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Abstract

BeMgZnO quaternary alloy thin films were grown on the c-plane sapphire substrates by pulsed la-
ser deposition (PLD) method using BeMgZnO ceramics target. The films were grown at a fixed
substrate temperature of 700°C and various O; pressures. X-ray diffraction, X-ray photoelectron
spectroscopy and UV-Vis spectrophotometry were used to characterize the films. By Be-Mg
co-substitution in ZnO, the solid solubility of Mg in the BeMgZnO quaternary alloy films was in-
creased largely. Even when the Mg content reached 44.4%, no phase segregation was found in the
BeMgZnO quaternary alloy thin film. Meanwhile, the band gap of the BeMgZnO film was enlarged
to 4.19 eV, and its visible-light transmittance exceeded 85%.
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A TAERFBRHBOLUTREE, LiBeMgZnOMENEEM . cHBE AR, B RIEE700°C. BR
VIREESLM T #]%BeMgZnOlU L& &I . RAXS AT XFLEBE M. L4 B EER
GRAEFIIT T XEHE. ZERERY, BEidBe-MgtIAZn0o, HHIRE T MgES&HHET R EE. ZMg
FI& ik F|44.4% K, BeMgZnOEEH LM RAE, H H LA BeMgZnOM B FRIAZ]4.19 eV,
EH] RIEH B NZE L B HiA85% .
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1. 5]

ZnO fEA—FE ) I-VI A - S0k, AR A 22 e, AT K FH RE b AR
RIS ROE THE BRI 1] (2] BIFA M. BARCEN THHENIR, ZnO KIHZ
1 HI B AR 2 SR T S 2

AR, ZnO W S [4RIERI 2844 [ S IEAE [F) SR AN FIER AL A8 K R o ZnO IR T AT PR 58
JER3.37 eV, #—54E R ZnO HI U I & IR K IR DR 3R 2 — . YF 2 W FE# R IEHE T XF ZnO
VEIREAT 5 22U M 7 V2R i H%E ZnO IS B SE B . — B0 BRI e R 2R HE: R BHE 7152
(ln: Be®'. Mg % [6]), BIBTFH2n: ST2[7]), BIFHETFHLB(8] [9] [101%. Hrh, Mg it KR
AR 52 BE (7.8 eVY RS B S Zn M, LK Mg™ (0.57A) KB T4 Zn®" (0.60A) 11 B T 1%
MEE[11], 15 Mg $B25BUR ZnO 32/ MgZnO = J0 & 4 ELA 5 KA 5 98 RN/ [ d i 2 i
MM Z 3B 42 e £ b S . SR, BT MgO (43875 ZnO (LFEi) BA NI S kg5 1, B
H Mg SN, MgZnO & &0k Kk A 4 BEN 25/ A b S5 %5548 . Ohtomo 55 A\ B S R B
* Mg & T 33%0, MgZnO & &2 KA B, ML Mgo 33Zn.,0 & S HUHFBRBE BEIAE] T 3.99 eV [12].
NT DR R R BR O, Su S AR S — PR EL S VR Be A Mg JEEUAR ZnO 1 B
HAT TWEFC, B FUEB T Be-Mg £#54% ZnO RS T Be 4% ZnO R4 LA HiFfaett, IFaess
FITERMATBATEFE[13]. BEJS, Zhu 5 NAEROW EM#ERE T Be 5 Mg H45 28 M BLAR € MOHLHI[14]0 IX LEHF 5T
FW, 5 MgZnO = o0& &EBEMEL, VIIth &M BeMgZnO 75 5 Mg & & (5 T 75 T BE R4 AR £F
PR S5 R,  [RI R — 2 3 T B B

HHT, 5% BeMgZnO VUG & 4 I 1B FUARE IR IR D, BR T Vettumperumal 55K FH 1 ¥ BB AR 75 1%
[15], KEBHEFCHR R 20 T KA EMBE) [16] [17)F148 B 7448 Bh 73 T A E(PA-MBE) [ 18] [19]45 5 4%
B 5t AR 1] %5 BeMgZnO UG A & . AR TR {8 5 50 AT BB o6 TR VZ(PLD: pulsed laser
deposition), K Bl BeMgZnO P& HA, BHEEAE ¢ I F A EUTH BeMgZnO Mooé & EME. AT
5% T B £ AT ATATT 25 EAEAE IS LR, BeMgZnO DU TG & 4 AL 5 Mg & B, T58RAT LLAR 43 B

ik
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RIS, AR RPN E.
2. LR
2.1. BeMgZnO Ut & & B IR R &

AR A Bk SOCIIRRE,  DME SR RE e 45 BOR B il BeMgZnO M &/ AHEM, 7E c-ALO; # K |
A BeMgZnO WYTT &<, Bkt Bot i s MR R B & 1 BFros . sSEEe Al H e 2 T 0688
(Lambda Physik COMPEX PRO 205F) kOt KA 248 nm. GEE N 350 mI/pulse. EE 4% N 5 Hz.
46, B o I AR RN E P P E 1100°C S84 TR K 1 /NI, VBRI Hb 1R 2 ) S 2 Th e B 2 5
DA T 1) % = BT B 1Y) BeMgZnO PUJC& 4. 3B XS A IRAE R o7k SR M2 8 1 /K Pk g ik
15 b, DLEBRHERMMS RHE M, MEH&ARIRT, FEEEREFE E LA E S EN .
DURIEIERT, S M E 2 A 107 Pa 247 W TS5 M B ¥ 5 v/min. 3£ A% 10 t/min,
DU E Y 700°C YRR (8] 60 3%, lid 38l N A8 I i) S Ui, AEAN A4 (0 Pa~d Pa)iil
B AN TR B 53 R T A it

2.2. BeMgZnO WYt & & BIRAYRAE

A TTAE R DY [ v 20 9 XS 2R AT (HRXRD, DS discover, Bruker, CuKal, 2 = 1.540598 A)sk/#r
BeMgZnO U766 4 BRI SRR S50 o T35 1o 1 & A0 F XS 4R fE 7 RE TG (XPS, Escalab 250X,
Thermo Scientific)#F/TRAE . AN G H(UV 3600, Shimadzu)H K FAE H# AL 510 N OGRS

3. BR5VHE

< 2 5 BeMgZnO VYt & £ X SR ATH(XRD)0-20 FHE I . M 20°%] 80° ) XRD 4= & (14]
2(a))H ] LA 258 5 m HLBE I I 5 A 4R (006) [HT AT 4T IEFT BeMgZnO R [11(002) £ (004) [HI 14T 416,
FHRAIIE 0~4 Pa IR FRIA LA T RIHAEKE T 8. A8 850 ¢ LA BeMgZnO &

SR,
Wt
REFEO
JeR ARG RS G
c-ALO 1)

C )

BeMgZnO /

BT i

Figure 1. The schematic diagram for pulsed laser deposition of BeMgZnO quaternary alloy films
B 1. BoRiE iR A& BeMgZnO T & & EERIBEREE
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Figure 2. The 6-26 scan XRD patterns of the BeMgZnO quaternary alloy films: (a) broad scan; (b) narrow scan; (c) The lat-
tice constant ¢ of the BeMgZnO quaternary alloy films as a function of the O, pressure; (d) The XRD rocking curves of the
(002)-plane of BeMgZnO quaternary alloy films

[ 2. (a) BeMgZnO PUTT & & EIERY 6-20 13 XRD £i&[E; (b) BeMgZnO P& &R 6-20 33 XRD EigE;
(c) BeMgZnO Mt & & HRBIEEY c MEETHAIMLZE; (d) BeMgZnO T & €EE(002) HEHAIFZIZZE

K 2(b)>A BeMgZnO PUJCA 4 33° 5] 36°f) XRD 7 1 . B 14 2(b) AT LLE HY , B 35 8K A3 K,
BeMgZnO i 5(002) I 117 55 A7 B2 ) v R B2 D7 [0 B8 3y, Horr 0 Pa %80 N & B AT 56 04 20
34.37°, 4 Pa S Nl E AT 20 1y 34.9° WRABATHAE TTHE 2dSind =nl (n=1), ELRNE 2(b)
 BeMgZnO J#R(002) [H AT 506 20 18, T 543 BAN R S8 26 T ol £ S 17 it b 5 0 o L, 0] 2(c)
Fion. SERoR, I GRS AL o B FUR IS RN, WEUE Y 0 Pa B 5.213 A Bk
FEE 4 Palbt i 5.138 Ao 1 B 1 AR KO AR AN [R50 25 T il 4% T MG 1) o A i 2 e 1 B AR B fL (4
BT ZnO MAE T c =523 A, BN MO fiE HE c =4.216 A, ZFEHH BeO fitk 4 c =4.24 A). |4
2(d) A SRR 2514 R4 BeMgZnO JIEFE 5 (002) T (19 P2 15 i 2%, L 2J i 96 B 2 S8R (13 Kami ok, 78
4 Pa SRR RRIE M L 00 = Bk B 1.461°, RN AR K 7 10 - HEF 00 137 B e o 480 PR 386 K 1
K, AE i U 254 R AT DUAS B TH AN e R v B A . e 1 B T AR AU SR A
BeMgZnO R i (002) I FRE42: il 2620 i 5 1) LA H501E

3T o HEE A (113)H A 4 Pa FE F A K1 BeMgZnO VUG£ 4 I (103)TH [ XRD Phi 14
Pt . AR Pl 3 T 088 A e SRS BEXT AR E5 4, 1T BeMgZnO TR Phi 938 B 1 P& /S BEXTRR AT 5
I, FHr BeMgZnO I (103) 1 55 06 G A7 5 15 5 A0 (113) I A — 3, X5 ZnO HIELE ¢ s 4 L
A KB R 45 AL, 3R IR S5 0 5 A A G (AT R A 2 5% &8 BeMgZnO(100)//sapphire(110). BeMgZnO(103)
THI SR PRI A7 5 06 5 (1 13) T UL AR 22 307, R IAULET BeMgZnO DUJG& &M 54 R AISME R R A
BeMgZnO(110)//sapphire(110). RH ik 6-20 FA% XRD Fdi (Kl 2(a) il 1, XEEAFA KM FAEKK
BeMgZnO VU JGHA & B35 AT EE T G5 M K AR, Phi F195 o 8 S BE AR UG8 11 HH B R VAL IR Dy 8 R
T A EE T A AH EL RS 30°F S, B BeMgZnO PU 704 4 i b 77 78 45 M B 7] 49 B O T 42
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Figure 3. The Phi-scans at sapphire (113) and (103) of the BeMgZnO quaternary alloy film de-
posited with 4 Pa of oxygen pressure

B 3. EEANKA1)REM 4 Pa SEEFRG THIEHNT S EER BeMgZnO (103)&EE
Phi 3##xSEL A% E

Table 1. The composition, lattice constant ¢, band gap energy, and half width of the rocking curve of BeMgZnO quaternary
alloy films

F 1. BeMgZnO T & &I . RIEEH oo FRITEM XRD ERMLEHIF S

UL (Pa) Be (at %) Mg (at %) Zn (at %) ik H A e (A) FWHM () R S (e V)
0 8.31 44.4 47.29 5213 3.65 4.19
1.2 7.9 4421 47.89 5.195 2.25 4.16
1.9 6.33 44.79 48.88 5.166 2 4.15
3 6.7 39.05 54.25 5.145 2.08 4
4 3.28 36.28 60.44 5.138 1.46 3.95

K 4(a)E A FIEE FAEKP BeMgZnO WYt & & XPS BB, M E 4(a) ] UG H A R
Be. Mg. Zn. O WUHTRMAFLE, Ui Be. Mg L[S NEIE R RN I A S ERFUTER. Kl 4(b)
SEAEAR AR 24 T A K H BeMgZnO # i Be 0 1 XPS AL E . ME 4(b)rTE H, Be ls I
SRIRGY, HABHTURAEE KT, K 4R 7 Y Be. Mg & BT EE S M2
feitrih el . AT LLE H: BEESAURMIE A, Be 5 Mg & EAEIR/D 1 8%, L Be. Mg & &
(N AR TS B XPS B0 K G WRR A T E SR ZE AT a i) . Jl it XPS s 43115 2/ Be 5 Mg &
HAARBUE WA 1. B9 1 aTCUE W, R AR K I R rh AU 1R A0 22 0 2 520 BeMgZnO DY G & 4 W Y
FHAE R, I HAEIESAM FAEK BeMgZnO 111 Mg 2 B34 i 1 SCHR[8 ] Hi & 1 B 454
W45k MgZnO Mg & B R BRI 33%, #£B Be. Mg L3150 Al T2/ Mg £ DU 7 & 4 i [ 7%
.

S5(a) AN AR A N A K 1) BeMgZnO 8 JIE7E 220 T (1035 5 635 1 o A B AT DU HH v A ] AL
FEIX A 2 BT, S7E 85% A b, HLI RS AR K e 401 1107381 %o Y 14058 i 22 O B 52 . 1 T BeMgZnO
NEE B S A R20], FEHA BT T AR (ahv)’ oo (ho — Eg)iBIE & MEAMEIRE S|, Hi o
M ZRHL ho 6T RE R o R 28V A A3 21 (10 A TR) 800 25 T AR A I TSR ol 10 s B 5 P a4 5(D)
Fice WERIAAT LR R, R EAT B AT 3.95 eV~4.19 eV Z 1], & 1 Bl T KA K& F &1
BeMgZnO {85 (1) [ 0 FEAEL, G RS20 1 o 00l Bt 6 B2 v T SCHR P RGE 1) MgZnO 5 1) B KA BiR
3.99 eV [12], H BeMgZnO i Ji5 s B 8 B Bl A 48 O3S KM/, 539 Bey Mg &AL
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Figure 4. (a) The XPS survey spectra and (b) the Be 1s spectra of BeMgZnO quaternary alloy films; (c) The Be
and Mg contents in the BeMgZnO films as a function of the oxygen pressure
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Figure S. (a) The optical transmittance spectra of BeMgZnO quaternary alloy films; (b) The optical band gaps of
the films as a function of the oxygen pressure

[ 5. (a) BeMgZnO ML & &HIRA UV-Vis ESHIE; (b) BeMgZnO A& & RN HREEMEKEE
TR E

BHMFTE. £ BeMgZnO Mo a&iiiEd, Be 5 Mg S &R MEZ AT BRKIMEM . i 4(c)Hh
N, BEEAIERK, BeMgZnO VUt &4 Be 5 Mg & 39780/, BRI H Bt 56 P B 2 30/

4. &g

AW TOE L R RO TR E, Bl BeMgZnO B R /E MM AE o TS A B EIRAE K W R AR
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g

DOI: 10.12677/ms.2018.85065 564 PR R


https://doi.org/10.12677/ms.2018.85065

¥

o

T %

it Be-Mg JEHUR ZnO, AMUA B IE R T Mg fELFEEN 450 ZnO w1 [ FEAR IR, RISt e 7 &4
VT BRTE R . SEIR ORI, A AR K RO R A R Y S, BeMgZnO #EH ) Be 5 Mg & &g
W Zn WSR2 THE, MEEEH Be. Mg &I ERE ST &8 MRS 2 c M9/, 5
IR 2 A v DA B e B B PRI
B O

BT K E SRR 2R I 4 (61274010, 11574074, 11774082); 51L& B SR Bl 2 %k 45 (2015CFA119,

2016AAA031); I EBREHL A 1EI H (2016030409020222) LA K A1 RS &8 B AR 5% 8 5 5256 = (R GE
TR L 42 (2018-KF-16) % A4 TAF 1) % 5 .

SE

[11 Xu, L.G., Qiu, W., Chen R.F., Zhang, H.M. and Huang, W. (2018) Application of ZnO Electrode Buffer Layer in Pe-
rovs Kite Solar Cells. Acta Physico-Chimica Sinica, 34, 36-48.

[2] Su, LX., Zhu, Y., Yong, D.Y., Chen, M.M., Ji, X., Su, Y.Q., Gui, X.C., Pan, B.C., Xiang, R. and Tang, Z.K. (2014)
Wide Range Bandgap Modulation Based on ZnO-Based Alloys and Fabrication of Solar Blind UV Detectors with High
Rejection Ratio. ACS Applied Materials & Interfaces, 6, 14152-14158. https://doi.org/10.1021/am503427u

[3] Ozgiir, U., Alivov, Y 1., Liu, C., Teke, A., Reshchikov, M.A_, Dogan, S., Avrutin, V., Cho, S.J. and Morkog, H. (2005)
A Comprehensive Review of ZnO Materials and Devices. Journal of Applied Physics, 98, Article ID: 041301.
https://doi.org/10.1063/1.1992666

[4] Lee, C.T. (2010) Fabrication Methods and Luminescent Properties of ZnO Materials for Light-Emitting Diodes. Mate-
rials, 3, 2218-2259. https://doi.org/10.3390/ma3042218

[5] Liu, K.W., Sakurai, M. and Aono, M. (2010) ZnO-Based Ultraviolet Photodetectors. Sensors, 10, 8604-8634.
https://doi.org/10.3390/s100908604

[6] Yang,J.L., Liu, K.W. and Shen, D.Z. (2017) Recent Progress of ZnMgO Ultraviolet Photodetector. Chinese Physics B,
26, Article ID: 047308. https://doi.org/10.1088/1674-1056/26/4/047308

[71 Zhang, L., Li, L., Wang, L.H., Li, L.K., Lu, Y.M., Meyer, B.K. and He, Y.B. (2014) Tuning the Composition and Opt-
ical Band Gap of Pulsed Laser Deposited ZnO,_,S, Alloy Films by Controlling the Substrate Temperature. Journal of
Alloys and Compounds, 617, 413-417. https://doi.org/10.1016/j.jallcom.2014.08.024

[8] Zheng, L.L., Lin, Y.Y., Li, L., Liang, G.J., Li, M.K., Li, P. and He, Y.B. (2015) Structural Properties and Enhanced
Bandgap Tunability of Quaternary CdZnOS Epitaxial Films Grown by Pulsed Laser Deposition. Journal of Alloys and
Compounds, 650, 748-752. https://doi.org/10.1016/j.jallcom.2015.08.049

[91 He, Y.B., Cheng, HL., Tai, J.L., Li, L., Zhang, L., Li, M.K., Lu, Y.M., Zhang, W. and Meyer, B.K. (2015) Sin-
gle-Phase Quaternary MgxZn,_,O,.,S, Alloy Thin Films Grown by Pulsed Laser Deposition. Journal of Applied Phys-
ics, 117, Article ID: 065301. https://doi.org/10.1063/1.4907785

[10] Zhang, W.Z., Xu, M.J., Zhang, M., Cheng, H.L., Li, M.K., Zhang, Q.F., Lu, Y.M., Chen, J.W., Chen, C.Q. and He,
Y.B. (2018) Pulsed Laser Deposited Be,Zn,,O,.,S, Quaternary Alloy Films: Structure, Composition, and Band Gap
Bowing. Applied Surface Science, 433, 674-679. https://doi.org/10.1016/j.apsusc.2017.10.068

[11] Ghosh, R. and Basak, D. (2007) Composition Dependent Ultraviolet Photoresponse in Mg,Zn,.,O Thin Films. Journal
of Applied Physics, 101, Article ID: 113111. https://doi.org/10.1063/1.2743887

[12] Ohtomo, A., Kawasaki, M., Koida, T., Masubuchi, K., Koinuma, H., Sakurai, Y., Yoshida, Y., Yasuda, Y. and Segawa,
Y. (1998) MgxZn,_,O as a II-VI Widegap Semiconductor Alloy. Applied Physics Letters, 72, 2466-2468.
https://doi.org/10.1063/1.121384

[13] Su, X.Y., Si, P.P., Hou, Q.Y., Kong, X.L. and Cheng, W. (2009) First-Principles Study on the Bandgap Modulation of
Be and Mg Co-Doped ZnO Systems. Physica B: Condensed Matter, 404, 1794-1798.
https://doi.org/10.1016/j.physb.2009.02.021

[14] Zhu, Y., Su, L.X., Chen, M.M., Su, Y.Q., Ji, X., Gui, X.C. and Tang, Z.K. (2015) Controlled Growth of Epitaxial
Waurtzite BeMgZnO Alloy Films and Two Microscopic Origins of Be-Mg Mutual Stabilizing Mechanism. Journal of
Alloys and Compounds, 631, 355-359. https://doi.org/10.1016/j.jallcom.2015.01.173

[15] Vettumperumal, R., Kalyanaraman, S. and Thangavel, R. (2013) Nanocrystalline Zn,_,-,Be,Mg,O Thin Films Synthe-
sized by the Sol-Gel Method: Structural and Near Infrared Photoluminescence Properties. Journal of Sol-Gel Science
and Technology, 68, 334-440. https://doi.org/10.1007/s10971-013-3174-7

DOI: 10.12677/ms.2018.85065 565 PR R


https://doi.org/10.12677/ms.2018.85065
https://doi.org/10.1021/am503427u
https://doi.org/10.1063/1.1992666
https://doi.org/10.3390/ma3042218
https://doi.org/10.3390/s100908604
https://doi.org/10.1088/1674-1056/26/4/047308
https://doi.org/10.1016/j.jallcom.2014.08.024
https://doi.org/10.1016/j.jallcom.2015.08.049
https://doi.org/10.1063/1.4907785
https://doi.org/10.1016/j.apsusc.2017.10.068
https://doi.org/10.1063/1.2743887
https://doi.org/10.1063/1.121384
https://doi.org/10.1016/j.physb.2009.02.021
https://doi.org/10.1016/j.jallcom.2015.01.173
https://doi.org/10.1007/s10971-013-3174-7

(18]

[19]

[20]

Ullah, M.B., Ding, K., Nakagawara, T., Avrutin, V., Ozgur, U. and Morkoc, H. (2018) Characterization of Ag Schottky
Barriers on Beg ¢,Mgp26Zn0O/ZnO Heterostructures. Physica Status Solidi-Rapid Research Letters, 12, Article ID:
1700366. https://doi.org/10.1002/pssr.201700366

Ding, K., Ullah, M.B., Avrutin, V., Ozgur, U. and Morkoc, H. (2017) Investigation of High Density Two-Dimensional
Electron Gas in Zn-Polar BeMgZnO/ZnO Heterostructures. Applied Physics Letters, 111, Article ID: 182101.
https://doi.org/10.1063/1.4993853

Toporkov, M., Ullah, M.B., Demchenko, D.O., Avrutin, V., Morkog, H. and Ozgiir, U. (2017) Effect of Oxy-

gen-to-Metal Flux Ratio on Incorporation of Metal Species into Quaternary BeMgZnO Grown by Plasma-Assisted
Molecular Beam Epitaxy. Journal of Crystal Growth, 467, 145-149. https://doi.org/10.1016/j.jerysgro.2017.03.028

Chen, S.S., Pan, X.H., Li, Y.G., Chen, W., Zhang, H.H., Dai, W., Ding, P., Huang, J.Y., Lu, B. and Ye, Z.Z. (2015)
Improved Photoluminescence Performance of MgZnO Films by Alloying Beryllium. Physics Letters A, 379, 912-915.
https://doi.org/10.1016/j.physleta.2015.01.009

Toporkov, M., Avrutin, V., Okur, S., Izyumskaya, N., emchenko, D.D., Volk, J., Smith, D.J., Morkog, H. and Ozgﬁr, U.
(2014) Enhancement of Be and Mg Incorporation in Wurtzite Quaternary BeMgZnO Alloys with up to 5.1 eV Optical
Bandgap. Journal of Crystal Growth, 402, 60-64. https://doi.org/10.1016/j.jerysgro.2014.04.028

Hans X

PR BB 5 2

1. FTJFFAM T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
TFRIFIRMEESE: [ISSN], HAMIFI ISSN: 2160-7613, RIA] £
2. FTHFHIM B 7T http:/cnki.net/
A EBRSCERAEE” HEN, BINSCERRE, BRI

AEE S http:/www.hanspub.org/Submission.aspx

WITIMRAE : ms@hanspub.org

DOI: 10.12677/ms.2018.85065 566 PR R


https://doi.org/10.12677/ms.2018.85065
https://doi.org/10.1002/pssr.201700366
https://doi.org/10.1063/1.4993853
https://doi.org/10.1016/j.jcrysgro.2017.03.028
https://doi.org/10.1016/j.physleta.2015.01.009
https://doi.org/10.1016/j.jcrysgro.2014.04.028
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ms@hanspub.org

	The Influence of Oxygen Pressure on Properties of Pulsed Laser Deposited BeMgZnO Quaternary Alloy Thin Films
	Abstract
	Keywords
	氧压变化对脉冲激光沉积法制备BeMgZnO四元合金薄膜性能的影响
	摘  要
	关键词
	1. 引言
	2. 实验
	2.1. BeMgZnO四元合金薄膜的制备
	2.2. BeMgZnO四元合金薄膜的表征

	3. 结果与讨论
	4. 结论
	致  谢
	参考文献

