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ABSTRACT

We used isopropanol which has low boiling point to prepare thin films at low temperature and changed mole concentration of zinc
acetate from 0.3 to 1.3 mol/l. The structural, optical and electrical properties of ZnO thin films with Zn content were investigated. ZnO
thin films highly oriented along the c-axis were obtained at Zn concentration of 0.7 mol/l. ZnO thin films with Zn concentration of
0.7 mol/1 showed a homogeneous surface layer of nano structure. The transmittance of ZnO thin films by UV-vis. measurement was
about 87% under the Zn concentration of 0.7 mol/l, but rapidly decreased over the 1.0 mol/l. The optical band gap energy was obtained
from 3.07 to 3.22 eV which is very close to the band gap of bulk ZnO (3.2 eV). The electrical resistivity of ZnO thin films was about
150 Q-cm that shows little difference with Zn concentration. I-V curves of ZnO thin films exhibited typical ohmic contact properties.
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Fig, 1. Flow chart for the preparation of ZnO thin films by sol-
gel method.
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Fig. 2. TG/DTA curves of ZnO sol with Zn concentration.
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Fig. 3. XRD patterns of ZnO thin films after post-heating with
Zn concentration.
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Fig. 4. SEM of surface morphology of ZnO thin films with Zn concentration : (a) 0.3 mol/l, (b) 0.5 mol/l, {(c) 0.7 mol/1, (d) 1.0 mol/l,

and (e) 1.3 mol/l.
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concentration : (a) 0.3 mol/l, (b) 0.5 mol/l, (¢) 0.7 mol/l,
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Fig. 6. Optical transmittance spectra of ZnQO thin films with Zn
concentration : (a) 0.3 mol/l, (b) 0.5 mol/l, (¢) 0.7 mol/l,
(d) 1.0 mol/l, and (e) 1.3 mol/l.

Aoz AZ-AT 1.0moll ol ol e 9A BA% =t
F A7IER Q& o2 A AgAo] Wl A
A3telo] Yo| AtgEo] BEIGo] Fhdhe R #@
dEt. A= 1.0moll 149 Zn sEAME FHEIE 7
A3 A4S Aoz Jelhdt),

Fig. 72 ZnO 229 Zn T3] odE 400 nmollA
o] Big3 3 EFA-E, 400~800nme] 7HA1E G
Al B F3&, 22]3 400 nm ©) 3o Ao F-Eo] W

[.4_1

f

¢

jud

100}

o]
o
T

(o2
o
T

—e— Transmittance on 400 nm
—a— Maximum transmittance
—a— Average transmittance
- — Transmittance under 400 nm

x x\

R e

N
(=]
T

Transmittance (%)
N
[w]

o
T

s s L

03 0.5 0.7 1 1.3
Zn concentration (mol/l)

)
o

Fig. 7. Optical properties on UV-vis. ranges, maximum and
average transmittance of ZnO thin films with Zn
concentration.

35 YERTE 0.7 mol7HAl = 4% T8-S HolA
9 1.0moll oAM= T3k Ao 7FAsh E3,
400 nmo A 9] FFH-ES BE 1.0moll o)A Fihgo)
43 A AE B 4 vk @, 400nm ©] 5
AolAl Gojolla A A AL 0.7 moll ©14Fe] Zn FE
NA 95% ooz 43 545 YERTH

Flg 6olX FF o] 360~372nm01w Ve, Zn

o we ““Eﬂ gt MIE Hole AL & F Utk

"15‘-‘*}”5 T2} E}EH FA doll sl FoA% FFAT a @)

g Ug Hoz vehd # g

o (v) = 2.303log o 1/T)d (1)

22 a7t 10° em™S EL 9 g BAS e
1:]_27,28)

a(v) = B(hy — Eap,)"/hv (2)

714 e X8 UA, E,im B WMEA ox]o]
o B= 10°% 10° cm“ Apolel| A FolA & *J-?Olt}zs)
W2 k-spacel Al FxFe] Hol| FHlo| wE} 1, 2, 3, IRE
7Rk A @A 247 9dE n ReRNE $L2 ﬁbég
Yehlls 38 22 u n=19) 7P A et o
E27E 3 E,, &S Fig 8 Yelliith Zn F=7F
0.7 mol1E 71H2 = A E(,,,,7} F7HIT7E thA] HAsE)
A% & F Utk Zn F= W3 B2 E, 5 BH F
A 3.07eVellA Hd 322eve] FE YEMAI o] BE
& oy 4 WP F3E Zno ¥t A7 ARE
F FAE e Qe

vglelFE Aol ZnOo ke HUH Axpo} A4 F
ol o3 FHE T level ZH-H oaﬂﬁolg o718
2o g 7 0¥ BEAEke Aol 4#A vt Zn09]
Hold 54 Fo shivt & 53% AES 2te s
folaA HET & Yvte Aot} U AN 2SS
ZHe W3 AEe] Znoe TAYHZA HY) 10° Q-cm

fjt

2404 A 11 Z(2003)



1118 gsd - 7ol - i
3.3r
3 3.22
- 3.2
=
o 33 3.145
@ 3.1+ 3.125
a2 |
S L 3.07
T 3
g 3
© |
@
2.9 s - A
0.3 05 0.7 1 13

Zn concentration (mol/l)

Fig. 8. Optical band gap energy of ZnO thin films with Zn
concentration.

10

@

Current (x10° A)
I )

N
Of-— 7

o

5 10 15 20 25 30
Voltage (V)
Fig. 9. I-V curves of ZnO thin films with Zn concentration : (a)
0.3 mol/l, (b) 0.5 mol/l, (c) 0.7 mol/l, (d) 1.0 mol/l, and

(e) 1.3 mol/l.
MR8 ¥R @S ZHA Hed, ol geE ste 3
A Ak FF EE Zn8 HY T 22 Aol ¥4
ato] H|stEFEAA 2AS Ze gol FAHL, ol
o3 HAEE A2 s 2 vAG ol JFS

m)A,

AR FEHAZ|L In goloj& WHA -V 348 454
Zn F=7F F7YEFE A Wsld] dist dFe A3 A
o2 ZFrtele AFgE HAow, 2% A ohmic
contact 54& YERH AT

Fig. 102 Zn ¥ W3] ©& zZnO et 7] HlA
3 WslE e HiAEge AR 2ua HoeR 7d
ZnO gete] A oAl FH, do|, £ A4 AAE
JrEste] ARSIt ZnO where] x7] HlA &2 0.7 mol/
| 714 Zn FE7} 2718 wkal v)A g ke Z=7hElge

b, 07 moll o143 FEeNE ashe A% BT
200 Wee] A28 S A9 Y 9 % 220 o
2 HFEA 249 A, v AAo) e AF]
P, vhe) A% WPSA, 1Y 27 59 Be WIS
of ols YL W Aoz vy Hy Yok W
s2YE 4949 48 nAE 248 B of

SERDEL R

- 2 -

AR - M- 718
T 25
Q
G
o 2
* 1.75
=y 7
s 15 10 1.55
()
ko 1.40
0 1.21
51
=S
(3]
g
0 05 L — 1 .
0.3 05 07 10 13

Zn concentration (mol/l)

Fig. 10. Specific resistivity of ZnO thin films with Zn
concentration.

HA R XPS £Ao)A Zn Fx W] mE Auger 413
4 A Zn09] sEtEA A Aot

A3 Zn Y29 shoulder peak A 7= 7}
7HE WA dEHY] A= e & %
o, A7 HATE HoE Bl 3o

4.8 E

£ E33E zinc acetate dihydrate - isopropanol - mono-
ethanolamine (MEA) 2. 23 &N S ZHE sol-gel spin
coating WHOE 7ZnO H¥EHE ARSI, 1 vrute] #
= 29 A1 S48 2AEIT,

ZnO sol®] FEHNA 3572 §FE o &g wrgof

vy

S
& ") gt FAdged, ole Zno vt A&
@4 73 ANEIT. 0.7 moll F=) ZnO ¥k

719 B} A o (002) Hol 7P 3w
S HYyon, A4 Yefxt F2E e BEUZS
A3tAT UV-vis. $4 23}, Zn 57} 0.3914 0.7 mo
12 Z713H) Wt FEIAEE H 92971 718
ok 9 1.0 moll ©|de] FEAME T80l 70% ©|
stz F23) #gAsAth ol Zno vtk & AH A
A3 AASATE ZnO B HrjH B4 1V 33 2
3} ohmic contact?] SAE HAYLW, Zn L9 Z7}o|
e} 8- & e 0.7 molI7}A] 175 Q-cmz HUl& 27}
g &, 2 o] FEAAM AT ol XPS ¥4
Az gte U] 2A4E Zn LAY FEO) TS A= A
o2 #oEg

2
ot oX

=

ZAel B

£ A7E AR, SFHNAT N @R

L ARENE A5 24 2 FHATAEY Ao
4% RYYh.



10.

11.

12.

13.

14.

15

Zn sEdsl] B Zo0 W] 72, A 0 WA B4 @7

REFERENCES

. J. B. Webb, D. f. Wiiliams, and M. Buchanan, “Transparent
and Highly Conductive Films of ZnO Prepared by RF Reac-
tive Magnetron Sputtering,” Appl. Phys. Lett., 39 [8] 640-42
(1981).

. M. J. Brett, R. W. McMahon, J. Affinito, and R. R. Parsons,
“High Rate Planar Magnetron Deposition of Transparent,
Conducting, and Heat Reflecting Films on Glass and Plas-
tic,” J. Vac. Sci. Technol., Al [2] 352-55 (1983).

. H. Sato, T. Minami, Y. Tamura, S. Takata, T. Mori, and N.
Ogawa, “Aluminium Content Dependence of Milky Trans-
parent Conducting ZnO:Al Films with Textured Surface Pre-
pared by D.C. Magnetron Sputtering,” Thin Solid Fimls, 246
86-91 (1994).

. J. A. Aranovich, D. Golmayo, A. L. Fehrenbruch, and R. H.
Bube, “Photovoltaic Properties of ZnO/CdTe Heterojunc-
tions Prepared by Spray Pyrolysis,” J. Appl. Phys., 51 (8]
4260-68 (1980).

. Z. C. Jin, I. Hamberg, C. G. Grangvist, B. E. Sernelius, and
K. E Berggren, “Reactively Sputtered ZnO:Al Films for
Energy-efficient Windows,” Thin Solid Films, 164 381-86
(1988).

. S. Pizzini, N. Butta, D. Narducci, and M. Palladino, “Thick
Film ZnO Resistive Gas Sensors : Analysis of their Sta-
tionary and Kinetic Behaviour,” J. Electrochem. Soc., 136
[7] 1945-48 (1989).

. G. S. Kino and R. S. Wagner, “Theory of Interdigital Cou-
plers on Nonpiezoelectric Substrates,” J. Appl. Phys., 44 [4]
1480-88 (1973).

. Y. E Chen, D. M. Bagnall, H. J. Koh, K. T. Park, K. Hiraga,
Z. Zhu, and T. Yao, “Plasma Assisted Molecular Beam Epi-
taxy of ZnO on c-plane Sapphire : Growth and Character-
ization,” J. Appl. Phys., 84 [7] 3912-18 (1998).

. F. Quaranta, A. Valentini, and F. R. Rizzi, “Dual-ion-beam

Sputter Deposition of ZnO Films,” J. Appl. Phys., 74 [1]}

247-48 (1993).

A. J. C. Fiddes, K. Durose, and A. W. Brinkman, “Prep-

aration of ZnO Films by Spray Pyrolysis,” J. Cryst. Growth,

159 [1] 210-13 (1996).

M. Ohyama, H. Kozuka, and T. Yoko, “Sol-gel Preparation

of ZnO Films with Extremely Preferred Orientation along

(002) Plane from Zinc Acetate Solution,” Thin Solid Films,

306 [1] 78-85 (1997).

D. Bao, H. Gu, and A. Kuang, “Sol-gel Derived c-axis Ori-

ented ZnO Thin Films,” Thin Solid Films, 312 37-9 (1998).

V. Cracium, J. Elders, and J. G. E. Gardeniers, “Charac-

teristics of High Quality ZnO Thin Films Deposited by

Pulsed Laser Deposition,” Appl. Phys. Lett., 65 [23] 2963-

65 (1994).

K. L. Narasimhan, S. P. Pai, V. R. Palkar, and R. Pinto,

“High Quality Zinc Oxide Films by Pulsed Laser Ablation,”

Thin Solid Films, 295 104-06 (1997).

. S. K. Ghandhi, R. J. Field, and J. R. Shealy, “Highly Ori-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

1119

ented Zinc Oxide Films Grown by the Oxidation of Dieth-
ylzine,” Appl. Phys. Lent., 37 [5] 449-51 (1980).

A. P. Roth and D. E Williams, “Properties of Zinc Oxide
Films Prepared by the Oxidation of Diethyl Zinc,” J. Appl.
Phys., 52 [11] 6685-92 (1981).

Y. Natsume, H. Sakata, T. Hirayama, and H. Yanagida,
“Low-temperature Conductivity of ZnO Films Prepared by
Chemical Vapor Deposition,” J. Appl. Phys., 72 [9] 4203-07
(1992).

C. K. Ong and S. J. Wang, “In situ RHEED Monitor of the
Growth of Epitaxial Anatase TiO, Thin Films,” Appl. Surf.
Sci., 185 47-51 (2001).

A. Kuroyanagi, “Properties of Aluminum-doped ZnO Thin
Films Grown by Electron Beam Evaporation,” Jpn. J. Appl.
Phys., 28 219-22 (1989).

C. J. Brinker and G. W. Scherer, “Sol-gel Science : The
Physics and Chemistry of Sol-gel Processing,” Academic
press, New York (1990).

S. M. Hyun, K. H, and B. H. Kim, “Preparation and Char-
acterization of Al-doped ZnO Trasparent Conducting Thin
Film by Sol-gel Processing,” J. Kor. Ceram. Soc., 33 [2]
149-54 (1996).

B. O. Park, K. H. Ko, and J. H. Lee, “Electrical and Optical
Properties of ZnO Transparent Conducting Films by the Sol-
gel Method,” J. Cryst. Growth, 247 119-25 (2003).

S. S. Kim, K. W. Jang, and L. S. Kim, “Characteristics of c-
axis Oriented Sol-gel Derived ZnO Films,” J. Kor. Asso.
Cryst. Growth, 11 [2] 49-55 (2001).

Y. Natsume and H. Sakata, “Electrical and Optical Prop-
erties of Zinc Oxide Films Post-annealed in H, after Fab-
rication by Sol-gel Process,” Mater. Chem. Phys., 78 [1]
170-76 (2002).

Y. Natsume and H. Sakata, “Zinc Oxide Films Prepared by
Sol-gel Spin-coating,” Thin Solid Films, 372 30-6 (2000).
M. Chen et al., “X-ray Photoelectron Spectroscopy and
Auger Electron Spectroscopy studies of Al-doped ZnO
Films,” Appl. Surf. Sci., 158 134-40 (2000).

S. B. Majumder, M. Jain, P. S. Dobal, and R. S. Katiyar,
“Investigations on Solution Derived Aluminium Doped Zinc
Oxide Thin Films,” Mater. Sci. and Eng., B 103 [1] 16-25
(2003).

N. F. Mott and E. A. Davis, Electronic Processes in Non-
crystalline Materials, 2nd Ed., Clarendon Press, Oxford, pp.
272-75 (1979).

Y. Natsume, H. Sakata, and T. Hirayama, Phys. Stat. Sol., A
148 [2] 485-95 (1995).

J. Aranovich, A. Oritz, and R. H. Bube, “Optical and Elec-
trical Properties of ZnO Films Prepared by Spray Pyrolysis
for Solar Cell Applications,” J. Vac. Sci. Technol., 16 [4]
994-1003 (1979).

R. Ayouchi, F. Martin, D. Leinen, and J. R. Ramos-Barrado,
“Growth of Pure ZnO Thin Films Prepared by Chemical
Spray Pyrolysis on Silicon,” J. Cryst. Growth, 247 497-504
(2003).

A 404 A 11 5(2003)



