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Effects of Different Dopants(B, Al, Ga, In) on the Properties of Transparent
conducting ZnO Thin Films
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Abstract

The structural, optical and electrical properties of ZnO films doped with 1.5 at% of SA materials(B,
Al, Ga, In) were studied by sol-gel process. The films were found to be c-axis (002) oriented
hexagonal structure on glass substrate, when post heated at 500 C. The surface of the films showed a
uniform and nano size microstructure and the crystalline size of doped films decreased. The lattice
constants of ZnO:B/Al/Ga increased than that of ZnQO, while ZnO:In decreased. All the films were
highly transparent(above 90 %) in the visible region. The energy gaps of ZnO:B/Al/Ga were increased
a little, but that of ZnO:In was not changed. The resistivities of ZnO:Al/Ga/In were less than 0.1 Qcm.
All the films showed a semiconductor properties in the light or temperature, however ZnO:In was less
sensitive to it. A figure of merit of ZnO:In had the highest value of 0.025 Q! in all samples.
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Fig. 1. XRD patterns of films.
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Table 1. Lattice constant and crystalline size of
films (calculated values).

lattice const crystallite size (um)
sample (arm) ’
¢ \nm XRD FESEM
Zn0O 52.0078 56 60
7ZnO:B 51.8342 36 36
Zn(O:Al 51.9078 40 33
Zn0:Ga 51.9743 40 38
ZnO:In 52.0108 31 40
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Fig. 2. SEM micrographs for (a) surface and
(b) cross section of films.
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Fig. 3. Transmission spectra of films.
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Fig. 4. Plots of (ehv)’ vs. hv of films.
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Table?2. Resistivity in the dark and light of
films.

Ap [%]
-19
-68
-18

Paari; [Rcm]

0.351
27.093
0.105
0.083
0.095

Pighe [SQcm]

0.285
8.655
0.086
0.076
0.090

sample

ZnQ
7Zn0O:B
Zn0:Al
Zn0:Ga
Zn0:In

a9 62 dhte
(pT/pdark)% vt
7t st A
oelet M-
flo] m%
ATk W2o] Al Ga, I

rlo
f1
2,
=2
odk
L

N
B
o
o

r:ii% Mg

=
=
=2
X
iy
£ -

i o
§

L o

po
o,
o
9
B x
o

o Koo
r

2
o

o & o
b d
o,
i o
o
2

T A )
o, 2
iy oft;
to 2 &2 o

_,d
N
]
s
dlo
to
ne

=
tlo

4% ZnO% B, Ing =& upup
7kl Wate] A o] gashs
Aa gled Al# G
9o Z7te] fsle] A 3o =
e HEAY 283 Alg Ing
A exdstd gg Agse W

A gEel e & 4 U

o
i

246

30 50 70 90
Temperature [C]

110

O 6. gAY 2924,

Fig. 6. Temperature dependence of  dark
resistivity.
5
Q
—
=
Q
30 50 70 90 110
Temperature [C]
ad 7. AT 2T oEA.
Fig. 7. Temperature  dependence of light

resistivity.

Ga, In ¢o2 F9%
Alga ggoa oA 3
o F FHAAS Aol £ MNEE FHA
we AFgEd JMAFA %]
goh. A B AEA uidte) 23 e )
WaHE e A4, FOM(figure of merit)S g 4]
o2 Aodrt

L of,
z 12 o
2,
x
ol
A
o
o



480
Wavelength [nm]

580

a3 8. 7HAER FFed A wuke F5A
Fig. 8. Absorption coefficient of films in visible
region.
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Table 3. FOM(figure of merit) of the films at
555 nm(wavelength).
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