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Fig. 1 XRD patterns of ZnO thin films at different

oxidizing temperatures and as-deposited ZnS sample
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Fig. 2 Room temperature photoluminescence spectra
of the ZnO thin films at different oxidizing tempera—
tures  The inset shows the PL intensity ratio of the
NBE emission to the DL emission as a function of oxi-

dizing temperature.

VA PSS o f 8 ) B B Ak 88 2 b AL SR A ROl i
JE 5 3 fE 27 kS o . #E i mocvDY BL K&
M BE' T 24K ZnO 7 5 2% B AH 33 I 10 94 fiE 2
R, EEIRR, LEOAE A A 1,20, fE4RM K,
SCLOAA T T 0. AH 2, FRATT do2 1 1 5 56 LA /2 80,
WP 2 3 TR, 9 L, 900°C R 446 1 FF i 1
P WAL 62meV L ICHER[ 5] ) 117meV AHECAE
FHAZE ). X5 LR, ik LP-MOCVD LZ2H
el % T N OK ZnS W, AR, £83E I e i
JEME AL B AT LLRAS = B 402K ZnO SRR, BAT
RRe 5 [ 28 Ml A SF R R 8 55 (R R e 2 0

e 2RO S5, S T BOEEUR G
LI, B 3(a) 45 TR BAKA Zn0 T L 28 )1 —
I Sl A, =4 R TV TR T

FCIR B (o= 150kW /cm?) . [AIIE, & 3(b) 45
H T B He-Cd OG22 325nm 18 £k 0K 116 3UR
JGE, SRR AT IR B RZLE 3. 2646V .

Intensity/a.u.

=

® e

1 1
315 330
Photon energy/eV

345

B3 76 900°CH AL ZnO MBLIIE A LG EUROGIE  (a) 16
{18 TR TAEHDER B AL (L= 150kW /em?) I 9L
AR S . b RS T N D T A0 FIL =T B e e P
Pl 3 o Pl b, I B WO R S S HE L. (b) i He-Cd
HEE1 325nm £ 900°C AL AT M 1R 6 BOR O i

Fig. 3 NBE photoluminescence spectra of ZnO thin
films oxidized at 900°C  (a) NBE PL spectra at be-
low, near, and above threshold, In= 150kW /em” The
natural FabryPerot microcavity formed by the hexago-
nal microcrystallines is schematically drawn in the in-
set. (b) PL spectrum excited by the 325nm line of a

He-Cd laser
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Fig. 4 NEB PL integrated intensity of ZnO thin films

oxidized at 900°C as a function of excitation intensity.

M 2N L TACWRATEE QR G IO | U 0 21 879
U3 OR A A R PR AN 22— 53 A -/M}ﬁz‘f
ARAF Gl L1 BUR B0 S WOR & (> 2), 1M
AT A AR R BRI AE s B e s tl’]ﬁ%ié P.
iR

P.= Eu—- EV(1- 1/0°) = 3kT/2

(n= 2,3,4,) (1)

b Py RERSHOG T RE L E o T R fig
0 EV R ORAERE R o R RN R TG RT
SEAGE. MR 7R 1) RESE S U AT I R S A
TR B fig B A 84meV. A K P, A
3. 178eV Ak ¥ 52 W R S 08 A 5 AT Y U R R
86meV Ab. W WL SLAE AN SR 45 B A — B T P
i AR 5 AR 5 S TG O, FRATTIA Dk 3K R M1 S
0F. 37

SRMT, 52 0 S8 1% 1 48 (W) BE AR 6 A VA T 24
e Ji 1) 22 IBE, FLAR R s K R WOR G BE A I HEAN K
JE LV XA RR ALK ZoO TR IO
OGP s A b 42K B ST B, B3 ) 4
S5 TG OK A 1T B R AT L0 2 R s e ol
W AE AR IR il A 8 1 AR 0 AR b 550 1 AR 3 4
(IR i, SCRF A 22 PBEHOE A, ILA I IF 7T /N4
AR TX—]E",

R 5 ' F T S S, R %% 38 38 2 DY R I
KA VAR AR 125 0 5% T 1) IS B AT 4% I B OH 5 5,
RS 9T PR AROR B, 890 T Ao . x4

TEAEHATTIE £ S REAT R 1 J5L AL

Zie

F =N
B

I I P T VR T R R 8K ZnO
i, BRI 0K ZnO FEREEAT N A ETRERT i PR 4
#. AECBUR G P, W5 B 58 15 S 6 K 3 AR i
55 IR REJOR N, FRAN RO 5 5 5 IR RE R o8t &
[ LE AR 80. [A) R, W 5¢ 3 5 SO 32 ORI 1 BL
%.

52 30k

[ 1] Bagnall D M. Chen Y F.Zhu Z, et al. Optically pumped lasing
of ZnO at room temperature. Appl Phys Lett, 1997, 70( 17) :
2230

[ 2] TangZK,Wong G K L, Yu P. et al. Room-emperature ultra—
violet laser emission from sell-assembled ZnO microerystal-
lite thin films. Appl Phys Lett, 1998, 72 ( 25): 3270

| 3] Ye Zhizhen, Chen Hanhong, Liu Rong, et al. Structure and
room=temperature PL spectrum of ZnO thin fillms prepared
by radiodrequency magnetron sputtering. Chinese Journal of
Semiconductors, 2001, 22: 1015 (in Chinese) [ W& 81, F i
iy SR, L BRI Zn0 SR £ MR L PL . o
SR, 2001, 22: 1015)

| 4] Stolt L, Hedstr om J, Kessler ], et al. Zn0/CdS/CulnSez thin-
film solar cells with improved performance. Appl Phys Lett,
1993, 62( 6) : 597

| 5] Bethke S, Pan H, Wesseis B W, et al. Luminescence of het—
eroepitaxial zine oxide. Appl Phys Lett, 1988, 52(2): 138

[ 6] Chen Y, Bagnall D M, Koh H ], et al. Plasma assisted molecu—
lar beam epitaxy of ZnO on c-plane sapphire: Growth and
characterization. ] Appl Phys, 1998, 84( 7): 3912

[ 7] ZuP,Tang Z K. Wong G K L, et al. Ultraviolet spontaneous
and stimulated emissions from Zn0O microcrystallite thin films
at room temperature. Solid State Commun, 1997, 103( 8) : 459

[ 8] Vispute R D. Talyansky V., Chooun 5. et al. Heteroepitaxy of
Zn0 on GaN and its implications for fabrication of hybrid op—
toelectronic devices. Appl Phys Lett, 1998, 73(3) : 348

| 91 Giannini C, Peluso T, Gerardi C, et al. Structural analysis of
ZnS/GaAs heterostructures grown by hydrogen transport va—
por-phase epitaxv.] Appl Phys, 1995, 77( 6) : 2429

[10]  Cho S.MaJ,Kim Y, et al. Photoluminescence and ultraviolet
lasing of polyerystalline ZnO thin films prepared by the oxi-
dation of the metallic Zn. Appl Phys Lett, 1999, 75( 18): 2761

[11]  Zhang X T. Liu Y C.Zhi Z Z. et al. Resonant Raman scatter—
ing and photoluminescence from high—quality nanoecrystalline
Zn0 thin films prepared by thermal oxidation of ZnS thin
films. ) Phys D. Appl Phys. 2001, 34: 3430

[12]  Klingshirn C. The luminescence of Zn0O under high one-and



48 g ko 24 %

two-quantum excitation. Phys Statas Solidi, 1975, B( 71) : 547 Int Conf on the Physics of Semiconductors, 1996: 1453
[13] Zu P, Tang Z K, Wong G K L, et al. In: Proceedings of 23rd

Investigation on Nanocrystalline ZnO Thin Films Prepared
by Thermal Oxidation of ZnS Thin Films
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Abstract: High quality nanocrystalline ZnO film is prepared by using thermal oxidation of ZnS thin film, grown on a SiO2 sub-
tract by the low -pressure metalorganic chemical vapor deposition (LP-M OCVD) technique. The X-ray diffraction (XRD) pat-
terns show that ZnO thin film has a hexagonal wurtzite structure. In photoluminescence (PL) measurements, a strong PL with
a full width at half maximum (FWHM) of 62meV around 3. 3eV is observed from the samples oxidized at 900°C at room tem-
perature. The PL intensity ratio of the UV emission to the deepdevel emission is 80 at room temperature, providing evidence

of the high quality of the nanocrystalline ZnO films. Afterwards, ultraviolet lasing from the ZnO thin films is observed at room

lemperature.
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