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Abstract

In this work, the coupling between hexagonal ZnO thin film and cubic MgO substrate was studied.
ZnO films were deposited on Mg0(110) substrates using oxygen plasma-assisted molecular beam
epitaxy (MBE). Their surface morphology was probed by atomic force microscopy (AFM). Ultra-
violet-visible spectroscopy (UV-VIS) was carried out to study the optical properties and X-ray dif-
fraction (XRD)-pole figures were depicted to investigate the growth characteristics and interfacial
structures. Our work shows that the film growth was found to follow a three-dimensional growth
mode and the surface morphologies could be monitored by the oxygen pressure in different
growth conditions. Indeed, under various oxygen partial pressures, the deposited ZnO films have
shown different orientations. Due to the large lattice mismatch between the film and the substrate,

a relatively flat (1013) oriented film was grown at 240°C, 1.0 x 10-3 Pa instead of the usual c-axis
preferred orientation.
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AR, NTRRHE AR BEHD) TS A D, SR T3 4F 00 M RE AN Th R A3 =1 LA
N AR R T 3K o T AL S BRI 78 RN T 0T 98 AT I8 SR8 77 mg (1] [2], T8 AL g () P o A
DR A B T AR RS G, R AR R 1 o 38 oo 28 A B Th R, — e FRRE B, X T a4k 1t
FIF R RS S T T K . GG, W3] (414848 2 5 E 8 5 10 20N 51
WP AR, BIANTE ALO5(0002) FAK Y GaN B iy AR K J7 M I A 3, 3 7™ B R e 68 ) 21 236
M 456 AN [F) 28546 BV R A BG4 P Waltereit 55 A [S]7E R A SZJ7AHEI(001) LiAlO, 4 il 45 HA 7S T A
R GaN RS, A DA X A RUR, 7E LiGaO, Ml LaAlO; #JK[6] [7] EAKE:, tHA] LIS B2l 45
Fo XBR THFRN RTEVFZ MM R S S A A, 5 GaN MRMFHEAEL, ZnO 1E NS =R B2y
SR BH LS, B 5E AT R (~3.4 eV) [8], T H BT R4 HE(~60 meV), 51 % H R %L
(9], MEIRARVELFSE . T MgO 1E ARSI RL, RARZ AR R 744K, H. Zhou 55 A1E MgO [10]
[V J5 ARA T i 6 7 B SR A KA ZnO . SR1T, ZnO FEEAEIX R A b BAA TR EEK
%) R T FH AR 5 R4 AN BRI 1T HH AR L R AR AT R, AR ) 52 B SIS AN 1) £ 2% A (%) 82 i 1T 72 A AN R )
A o PRI, R AR A 4 R A K R — N B R R

2. LW

ZnO MR A K F BT Omicron 2 A il i 5 31725 73 1 AR AME(UHV-MBE) M ER T B A
(Scanning Probe Microscopy, SPM)INIEE RS 5e, AL AN & BERF A EHEARA B A & A2 77 1)
MgO(110), #JJEAHKEBE/NT 0.5 nm. 38T T 71 BB (AFM,  H AR Tkt SPA-400)RAEH 4K
TES, H RSN WO (UV-VIS, 2 PerkinElmer LAMBDA 750)#F 5% T HOG MR, X SHEAT S
(XRD, fif*% Philips PANalytical X Pert PRO)AH T-WF 70 A KRF AN IS5 44« X T T AR B AEFE XN T4
FISE 5 AR 2 AR A O ERAR, ONAEST T A L) 4% ZnO WAL S . H > TR AMNE VAR, HTER
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RITFEA, Ao R AN R T A2 5k A AR TR F ISR TR R A, K 1013 Wem®s, [Hik, 2R
BN BT REVERL/DN s T H MBE 2K SN, — M08 0.1~10 R T 2/s, B OMR B
SIMFRTAAI S o] LA LCRORS Bt s R AR B, B8 5 AR K s i R I . & 58 MgO(110)
Ao JEG 3 T E AT T L T v 25 R P BB Ve = LB BR R T AR, BN S 708, 2 G 258 /K BE £l
R I8 TR AR T . AR5 5] MBE A K= m S8, RSN 107 Pa), N T 3R1FEA R
TR, MgO(110)RIRAEAEK AT ELE 500°C T il K —/INiF, I8 KIS S5 B A T R 5 e
250 W, A5 EARFFAE 5.0 x 107 Pa, B KACH SR KR T E I T4 5 F ZnO WA K. N TIHRFTEAS
JEXT AT ZnO FEREKIRA0T, EARIEF A AR I ESL T, 3 FLALRE S S0 R 2 AR FEAE 0.6 x 107
Pa, 1.0 x 107 Pa, 1.5x 107 Pa, 2.0 x 107 Pa #1 5.0 x 107 Pa, KRB/ & K H w20 5 6 42 9 EE as
FE il b BE il o FF i d RTRE il e o AR A IS SROYRU (B IR IR B (AE B 99.999%) PR FETE 340°C, 4 IR & 240°C
ST TARIR DI 180 W, A KN [] 4 5E 9 1 /NI

3. IWHREWE

K 1 ATE MgO(110)44 i _EAME ZnO TR AFM IR AE LS F o I a] DUE HFE S 7R 0.6 X
107 Pa [&] 1(2)f1 1.0 x 107 Pa [&] 1(b) i B & b HAR B AR BSR4 KA SR IETOR /N 1.5 x 107 Pa 4]
1(c)IRE L ¢ B 1(a), [ 1(b)H & /N ERL, {H RIS AEAE AR ks 054 2.0 x 107 Pa 14 1(d)
F15.0 x 107 Pa [ 1(e)AORE SR LUK fichi 3, 5 R ECIE 1(a), B 1(b), B 1(c) 2, (H5.0x 107
Pa [4 1(e)MI A EELF T 2.0 x 107 Pa IEES: do 4 1(DER TAEKEIEN 1.0 x 107 Pa I 19 = 4E K 1 45
M, BT ZnO R 2= 4EHETE SRR, B R BN 4 2R AE K, BERmBCNF

B, SRR,

Figure 1. AFM results for ZnO films with growth pressure of (a) 0.6 x 107 Pa; (b) 1.0 x 107 Pa; (c) 1.5 x 107 Pa; (d) 2.0 x
107 Pa; (e) 5.0 x 107 Pa; (¢) 3D AFM view of ZnO with the growth pressure of 1.0 x 10~ Pa

B 1. £KESESFHA@) 0.6 x 107 Pa; (b) 1.0 x 107 Pa; (¢) 1.5 x 107 Pa; (d) 2.0 x 107 Pa; (¢) 5.0 x 107> Pa A&
B AFM RS8R ; (DEKEDER 1.0 x 107 Pa i ZnO SEREER = #3550
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Kl 2(a)~(e)y AFM f—4EREEI I, FTLAE H, AAFERIAE R Z Mg E=E, i a FIREY
N 10 nm, FESL b FIEER ¢ FIVREZIN 5 nm, £E5 d FIEREZ8 60 nm, FEdh e VA ZA 20 nm, X AT
Ress H TRIRAE K, A FEBREUDN, 82, WA THERESFIR. WEFeT LA, FE R
— YR A AR 2 B SRR (AR AT 2, Bl R0 TR T i 3 S 8/ JE KB JE SUR . SR A 0.6 % 107
Pa FFEIE] 1.5 x 107 Pa b, FERERRARRHIEAC, ML T 1.5 x 107 Pa i, B E M= ERR SR
G, 14— A E] 5.0 x 107 Pa i, AR IR, (EATEAR B S0 IR 8 A RE i 2
Ko K 2(0)9 ZnO ¥ 7 HRAHRE B (RMS) bifl A A U AR B 5L, FLAMFEA B RMS 43 314: 2.682
nm/1.209 nm/1.225 nm/8.340 nm/5.145 nm. 7] LUF H B EUE 284k, ZnO 5 1) 2% R A A A2 s/ e
R, fESEEN 1.0 x 107 Pa IR T8 it MAREEM S P REME. 1.5 %107 Pa & —4
T, FERET 1.5 x 107 Pa i, LAY HROHURE FE(RMS)BA & B, 4% KM 2.0 x 107 Pa i ZnO
VAR BE Bk, AN AU AR KB Bl B 8, R fE SRR 1.0 x 107 Pa i, Ff 3R TH R THE
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Figure 2. One-dimensional cross-sectional view for ZnO films with growth pressure of (a) 0.6 x 107 Pa; (b) 1.0 x 10~ Pa;
(c) 1.5 x 107 Pa; (d) 2.0 x 107 Pa; (e) 5.0 x 107 Pa; (¢) RMS with different growth pressures

& 2. £KESESRIF() 0.6 x 107 Pa; (b) 1.0 x 107 Pa; () 1.5 x 107 Pa; (d) 2.0 x 107 Pa; (e) 5.0 x 107 Pa #J AFM
—HEEEE; OFEEKESEXNA RMS ZHIER

T4 MgO 2S5 MI4EH, 1 H ZnO 5 MgO FEAEAR K EH& 250, Ff LAAME H R ZnO 3 5
TE 5 R S AL 2 AFAEAR KR ST, R TR R gk Bl e/, AR H IR AR 5 I 2 AN . [ 3 JROR
THE MgO(110)#)i& FAME ZnO A X SR ATH . A XRD BIFRRAVBE S E H, R EKAnr &
KA, AR SRR AR R B0, AR K E M B A A R AR T ARk . AR R BRI L
(0.6 x 107 Pa 1 1.0 x 107 Pa), J#R7E 2 theta = 62.5°JfUr AT M B IRTHIE, T4 MgO(110) & 72
theta = 62.302°)5 ZnO(1013 )HJUEFL(2 theta = 62.852°) K HEUT, T LATRA I B izt e (0 A 7 B S 7
ZnO(10 13 )IEHIFRIE, FES MK 1.0 x 107° Pa 2/ T AT KR i b BRI 2 theta 45T 62.852°, T
DA I ) R 5 3 B 2 ZnO( 1013 )77 16)(2 theta = 62.852°)4 K. BEEE KA LRGN, 1.5 x 107 Pa
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2.0 x 107 Pa HIRE L TE 2 theta = 56.6° B3 AT LLE £ ZnO(1120 )T I B BABR, b I 32 B8
ZnO(1120)77 (2 theta = 66.592°)4EK:, 17 62° BT AR IR S, 1 wa 58 ISR, 28 WIRE b (45 5 o &
W TACEE FAEKMRES . S8 ETHE ] 5.0 x 107 Pa i, ZnO(1120)F1 ZnO( 1013 ) 2H B i [ i
TAE. HAERENA, FEM o MEES d 76 2theta = 61° TS HHBL T — AN/, X237 J5 4 ZnO(220) 5T
i, ROEMRN A E T, A K R B E ST 7 SR ZnO. RIRATTEN, MgO kK1 Mg
JE T B B BE AR ZN(~0.45 eV) [12], [Elit, £E ZnO/MgO Ftii AbAS vl 38 G dth 2> U B9 5, 2048 T FLTH Ak ZnO
I SE R, AR frdt— b AT .
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Figure 3. XRD results for ZnO films with different growth pressure
E 3. FRIE S ETEKE ZnO FHRAY XRD 4R
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Figure 4. UV-Vis results for ZnO films with different growth pressure
4. TEIESETEKE Zn0 HHER UV-Vis ER
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B 2 Ara, fESUEN 1.0 x 107 Palif, FiAK M ZnO M RMS /D, BB A KA 5
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Figure 5. XRD pole figures from the (103) reflections of the ZnO film
[& 5. ZnO SEFRAY XRD HREITRE IR

40 60

(103) IR EL SR T 11 AMEEEEA, Wil 3 shis o f ki, Ko Oab(10 T3) il st 36
4210 ML R XFRE M, 260 ZnO T Hh 7778 PR AELRE BRI 45040 b oAb 10 T3 YRE A5 B SRV (1013 )
MAEK, MA@ T O T (0002) 1

BB S oo 25T 25 T AR (0113 ) 20040113 )zno FIHIHIFTHS, I H o £9%5 T 205° 5425
K (0113 )z00.0/( 0113 ) gnoy T AT o HLHE(103)ZnO B4 W7 (2 1), ] 5 1 567, 907, 124°, 155,
234.4°, 269.8°, 303.5°, 334°FIHARML 52 HISK B T (1103 )2a04/ (1103 )znoar (1013 )200/(1013 )20
(0113 )2004/( 0113 )zao1> (1103 )20/ 1103 Yz01> (1103 )200.0/(1103 )zaomrs (1013 )za0/ (1013 )za011»
(0113 )200.0/( 0113 )zn0m> (1103 )za0/( 1103 )zn0n # T FKIFTHS <

Table 1. Detail results of the pole figure along (103) ZnO (2 theta = 62.91°)
= 1. XRD tRETEIRFMEER

Direction Zone 7I(%) /(%)
Zone 1 0 0
Zone 2 30.428 25
Zone 3 54.070 56
Zone 4 63.317 90
Zone 5 54.070 124
103 Zone 6 30.428 155
Zone 7 30.428 204.5
Zone 8 54.070 2344
Zone 9 63.317 269.8
Zone 10 54.070 303.5
Zone 11 30.428 334

DOI: 10.12677/ms.2019.95059 471 PR R


https://doi.org/10.12677/ms.2019.95059

4. HFRMRE

WAIHEL T ZnO HEAE MgO(110)#1 K B AEKAT N, RIAKE S 6T ZnO R IR 1~ 5
—EMIRAM: 1E 240°C R FEAM T, SEEE RS RN ETE T, il 1.5 x 107 Pa iy, SFEEHR
3 FE I T IR B AR R, 7F 2.0 x 107 Pa JHER IR I35 7 ARARE B T 0% 8.34 nm. {H RS (K e 28R 22 A=
KA B S/, 78 5.0 x 107 Pa iy, HI45 1K) ZnO RS OE B A I o, HLAT SedR RIS HE fig
WS XRD V& S E ) i 2428, S AT R B, TR IR LRI L (0.6 x 107° Pa Al 1.0 x 107 Pa)
SR T B ZnO(10 13 )77 16)(2 theta = 62.852°)/E Ko B A KA IERIHIIN, 1.5 x 107 Pa M1 2.0 x 107
Pa [{IRE R EEYLE ZnO(1120)77 [(2 theta = 66.592°) K, T 2454050 B TH & E 5.0 x 107 Palif, ZnO(1013)
A1 ZnO(1120 ) 4LEL A RIS A74E . XRD-H P45 R0, b 5 4 B 1) EL A O BB A RS, 508 T
ZnO ) ¢ BEFALEUA, 7£240°C, 1.0 x 107 Pa A FAEK N TEO K10 13 ) BRI, 1o,
XRD 45 RRW, frE K ZnO MR IL T SE 7SR, A K S AT e R IX — IR EE H R —

B oW
TR 3 T v I L R A R A A (A S AN P K
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