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Abstract

In this paper, the microstructure and magnetic properties of NigiFeyo films deposited on cast
mono-silicon substrates (CM-Si) were investigated. The results show that the surface morphology
of Nig1Fe19 films is consistent with the surface morphology of the CM-Si. The coercivity and rema-
nence ratio increase with increasing NigiFeq9 thickness. When the thickness of NigiFe9 is larger
than 40 nm, the coercivity and remanence ratio are saturated. The magnetic properties of the an-
nealed film are almost same as that of as-deposited film. This indicates that the magnetic proper-
ties of the film are mainly determined by the surface microstructure of the substrate rather than
the fabrication conditions. The above results may contribute to a better integration of the NigiFeo
film on the CM-Si devices.

Keywords

Cast Mono-Silicon, NiFe, Magnetic Properties

FKERBEFEER _ERONig Fe o BRI RS IR
WA BB R

&7, & N, HRBR, AFLL B R, KR, AR

AHIR DTk
il R .

XESIH: &, 8600, REBR, K5, B, kAR, Bk, ERERREEA BN NigFero IR IKIfHLS 1AL
PERERT T[], B3, 2019, 9(6): 300-304. DOI: 10.12677/app.2019.96036


http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2019.96036
https://doi.org/10.12677/app.2019.96036
http://www.hanspub.org

B

N RS FR R SR B, VR4 T S S22, VLo M
NEARKFHREA T, YLI5 5
SHL TR RS, TR SR R e K SR, DU D

Email: *tangri@suda.edu.cn

ks H i 20194F6 HsH; A HM: 20194F6H18H; KA HM: 201946 H25H

R

AR T A KAERE A ENigiFeo MR M S FBL 2R . 55 R RYINisi Fe o IR ER
BERAENREESR 3, BEEERIZSMELE . NigiFerof15F 0 /75 5005 bbb 580 5 B 8 in g g in .
REZZEZ40 nm)5, R SRBHEREA, WMEREE—PHETRANSREREBRA#EL
BETN, IRAEUEFEHERORABEHTARN & X M4GRE. LRGRE I TAER R SR
4 E I B AR B Nig 1 Fe o B «

E3: 40
REERER, NiFe, ®itt:

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

WG 4 (NijgFero, fAIFR NiFe) 2L ikl IF HBA K I & 1) P EE B (AMR)IRIE[1]. NiFe
O Z N T AMR 2RSSV Z HEVES b . 7RI LB, NiFe U — AR KA = 1) SR A
T ]y RI[1] [2] [3] [4]. TUAEKPHAE BIAT ML, ARBRAS ) 22 i ik F 2K B i T (Cast mono-silicon, CM-Si)
MR 3Z RA[5]. S AL, 2 SEERT CM-Si WA ELZ . AR, CM-Si ik B L i ik
(1 e R BE R AR ) . B S SRR ISR FE D REAS A IR B B85 B 75 Bk B R (6] W SR Wd 1k v
IR 25 B 42 4 R X BH g Lt 25 ) R T, AT DA /N 88 1R 2 4 RS A8 4G B8 2 TR (7] (HUE,
S H BT M1E, NiFe 7 ABH A F i B 22 SRR AN 28 00 ik 2 T b 0 A KWL R B 2 1k B i R 150

ASAE T CM-Si FAK T ANE NiFe £ Ta/NiFe/Ta = JZ IR, X 78 AR 25 44 ARG PE BE
HAT V. =R MR RES Ta EHOHAER, DB LA K NiFe #PEZE . T8 Ta JZH TORY7
NiFe JZE AP 8.

2. LW

A 138 5 Bk O6 UTAR(PLD, Lambda Physik, 248 nm #0/6)7E(100)BY A ) CM-Si 44 & _E#11 4% 1 Ta (40
nm)/NiFe (x)/Ta (40 nm) — )2 # i, H 4 NiFe Z1JEE x 475129 12 nm, 30 nm, 60 nm, 90 nm A 120 nm.
181 F 2 =i 412 (99.99%) NijgFe o £l Ta A & HEHET IR . WERIUTAIE 28 3 nm/min. FTH CM-Si 24K
BIMKPREA T W1 . AR R R A /NT 1 x 107 Pa 2600 NREATVIRR, T A OGN AE B 20 79
N5 Hz #1045 Jem®s EERAERKERGE, B EEEH 350°C Fidk—0 fFiR kK DU T . @it X
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ESEA

FHLATHH(XRD, Rigaku D-Max 2000PC) A1 4 HL 2 5353 (SEM, S-4800) Wl 5 AT # i A S AH AR 25 44) .
TELERAYIYED & 2 48 (PPMS-9, Quantum Design)H i FH HR N ¥ it i 58 1 H(V SM)IEAT 1 270 £

3. ZRENH

Kl 1 2 AEF T CM-Si £ | 1) Ta/NiFe/Ta =)= XRD 45 8 . 45 KL, 72 %R N U R,
ANBEMEE R Ta LRI, (HA]LILE 44.5 W8 2|59 NiFe (111)I%. & 2 R2EAIFEE R Ta/NiFe/Ta —
JE L) SEM 2R THI AN A T IR o EREE (RO 2 1 /A R 1 2 = 3 5 0 BT LU ] 2.(a) H RS A T PR R s W
B0 ] 2(b)~(d) AL (1 22 10 LB, R T-UUARAE P IH 3R T L 1) = J2 WS, T DA 2 b A 319 RS SR T (1 S0 B
IXFP S IR A R H T ST S 6 A FE BT T ARSI « X P SO R T TR S 45 44 v] e 350
1) NiFe I 55 1% 5 i A JEC L f) NiFe 38 B (O REYE S BT A [F)[4]
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Figure 1. XRD 6-26 spectrum of Ta/NiFe/Ta tri-layer film on flat CM-Si substrate
Bl 1. FE CM-Si K LA Ta/NiFe/Ta = 2 # A XRD 4553

a)

Figure 2. (a) Cross-sectional SEM image of sample with a NiFe thickness of 90 nm, (b), (c), and (d) are surface SEM images
of samples with NiFe thicknesses of 30 nm, 90 nm and 120 nm, respectively
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R B RRREPER) NiFe JHIBE8]. TR PRI 4 MY [ 262 T 22 73 22 BA 2 A AL B SE TR TR . 14 3(D)
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YR AIMEPESE)Z 8] CM-Si AT I THT L 5 St AT JRS R R THVRELARE o HEDRE (1 BRGS0 mT LABH RSN G J5 -
FEY G AR T U 145 X RN SE 2 1 )R BE = A W B IE E AT 4L 0o DRI, 2 JELRE
/NI, CM-Si 3R LG NiFe A RS EHISC. BE#E NiFe JEEE RN, NiFe BETESEZE BT G AR LK
W, DRIE, 4R R 0L SRR, NiFe MR AR RE SR,

1000 ; 1000
(a) | 'J:{n\."-\lli" (b) F,—:ms—"'—'
g 500 ——In-plane ' ) 500 —=— |n-plane
= —e— Out-of-plane (\; —e— Out-of-plane /,/
: 5 o S
= =
-500+ J!
12nm M— 30nm
000k -1000 b—— —
-200 -100 O 100 200 -200 -100 O 100 200
H (Oe) H (Oe)
1000 1 1000 ‘
(c) (d)
Ty 500 —s—In-plane i o 500 —=— In-plane
K] —— Out-of-plane | (\:'; —— Out-of-plane |,
> i i E 0
SEJ/ i | = /
=
=
500 i -500} 2
ettt 60nm 90nm
_ L L ) i -1000 L L L )
1000 -200 -100 0 100 200 -200 -100 0 100 200
H (Oe) H (Oe)
1000 10 1.0
(e) ) .

500 r——-———-———- 8 | /v _08
[ —— In-plane /-/

g —e— QOut-of-plane / = 5 n — 410.6 §u>
E o0 = o =S
= / ;o 4 0.4 =
= i ——H 1

500} y —— MM
120nm 2t / s 40.2

-1000 0.0

200 100 0 100 200 0020 40 60 80 100 120
H (Oe) t,(nm)

Figure 3. (a)~(e) show the in-plane and out-of-plane hysteresis loops of Ta/NiFe/Ta tri-layer films with NiFe thicknesses of
12 nm, 30 nm, 60 nm, 90 nm and 120 nm, respectively, (f) is the NiFe thickness dependent in-plane coercivity H, and rema-

nence ratios M,/M,
3. (@)~(e)77 A2 12 nm, 30 nm, 60 nm, 90 nm F1 120 nm NiFe [EE# Ta/NiFe/Ta = |2 & I&E Y T A FMikiH Bl 2 xF
bE; (DREE T AE NiFe EERIE N He F1HE ARI#EEL

NT WIE CM-Si A+t JEE 1 1) Ta/NiFe/Ta I A1 BE 2 15 M08 T ) 4% 26475 A SORE i1l 46 25 1) Ta/NiFe/Ta
IR — A L e 350 FE R RIRAK 1 NI 5] 4 RSB KR S BUE E RV RR 1 255 AR AL
Ty D, A T ) CM-S Ao R A 3 T 5 A R E
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Figure 4. Hysteresis loops of sample with NiFe thickness of 90 nm in the states of (a) as-deposited and (b) annealed at
350°C for 1 hour
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ASCHFFE T AERKAE IS HE | Ta/NiFe/Ta = 2 85 ) TIOU 45 F4 R 27 1 B - 45 3R B NiFe [1I3RTHI
TESE SR AR RIS — 8, BA m SR . NiFe B4 -5 %Rk L b 152 22 1) 385 m i
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m ik g fF S A7 Hh B i NiFe ff5 .
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