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Effect of Al-doping on crystallinity and
microstructure of ZnO:Al thin films
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Abstract: Al-doped zinc oxide thin films with c-axis-preferred orientation were prepared on soda-lime glass substrates
via sol-gel dip-coating route by using zinc acetate dihydrate as the starting materials. The effects of Al-doping
concentration on the crystallinity and microstructure of the films were systematically studied. The results show that
Al-doping benefits c-axis-preferred orientation and leads to 26 of (002) plane shifting to higher angle. The grains with
sizes of 15—20 nm are refined with increasing Al-doping concentration. A homogeneous dense microstructure is obtained
when Al-doping concentration (mole fraction) is 1%—2% while there are particle agglomerations when the Al-doping
concentration is above 2%. As for higher doping concentration (5% and 8%), the films exhibit the exceptional growth of
large plate-like crystals and grow into a special morphology.
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Fig.1 XRD patterns of ZnO:Al thin films with different Al-doping concentrations
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Table 1 Effect of Al-doping concentration on crystallinity of ZnO:Al thin films

conAc:ni:zilir(l)i % 20/(°) I (100) 1 (002) I 101) i(002) Plrad Dy,/nm
0 34.509 0 291 432 391 0.387 8 0.005 05 28.8
1 34.602 5 184 301 248 0.410 6 0.007 12 20.4
2 346110 192 336 232 0.442 1 0.007 57 19.2
3 34.594 0 184 305 217 0.4320 0.008 61 16.9
5 34.636 5 161 226 196 0.3877 0.008 76 16.6
8 34.687 6 126 222 146 0.449 4 0.009 65 15.1
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Fig.2 SEM images of ZnO:Al thin films with different Al-doping concentrations (a is crystal plate; b is matrix): (a) 0%; (b) 1%; (c)
2%; (d) 3%; (e) 5%; (f) 8%
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Fig.3 EDS patterns of ZnO:Al thin film in Fig.2(f): (a) Crystal plate; (b) Matrix

HEEZ, FR ZnO:Al SR H g2, AR

AT REAE T ARESR R KORB D A N D BT L. M
ZRIRIZGNE ZnO:Al FRETRER AR, A Rk

FEH) ZnO:Al i, COy S REIR IR, WA
A JURHEA KB RE At S SR A T — 4l 4%
B



1288 PR R AR 2009 4 7 H
(LPG) sensor[J]. Sensors and Actuators B: Chemical, 2007,

VA 123(2): 882—887.
3 g Te [8] FU En-gang, LING Fang, ZHUANG Da-ming, ZHANG Gong.

1) PLZKEBERREE A IR RE, R -t i
RIS BOR A i B B o AR IR 1R AZO
WL, RGHFE L T B IIREENS AZO LSS
LSO AL LR A KL )5

2) ERIBARAE ZnO K (002) 5 THI 1K) 20 4 1) = A4
i, T APTE4R(0.535 AN T Zn® R
(0.74 A), 4 AP AR Zo® kA B I, 5 1E ¢ By 1)
(N7, A ¢ BT 1) Sb ks HE 4 d (EAR /. BB 2AE
ZnO AT ¢ FPRRI m MR dR, X TR B ALY
FAeN, G id#, AR K B
BAAE ZnO R4l 3459 46(15~20 nm).

3) FRBIK SN ZnO IR A THOW 4 £ 45 K
SEERAT N . BB AR EE(BEIR B0 1%~2% K,
MR GE R ABFI BB MERBRIREE R T 2%0T,
IR A RIS AR 2R BER I (5% AT 8%),
HILK RS AR ZnOiAL Sk KK, AR KRR T
EAINEL

REFERENCES

[1] MARTINSON A B F, ELAM J W, HUPP J T, PELLIN M J. ZnO
nanotube based dye-sensitized solar cells[J]. Nano Letters, 2007,
7(8):2183-2187.

[2] LIMA S AM, CREMONA M, DAVOLOS M R, LEGNANI C,
QUIRINO W G. Electroluminescence of zinc oxide thin-films
prepared via polymeric precursor and via sol-gel methods[J].
Thin Solid Films, 2007, 516(2/4): 165—169.

[3] CHE P, MENG J, GUO L. Oriented growth and luminescence of
ZnO:Eu films prepared by sol-gel process[J]. Journal of
Luminescence, 2007, 122/123(1/2): 168—171.

[4] KING D M, LIANG X H, CARNEY C S, HAKIM L F, LI P,
WEIMER A W. Atomic layer deposition of UV-absorbing ZnO
fims on SiO, and TiO, nanoparticles using a fluidized bed
reactor[J]. Advanced Functional Materials, 2008, 18(1/24):
607-615.

[S] ONGBS,LICS,LI YN, WUY L, LOUTFY R. Stable,
solution-processed, high-mobility ZnO thin-film transistors[J].
Journal of the American Chemical Society, 2007, 129(10):
2750-2751.

[6] GONG H, HU Q J, WANG J H, ONG C H, ZHU F R.
Nano-crystalline Cu-doped ZnO thin film gas sensor for CO[J].
Sensors and Actuators B, 2006,115(1): 247-251.

[71 SHINDE V R, GUJAR T P, LOKHANDE C D, MANE R S,
HAN S H. Development of morphological dependent chemically

deposited nanocrystalline ZnO films for liquefied petroleum gas

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Textured transparent conductive ZAO thin films deposited by
magnetron sputtering[J]. Acta Energiae Solaris Sinica, 2003,
24(5): 672—-676.

KUO S Y, CHEN W C, LAI FI, CHENG C P, KUO H C, WANG
S C, HSIEH W F. Effects of doping concentration and annealing
temperature on properties of highly-oriented Al-doped ZnO
films[J]. J Crystal Growth, 2006, 287(1): 78—84.

OHYAMA M, KOZUKA H, YOKO T. Sol-gel preparation of
ZnO films with extremely preferred orientation along (002)
plane from zinc acetate solution [J]. Thin Solid Films, 1997,
306(1): 78-85.

LEE J H, KO K H, PARK B O. Electrical and optical properties
of ZnO transparent conducting films by the sol-gel method [J]. J
Crystal Growth, 2003, 247(1/2): 119—-125.

MUSAT V, TEIXEIRA B, FORTUNATO E, MONTEIRO R C C.
Effect of post-heat treatment on the electrical and optical
properties of ZnO: Al thin films[J]. Thin Solid Films, 2006,
502(1/2): 219-222.

SANTOS A M P, SANTOS E J P. High quality c-axis oriented
thin ZnO film obtained at very low pre-heating temperature[J].
Materials Letters, 2007, 61(16): 3432—-3435.
SCHULER T, AEGERTER M A. Optical,
structural properties of sol-gel ZnO:Al coatings[J]. Thin Solid
Films, 1999, 351(1/2): 125-131.

KIM Y S, TATI W P, SHU S J. Effect of preheating temperature

electrical and

on structural and optical properties of ZnO thin films by sol-gel
process[J]. Thin Solid Films, 2005, 491(1/2): 153—160.

KIM'Y S, TAI W P. Electrical and optical properties of Al-doped
ZnO thin films by sol-gel process[J]. Applied Surface Science,
2007, 253(11): 4911-4916.

KUO S Y, CHEN W C, CHENG C P. Investigation of
annealing-treatment on the optical and electrical properties of
sol-gel-derived zinc oxide thin films[J]. Superlattices and
Microstructures, 2006, 39(1/4): 162—170.

ZHOU Hong-ming, YI Dan-qing, YU Zhi-ming, XIAO Lai-rong,
LI Jian. Preparation of aluminum doped zinc oxide films and the
study of their microstructure, electrical and optical properties[J].
Thin Solid Films, 2007, 515(17): 6909—6914.

YOON S H, KIM D J. Effect of substrate on the preferred
orientation of ZnO films by chemical solution deposition[J]. J
Crystal Growth, 2007, 303(2): 568—573.

CHEN lJian-lin, CHEN Ding, CHEN Zhen-hua. Optimization of
the process for preparing Al-doped ZnO thin films by sol-gel
method[J]. Science in China Series E: Technological Sciences,
2009, 52(1): 88-94.

FORTUNATO E, BARQUINHA P, PIMENTEL A,
GONCALVES A, MARGUES A, PEREIRA L, MARTINS R.
Recent advances in ZnO transparent thin film transistors[J]. Thin
Solid Films, 2005, 487(1/2): 205-211.

(Ym%E THR)



