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Characteristics of c-axis oriented sol-gel derived ZnO films
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Abstract ZnO films were fabricated on p-type Si(100) wafer, ITO glass and quartz glass by the sol-gel process using
zinc acetate dihydrate as starting material. A homogeneous and stable solution was prepared by dissolving the zinc
acetate dihydrate in a solution of 2-methoxyethanol and menoethanolamine (MEA). ZnO films were deposited by spin-
coating at 2800 rpm for 25 s and were dried on a hot plate at 250°C for 10 min. Crystallization of the films was carried
out at 400°~800°C for 1h in air X-ray diffraction (XRD) analysis, scanning electron microscopy (SEM), UV-vis
transmittance spectroscopy, FTIR transmittance spectroscopy and photoluminescence(PL) spectroscopy measurements
have been used to study the structural and optical properties of the films. ZnO films highly oriented along the (002)
plane were obtained. In all cases the films were found to be transparent (above 70 %) in visible range with a sharp
absorption edge at wavelengths of about 380 nm, which is very close to the intrinsic band-gap of ZnO(3.2 eV). The low
temperature band-edge photoluminescence revealed a complicated multi-line structure in terms of bound exciton
complexes and the phonon replicas.
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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. X-ray diffraction patterns of ZnO/Si(100) thin films,

prepared by spin-coating and annealed at (a)400°, (b) 500°,
(c) 600°, (d) 700° and (e) 800°C for 1h.
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Fig. 3. X-ray diffraction pattern of ZnO/ITO glass thin
film, prepared by spin-coating and annealed at 600°C for
1h.
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3.2. SEM
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Fig. 4. SEM surface morphologies of Zn(/Si(100) thin
films, prepared by spin-coating and annealed at (a) 500°,
(b) 600° and (c) 700°C for 1h.
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Fig. 5. UV transmittance spectra of ZnO/quartz glass thin
films, prepared by spin-coating and annealed at (2)600° and
(b) 800°C for 1 h.
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Fig. 6. UV transmittance spectra of ZnO/ITO glass thin
films, prepared by spin-coating and annealed at (a) 400°,
(b) 500° and (c) 600°C for 1h.
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Fig. 7. FTIR transmittance spectra of ZnO/Si(100) thin
films, prepared by spin-coating and (a) as-deposited,
annealed at (b) 400°, (c) 600° and (d) 700°C for 1h.
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Fig. 8. PL spectra at (a) room temperature and (b) 8 K of
Zn0/Si(100) thin films, prepared by spin-coating and
annealed at 600°C for 1h.

acetate’t 22 S 98 1086 cm?! Wit:= C-C-O
vl ol d7] Whale)] 23t Zlolnh, ¥ 956 cm™ W
=x zinc acetatedde] C-C Z3, 690 cm’ W==
zinc acetateolA12] C-0-O Ayl <Jgic}, =3+ 700°Coll
A FAZF A2 1085 cm’ MEE Si-0 HUA So
o 7] 2o ogk Ro|ti13, 14, 15].

34. PL A¥EY

Fig. 82 p-type Si(100) 713 S0 53] wh2 zEs}
3 700°C F71 B971604 /7 B9 dx2)d Zn0 ut
o] A 330~900 nm g FPollxie] Akemt #e
B KplA 245 PL 28EH0|r}, o] AHEHH = W
(band-edge) 9= <] PL WH=$} 450, 660 nm F-Zo &
Aol 9l PL W=yt vt ARoMe] oE 99 PL
Hiee g3e] AP vtk B3 Je e o 2o
2 ok o]F b wA| T2E Zheth I 660 nmel =
Ao] gl Y& PL M= A2o)M H=2) A77 27}
stal w3 fo] 21 wF HoZ o7k o) F T}, Ah2olA
243 ~HEHE 450 nm F-20]] F4lo] l= PL W
=5 YR 28t

ZnOe] PL 2HEFL A% 271 S ule} =4 W3}
gl S.H. Bae 53 BJ. Jin 59 &sPH Zn0O2] PL
2HEHLS  pear-UV, green, red wl=z} Eels 390,
510, 640 nm =2 F$4o] U= Y] PL wizg A
HOH16-17). E o)5 W=9] A7l A% 24 S wg
A 22} green € red W=E zbz} Zn0 o) 4
4 Bt 44 mo) el & Aolg18] H=

S.AA. Studenikin 52 1.0M zinc nitrate G$8NE

4X104' 3729 b
. 368.5
T
> 382
g 3x104
5
=
g 391
£ 2x10%] -
|
o
1x10° -
360 380 400

Wavelength(nm)

Fig. 9. PL spectrum at 8K of ZnO/Si(100) thin film,
prepared by spin-coating and annealed at 60(°C for 1 h, in
the band-edge region.
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