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Abstract Al-doped and F-doped ZnO (ZnO : Al & ZnO : F) thin films were coated onto glass substrate by sol-gel method.
These films showed c-axis orientation in common, but different 1(002)/[1(002) +1(101)] and FWHM (full width at half-
maximum). In particular, the grain size of the ZnO : Al films decreased with the increase in the Al-doping concentration,
while for the ZnO: F films the grain size increased up to F 3 at% and then decreased. For the electrical properties, Hall
effect measurement was used. The resistivity of the ZnO: Al films and the ZnO:F films were, respectively, 2.9 x 107
Qem at Al 1at% and 3.3 x 107" Qem at F 3 at%. Moreover, compared with ZnO : Al films, ZnO : F films have lower
carrier concentration (ZnO : Al 4.8 x 10" ecm™, ZnO :F 3.9 x 10" ¢cm™) and higher mobility (ZnO : Al 45 cm’/Vs, ZnO : F
495 cm?/Vs). For average optical transmittances, ZnO : Al thin films have 86~90% and ZnO:F films have 77~85 %
comparatively low.
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Fig. 1. TG-DTA curves of the dried ZnO gel.
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Fig. 2. XRD patterns of ZnO : Al thin films with several Al
contents.
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Table 1

The intensity ratio (o) and grain size (/) calculated from Fig,. 2
Al doping concentration 1 at% 2 at% 3 at%
o = 1(002)/[1(002) + I(101)] 0.93 0.89 0.86
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S YR IR ALY FEE7to) wel 2 e =

7} Aol

[e) [e)
AT RS LT o Al s E
Jel gt ohel A=)
(= Zas9E AL v 22 scherrerd]ol <]
)
=

(1)

o] AeoAl A= XA E(1.54 A), BE 3|Hu|=9]
FWHM(full-width at half maximum), 6= 347+
ERSL Stk oAz #EE ZAF7}b Table 19] LR
Atk Ale] H7IEH Zndt X|gho] douA| ==t o]
o) o]lenkg xjolo] & AEFH A7 S =, &
& A Ale] B4 (segregation)=lo] Zn0S] A4
S Welleke Zlo® F3Ere6).

Fig. 32 Al°] 7 ZnO%] ¥H3 @S] SEMAL
ZoJt}, Fig. 1914 scherrerd]S o83t Akl <Js)A
& F ARl AlY] HTFsErt SR wE dAk=
717F Z2star slok 28y @es] drk=r1e] Sk

Al 2 at%

Al 1 at%

Fig. 3. Cross section and surface morphologies of ZnO : Al thin films.
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Fig. 4. Resistivity, carrier concentration, and mobility of ZnO : Al
thin films with several Al contents.
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Fig. 5. Optical transmittance of ZnO : Al thin films.
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Fig. 6. XRD patterns of ZnO : F thin films with several F contents.

Table 2

The intensity ratio (o) and grain size (/) calculated from Fig. 6
F doipng concentration lat% 2at% 3at% 4at%
o =1(002)/[I(002) + I(101)] 091 093 094 092
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Fig. 7. SEM images of ZnO : Al thin films with several F contents.
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Fig. 9. Optical transmittance of ZnO : F thin films.
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