, S.
P. DenBaars, and S. Nakamura, “Increase in
the extraction efficiency of GaN-based
light-emitting diodes via surface roughening”,
Appl. Phys. Lett., Vol. 84, No. 6, p. 855,
2004.

AR, "eu, AdYH, w4, “AlOsTsF)
o2 bulkd AZOY F&F 547, =AY
AAA 233 2006EA I =EH, p. 5,

, £449, W&, “LED H&&
AZO E9 A% dtete] ¥ texture T
P

3] =&3, p. 103, 2006.

T. Tsuji and M. Hirohashi, “Influence of
oxygen partial pressure on transparency
and conductivity of RF sputtered Al-doped
ZnO thin films”, Applied Surface Science,
Vol. 157, No. 1-2, p. 47, 2000.

V. Gupta and A. Mansingh, “Influence of
postdeposition annealing on the structural
and optical properties of sputtered zinc
oxide film”, J. Appl. Phys., Vol. 80, No. 2,
p. 1063, 1996.

FAAY, 2R, B, “7iHe AAPFF

w2 RF 2¥H# ZnO wute] st vl 4

TEREA", AZARAERGE =R, 199, 5
&, p. 461, 2006.

[16] G. J. Fang, D. Li, and B. L. Yao, “Influence
of post-deposition annealing on the
properties of  transparent  conductive

nanocrystalline ZAO thin films prepared by
RF magnetron sputtering with highly
conductive ceramic target”, Thin Solid
films, Vol. 418, No. 2, p. 156, 2002.



