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Effect of deposition ways with
different energy on interfacial reactions of thin films
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(Department of M aterial Physics and Chemistry,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: One to ten Fe monatomic layers (ML) with wedge shape were deposited on the NiO(001) substrate by
molecular beam epitaxial deposition (M BE) and pulse laser deposition (PLD), respectively. Thin films growth were
characterized by irrsitu analysis based on magneto-optic Kerr effect (MOKE). The results show that the Fe layer
gives rise to an about 2 ML magnetic dead layer at the Fe/ NiO interface by the method of MBE with low-energy dep-
osition, and the magnetic dead layer is about 3 ML as to the method of PLD with higherenergy deposition. X-ray
photoelectron spectroscopy ( XPS) analysis indicates that these two deposition ways can both cause the interfacial
chemical reactions, which is an important reason for the magnetic dead layer. For MBE and PLD, the atoms evapo-
rated or sputtered off from the target and arrived at the substrate are provided with kinetic energy of about 0.1 eV
and 1.0 eV, respectively. Therefore, the interfacial reaction thickness is shallow. The interfacial reaction of the big-

gest thickness of 1. 5 nm is caused by magnetron sputtering.
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LAY, X E B HE S T 08 T My B AL (Y B
7Y, EREHEBE GMR AR Hefw B3 Hex ) ERIR TR
SEEEREZMNFEERRNERY, X5%
JEIEP R R RAT A A EERR; UAR, BEibd
T S RS AL - B BEE A HLE DL K AR
R RBE ST 1) B BRI S S o . K%
FE SRR B S AR R TR A — AN AR 5
TS, SEEG kAR IACTY . REAT A AR MU T R
TR RS B« FETHI A R 747 8« ST R T2 RS 0
FEHU g8, a8, NS N B R R A
S Z b AR T S TR PR R, T L A P SR A
B BIRRH . S SL B BT AR LA R R R
i, B RETE T AR . A SCAEFEWI ST Fe
JRFiHE i MBE A1 PLD #E ¥ 5% NiO (001) b #I3T
L, R T Fe 5 NiO [8] ¥ A4k 2 ) W PR 1% IR
N X R P RIS )

T
| Y

HAEH 0.25 Bm MHOLE X B2 10 mm K
NiO(001) H5h 58 @AT IO, K5 HEIL . ¥ %
ERAEANEFTEMLT 2x10 PaBEEET RS
H, FIH 0.6 keV I Art SEVERES R, AR5 KH
FASATIEA(800K, 1x10°*Pa, 5hy TERE
AbFRAE TR o JRAL R e F T AT ( RHEED)
AU AE B THT S5 ( LEED) 5256 28 W RE 5 6 1 23—
MBS X RRR S5, XA n] DA R 2
fEHZ K . 2 Fe JR Tl it 4> 7 3R AME( M BE) 1 ik
MO (PLD) 3] NiO(001) 5, E i, szig
BAHKI RHEED S8 E %NS, S EMI#HA
JZ4R(layer by layer) 24 . Bk, I EH EHE Fe
JRFAE NiO(001) B b R PT R R | 5 A SCAE
FHiIL LM TAE, Fe Ji#id MBE 7E Cu(001) 54
A A PIAR T RS 277 s/ ML; S # 8, Fe
J 783 MBE 7E NiO(001) B f b BT B & 2
205 s/ML; Fe Jf Filid PLD 7 Cu(001) %5 E ¥
DU K J& 367 s/ ML( SEH454tF: 7 Hz, 18 kV),
A, Fe Jf 78id PLD 78 NiO(001) 5 F
DU R & 272 s/ ML( 25045 fF: 7 Hz, 18 kV) .
H T RGN BALE ) Fe 1) PLD PTARE %,
Y Fe JRF4E Cu(001) 58 ERIyTRse )5, LRI
7E R RE ) S50 4 F R AE NiO(001) o f EYTF Fe JR
F . 01T Fe JR F4E NiO(001) ¥ & EA B EIRAE
K, P DLZ I 4 515 B B TR 26 B 1% A2 R YT AR
W,

T X S8t H T BE 1% (XPS) 23 #7 ) Fe JR ¥
MIERER 2 MR T JE . XPS BURER T 2 d =
3%ina, U AT a 29l 4 6 HL T ARSI 3 A
ERGHET HA A . AE XPS SEIR R, A TGNk
REPERIN XARIESS SR, o dBHFEN 45° . F A8
J6IE IR RN (MOKE) i 1 I 10 FF i 2 R A
(wedgeshape) . — /N T W R PIIR ( knifeedge
shutter) JAAEZE FATZ) 1 mm &b . 78 ERA KSR
th, TR B)EE A B AR, AR AR R
FAELFE 7 B B AR W L T R % o8 R
Ja, ¥IHATIRAL MOKE A XPS ik, HAEELT
2x10"° Pa.
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Fig. 1 Change curve of M. with
Fe layer thicknesses after Fe atoms

deposition on NiO(001) by MBE
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Fig.2 Change curve of M. with

Fe layer thicknesses after Fe atoms

deposition on NiO(001) by PLD
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TR, BRI S, A SCAE#E R XPS Hif
T Fe/NiO Ft1il . B 3 Fin A 2 ML [¥] Fe JR 718
it MBE J{ %] NiO(001) 3£ 5 FJSALE Fe/ NiO S
SRAEHI Ni 2p Hi20 H XPS 3% . XPS T/ ] 40
7E 852.7 F1854. 4 eV AL HUES BN N 428 Ni 2paa
IR NiO i) Ni** 2p3i2 U .
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Fig. 3 Ni 2p high-resolution XPS spectra
obtained at Fe/ NiO interface for 2 ML Fe
atoms deposition on NiO(001) by MBE

Kl 4 Fion A AE Fel NiO SR HIZRA3 1) Fe 2p &5
HE XPS 1% . 7E 707. 0 eV F1710.9 eV Ab 54y 7%t
[N 42 )& Fe 2pan EF Fe 03 I Fe'* 2panlf . A
YEZINANTE Fe/ NiO FHTHIAL Fe™ R4 JE Ni A71E
AlREE TR AE T AR MN: 3NiO+ 2Fe= 3Ni+
Fe203, %X V. Gibbs H HAEZ L&~ 108.9 kJ/
mol, RN SHIZMEE RN BRHAT . 42
ML Fe J& 7l PLD PR 2] NiO(001) £ L5,
I XPS 5 Fe/ NiO Fi1H . & 5 ik Fel
NiO SR/ Ni 2p =43 # XPS i . H1 XPS F
VR A AE 852. 7 F1 854. 4 eV Ab 43 T % B
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Fe/ NiO FtHIAL Fe™ 4@ Ni (AFAE T RE2H T
KA T FH R MN: NiO+ Fe= Ni+ FeO, %M
Gibbs HHAEAALIE - 33.3 kJ/ mol, TN S22
FAFEE Z R NAR A B R EAT . INE 6 T LLE KR
FTHA—MEFRES, KR 2 ML R F7ET
Ut A A NiO H13FHL O JR+ 58 24 A AL %
FeO . M XPS 525 45 5 AT LLANIE: Aie& MBE J7
AP, &2 PLD Ui, Fe 5 NiO 7E AL
HRAETHERN . T Fe JRFLE NiO(001) /5
EARERAERK, NP LHOSURE T 2R .
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Fig. 4 Fe 2p high-resolution XPS spectra
obtained at Fe/ NiO interface after 2 ML Fe
atoms deposition on NiO(001) by MBE
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Fig. 5 Ni 2p high-resolution XPS spectra
obtained at Fe/ NiO interface after 2 ML Fe
atoms deposition on NiO(001) by PLD
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Fig. 6 Fe 2p high-resolution XPS spectra
obtained at Fe/ NiO interface after 2 ML Fe
atoms deposition on NiO(001) by PLD
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TN . XAERTRERLF BT Fe/ NiO FEIHIAF L1
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AN RS 4 FH G WS T 1514 T NiFe/
NiO #EART, S50 45 R BAE NiFe/ NiO FiIH K2R
TLUF &M: NiO+ Fe= Ni+ FeO 1 3NiO+ 2Fe=
3Ni+ Fex03 . 25 CHFIXPIAN [ M1 75 A i 5 Hi Rg
(IR 4k 23 5 A - 33. 25 Fl— 108. 87 kJ/ mol, X 7E

712 ERUEIX A RN AT B R BT . ML) ) %
KE, NiO HAEBIE N 2. 49 eV, 76 fE = %5
MEEAF b4 5 ok BAIE B R AT R e
L8 )~ T EFREE, XUl iR as )N
fERE & BRI DAET .

XFF MBE Fil PLD YR 7 2ok i, MELHF 4k
AR FRBIEERF R F R EARRER
i, 29210 0.1 80 1.0eV™ . XAfKHIRERE, M
L2250 11 2 R B LA N ZE ] Fe 5 NiO 8] 1)1k
2N . 4% Nguyen [958 N HLHET, AT REZ
T H 40 NiO R IR B IR F COMERE T Fe 5
NiO [AIAL2E IR N . AH R N AR BE AT S5 UTRR Fe JR T
FREEA RAR. KT IX— A, MNEREKLE Fel
NiO F A XPS 1A LUE H . )\ XPS 1]
LR B, Fe Jf 7Bt PLD PYUAR S| NiO(001) [fi_EFr
3 A FLTE S Y EE A i MBE UTAR ) NiO(001) [
b BT R ) S T N EE IR Y . B S TR R BT N
W PRI 5 R B B ek ey T I 3 H I N IR 50
%, B 6 fTnk ] Fe 5844k, R, #id PLD
DU AET 3 ML WREZE)Z, i@ MBE Jif =
AT 2ML WEEFE)E, BES PLD B R VIR
AR B 22 RPN Fe JR TN RE &=
W, W MNHE—2 R, SCHER[ 7] 3R Rk
UiAR Fe R FIIBEE A LA~ TN FRE, &
HH VIR EZ 1.5 nm .
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Fe Jf Tk MBE fi1 PLD AN[AE| e ITA T R
FEH G NiO(001) B UTAR I F2 Hr, 78 Fe/ NiO
AL 2> 3 7= A2 T #0h % BA R4k 2% ) B: 3NiO
+ 2Fe=—3Ni+ Fex03 fl NiO+ Fe —Ni+ FeO.
ZRNAEAS Fe JR FEAE LA BF=4 T4 2 ML
3 ML FIfEHEZ .
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