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

1 1 1
g, zEy, aM2% H5e'

(Young-Woo No', Jong-Rae Cho', Se-Mo Son?, and Su-Tae Chung'?)

Abstract

The structural, optical and electrical properties of ZnO films doped with 1.5 at% of 3A 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 ZnO, 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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Table 1. Lattice constant and crystalline size of
films (calculated values).

Jattics: const crystallite size (um)
sample (om) ’
¢ \nm XRD FESEM
Zn0O 52.0078 56 60
ZnO:B 51.8342 36 36
ZnO:Al 51.9078 40 33
7Zn0O:Ga 51.9743 40 38
7ZnO: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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Table2. Resistivity in the dark and light of
films.

sample | Purk [Rcml | pygn [Rcml | Ap [%]
7ZnO 0.351 0.285 -19
ZnO'B 27.093 8.655 -68
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29 6¢ uhete] ol U@ dark AFel
(Prl Pu)® A Rolth, BE

- =
Z7kel st A9 MPHoz FA¥E HAG
g AY-cE:Ael Wit =PBE B

glo] 2% WMEAY 44 AAn e & F
gt g&ol Al Ga, Ing =3
o 714717} Hl%e whde] ERg A FAAY
BZ =33 w4 1 Wsl < bl
g 7€ whekel %o th light A g Wst
(pr/ Pigre)& VFERA olth, 27 Alel 40000 lux
o #& Aol ZAIAN LEE WAL &
4% Zn0%t B, Ing =& vt M £x9] F
Zbell dhate] Aol zadte W
Ax glew, A% Gag

AH 4ds 7t

z K 2

a}
o] Z7tol distel Aol Frtete 5% AEd
A Yt a8 a Al Ing =3 Hhe
e 2Edstd o AFgES Uy Hu v

4 qrguol 98 ¢+ vk

246

1 =~
e
09 — q
508 R
8_ (&
—~07 1] a) ZnO
Q b) ZnO:B .
06 c% ZnO:Al a
d) ZnO:Ga ™~
05 1 &) ZnO'In b
04
30 50 70 90 110
Temperature [C]
33 6. ¢AYY 2x9&4.
Fig. 6. Temperature  dependence of  dark
resistivity.
12 g
1k &
-~ e
5
Q ‘ a
\)—08 a) Zn0O b
Q b) ZnO:B
06 | ¢) ZnO:Al
d) ZnO:Ga
e) ZnO:In
04
30 50 70 90 110
Temperature [C]
a8 7. FAYY 2xE4.
Fig. 7. Temperature  dependence  of  light

resistivity.

3.4 4toto] MSHIL

a9 82 ZMAFAGH[E80 - 750 nm)oll A<
EFATE Yl Aot #5423 ZnO uhto] H
sto] =33 wtubo] FaAFTE FSS B, ®
3 ztzh ubule)] gid FAFY] Ha FE B, Al
Ga, In 22 A9 Zo= olF3Yrt. A 7}t
AlgA G mjHde
3 5y dxAol & istE FHEASE
o A gEI 7PAFHAGGo A FFEo] Holof

5 AxA utuh

W3k A5 A4, FOM(figure of
o7 AeojHr},



380 480 580 680
Wavelength [nm]
a8 8. AR GejolA vrute] F4AF,
Fig. 8. Absorption coefficient of films in visible
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Table 3. FOM(figure of merit) of the films at
555 nm(wavelength).

sample | a [em']| p [Qcm]| FOM [Q]
Zn0O 2320 0.285 0.0015
7ZnO:B 1000 8.665 0.0001
7Zn0:Al 1360 0.082 0.0090

7n0:Ga 760 0.076 0.0173
ZnO:In 440 0.090 0.0253
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