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Single-Domain and Magnetic Properties of a Soft Magnetic Underlayer Plated on an AI/NiP Disk
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We propose a noble stacked soft magnetic underlayer (SUL) with
the so-called top-type pinning structure, which consists of a soft
magnetic layer (SM layer) fabricated by plating and an
antiferromagnetic layer (AFM layer) deposited by sputtering, on an
AUNIP disk. Through investigation of the structure and magnetic
properties of this stacked SUL, we clarified the following points: (1)
the thermal stability of NiFeP plated on an AVNIP disk is 280°C,
which is the crystallization temperature of the amorphous NiP layer;
(2) to induce large unidirectial magnetic anisotropy in the SUL, it is
necessary to introduce a soft magnetic buffer layer and apply dry
etching to the NiFeP surface; (3) a unidirectional magnetic
anisotropy field can be induced in an SM layer fabricated by plating
as well as in one fabricated by sputtering, which results in the whole
disk having a single-domain structure.

Key words: soft magnetic underlayer, AI/NiP disk, plating
process, top-type pinning, single-domain structure
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EEBRSH ST, RERBEROWSMER D7 DIz, B
BitB~ > FIZRHET 2 BRI~y FRBEREREO—EE L

THSRE T DEREMERT B/EIE (2 100 nm) ZFRTDBEDBHS.

—F, ERREMEEST LD S D RA 7 ) A %4 57201
BR T, BESHIBRIRS & AW - RS EOBEA A
WREEZZBNODHD DN, ThEEET DKoM ER
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FRRSEDZ ENERERBARTHD LEZXTVD. T
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PR b7 e SRREBEMEI D7 O DGR Y & K T4
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Fig. 1 Schematic view of the stacking structure and

corresponding fabrication method for noble soft magnetic
underlayers. SM and AFM are abridged forms of Soft Magnetic
layer and AntiFerroMagnetic layer, respectively.

TiL, Ho XERREMEBELT Al EARE FV V2 wop type SREEMYBGR
RétE (FerroMagnetic/AntiFerroMagnetic: FM/AFM) FEERBTH
RO BRERALIZ DWW TRET R T o TR 2 BET 5.

2. KBRAE

U xy hFut A, SR CEESAFTRE ChH D ESR
R - EEE AV, BN, EERRDOIZDDTENLNT 7
ZNiP @ (E&: 12 m, ¥y —AFEX:300 Hv) ZEEMHD -
LT 254 F AT 1 A7 2RV, BREEEMENTIT, 41
IENIiP L EHROHERR - BEEER R AMEA FTRETH D NiFeP (100 —
500 nm, B;=09T, H,=2—-3 O¢) #iEIR L, AUNIP Z{fk bIZFEMH:

Table 1  Electroless plating condition of a soft magnetic layer of
NiFeP deposited on an AV/NiP disk.
Bath composition: NiSO, 13g/L
FeSO, 28 g/L
NaH,PO, 55g/L
pH adjuster 100 g/L
Complex agent  Adequate dose
Plating condition: pH 9.6

Bath temperature 80°C
Deposition rate 4 um/h
Membrane composition: Nig,Fe, P, (wt. %)
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{EBERET Z LR BRI LTz, #E72 - Z &4 Table 1
\ZF & 7=, NiP &7 5N NiFeP BOEE X, 2aA F Ly
U A& RO & REHE R EIZL T 03 nm £ CTHE
{LEXETWE. R kR TiL, AUNP/NiFeP BAROFEE
BArHRZED FIA Ty F U T EfTo7%IZ, DC< 7R b
a0 ANy &) RIS TR AT o 1. BRI T~
TR E Uiz, SBHEAMEHZIE CogsZrNby; (at. %), NigFeo
(Wt. %), CorFes (at. %) %, BOBRBEMERBHIIX Mgl (at. %) %
R, %, 54 27 BFR~ORBCESMFHEDT-D,
A 5 A v F e o ANTE BITRER I R E 1T o 72
IBLERCIE, RIS 7 —&—Ii2 1000 W OEBEAEZHRA
L, FHGREE 280°C IZHIY$ 5 85 Bb& LFRE U CEABAR:
FA#IET 5 - Lic L VB e, £, MEMEICITERRR
FEMS30C AT & 725 K H 800 WRIBHAGHI L=, FIIMBERIT
F 4 A7 BIFENT 600 H>5 1000 0e ThH 5.

FARDTHEMERE O 72 D OBYAFRIZIE, RROBER gL
ABHBF v o _X—2F A L. BULEY, FINRT e —
Z—\Z 1000 W DEHEIRA L, FAREEE 340°C 1TH495 100
WE LRE L CTEHBRARRZHET 5 Z LickviToT

B ORES I VSM, #E Kerr BBEICTHRIE LZ. £
REF TR T B LR AT U CEMIl Uiz, ARAROATIE kA
A EESHTE (SIMS), X BEETFO0EE (XPS) Ik ViTo
7. SIMS D—kA A FEE LT Cs' A AV @R L7, BEX
HEiEIE He-Ne L —W—% AW RERHEGEESEIC L 8l
L7c. ¥, BIECHVZ3EHT, FREEE2EE LT i nE
FTHLEDHORETH S,
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31 &> EREMEEREROTERME

—fIT, FEBICIEREMERL IAEE A TR S DB, BI UK
BEMET B — RS R AR S DRI, N
BRMELRBEENHB. LT, SEHER L - ZEE
PR HAR DIHBMEC DUV TRRET LTz, Fig 2 121, HIEARFRH]
2R 5 8 - X BRBEMEERT EAR D, (2) inplane 7 H, (b)
out-of-plane J5A10D X #REYT 7 01 7 7 A V%7~ . inplane 7’1
7 7 A VORIEOBIZIE X MAK A Z 04°L L2/, (a) O
#7a 7 7 A MIFRERIB ORBENE NiFeP J& DA D PIREAFE
FUEEDERERMT S, @) DT 77 ANMIERTDHE,
as made TiEE & LT NiFe fARRDEHHRRA BRI S 41, IIENE
EE EASETHTu 7 s AU EAERL Lieh ol ©
DT e, HRREME NiFeP fEid 340°C £ TONBYAEIZX LT
WERLLARWZ bbb, —K, (b) D777 A MIE
B 3E, 260C F TOMETIE Al B L < i3 NiFe FHERDE]
PR U BRI E LTV Rngs, 280°CEL EICEV: S & BT
36.5°, 42.0°, 46.5°, 52.1° W HFl-/eEHTRB BRI, Th
& DEIYTHENT, hep #ER BT 5 NiP, HOBMENF — o & —F
T5%, ZOZ LIV, P REHTROERIX, 280°C LA
I B LICEVTELT 7 A NP BARRIELTIFE L
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Fig. 2 (a) In-plane and (b) out-of-plane XRD profiles for
AI/NiP/NiFeP substrate annealed at various temperature.

6
© 4l
o
Ix
2 2L
ol . e
0 100 200 300

Tanneal (OC)

Fig. 3 Changes in the magnetic anisotropy field, H, and
coercivity, H,, of plated NiFeP on AUNiP disk as a function of the
annealing temperature, 7.
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NiP, I Toh D LB SN B, 280°C LA LITHE U730k Tid,
Ni HEEROHIZ L B &5 2 b ARE ORI LRI
MBHEERENTEY, TEALT 7 ANP BBERELTHAZ
ERBMITTVWA. Fig 3101, - XEREERBYT IR DHNE
BEEICxT9 2 BGHRER H, tREES H, OB bE 7R3, HEhat
DEEID H,, HJIFNFN 430e, 220e THHN, NEVEE
- DLERE L BITETICHED U, MEEE 260°C 2BV T H =25
Oe, H,=100e £ THEEEALT 5. MBUEE% 280°C LA EiZg%
ETDHE H, H &HIZRBIHEKRL, BESEE»SILT S
TENDME, INLORREEI DL, AEERLUE
o X WM AR OTHEWEL 280C, ThebbTEALT 7
A NiP BORGALIBEIC L > TRESHTHA Z Lbhb.

32 o ETHHMEEMAREIRERLV:
top type E > = U BITHIROFEHESt

o FEREMES AV BT BRI ORI B A UL, —
HRERR T 5T DRETEIT o7z, Fig. 4 123> 8K
REMEIE 2 R T4 T A CRIHMERB 2 RIE L, BITHES
KA BT 57200 top type B2 =2V BHERERT.
HDD OEMERELI T DT 2 v X2 JRESH T 5 AFMSSRhL
DR AT B DICiY, KRR OB BRI
BHULERH DY . FZTAHENS, Mnlr % BEH SRR &8
HZERBERLT, »Ho BB L KRR & ORIC
(111) HEECFURLED 7= O DEREMHAEERE (Soft Magnetic Buffer
layer: SMB layer) %3%\J72. BRERROREHEFHILITOEY T
bBD. T, Ho THHMENERORE Y FoA =y Fr 7
TAHZ LY, BEHE NiFeP RBOHEBLIRrELE.
T, Do ZBRELRIN Ay & ERRLOEMIC G 2 D 8% HE
BB T ENAT 7 X CoZiNb BAERIT, fec(111) HEEL
LD Nife &, &VW—FHREFHEER 4 EHOH
CoFe J& © %NEKGRIT 7=, BORBMEBOTFE, SROBED~y
RFRBEKEROBLUENDITAR— I n R LD, 2 TH
BHZIE, RIS CEO L ZEHTE S Ml 28R LT

SMB BIREDWFEIZ DOV TBIZHRAT 5. Fig 5i2iL, #
EEHTiD 7= Mnlr &% 20 nm LEHRL, SMB &% (a)
CoFe D%, (b) CoZNb/NiFe/CoFe & L7-3%t® out-of-plane X
BEHT 70 7 7 A NVERT. () DBHEROREITIZ Mnlr 48
(111) Fh>5 OEFTFEREIT/ NSV, SRR EE 2B AT
B ECL Y, EYTHBREII S 5~ TREBRYIZEEX L, Mnlr
F (111) FECEFSRBIY BIFICESRRET S L 512725, SMB
BE A RET LR, CoZiNb J8, NiFe /8, CoFe @OEEIL%
NEN2mm, 3nm, 5nm U EVNETHBZ ERbhoTz. L
FoECIE, CoZiNb (2 nm)/NiFe (3 nm)/CoFe (8 nm) 72 % &t
ARARRA L7z, M, Mnlr BOBIE, BEET 2T LM
NERRHGRRE RS2V E D IR S Lz kT, R
R REERT D DI BB LR R > TRET D Z
Lz s, E, RBEEEBO T o v X2 JEEIT—RICRR
BEMEBE OB L CER(LT RN H B Z LI biEE
FET 5. AEOBRT T Mnlr JBEIZ 6nm & L7z

BINT, BoE NiIFP RED F7A = F o TN T
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Fig. 4  Schematic view of SUL for SMB/AFM stacking layers
fabricated by sputtering on A/NiP/NiFeP substrate.
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Fig. § Out-of-plane XRD profiles for (a) AUNiP/NiFeP/
CoFe/Mnlr, and (b) AlNiP/NiFeP/CoZrNb/NiFe/CoFe/Mnlr,
respectively. The insets show the stacking structure and layer
thickness of the samples.
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Fig. 6 Typical M-H loop for AINiP/NiFeP/CoZrNb/NiFe/
CoFe/Mnlr with an oxidized surface layer of plated NiFeP. The
inset shows a schematic view of SUL for SMB/AFM stacking
layers.
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FHT%. Fig 612X, HHPOBEBRTRIA = vF 2 JHHE
5 TRUVBERIBIT 5, #t Kerr 3EBIZ X 0 RIE LR
R AR T B LEBRIE (@) BRSREEIC e AT Y R %K T
DRALIBFE L (b) Ho D3 150 Oe FRERILL T BREMEIEFRD 2
FEOR: ABGARNEE LI-RR AT 5 Z L35,
— AR BT DR FOEREME DATH Y, SDBHER
IHRAHRE 20 nm BETHEZLE2ERLD L, ) 13X
Ny &) IEICTERIUT-ERBEEE O, (b) 13- EIRIZT
VERL U7 BBEMEB ORMEIR T B Z L ARSI SN 5.
DT LY, PORRENERG & DRBREAR B KA FukRizky
ERLLT- SMB B TLOARATWVRNZ LERLTEY, A
Ry B Y R TER U7 BEMERE & - ZIRICTYRRIL
ToEREMERE & % RSB S SR B0, Do FEORENEE
DBREVBUETHDZ LR LTINS,

Fig. 7 12i%, SIMS I K> THRIE L7z, - & NiFeP BOMRK
DS FM T2 7 74 V&R, Ni, Fe, P, O OBEHIZIL,
Ty F IR CSTTY 5 R 2L L= TiRA AL DI
PRET S Z LI L V1T 7. Ni, Fe DREEIIRFEH 5 1 nm
BEARy FryF o 7+n 8L, POMEINTTRRE

H—EEE 2o TWD L L bhE. —F, O DMEILRES
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Fig.7  Depth profiles measured by SIMS for the surface of plated

RMED, Fig. 8 LBUZIIA Ny Zx v F 7 L% D NiFeP &
PERD, Ni, Fe, PMiETFHD XPS 7’07 7 A VETT. A8y
FToF L TRIOBBICIIN, Fe, P & bICEMERO " —
IBBRIEND. —F, ARy FToF I EORECIIEML
YREROE— 7 IHEA L, S&BRESIERT S B —7 28R &
N5 EO1272%. U LEOREHIOBRERPD, o NiFeP £
BB bICER T 5 & & 2 S AR SER ST
BY, ZOBERI3ImBETHDZ ENbhoT-.

Fig. 9iTid, REEZ 5 mBE Iy F I Licho%
NiFeP /@ LiZ SMBE & Mnlr J§ & & A %y & ) 7RG LR
B, SUBIRRHEERE R, T 4 R 7 BEBOBMLE T
VE Ho 75 38 Oe BREEFFE SN TE Y, AHMOBMLiRyL, B
HEESR 100 Oe DFFH CIIBHUEE AR D~ A F—N—T%
< Zedibnnd. DEXY, SBMEEEEOBEAL RS54
TyF LT TawAOBERICEY, top type =1 FTEHER
T o FHHMBRIC — MR RETHEEFETCE 528D
Mo,

i, SERRIL T3 top type B =2 ZRETIY, ARIBEE%
OB RS MBS RN HFEINTEY, £0—F
MRERE MY, FAROSTEE R A3 B IREHEICB O TIR
FEG DB FINEL « BEMERRE IR DT Lie o 7o,

rad.

Fig. 9 Typical M-H loop for the AVNiP/NiFeP/CoZrNb/NiFe/
CoFe/Mnlr removed oxidized layer from the NiFeP surface.
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Fig. 8 XPS profiles of (left) Ni, (center) Fe, and (right) P for plated NiFeP. In each graph, the lower and upper profiles correspond to those for

the sample before and after etching, respectively.
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Fig. 10 Changes in the (a) exchange field H, and (b)

unidirectional anisotropy constant J, as functions of the total
effective thickness of soft magnetic layers, Mdy, for SULSs
fabricated by the sputtering method (A), and plating and sputtering
method (@). The views on the right show the layer structure for
glass/CoZNb/NiFe/CoFe/Mnlr (A), and AVNiP/NiFeP/SMB/Mnlr
(@), respectively.

33 o EHRHMIEOEBRE

Fig. 10 (a) {Zi%, AUNiP/NiFeP (x nm) Foti_bIC /RS U 7-5dmk
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H7=RED, VSM T & 0 I U7-B L rb#R) » bk Te H, DEE
LA BHATRY. 7T 7 ORI HEEMEIROIZNRE T
& B EAFIR L & BB & OFEORTI Mde TRLTHD. I
B DD, WEEMEE NI A Tav AR TIER L
glass/CoZrNb (y nm)/NiFe (3 nm)/CoFe (8 nmyMnlr (6 nm) 725 /&
BROREIOTHHES A L ERTORT. ZOREOHEIE, 7
E)NT 7 A CoZiNb EORBEABILEED Z Lic kY, HdwE
BORER I EE D Z <, BREEEOESEE A 2L S
HTWE., FIA T ROKRTER L-BRHIERT5 &,
Ho b3 Mde DB E & HIZ, KRB LT, Ho&
RS A PRV VSRS REL LT H, RO AR L TR
0, TOLERE U Hat, BT Mde = 160 T-nm D%}
TiL, #18 0e Th-o7-. Fig 10 (b) 21X, T HDOREEHD
Mnir & & CoFe [& & DR MEIZH< S %

J =Md.-H,,

R AR Lo R AR T SBMEE NI A Pt xn
KRR U730 CIY, ATElRET U7 RS Tl A 13 0.18 -
028 erg/em® FRE &1 L, My DE(RICH LIZIE—RE & 7207,
—75, o ZEBEEIEE VBT BRICRE L 40, 011
~028 erg/em* BRETIEHDWVTVAR, R FT A TR0
HCVERL U= B BIROBFA LM —B LTV 5. LLEDRE
B, vy bTaRRTHDHH o BT TER UK
FRAWCYH, NI4Tt ROBTHER U 8REHER & R%o
RRFESHMR A ETE D2 L, IabNE~y FREFSEE L X
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(@) (b)

Fig. 11  Domain structure of soft magnetic layers for samples
with stacking structures of (a) AUNiP/NiFeP and (b)
AVUNIP/NiFeP/SMB/AFM, respectively. For both the samples,
upper, middle, and lower images correspond to the domain
structures of the inside, middle, and outside parts of the disk,
respectively.

RA Y ) ATHEE DR VICL > TREFENDEBITHE
DIEE % > X HHMEBEEIC L VI TE 5 Z L 2R L
TW5.
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27 NEBINCBIT D BERBFRE COBRMEEL =T, L—
P—2 Ry FNOBAROFERIY, FNEIRERE— A FIE
B bmE, FTRAXESE2ETIHECHDZLE2ERTS.
(@ TIE, T4 ZAZHOWTROBFIITEBNTH BROBABA
BMXav b2 B8RS, 7oy FENTFETHZ L%
RLTWS. —F, (b) TIET 1 A2 ORAE, $E, AENT
NI CHARAR DY b IR MIBRISh BT, T4 X
7 2mEIZhlr o T u v RBEEOERBPIH N TNHZ &
Bbdb, ZORRID, E-58RBHEREEL D - XIRICIVE
LB BBIZRBV TS, top type =7 DOEEREER
BT 5 Z L LY EBERAEBROLND Z LB LS o7

4. F&H

MG A (E) ORI - E e R X D ERIL, H
D8 XEEMEIRD 7 1 o RBEEERIHI D 72 8 O Bk RE &
ARy ZY 7 Ta AL DR OPHRETOEAERL
7z. 8- & NiFeP SRBEMEAEST AVNIP Bl 5 VM7 top type 7
V= v 7 SERE M RORRE MR BT HIR O BERERAKIZ DUV TR
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