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Abstract

Al:ZnO(AZO) thin films were prepared by rf magnetron sputter techniques. Effects of various dep-
osition conditions on the microstructure as well as the electrical and optical characteristics of the
films were investigated. As substrate temperature increased, the films grew in columnar-shape with c-
axis perpendicular to substrate surface. As sputter power increased, the deposition rate as well as the
grain size of the films increased but the crystalline quality declined. The optical transmittance of the
films in visible range was above 85% and the optical band gap increased by 0.15 eV when Al element
was doped. Columnar grains formed low angle boundaries as well as special grain boundaries. The
atomic structure of a £=7 [001] (210),/(110), grain boundary was examined by HRTEM.
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Fig. 1. Schematic diagram of the rf magnetron
sputter system.
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Table 1. Deposition Condition of the AZQO Thin
Films

Deposition parameter Experimental range

target(2"x1/6") Al:ZnO(AZO)
substrate slide glass, Si wafer
sputter power (watt) 100~250 (rf)

sputter gas Ar

background pressure (Torr) 1x10°
working pressure (Torr) 1x107
substrate temperature (°C) 100~500
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Fig. 2. XRD patterns of the AZO films. The films
were prepared at substrate temperatures ranging
from 100°C to 500°C.
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Fig. 3. Cross-section TEM view of the AZO films.
The films were deposited with a sputter power of
250 W at a substrate temperature of 500°C.
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Fig. 4. TEM diffraction patterns of the AZO films.
The films were deposited at (a) 500°C and (b)
100°C. A selected area aperture with a diameter of
10 um was used for both diffraction patterns.
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Fig. 5. Variation of the deposition rate, FWHM
and 002 peak position with sputter power. The films
were prepared at a substrate temperature of 500°C.
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Fig. 6. SEM views of the AZO films. The films
were deposited at a substrate temperature of 500°C

with various sputter power of (a) 100 W (b) 150 W
(c) 200 W (d) 250 W, respectively.
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Fig. 7. Variation of the electrical resistivity of the
AZO films with deposition temperature.
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Fig. 8. Variation of the Hall mobility, carrier con-
centration, and electrical resistivity of the AZO
films with sputter power. The films were prepared
at a substrate temperature of 500°C.
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Fig. 9. (a) UV-visible spectra of the ZnO and AZO
films deposited with various sputter power (100~250
W) at a substrate temperature of 500°C. (b) Square
of the absorption coefficient (c®) vs. photon energy
(a) for the films.
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Fig. 10. (a) Bright-field TEM image of the AZO film. (b) microdiffraction patterns are represented in each
corresponding grain around grain A. The films were deposited at a substrate temperature of 500°C with a

sputter power of 250 W.
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Fig. 11. HRTEM image of the AZO films deposited
at 500°C with a sputter power of 250 W,



142 A5 - 23

el R
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Fig. 12. (a) HRTEM image of a =7 [001] (210),/
(110), tilt grain boundary. (b) Modified image of
(a); image filtering was carried out for the modifi-
cation.
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Fig. 13. Atomic columns are superimposed on the
bright spots of the HRTEM image of a £=7 (210),/
(110);, tilt grain boundary. Arrows U & V indicate
the tilt grain boundary.
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Fig. 14. (a) Clinographic projection and plan of the
unit cell of wurtzite structure. Two different atomic
structure models for the =7 (210),/(110), tilt grain
boundaries. The polarity of the upper grain in (b)
is reversed in (c).
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