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Ultraviolet Luminescent Characteristics of ZnO Nano-Crystal Film
under Field Emission Electron Excitation
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Abstract ZnO nano-crystal film with uniform and dense distribution is prepared by radio frequency (RF) sputtering
and hydrothermal method. and its luminescence under field-emission electron excitation is obtained with the help of
carbon nanotube arrays cathode. The results show that under the excitation of electron beam, the spectrum of ZnO
nano-crystal film has two emission peaks, in which the yellow or green peak is based on defect luminescence while the
ultraviolet peak originates from intrinsic excitons of ZnO. With the increase of electron beam density, the

luminescence intensity of ultraviolet peak increases rapidly. In addition, different from usual ZnO films, the

ultraviolet peak of ZnO nano-crystal film spectrum exists red-shift, which reaches violet band.

Key words

optoelectronics; radio frequency sputtering-hydrothermal method; luminescence under field-emission

electron excitation; ZnO nano-crystal film; red-shift of spectrum

OCIS codes 250.1500; 300.2140; 300.6540; 310.6860

1 5 a

it N2 1/3 B BETHFEH T &0k . £ 5t
A IRAT FTR ST 7 e ) BR B 5 G [m] L 2 4 52 R
TE o RO & B i RCRE L AR AS 1 PR B8 A 4 I R
BN G T R R IEAR HbrZ —. %4h
IR FE IR A VLR G W R R R R T
AU A BN . Pl ZnO, GaN| AIN 245 14
eI R SN P P R S RN B S S X U

Wi E: 2012-08-06; WBfE AR EHE: 2012-10-24
HEEWMB: HE AR SL (61106040) % Bh#R &,

KIate LA . RO T AN B ZnOL X
HAABERAE TR HA R EE MR 5
G AR BCAIE 10 4R [E NSNS B R
XF T SRR L B T AN B I ' Uk [ 2
o U5 B L BB TR SR, HAS P R R L T R Ot
LS T A B B 4 L R ) 2 D AR B U AR ) A
B TT A ZoO AL T K80 b A
&S LT SRR MR 0 R T A v U e i

YEE BT KRB 987, B BT 5 AR BGOSRt 5 2 18 B BUOG IR S5 O T RO BF 5 .

E-mail: skt8558@163. com

SRR A MRALAE (1950 LB B B AR U, E NS BOR B G EOR (R B SR O bR S & A5 D TR WF

9%, E-mail; zllin@ uestc. edu. cn

0307004-1



H |

R E M . H AT E PR B HOR G RE AT T
S PTG ETEE R K v EOL R WO R %
Hag i i 7R OB R A X g B
B B K B B 0K e L LaBBs 22 i M
<5 R~ S A R O o 37 25 i TR 04 B A R IR RS
TG TF A0 B O I A R R AR e
DA K o e 8 45 14 /0N BRUAK 3 v T SRl 2 D't R IE 3
SNBEE T kIR e 2805 8 T —1Q
1 U I L R AR B DR RO IR Z — o A ORI A
WG A U 4 A K AR RIE i 8 T ZnO 400K i i
5% R 0 209 A 4 31 3 A S B A 0 3 i A
Gy 78O T B RO R AR E T — 2
4R,

20kV X200 100 pum

2 BISAK IR

B AR SV S R e TS AL 7E
AT BRI T AT - ZnO g G B 7T LA 2 5
VO T AE A T2 i R A 5 BB A
S T S B K I A — R A
TR A LR, Ak S R DR 2K
TSR 10 44 2K 8 9 LA 1 D 5 207 34945 ) 4 41
B S 1 B 4R A R S B W 72 L ZnO 48 K B 5
PRIESN 1 % 56 1R T AR B ik 85 %%, 1 B2 L
el T AR G0k o TR R A R e
2 R S e T PR i A 2 TR
S, T 1 AR S R R B K R 9
RO T 50 (SEMD IR

BT BRACKR R BIH SEM BB F . (a) 200 % (b) 2000 %
Fig. 1 SEM images of carbon nanotube arrays cathode. (a) 200 times; (b) 2000 times
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Table 1 Sputtering parameters of seed crystal

Technology parameter Value
Target material 99.99% ZnO
Diameter of target /mm 90
Target-substrate distance /mm 75
Substrate temperature / C 25(room temperature)
Substrate material 1TO
Sputtering atmosphere Pure Ar
Ar rate /sccm 20
Sputtering pressure /Pa 0.7~2
RF power /W 100
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Fig. 2 SEM photos of ZnO nano-crystal films. (a) Overlooking image of ZnO nano-crystal film with 25 s seed crystal

sputtering and 1 h growth time; (b) overlooking image of ZnO nano-crystal film with 25 s seed crystal sputtering and

2 h growth time; (c) section image of ZnO nano-crystal film with 25 s seed crystal sputtering and 2 h growth time
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Fig. 3 XRD images of different ZnO films
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Fig. 4 [V characteristic curve of carbon nanotube
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Fig. 5 Spectra of ZnO nano-crystal films under field emission electron excitation. (a) Spectrum of ZnO nano-crystal film

with 25 s seed crystal sputtering and 2 h growth time under different voltages (1150 V and 1850 V); (b) spectrum of

7ZnO nano-crystal film with 25 s seed crystal sputtering and 1 h growth time under 1850 V
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