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Abstract: In order to achieve the implantation of the ZnO nanorod arrays in the nanostructured solar cells, it
is necessary to tailor and control the nanorods’ morphology, optical and electrical properties. ZnO nanorods
arrays were fabricated by electrodeposition. The physical properties such as the crystalline quality, diameter,

density, distance, Al doping concentration, optical band gap energy, near band emission and stokes shift can
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be adjusted by using AI(NO;); and NH4;NO;. The ZnO nanorods’ diameter can be adjusted from 28 nm to
102 nm. The nanorod arrays’ density can be reduced to 2.7x10° /cm® by using NH,NO;, resulting in an in-
crease in the distance between nanorods to 164 nm. The Al/Zn weight ratio was increased to 2.92% by using
NH,4NO;, indicating that NH,NO; can boost Al doping in ZnO nanorods. The ZnO nanorods’ optical band
gap energy can be tailored from 3.36 eV to 3.55 eV by using Al(NO;); and NH4;NO; and the near band edge
emission can also be adjusted. The use of AI(NOs); led to the increase of the Stokes shift to 200 meV, but it
can be greatly reduced to 26 meV as a result of the NH,;NO;. The use of AI(NO3); and NH4NOj; resulted in
the fabrication of high-quality ZnO nanorod arrays with effectively tailored morphology and optical proper-
ties.

Key words: ZnO; ammonium nitrate; aluminum nitrate; electrodeposition; optical band gap energy; stokes
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ZBE AR (AZO) WIRAE T HZ o XTHLAR
AR R, S AR AN 1 mm AR .
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Fig. 1 XRD patterns of samples 1~5
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Fig.2 Scanning electron microscopy images of samples 1~5
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Fig. 3 EDX spectra of the samples 1~5



1262 A

P13 %

3.4 ZnO PEKHERNEH AL R HAF TR

B 4 R iE S S R ERE . RS 1 SR
fh 2 BB SIS S RO R W EDE, X
T ZnO Y AKAEFES % B AR e R B . 7EAE
i 3~5 1, B GRAE RS 5 B A REAIR, T EDE
B s UL B IH K o FEAL 1~5 7E 350~1300 nm
FR) O BH G 15 i A S 23 43 31 R 79.4% . 80.2%.
78.7%. 58.9%. 71.6%. K FH G AL 1 4
4 10.9%. 10.1%. 6.7%. 7.6%. 6.3%. k& 1~5
TE 400~760 nm Y K BHYGIE AT UL XA A 25 S5
AN 83.2%. 83.8%. 80.7%. 53.5%. 69.7%.
IR FHSEHE AT L' DX JInASU R 23R 43 510 11.6% .
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Fig.4 Transmission spectra of samples 1~5
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K, B aoc -Ln T, Horfr T Ri it 5 853k
BERT IS AT A8 R Ll B TR ) D S B R
3.65 eV, FEfh 1~5 RG22 B4/ T 3.65 eV,
PRI AT RO 3% SO AT 805 118 ZnO 9K AE
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Bk 3.55 eV, MHELEESD 1 #5820 meV., XAl HESE
i T A0 /R 37 -EL T (Burstein-Moss) %8 v 5 2
). 7E ZnO gk i ALYE it 32, MO B8 n 17
ZnO MEI T EE, T30 ZnO M B KRB A )
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Fig. 5 Fitting plots of the band gap energies of samples

1~5 (The linear fitting curve is shown in red)
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Fig. 6 Photoluminescence spectra of samples 1~5 at room
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&2 Hf1~5 5 ZnO #K4ER) NBE 1. NBE 2 4, WP AETE DL R AL 2R R

BTSRRI, (& 1~5 RS L SIER A X

WAL NH," +H,0 < NH, + H,0". (5

Tab.2 NBE 1, NBE 2 peak positions, and stokes shift of
the ZnO nanorods in samples 1~5. The NBE

peaks in samples 1~5 were from the fitting

peaks.
Samples NBE 1(eV) NBE 2(eV) Stokes shift (meV)
1 3.347 3.252 183
2 3.350 3.263 200
3 3.336 3.227 94
4 3.334 3.221 26
5 3.353 3.236 67

FEdh 1 /%) NBE 2 140 F 381.3 nm (3.252 V),
P 8 R 333 nm. FE S 219 NBE 2 U fi T
380.0 nm (3.263 eV), i 2 Y NBE 2 W AH U AE
i 1 R 11 meV. FEEL 3~5 () NBE 2 435 {37
F 3842 nm (3.227 eV). 384.9 nm (3.221 eV),
383.1nm(3.236eV), Y5653 31.4nm, 31.6nm,
33.3 nm. FESH 3~5 19 NBE 2 WEAHXTRE S 14551
21 25 meV., 30 meV. 15 meV, FIXHEEN 2 7351
217 36 meV. 42 meV. 26 meV., H5h 1 55
2 [A)NBE2 5 NBE 1 582 L0110 0.69. 065,
FE&h 3~5 i NBE 2 55 NBE 1 W55 )& 22 Fb 451N
0.42, 0.41, 0.40, F I BB P NHNO; ¥
JE R, NBE 2 W (1585 A T .

R T 0 27 BRURT T 7 100 & T3 04
SEHT IR . FESY 1 RITFE S BT FE N 183 meV.
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