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ABSTRACT MgO thin films were prepared by reactive magnetron sputtering with Mg as a target
and O, as reactive gas, and characterized by atomic force microscopy (AFM). The method of Fourier
transformation was used to calculate the fractal dimension of AFM images. The relationship between
fractal dimension and sputtering mode was explored. The results show that the calculated fractal
dimension Dy, of the film prepared at oxygen partial pressure of 30% is a critical value, corresponding
to transition of sputtering mode. The sputtering modes are closely related to metallic and oxide modes
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respectively when their fractal dimension values are far beyond critical Dx..
KEY WORDS reactive magnetron sputtering, MgO film, fractal dimension, sputtering mode
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ZREHMH TS BERN SRR, FFRSEIHKRRK
BNFRAETEL, X—SHRAWEXTHRYE (dilation
symmetry)('ll. hZ#ERLBEGHEIE, K ROER
ARSI, 1Bk Dr. MEARKRME, S-S HHEZRG
Euclid % d #1%, Di=d=2; X FHIEXE (Dr >2),
REREHN Dr 8K FHik, TR A REERERE
B T A B 5T R

Paul'?l %9 MBS TR (PVD) Hi4 Mm%k
HEA ARUE, B—FaTE 454, WL B R R
k. MR T ERIESBRNITHE L 71318,
BOSHEAHE TR 32 MgO MEMET
1 BB (AFM) BSCHBIFTSR, il it BT s
SN, REEV R SHER S T MR
1 ZTRA.
1.1 BERHE

K RN RIS T B & MgO MRS, FrA
W& R JGP560V REEEZ R NEEMETIL, a4 5]
fE SR FEMN E ke R, EHERA 75 mm &
R Mg(diEEh 99.95%) fEmiEs, BSHRMERY
100 mm. R BETEHH KR, BRIl
BH R, BEZAHEAERSE 10 min, HEEH 5 XN
FAMERN. REHARRNKT. BEFREBELZTEA
MG RERE L MRFEaMBEARE, BENE
MERF] 800 CH[H. LHEHMAIMEHEZER, Ik
EFP 200 C, BK 1 h BEEAN Ar BEHHREH
10 min, §/5 RS (% 50 W) W¥erER: 30 min.

WA EREZESN 6x107° Pa, MstBEIEAN
Ar(ZEE 99.999%) 1 Oz (iR 99.95%) MRS <k, A
RERETSFEHNSERE, B ZEHREM L.

X1 REATZSHW, BHTEFRE R 200 C.
A LI RE G IR S B S SLEI AT IR AR K, (B KIREE N
350 C, 1BXRHE] 1 h. EE Oz i E, B2 Oz/(02+Ar)
A, RFF 1 Pa HITESERE, O; MEBEEN
8 mL/min, 3F Ar WiEEk, HEH O, £EMNR
B5&PHHAIBERL, Ar RER/)D, BoERK.
K PSR R IR AT DR A L.
1.2 Enah

FERE AFM - 11 RETH B MBI R R T

®x 1 RAFNSELXTLEENH
Table 1 Processing parameters of UVRMS for MgO thin film

Sample Total Ar flux Oz flux O2/(0O2+Ar)

No. power, W mL/min mL/min %
1 170-180 32 8 20
2 170-180 18 8 30
3 170-180 8 8 50
4 170-180 6 8 60

Note: Working gas pressure: 1 Pa

. BESPEE <5 nm; ARSHEERTF 1 nm. HAH
#HE: 2 pmx2 pm. i DEKTAK3ST BEEELL
WEEE, #5BEEAE 500—540 nm 2 4.
1.3 SN

SR E T EA SR, mae T 16 hagg 17])
TR - REEsk P % &R Fourier &k (FT) kit
H AFM B@EEY. FT BSOS RER—IRE
S LR. Fourier EILIRASH MR M EBERMEER, H
R SRR AR, BRI 25% (FRH
A3 1 1), B RL(d Fourier el BIRE. —Bk
¥, AR BE S ESHMIEARER, Lt Fourier
TG RIEGE SR REL AR K, Xt RANIBEIT
Wk R s Rt O

X FRESHAFEA BB ML, 3 Fourier F#uR
Wi AMP(f), % f M D; Z %R THXRER O

AMP(f) = kf~(Pr—2) (1)

Fourier 2F#
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. BRI, XE—MAK 0, FokH D;, i

1£(p,0:)| = ko™ +c (3)
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7.0

6.5

6.0 -

Igf

55

5.0

4-5 1 1 i 1 1 1
20 25 3.0 35 4.0 4.5 5.0 5.5

lgp

BH1 #R1Mlg-lgH
Fig.1 The lg-lg pattern of sample No.1
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2 LRER

#£ 2 BHER 2 £AXRE AFM {#BEN, 8538
Rims HMA AT HEAR . AR, HEE Rims
EHAEALER, M RERIGE 38%; ML BEHE
AR, HXHMRERARE 1.2% £4. FWESBAME
HEARZERRENLH.

A 2 IR ERMEATEREE Rin. 58
SERIXRR. HRESEAHM, HBEBESHT R/ -
WK - BREUMOSR, E9E 30% MHEEEHE. HiE
B Rims M5HEAY Dr LB ERFHLUZL. PER
BEHXNT 30% (AL E. (B 1 AEEERE
Rime AR, HMEMA R EHEFHE, SHNEM
AFM EFRHF. Gl 3 TESE, B 1 RTREEHR
JIASKERSE, KipamEsly, EERK, HHEm
T, AEZRBEERAORE, R HAMNIFRERE
WAV REAERERE. & 2 5848 1%, E
FEATR S #5334 NMABRFE, REERE
FERESRI AN, BT 3% 2= 0E B A LU Bk BTN X R AE{L
HERE T EHEMR.

3 itig
RSt RAARAESR Mg B, B R TEN

(a)

® 2 B& 2 (KRS TEEEN R
Table 2 Comparison between Rrms and Df of sample No.2

Pixel Rrms, nm D¢
100x 100 1.2717 2.50
200x200 1.4319 2.48
360x360 1.7565 2.47
2.70 36
43.4
265} 43.2
413.0
2.60 L - 4128 ¢
o — 26 c'-
2.55 424 Q:E
422
2.50 42.0
{18
2.45 L v L v L 1.6
20 30 40 50 60

O, partial pressure, %

B2 SEEYFRImHEERESEGEL

Fig.2 Relationship among roughness R, fractal dimen-
sion Ds and oxygen partial pressure

(b)

z:35.0 nm

B3 H5EEs MgO Mt AFM &
Fig.3 AFM images of MgO thin films prepared by RF-sputtering for sample No.1 (a), sample No.2 (b}, sample

No.3 (c) and sample No.4 (d)
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&’ Mg F-7. ke 8, R ymstet &Rk Sk
BILVFEMEEaRl £, ARRNEESK O S
fERRSE R LI Mg RT44, B MgO. ZR1 O
SRR RE, FERERBRIRSEL, KRSER
ot MgO 7, BIRSTPREN SRR T &ty
B PSR R SRR FE 2 4 Y
EELTE R R S T KA ISR S5 (191,

ForEBAR (20%) B, WS EE L EARXE R, #
St FERRN. MEHAON TRZRENILENE, T
HEBSE, PRGN FRRERE J#eEN TR,
WM T8 RER, BF=EREFH (A 3a),
BEERERAMMOABR, 5525 T FR#E, X
REHISTEEPORA B, MESEWMK, % 30%, E4E
W/, Bk AR TRERARX R, BT I6] 5 R B
e, KREFRESRJLE TR, REERBERK, HEH
SHEAEROCIE TR, RS G KRR EH RS PUEA TR
SRBEEN, SKAEG. REHRHETTELTF 2RI
B AR T .

RS> EET] 50%, 60% B, O &Rt 58
MR, BH2AERBATHAADRA, BB
MgO. MR R < & IS Pl P RE WL S YRR
B Matsuda % 2 i MgO MEARAY &8 BIA0
SHYRA N TIREMHEMK, £F) 100 : 3. WHETF
HHEZZREASERE, BUEERPRAMER, &
BEE R B ZB A, RME O, i, FEMEEmE TE
ZHMRES, HREMBEMI R, 5ZXRASELE
PEABMA. HFAXER, REASE 60% HMES
SR, HRHEESER HRS5ESE 50% K
M, SRR, ESEEHRX.

SR B S ALY BRS04 B 32
AR, BRI AYNT, TESETPERES
BB HHX. N AFM B rlEH, 4K 50% f1 60%
WERE EERERES.

LA R, SME AR SRR I TR T
BABCE, —HZMARXE. E2E 30% MaEE
BR— KRR, AR, RABERSEFEXRME
PRI R, MBERE R EHERE, BRERHRX
WAL AT HERMTBELR, 250 HERA
ARFE ISR, TIHER SRR GRS IR % b F
SRBAMEMYRAHBARTS.

4 “ig

(1) BeEskst MgO MR RETER R A AL,
HARAER LA AFM B el E#iTitHE.

(2) AP S HERMSRAAXTVRF. MR
HERERK, MEEBSHVBHOREER.

(3) xR ASCIRBPES, HAERN 30% KA

R—MEFE: AT HERSBEL, 55013 R EHR
RARBISTRN, SRR HRR.
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