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Abstract: ZnO films are deposited on AlaOs (0001) substrates in the temperature range from room
temperature to 800 C by using a pulsed laser deposition (PLD) technique. The influence of substrate
temperature on the surface morphology, crystallinity and photoluminescence properties of ZnO films
is analyzed by using X-ray diffraction, atomic force microscopy and photoluminescence spectroscopy
respectively. The result given by the atomic force microscopy shows that the structure and crystallinity of
the ZnO films are improved gradually when the substrate temperature is increased from room temperature
to 400 'C and are reduced when the substrate temperature is increased up to 400 C. The ZnO films
grown at the temperature of 400 'C have the best surface morphology and crystalline quality. The
measurement result obtained by photoluminescence spectroscopy at room temperature shows that the
7Zn0O films grown at the temperature of 400 C have the highest ultraviolet emission intensity at its
shortest emission wavelength of 386 nm.

WS H #5: 2012-05-16
HEEWH: BxELAFELTH (11144010)
BB =02 (1956), £, LRBAA, Bl%%, T ENERFTRELESERLERETTNFR.

E-mail: 1dulsl@163.com

INFRARED (MONTHLY)/VoOL.33, No.6, JUN 2012 http://journal.sitp.ac.cn/hw



H33%, HOM AN

A 13

Key words: ZnO thin film; PLD; substrate temperature; photoluminescence

0 5%

B TFRENE KA ZnO IR E R K5
WKL,  ZnO R 45 F0 Y 1S 2] T
AT T2 IR BUS T4 ANE H (ke I,
ZnO Z—FMr EEAT BT 25 (BT R 3.37 eV)
TR, KRBT RS 5 60 MeV
LRFERMEIEE (26 MeV) ., BH I, ZnOFH
WEERECESMERE T LR F RS, A
FEEYCR R AN R a M or AR AR A 23,

L ZnO JHERRE ] A8 7 1 H 4 G 45 R S
4 AR ZERAHDTRLE B e - s ) Bk
O TTRE T RSN ER: B R E T RS
FEAE K O & Hdr, BB s EE
ERFMMG THES. SREELS TR
KR B AL R, O R4S S R B ZnO T
FECA — PR 7 - Bar, F T4 ZnO
HRAT I — Bk S, B . AR EA
(Al,O3) SEAT L. HIF Al,O5(0001) EA 7S A XK
454 (5 ZnO HE M FE WA FREEH) ,  ZnO
JEEAE Al,O3(0001) % JiE b A I B BEAR B IR1 24 ¢
B, XA A G ARG R R ) ZnO SMEHAR,

AR A Al03(0001) 1R HFTIEAT L, AR
A AT (Z53R ~ 800 C) 1 A ik v i i A
J7 i £ ZnO SRR, 43 5 R 0 WAUER
X5 AT AN A B € 5 3 3 AU 5 A i i B %
ZnO W REREIEA . 45 & B A BUR G RRE
() 5]

1 5

S R K v O DT R SR ] 45 ZnO
FEATRL, i A AFh ZnO P B R (26 MR T
99.999 %) . K Al,03(0001) VEHR HFJiE, HJE
450 um , RSP 10 mmx 10 mm , SZIGET, X
Al,O3(0001) #F IEHEATAH N WAL 2R (1) FH 2588
FAKELE, (2) NIRRT CBE&E 7 I e 5 TH 1% 10
min ;  (3) HRXEFKREME, REHEHER
SRFAL R SE 1) AloO03(0001) IS KT+, IR A
ANEZELEM., Lht, EEEHIRF 3x1077
Pa, FKPEOEUIR RS R A Coherent A H] A4

http://journal.sitp.ac.cn/hw

) Thin Film Star-20 & KrF #0648 40t
WK 248 nm , BKTE M 20 ns, TAEHEN 5
Hz , Bfikih B R 350 mJ) , Wk SpK v A% 1%
E A 10000 A (FTRLEE R 25y 80 kv /nm) . Ky
R Y S, ERERRSELBTHERE
SWEUMRM T mMFRES®E B %, LR,
R IE B 7E N IR F] 800 C Ay TS AR Ak, HiIH]
b oA 100 C (FEf 4 B 8Eh Ko, K1, K2,

, K8).

R 71 AL (Veeco DISPM , 2 fili 45
) M X ARSI (D/MAX2500V) RAEFE i (1)
T IS S 4 b B, PR 66 IR (BT
RF-5301) il i ZnO WAL SEBORSCRAE. WK
S FRAT, WRBEK S 325 nm ,

2 &R 5%
2.1 #H#ENREDER

P 1 A el TR B A DA iR E 800 C (T N
AL,  ZnO MR A =487 7 Bt A
B, B ORI, AR AE IR E] 200
C (70 Bl AR AR I, B L R T B RS, SR TH
LR AR A AR, RIS IR BE T2 300 CLAJE,
ZnO ¥R SB[, BE. YHIKERE
R 400 CHY, FEGRE B AEBH. B8, YHIE
BETHEE 600 CLRA LN,  ZnO 53 T 0k
B3R, JEH BT ORI A R B, HR N AT RE
J, YA IRERK (R ~ 200 C) I}, HEE
JERL ZnO JRF7E32 S B4 IS i K3 gERE K,
T HL o T IR B B, W AE S B
WA LB ERE BHY H, XHEERD T
JEF 1) (4 45 B DA s AR T8 B, BT DA R TH B8
by, HLRE. FEEATCIRE M ZEH THE (300 C
~ 500 C), JRFERIKEREKSG—E MR,
i 77 % 0 RER 2 3h B & 18 1Y s A% AL
T T A 4 35 50 B0 HL45 o JR BE 3w i 2% 1
WEERENHFE—ZTE, EFRIKRKNER
RERL, JR 2o B G BR, X8 R0 iEB A
AR IR, X E 7R 0 A AL
T, DRI AR T A S R A SR LA

INFRARED (MONTHLY)/VoOL.33, N0.6, JuN 2012



=

14 Ap 2012 4£ 6 A

Bl 1 ZnO R T #9 =24 5 1 1 BB K &

22 HEHREEL ik [15) FFHRE (0 25 SR L 19
B 2 7 9 A FURE IR BE T 200 SRS X L
SR S R LB, L LA T KO - ZWMK .

25110° -

K2, K4, K6F1 K8 ffiTf El3%) . K 2 fia] ] JL

Ka

DR th, BRSO T (002) REAIE, B e
% 7nO WML EA o BIFEORTUR. BEARE 1
FHE, ZnO WMLV BE U IR, KR

KE

15010

Ka

Intensity (a.w)

1 0x10°*

Ve SoAL PR IR AL UL, A< W REL A o R B R o\

iy L efRmE A &, X 5 HE B R T 1 26k T

FEHAEYIE . BTN, B0 IR B AT LA "-";ﬂ————jL‘.n
T B D IR RS AR, ELAT 0 T Y T R i T )
TGP RS LIRS, ANTWBES o Rmigs T 20 #1 X S0 i
R TAE RS E T, MR 9t

R, MENSRRENAEE, XX 2.3 HEoiIABALEE

K2

Ko

INFRARED (MONTHLY)/VoOL.33, No.6, JUN 2012 http://journal.sitp.ac.cn/hw



A 15

H33%, FoH 4.
| =0
it
__ [hi] E
__ 20 *
[

o
e
i
‘oo 50 so0 £50 £00 650 700
W 3we le ngth({nm )
K 3 ZnO ¥ ERIEEUR G
100
392 o =
|50
E 330 o
g / /_?u =
EL 388 < / — q | so ‘E
= S TR \ﬂ I =0 "
326 | \, \\
|
] 1|::|:| 2|::|:| 3|5|:| u5u sulu sulu TI:III:I 500
Temperature{C)

Bl 4 ZnO &G WAL K5 BE BE Af IR B Y A8 1k
1 RE AR EET ZnO & ey R X
M fa e R TR R

PR AT PRRE / C RICEN /am BIEHE /au.

KO 20.5 392 50.907
K1 100 388 53.040
K2 200 387 65.098
K3 300 387 77.252
K4 400 386 95.682
K5 500 388 83.447
K6 600 388 53.439
K7 700 388 48.238
K8 800 390 43.209

Bl 3 Bron A ZnO R84 56 BOUR 6 6 1 I
W, N3 Al DLE H, BT A ZnO R A%
¥ H 388 nm B I A5 S S I R R T ) TR RE Sk
RS AR, — BN, ZnO HERRAY S ST
RIER T LM E A B ST 'SR,
1T HC R BB A SR 2 i T ZnO A B BB (%R

http://journal.sitp.ac.cn/hw

2 (LSRR BR) HER A 11T AL 3 R AT
KB, bR B A AR AL X ZnO AR Y RSN RS
(e B . O T RS B E A, % 15
T A FE KR T ZnO 5 40 & i i (L
FASEH R, JF LA BE N B ARIEH T ZnO 3¢
B S Ve (S T i S i JBE T Ao I i JBE A2 A Y o 2K
(LK 4) . 4G 1MAE 4 FEM, ZnO FIH
RO Wi B AT I 1 B 1Y T e R 40 R,
1M 2 't 7 B 2 B R BE Y T v o ik R e s .
TR B 400 CHY,  ZnO 3 Ah & it 5 5 34 2]
RRAE, RICWERLI R B/, SRR SCIENL 5 3)
Fegoenm AL 5 R 45 R R, X E
BLIE N Oy iR BE TR A TR Y A TR, T
B SRLAE R T, ARG 1. RN E A
HD BRI, HE IR AR A
f EL B, AR SR AR R 1L T AR B Y i — 2 0 i X
(75 R it R AR 22, TR I R O e B LB
B . At TR MR BE X S B S S i Y R R
b BT BRI 2544 (4 5% i S AR — 2

3 E

A kb S TR J7 157 Al O3(0001) #F i
LR T ZnO FEE, WFFE 7 R B X R4
My, REIEHM A SRR A . LR RE
B, LIRS 400 CHI 500 CHF, 5 2R
BANECE. 5. X ST KRR, HE R
BERITIR,  ZnO HERR (Y 47 S 0 i J3E A . 4 3
P S E AR AR TE . ZnO WEIRRY K IEIER
388 nm Ff 3T A 58 S0 A SR 06 R 5 44 TR RE 2% R L
RICVEH L.  ZnO FEANEEIENL & BEFT R R B
M THE e RS T L%, T H R Ol B R U & B iR
JE B T e 5 1 i D

SE M

[1] Yu P, Tang Z K, Wong G K L, et al. Room Temper-
ature Stimulated Emission from ZnO Quantum Dot
Films [C]. Singapore: 23nd Int Conf on the Physics
of Semiconductor, 1996.

[2] Wang Z L. ZnO Nanowire and Nanobelt Platform for
Nanotechnology [J]. Materials Science and Engineer-
ing, 2009, 64(3-4): 33-71.

[3] Choi Y S, Kang J W, Hwang D K, et al. Recent
Advances in ZnO-based Light-Emitting Diodes [J].

INFRARED (MONTHLY)/VoOL.33, N0.6, JuN 2012



16 AN

Ap 2012 4 6 A

IEEE Transactions on Electron Devices, 2010, 57(1):
26-41.

[4] Kim J W, Kim H B, Kim D K. Effect of RF Power on
an Al-doped ZnO Thin Film Deposited by RF Mag-
netron Sputtering [J]. Journal of the Korean Physical
Society, 2011, 59(3): 2349-2353.

[5] Kim K H, Shin K S, Kumar B, et al. Mist-
CVD Growth of High Quality ZnO Thin Films at
Low Temperature for Inverted Organic Solar Cells
[J]. Journal of Nanoelectronics and Optoelectronics,
2010, 5(2): 1-5.

[6] Nanda S, Gupta P S. Structural and Optical Proper-
ties of Sol-gel Prepared ZnO Thin Film [J]. Applied
Physics Research, 2010, 2(1): 19-28.

[7] Karamat S, Rawat R S, Tan T L, et al. Nitrogen
Doping in Pulsed Laser Deposited ZnO Thin Films
Using Dense Plasma Focus [J]. Applied Surface Sci-
ence, 2011, 257: 1979-1985.

[8] Chang S P, Chuang R W, Chang S J, et al.
MBE n-ZnO/MOCVD p-GaN Heterojunction Light-
emitting Diode [J]. Thin Solid Films, 2009, 517:
5054-5056.

[9] Kim H S, Lee D H, Noh S J. Changes of Carrier
Density and Mobility in ALD-ZnO Thin Films after
Nitrogen-ion Implantation [J]. Journal of the Korean
Physical Society, 2011, 58(4): 761-764.

[10] Han X Y, Dai J Q, Yu C H, et al

zation of a-plane Orientation ZnO Film Grown on

Characteri-

GaN/Sapphire Template by Pulsed Laser Deposition

[J]. Applied Surface Science, 2010, 256: 4682-4686.

Gopalakrishnan N, Shina B C, Lim H S, et al. Com-

parison of ZnO: GaN Films on Si(111) and Si(100)

Substrates by Pulsed Laser Deposition [J]. Physica

B, 2006, 376-377: 756-759.

[12] Fan X M, Lian J S, Guo Z X, et al. Microstruc-

ture and Photoluminescence Properties of ZnO Thin

Films Grown by PLD on Si(111) Substrates [J]. Ap-

plied Surface Science, 2005, 239: 176-181.

Venkatachalam S, lida Y, Kanno Y. Preparation and

Characterization of Al Doped ZnO Thin Films by

PLD [J]. Superlattices and Microstructures, 2008,

44(1): 127-135.

[14] Wei X Q, Zhang M Y, Man B Y. Study of Anneal-
ing Property and Blue-emission Mechanism of ZnO
Thin Films Deposited by PLD [J]. Journal of Opto-
electronics Laser, 2009, 20(7): 897-900.

[15] Liu M, Wei X Q, Zhang Z G, et al. Effect of Tem-
perature on Pulsed Laser Deposition of ZnO Films
[J]. Applied Surface Science, 2006, 252: 4321-4326.

[16] Zeng H B, Duan G T, LiY, et al. Blue Luminescence
of ZnO Nanoparticles Based on Non-Equilibrium

[11

13

Processes: Defect Origins and Emission Controls [J].
Adv Funct Mater, 2010, 20(4): 561-572.

[17] Gong Y Y, Tamar A, Gertrude F N, et al. Origin of
Defect-related Green Emission from ZnO Nanopar-
ticles: Effect of Surface Modification [J]. Nanoscale
Res Lett, 2007, 2(6): 297-302.

FEZhE News

XEERELXRATNEAGHTES
B AR B9 T BY 55 0 41 S 4R HL

#& www.goodrich.com Mi5iRiE , £ N £
HEEHNE ISRALH —H o thx EEEE
TRAE B AAT — 2 EH &/ B GAG40C-
15A AU W oAb AL. A AL B RT3 £ H A
Hf—FMERTIMIBEERRANA, EERF
o # 1K

CGAG640C-15A B 48 3 21 548 AL B9 AR AR /N T —
NIRRT, GhEBRHNEENRNY 263, HER
H15W, Bk, ZHNEAERTFHEA K
BEERBLEZEN BN EE. TANLUKEM

INFRARED (MONTHLY)/VoOL.33, N0.6, JuN 2012

ZXER., EEMGAEKNMNYFTH T RE
FRE&R .

WA K LTSN AE LBy HEE Ky 640x512 &
#, BoUEEN 15um, KBRS C- F &
AT 09~ 17 um W ETEN; THEHN
WA X N gy B E 0.7 ~ 1.7
um B X B, ZHAHTEGETEY 35 C ~

0O %A+
http://journal.sitp.ac.cn/hw



