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2R ZHe T (NiFeCUMo) 2HEHe: NiFe BH} Alolol] 41913 AH5ulet Slo] WPIRAA] FeMing 2248 Tauilo
A NiFesh NiFeCuMo Blete] 7ol me mghdgtels) nae] v 542 2Aet 53] NiFeCuMo BtEte] Fr7}
1nm w) NiFe 2} Aolol] A1J3H AREleE Slo] WA FeMng S34 TiEulete] mabagele Hughe Yehigin.
%53} AHFl 247 NiFeCuMo BHEHE A1lsle] 29140e] Hlo] A8 A7) 4a-aME (giant magnetoresistive-spin
vaves, GMR-SV) 2415 /e 4 Qe 7P54S Hoaglr),

FH0] : 2AAM, FE (NiFeCuMo) B, thaaet, wehdes, Hale

LN = ZA73 AR Fv|E] (conetic; NiFeCuMo)] 7-5-, A13}
& (susceptibility, %) 222 500,000 H/me] A9+ 234
A7 1A 8->~ B (giant magnetoresistive-spin valves; o7 e k& 20,000~100,000 H/ME Rt} uleba

GMR-SV) Hlo|AIME EAE 719 5] T2 Jug NiFeCuMo Bl tgh 7H2AQ] =aAzMde] B9 A8
o Ao AR TS o] 8s AESA 2 38y Exle] & Al A7k Ao] At A2 AP vt digh
B4 BEo) fol& 5= Ut A o)A Y= A H 2714 EAE Asl] $18] NiFeCuMo w5ERs: vl
E(bead)E A+ 2 AIE A(cel)ll FFEt] BAIUAES] EE 29EFY oy ol AHER) WRoE S8l
W EAS AAS] sk Aol AWl Wk oy NiFe ©5HlEte] 2p7|4] 540 25E A4S B (coercivity,
2} oo % uf¢- Qs @4oltk GMR-SV HlolL Hoo 32171 (saturation field, He), A8F&(x)S vlwsk
APdaAte] A wAIRE o APIREE T 23w wiAl g AL oln] ®Barwo] SIthe, 7).
2129 (lithography) 374 5 Wskel 2}7)1x3 5/49] A N2 AT GMR-SV A2 G8Ee 23S 2
FAE A8 =M, o Yot Wi AU HE A NiFeCuMo BHete] 73-¢-, bluke] 71RAQ] EAJo] Stng %
e} QA W AMIS we AAEAEY] 58 V) o] WAIS] FeMn, PtMn, IrMn BHekS Zako g &
ZEAR] A1A A4 disk 8 7FsA i, 2). NiFe-NiFeCuMo(ER* AH5-)/Cu(B1Ad%:)/NiFe-NiFeCuMo
7)E AW Es Stk A7 wHeE <l (R 14%F) A2 33T GMR-SV tEHERS Al
3 H Azt vlo]AIXEA GMR-SV &ALE o868 & Aot AR BEAS v dE AP EE
Je 7FsAde]l dxlon, -8k F SRl BARES A7) 98k ARRlE cuel FAIE FHZFA 7o d), K

ol &3t S7E Aol thet B2 #Ale] HoAa gtk wh R 2Ty S 83l GMR-SV ARl APRHE

P AT} Hoh PR 2AAHS e 18F 8 wol UlE % e R4S nAsl sn, 1gFe &
A6E Eute o) A Al ZAY tad me] MBS A8 §ol%oR Sl AREE Lol WO B
GMR-SV 2418 /Rste Zlo] Basleh3 4. wlolo Ml 34 A7loldye 2= fudhg),

BEele A3 AP 1pT oleke) MM AP 2 AR B Aol AR XA wu] oig 4718 54
A QAE S Qi HiEkagte] spde] WHow tiEET o] ths] NiFeCuMo BEEMIERS o]ew) AwE]y wioz

=
AE oA 7129 HE=Zo](permdloy; NiFe) HlHT) Z2Fste] JAA NiFe vhel Alolol] A F720 2 A
ZARY EAS 7K 7% GMR-SV &Rl tigk 7t 3l [NiFe/NiFeCuMo/NiFe]/FeMn tisalat] teh w3kAag)
A
=

o] A1F3ItH4, 5. 2] (exchange bias field, He)? BAF (He)ol thet Ad2
S AWEgith 1A% GMR-SV ZAlllA vz H4 Cu
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LAT=E> [NiFe/NiFeCuMo/NiFe]/FeMn thsatake] wahAste s} ajed)] 3k 54

T E NiFeCuMo ¥21& NiFe vhe} Ajolol] 4HR18H [NiFe/
NiFeCuMo/NiFel/FeMn TRgH1Ele] m3hA3 2] (He) ) HA
2 (Hos AT

Hhako]l e AIRSLS Corning #7059 glass 9o o2+l
ZZH(ion beam deposition; 1BD) A|2=HlS o]83le] 220
Al AT o] 3214 ERllo] ARE 2 (ultra
high vacuum; UHV) o]&%] AJ2~ElE 712 JF&r) 1x
108 Torro|™, AME3F o]& AL 27 3cm 4% T2l=
(gridyE Zb= 7=t A2~ (Kaufmann source)e]t}8,9]. o]
H el Bash o=t 7R E9R 0.2mTorrelH, F23h&
% F3 ddEE A 7K AL, S (anode)e]
7]k, o] 2R Mk B HFS 2 120V, 30V, 800V,
6.0 mA°|t}. 800eVe] AURAE Zh= ofZ3t-ol2(Ar-ion) H
(beam)e] EFol| YAI=EL Ta, NiFe, NiFeCuMo, FeMn E}
AL} AR} 2~HEE) RloE FAdEo] 7| SR 919
=2 294 Ta, NiFe, NiFeCuMo, FeMn EMAle] 282
Z¥z+ 0.020nm/s, 0.13nm/s, 0.13nm/s, 0.15nm/s°|th. A8
R A% 3mm FA°] ¥3 NiFe, NiFeCuMo, FeMn
EFL 4N 52 7K1 9on, 94 AEulE= 747t
NigoFeo, NizzFenCusMos, FesgMns|Th.

%4 Ta NiFe NiFeCuMo, FeMn ©< H2-S EDS
(energy dispersive spectrum)© 2 H-233F Ax}, BE-ELS v
A=A 3kl e gle] dAt ARHIE 2% oJulE A
o] YAt 2ol S BE APAS] AlEe S
g o) 71 3500e 715 2t ATARIS ol8sl ¥
oS F=strt. AR whte] s dut 2H |9 (o-
stepper)2} XA 37| (X-ray diffractometer; XRD)S A&
alo] ZARRIAAL 2x 2em?® 9] F2 ] WelA ddE
S RIS} 8olF(easy axis)e] WFATE (He ) EAL
H(Hoe 492 A7 AE 4 A2Flog AL A3} §ol
=2] oW A}7]A&H(anisotropy magnetoresistance; AMR)
FHo=2 F3Tt

. Agdnt 2

K
[

ZA213S ZH= NiFeCuMo ¥R 1171% GMR-SVLE
MTXmagnetic tunneling junction) 2~A}ol] 28514 =W o}
w7 2 FAE B 4= ATH7]. NiFe/NiFeCuMo ©]3
alek Aojof| vz F4 Cu & 4HE AlLOs, Mg
AFRIE GMR-SV B MTJ 2tollA] 31 A5t
A5 Ateldl FAde HIRHITY FAZE LnmellA] 2 nmd

Rl o oly
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Fig. 1. (@) Sample structure of glass/Ta(15 nm)/NiFe(8 nm)/FeMn
(trevn NMM)/T&(5nm), (b) the exchange bias field (Hex) and the
coercivity (Hc) of pinned ferromagnetic NiFe layer with different
thickness of pinning antiferromagnetic FeMn layer.

wf A AZZIE o 03nme] 3k ZHAl Aot o714 HiRE
3% Atol2] NiFeCuMo v orange ped &2 Qs
ZAAAg0] Wt A7 (stray field) E3te] WS koA 2}
2ol 7L U= 5438 fofwElAl Ho7). olHg A
£ 2] fEiMe 71E AAPIAY] AWS HeskAl &
A& 4= ofok gt} 71E FAIA NiFee] Alds FA18t
+ NiFe/NiFeCuMo/NiFe 4=5HHtell A spin polarization®]
e NiFerth Zolkd 4= glojA GMR-SV &xke] A7]#{3;
H| (magnetic ratio; MR)= W8HATE (He) HA (Ho)
Hajo] of&=g Aol

Fig. 1(ar> NiFe 1=} 9joll wEIAdA] FeMn BFhs 3
23} glass/Ta(15 nm)/NiFe(8 nm)/FeMn(tyire NM)/Ta(5 NM)
tEat S TAIGE Aot Fig. b} NiFe HH 9]
AE FeMn B1re] FAIE 12 nmellA 20 nmv7HA] 2nm 7H4
o= Z7MEE W ngHATE (He)d BAH (Ho)ol WskE
e Zloldt. Fig. 1(b)elA FeMn ¥leke] SA17} 14 nmd
o) WA (Heel 543 S715td 18 nm7HA] 86 Oe]
HAZES Lo, 20 nnellA] 79 0eC & AAE] 7Hast
Ak, 22jal BARE(H)S FeMn BHeke] FA7L S71etol
wEt YAl AskT wEbA] [NiFe/NiFeCuMo/NiFe]/
FeMn Thsaboll ] =2 WA (He)ot W HAR (HY)
< UYEES W3 Ta BHte] FAE 15nm, ZAP3A)
NiFe vlko] ZA1Z 8nm, 28)3l ¥WAA] FeMn BFEke]
FAZ 18nm= A3kt

Fig. 2= NiFe dH} xlo]o] NiFeCuMo BFRS- Atqlsh A
FHhke] 2718 5A4S ZARE Zlolth Fig. 2(@e glasy
Ta(5 nm)/[NiFe(10 nm-tyir/2)/NiFeECUMO(tnirecumo =0, 4, 6,
8, 10, 12 nm)/NiFe(10 nm-tyied/2))/Ta(5 nm) AFEte 2=
TA13E Aotk Fig. 2(b)= NiFe Bhet Alojol] AFQ1EH
NiFeCuMo B}re] FAIE onnellA 12 nnvkA] SV HS

ek
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Fig. 2. (8) Sample structure of glass/Ta(5 nm)/NiFe(10 - tyir/2 Nm)/
NiFeCuMO(tnirecumo NM)/NIFE(10 - tnir/2 NmM)/Ta(5 Nm), (b) the
magnetic saturation field of hard axis (Hys) and the coercivity of easy
axis (Hec) depending on the thickness intermediately super-soft
magnetic NiFeCuMo layer.

o) &= ¥3x17)1 % (hard axis saturation field; Hud@h &
o]% WA} (easy axis coercivity; Heo)e] W3l= Rl A
olt}, NiFeCuMo “Fte] FA17F 4 nmYd o ek ¥31A}
7 (Hue°] 23] Tasitl 8 nmeilFEl= Lgsi 2
23199t} 8015 WA (He)> NiFeCuMo BHete] 7|7}
Z71el wet $ksiA 2HAdtcbt 8 nell el FElst
A AsiAoH, 122nvkA] E7A173S o 0.350es UHEF
Aok, NiFe ¥t Alolol] NiFeCuMo B}2re] A7} 4 nm,
8nm, 10nm, 12nmoE FAYEFE A3HE-())> 2500 H/
m, 3200 H/m, 6000 H/m, 7000 H/Me.E AR o= Z7}s}
$AcH10, 11].

Fig. 3& NiFeCuMo Blhs s S50 = NiFe BHt
Aolof] AFieh Atk 9ol WAl FeMng: S8 T
el 214 5A4s ZARE Zlolth Fig. 3@ glasy
Ta(15 nm)/[NiFe(4 nm)/NiFeCuMo(tnirecumo  NM)/NiFe(4 nm)]/
FeMn(18 nm)/Ta(5 nm) TRZHE2E EAISE ZolH, Fig.
3(b)= NiFe qHe} Atolol] AFigh NiFeCuMo ¥Hte] 715
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Fig. 3. (8 Sample dructure of glass’Ta(15 nm)/NiFe(4 nm)/
NiFeCuMo(tnirecumo NM)/NiFe(4 nm)/FeMn(18 nm)/Ta(5 nm), (b) the
exchange bias field (Hex) and the coercivity (Hc) variation depending
on the thickness of intermediately super-soft magnetic NiFeCuMo
layer.
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Fig. 4. (@ Sample structure of glass/Ta(15 nm)/NiFe(tyire M)/
NiFeCuMo(1 nm)/NiFe(4 nm)/FeMn(18 nm)/Ta(5nm), (b) the
exchange bias fidd (Hgc) and the coercivity (Hc) change with
different thickness of the bottom NiFe layer.

onmellA 2.0 nm7kA] 0.5nm 7HEo 2 ZTIAZS w) wshkad
3= (Heod BAE (H)o] H3lE yehd Zlolth Fig. 3(bjell
A1 NiFeCuMo B} FA7F onm¥d o Fig. 13} o]
glass/Ta(15 nm)/[NiFe(4 nm)/NiFeCuM o(tnirecumo = 0 nM)/
NiFe(4 nm)]/FeMn(18 nm)/Ta(5 nm) tlsabettzzollx o] w3k
A3 (He)2 860e0| o}t NiFe HHet Atolof] AFelgh
NiFeCuMo BFete] FA17} 05nmYd o) & ZAAA57ke] o
AMdslE slodg 535 0e7kA] AA| Attt 1E]al T
LOnmellA 77 Oe7kA] 718159 1.5 nell AR 94
3Kl 74319t webA [NiFe/NiFeCuMo/NiFe]/FeMn T
dhatoll A SRR H S ZIAMEAl NiFe BHRe] FA17E
Anme]aL AR ZAAMS ZAMIA NiFeCuMo BHke] A7}
1nm¥ o E7FoE =2 WIEE (He)S RT3l

Fig. 4= Fig. 3@} 5L tsutatyzxeA AlSlE =4
Zd Z3AM3A NiFeCuMo BHte] #7415 1 nm= 378A17]aL
S Z3AM3A NiFe BFRe] FAE 0nmellA 5 nnv7kA]
1nm FA0 2 Z7IZE o wgPASE (He)t BA (Ho)
o] ¥iglE VR Zlolth. Fg. 4(bpllA 32 ZAM3Al NiFe
whke] FA7F 1nmYd o thh w3HAEE (He)ol 243k
o 2nmelAFEE oA F7FIAH 4 nnellxls 77 Oed)
HAZES e oM 5nmellA BhA] s, 12lar B
A (Ho)e 3 A3 NiFe vke] FA7E S71gl
we} 110eFEH IGsHA TAsTh ek Fig. ()t
Fig. 4b)e] AAaalM & 4= l5°] [NiFe/NiFeCuMo/NiFe)/
FeMn Ti5abtol| A a172 Bl S 23284 NiFe BRte
FAZE Anmelal ARRIE AR Z3AMEAl NiFeCuMo Bt
o] FAZE 1nmd w =2 w3EFTE (He)H 2 B
(Hoy= YERASITH
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LAT=E> [NiFe/NiFeCuMo/NiFe]/FeMn T 2e] w3

o] Z4= NiFe Bl 1423} o] NiFeCuMo BHHS
A1Is1e] olZutEle SR A7 1A (MRS Ik a g
(Hedol A S48k BAR(HYE Bad & Sick 2 <
el ARSI TS NFe WUt 2155 NiFe vt
Alololl NiFeCuMo ¥j2he: A1gtale] ¥ 4714312 2]
shel P ARRLES 2 Wjol oS GMR-SV &
A2 B8 & Y& A0 lrheck(s,13]

v. & =
NiFe/NiFeCuMa/NiFe 51120l NiFe Bhet Afolel] 4
A3k NiFeCuMo 2Hte] 7S Onmoﬂ/ﬂ 12 nm7HA] =714
Zﬂ% o = __jz._gl_;(]_ﬂ?ﬂ—(HHS)o] FAE o].Oﬂ];]_ =3t
‘%% s T = NiFe BHeE Alole]l Abelst
VA FeMng S35 tigHtEtoll A Sl
% OXVéZﬂ NiFe 2] 5771 4 nme]aL ARSlE:
ZHX Vé A4 NiFeCuMo BHke] A7 1nmd o) &=
< WA (Hp)tt e BAE (Ho)yS VI 714
SH- AHS NiFe BH) 235 3145 NiFe 2Rt 9]l z42¢
NiFeCuMo BFhS ARRletaL 1 Atolel] HIXPEA| Cuel 57
£ HHslsl] =2 A |ARRE FABIEA i Agt
S 2 ZH= ulo] QA8 GMR-SVARIE 838 4= gt

o] =g AR-rEHETlER)e] AheR FEdTAd
o 712974 Alge ol F3E AU (No. 2010-
0024665, No. 2011-07552).
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Exchange Bias Field and Coercivity of [NiFe/NiFeCuM o/NiF€]/FeMn Multilayers
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The exchange bias field (Hgx) and the coercivity (Hc) variation and change depending on the thickness of intermediately super-soft
magnetic NiFeCuMo layer with different thickness of the bottom NiFe layer were investigated. The Hey of triple pinned NiFe(4 nm)/
NiFeCuMo(tnirecumo = 1 nm)/NiFe(4 nm)/FeMn multilayer has the maximum vaue more less than one of single pinned NiFe(8 nm)/
FeMn layer. If NiFeCuMo layer is inserted each into between the pinned and free NiFe layers, we can be used as GMR-SV device for

a hio-sensor that has improved magnetic sensitivity.

Keywords: super-soft magnetic property, conetic(NiFeCuMo) film, multilayer film, exchange bias field, coercivity
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