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High MR Performance of Spin-Valve Films in CPP Geometry
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Methods enhancing GMR characteristics of spin-
valves in current-perpendicular-to-plane (CPP) geome-
try are reviewed. MR ratio and AR of CIP-GMR (Cur-
rent In Plane-GMR) have been extended 10 to 20% and
2 to 4 Ohm, by using NOL (Nano-Oxide Layer) specular
spin-valves. Spin-valve films with 20% GMR could be
applied to around 100 Gbpsi. If we have no more steps
on CIP-GMR, we need next generation of read head
material for recording density over 100 Gbpsi, such as
TMR (Tunneling Magneto-Resistive) head. Although
TMR head seems now reaching production stage, there
are some difficulties for extending to higher areal den-
sity, that is much higher resistance than current CIP-
GMR head due to tunnel junction. CPP-GMR (Current
Perpendicular to Plane-GMR), which is another candi-
date, has advantages to these points. However, CPP-
GMR film performance of CoFe/Cu based spin-valve is
not so enough that over 100 Gbpsi magnetic recording
is realized. In this paper, we present two meaningful
approaches to improve CPP-GMR performance and
mainly discuss the GMR enhancement by replacing
ferromagnetic material and film structure of spin-
valves in CPP geometry.

Key words: spin-valve, current-perpendicular-to-plane
(CPP), giant magnetoresistance (GMR), spin-dependent
interface resistance, spin-dependent bulk resistance,
confined-current-path (CCP)
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Z2E V7 45BN Nano Oxide Layer ZF\ /- NOL
ZRF 2 SHRAI L EDT KN R b GMR EEOEA
T, £ 100% i &% 3 HDD O HEE DU %S|
LT/ GMR ~ FOEHAELD, T ETREMEE
IKRENDDDH B,

BTDOCIP-GMR ~» F T3, NOL 2 R+ 2 584 H
WizE LTH, £0 MR H (16~20%) & & UHBEHRZ/LE
AR (3~4 Q) » 5, 100~200 Gbit/inch? HsfRR & FHRll &
h, BAKKEESTOHTVWS by XAVESERV
TMR ~v Kb, ESEBIROGX LM V2 ANY TOER
FHSHRHEORIE £ A, 100 Gbit/inch? B~ DLk I
IREERI AL,

FITRRD~y FEFELTABINED TSR D
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P, T I THY EF3 CPP-GMR T& %4~% GMR #&E
HRKBRZEBT N F TOEABEER (Current In
Plane: CIP) &3R4y, BRAREEEICGETEERSE
%4 CPP (Current Perpendicular to Plane) i3, CIP {Cls
NT, 7Y —B/RAR—HYB/E VB, OB RE KT
Fz=y DO MRHESKZWVE V- EBICNZ T, KR
DRV, BURBICEN S, BEMEESAZ(, LOKE
e v RERHEZ 5 EREMDSH 5, CPP BTHED 2
Kk F v v ZALICELTVWBRE, ~y FNOBHAO LT
LB OB EMD TV B,

—7%, T®& 51 CPP-GMR &3, R Y ViLEEOH
FICBELTVB I L ENS, ERMBOHEN,S D, R
Evov 7EES X A TR L BEEOHASBRA T
bh, CIPLDbMRESKEWIEMHEITATL
69)~12).

UL LEHs, IhEFTORE VNI TEICIP-GMR &
[EcZA L T/ CoFe & Cub 5745 CPP-GMR #iE T
3, MR BLUAAR (A: ZFiERE AR EBRE/LR)
P, FAFNH0.7% £#05mQum? &/hs<, 1HEL
rogiebrBERaN S, hid, AN TRIODE
i3, FEER (8% RERWEELE) B2 VHEEL
2= FOIEBICHNXTOEOREVLDTH S, O
AAR 2 EH 3RAEL TR, ARFa253RAE VNV TR
CIP-GMR T{#5 NOL 2 VW AHE L L E N TV 359,
AR (A: FmEH, R FFER) »1Qum? LI EDE AR
T, bryrABESLELCHELEA 5 Licisy, CPP-
GMR HEEOSEHEELIc 13, BRKEBMH L EEBEDR
B Rl LRETPSLETH 5.

AR TI3, R v/ 7E CPP-GMR BEOR#H%E, O
SEEBEBROZ -4 CuBLFEICERPERLY, RET
DR RESESEE L TGMR LFS5 9 5 CIP-GMR
KX LT, BROSBEEZECHEN S HDICRE VRE SV
I WEOFE M KEL LS, OAIBTEREEE
IKHANTREOKSEBEIC/DED, ©2E8EEZ, mt
BThd7)—BBLUEVYBRNTDRE AMKENLVIE
HAHmAXE S 22BMHORNT L BERLHEN 5BHRO
PAEICL B2 VREREBELOBENER RS- FEES
DOHZEF A hilyic, 200 Gbit/inch? U EOEEEFEE %
EBT 32 E /L 7E CPP-GMR #EOSHebo
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o>V THRX 3,
2. CPP-GMR HBEEDitREEHY

2 v 7R CPP-GMR #EEOSHfEL 2 ER LB
MEIE R v THEBEEED SRS BiIch oD, 200
Gbit/inch? Y L OHEHRHEEEBHL T Lo itk
S ZEEHEICOVWTRT S, BRELLTE RTo
CIP-GMR ~ v F, BAFEHD TMR ~y K& Ihh 5D
72& 125 CPP-GMR ~ v F4id 3.

Fig. 1ic, {maBREE cERIN S CIP-GMR #HED
HHE(ARS) 2789, 7 KNV X M EHTdH 3 NOL % <
* a2 5%2AL TS, CIP-GMR @ ARs 12 3~4Q (MR H.
IZLT156~20%) HMERRDI®, RiICEERIECHENE
B L Td 200 Ghit/inch? DRICFBR E 2. F1, HHE
BEE-TE/LTMR ~y K3, Fig 2 CALEHRETE &
~v FEROBRERTH, Y 7IRIAOIER T AR 556

10

—&— Contiguous Junction(Longitudinal Recording)
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Fig. 1 ARs requirement vs. areal density for
CIP-GMR head.
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Fig. 2 Relationship between head resistance and
areal density for TMR head.
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Qum?M»53Qum? & TFhH-oTIHETWS, LhLh
5, 200 Gbit/inch®? T3~y FIEHA200Q 282 35
BEIERLY, Ny FFNLRELTRHRILT BHELWET
ATH5B. TDLSICEFTCIP-GMR ® TMR Tl3tiets
HBWHIEDIR XD LTWEY, T~y FBEELELTYL
73 CPP-GMR T3, z 0#EHEEORBb o L5 -4
b DERTEM SR ZM4EHH B, Fig. 31 100, 200, 500
Gbit/inch? DR EBFEE TERINEZ Ay NV THY
CPP-GMR #EEDH:RE (MR vs. AR) = v 7429, ERX
13 MR LA CIP-GMR IcHERT/NE WL H IR A 345,
CPP-GMR DIB&IC 3, BRSEEL2EZEL THEAS
wic, B, THIE, RGEHKERE, ++ v 7BOrTNTHE
DL, 2EKOBREESLTLES> LD TH 5.
DX D ICHFEERS EFELE SN 5 CPP-GMR T3, 7
DB/ AR—YB/EVEBOLIEERAE VEEL2 = b
D MR %, CIP-GMR LI EIREL T3 06EMNHS. b
A1, MR D589 0.7% £/N& W, CoFe/Cu R E v/ T
B CPP-GMREETH, ZORE VEEL2=» F D MR
iz KL% 30% &b, CIP-GMR ® 15~20% It~ T,
H2BREWVETH 3.
FEEHRSKELHFEEEL, BER~y FEAI%2 1 mV EL
T, BEEOBEELL=y 79 Td, 700mQum? LI TFo
AR T, 2% U ko MR hAsER & H, 500 Gbit/inch? @
EKHITIFE, 200 mQum? LITD AR T, 5% LIEdD MR H
DBERINB LTS, B, KD REO~y FHAM
PEELENE, ZTOERBEREISIKELBBEIEDDS,
5% LI LD MR s Mmoo HEE 75 3.

3. (F850C050/CU)n EE J2U—6& U o Vﬁﬂ7)

1970 £ D Durand & D 7" L — 719, Dorleiji & D &'
=719 Fert & Campbell'®, &ird Mertig!” itk b,
Fe, Co Bk Lo diThd 2 & VREER (7 v 72
EYEF SO VYREVEBETFENThOY T8y FOIK
o) A3, EERO, HEY OfEs SFEMICHR S, Ni

MR Ratio(%)

001 0.1 1 10
Resistance Area Product(Q p m?)

Fig.3 MR wvs. AR area map against CPP-GMR
film for over 100 Gbit/inch? magnetic recording.®

BELAMSESLE Vol 26, No. 9, 2002

NI | -El ectronic Library Service



The Magnetics Society of Japan

2 Cu s & D 3d R DERMIC & © X B AREFIEGLHE
K5 (4737 FOBIRENSEKRT 3) CLbHligxh
TWa3, &/, CrBEDRMTRT vy 7AEVYEBF LYY

v A VEFOEOA/NBEFZESYEET 5 EBHEXN
THH'", [Cu(2.3 nm)/Co(0.4 nm)/Cu(2.3 nm)/FeCr(t
nm)}, ® CPP-GMR AL FEZEHEHEICH T, Vouille
S5h% GMR R AL T3, 22T, EBESRCQ
SOHREL &I, YUYEBLUZ Y —BICELLLSBM
BlEEZL, LA TS 5 FesoCoso 12 R E VIKFER
HHELD GMR ~NOFE 25, X 5ICBED CulE%id
ATBIET, REVKE VI EELD GMR ~DFEHs
KNigicmbEd a3 E2RBVWHELAY. R YNV THEET
DR ARTF SV BELOHEK E R £ Y IKEIEILOF 5%
RLIZFD TOREFTH 3.

CIP &3R5, CPP-GMR DHIEIC 3R DZETF %1
BT BZHNEMND B, FBES IMEHERB I, BBLSIE
WRECASNV=TRI2ET 2 M)V I 57 4 —IC&->TREB
BHEFEERL 2D Fig 4 cHFTFoEKK & Wi TEM
BERYT. TFTHBEBE/ Y —=v7 L, zOLICHR
2mme DALY SV TEEADC2 /2 bavyzR/Ny ¥
KTHRIEL 2%, #BBL L To SO, 25k, RIE K
X->Tavssbd—NEHFTEREBEERLL. L
MEBERE Yy SV TEEDI V97 bR —VIFEE2
ume »» 5 4ume £ TEILE ¥, FFEHEA G, SEMT
HHlLtza vy s b —VERBTHE L.

2N VTEEORRKIZ, Ta(d nm)/Ru(6 nm)/
PtMn(15 nm)/E Y& (2~7 nm)/Cu(5nm)/ 7 J —[& (2~
7 nm)/Cu(l nm)/Ta(l15nm)D ¥ ¥ I V¥4 TDRAE YV
7 4% B L Ta(5 nm)/Ru(6 nm)/PtMn(15 nm)/ &
[&/Cu(b nm)/ 7 Y —J&/Cu(5 nm)/ ¥ v &/PtMn (15
nm)/Ta(l5nm)DF27NyA47E LI i, EVEE
7y —BREILMEERY, 20EX4FELELLE.

CDEHNRREC YNV THEOREE LAV S 7 bk —
W (B3 —REB) ORKEZINKECRULIESTD, X

Upper Pillar (2-4 pm¢)

Fig. 4 Schematic illustration and cross-sectional
TEM image of a simple element of a CPP
spin-valve.”

AECHABSES3E Vol 26, No. 9, 2002

YNV THEBERTOEBROLMSD 3R TE, ARBX
U AAR DRITEICIZZREASIZ WD,

Fig. 51, SO 7Y —BL U VY BHEM S E R
v /N 78 CPP-GMR #HED AAR D7 ) —[BB LU
vBEEEGETETRT. IS, ME A (@) & CogoFeio,
MELB (A) (& FesoCoso, #¥HC (@) 13 (FesoCoso/Cu)n
HEEME THh 3. #E%E CogFeio 7 5 FesCoso ICEX 3
Z & TAAR, HIUIF ML, &5 (FesoCoso/Cu)n
BBICT AT &ET, AAR I3 & Stk L, BEIKEHHER
FELILB, D FesoCoso i2 & YR DN, R E /KE
REELDOIEKR%E, (FesoCoso/Cu), HBIC & 2 PHE 1IIRE
KM E, R EARE SV BELOWKEREST 5 bDT
H5BH b, EVBBIU 7Y -BEEMNLEDICT
nmoOYYILAE YL TDMRRE AAR 3, MEA
M08% & 1 mQum? MEBIZ1.3% & 1.5 mQum?, #
BlCiz25% & 25mQum? &7, MECHOF2T IR
BN THEBED AAR 1252 mQum2 iciEL, £D MR
Hi3 4.3% & 15 577,

Z®D AAR B XU MR bt Kic > W T, Valet-Fert
EFNVOEROCTHRESBITZITY, 200z E Y
TREE NV 7 BELREU(B) & A E VIKGERERHELRE ) %=
sk 7: (Table ). T TREVB, €vEER—4 Cu
BORME, AR—4EB 2A<—4@L7)-—-BORHE 7
)-8, 7Y -—-BEREry74% CulBORE, REV
T4y CulBDIBIKETAEREL, 0L2DEVER

3.0} ‘Co‘goFe‘m ’
! AFe50C05o
’Fe50C05o/Cu

100
<

0 1 2 3 4 5 6 7 8
Free and pinned layer thickness [nm]

Fig. 5 Free and pinned layer thickness depen-
dence of the AAR. Filled symbols denote experi-
mental data and solid lines denote the results of a
least-square fit by Eq. (3).”

Table 1 Spin asymmetry parameters 8 and 7"

Free and pinned layer material
CgoFelo F650C05o FesoCoso/Cu
B (bulk) 0.55 0.62 0.77
7 (interface) 0.62 0.72 0.72
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L& 7 ) —BRALSRFITIREEDIEIT AR & ETIRED
EILARY 2 hTh,
1 _
ARA
1
4p¢m trm+ 20cu(tspacer T tritter) T 2A RFM/cu(3—7)

1
+
4pm trm+ 20cultspacer T tritter) T 2A REm/cu(3+7)

(1)

1

AR?
1
4pI:‘kM(1 _B)tFM + ZpCu(tSpacer + tFilter) + GAREM/CU( 1 - 7’)

1
+
4pm(l +B)trm+ 20cultspacer T EFitter) T 6ARFM/cu(1 +7)

)

Ll 22T, ptm=(orm' +orm')/4=prm/(1 —B2),
AR#v/cu=(ARpmscu' +ARrmscu')/4=ARrmscu/ (1 — 7%
LEREN, orm (3HEL A, B, C DI, pcu i3 Cu DL
&I, ARrmscu i Cu EEMEOREIEDL 8 3E&MED
2 ¥ ARV 7 WHEUREL, v i3 Cu LR OREICE
%R E ARIFHREURETH 5. £12, trm BHELA, B, C
DEIRE, tspacer & triter I EFZNEFNRAR—F CufBL R Y
Y7408 CulBOBRETH D, FERHEREDRE% tspacer
+itriter=tce £ &, AAR=ARAT—ARP 218§ 3 L,
(2Bofmtrm + 3YAR fvscu)? — (YAR Evijcu)?

AAR=
2pfmtrmtocutcu + 3ARMM/cu

(3)

L1315,

R EKFRERIER ) 2 07T IKEELT, 2V
RE N7 BELRER (B DA EEZ L %D, AAR DB
REHER, BA50.7 LI ET AAR SEBICHEINT 2 B9% &

[ fct PtMn(11 fce Cu (111)

- bcc Fe-Co
S (110)
s K
S
z; -
E Material

Material
IMaterial
36 38 20 - - ” 5

2 [deg]

Fig. 6 X-ray diffraction profiles of singlespin-
valves with 7 nm free and pinned layers.”
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CogoFejo @ 0.55 5> 5 (FesoCoso/Cu), FEED 0.77 ~ & 18
ML ERERLTWEHDTSH 3.

Z D & 9 75 FesoCoso B & U (FesoCoso/Cu)y FEETD X
EAKFE SV BELOBADBIC L B D EF .
FesoCoso I3 5ERMHEE & U TR A R (bee) MEE LA
T#H 3. Fig. 61, BERFEEHICIERILI- R E /5
TEEO XBEHR 707 7 A VERT. WFhb vV E
ET7Y—BBTnmDY vy IVRE Y NVTHEET, MR
2FENFNA, B CEEZbDTHB. CogFeo Bkt
A) TRELILH & (fcc) T % Cu & CogoFero D (111)
EfF -7 o0& BBAllshszoicwl, HEBECET
Hov—2@ENELL, Thicfd - T becFeCo D
(110) =27 ha T Ehs, MEBECE, ErEe
7Y —[BOAM becHEE LD, (110) ITBESEEME L TY
55DEEZONGE. COLDEEREEDEVD, Y
VRSV BELE RS ¥ BFERAO—D>TH B.

F 7z, 0.13nm @ Cu %A L7z Fes0Coso TlE, Cu i
BEFellbColcbEBLEWVWRTH S, 1 HFBIC
HIGIHVWEXD Cu 2 BALLEAICE, LokH R
HEZ & ABARETIHI V. £ T, REVIKE NV BEL
EHEEREETWABBED Cu b5, FesoCoso FITED L S 15
RETEEL TV 0% XBRRINA <7 b VAIEICTH
Ntz HBODIZ>DEF VKRB EERIL .. —o i,
FesoCoso 11 Cu % 0.13 nmEA L 7.3k C ©, 2BH
¥, BACu%2 Inm & LR B<TH3. Cudb1lnmD
BEzxzbTiddEEs LTHEEL, #RBEE LT fee
2L EDHEEINSE. ChSoRRIIHOWT, CuK
& Co-K ORI X ~ 2 b VA HE L. Fig. 7 138
¥ C BRItk 3, CuK RIUHEES LU CoK

energy [eV] (for Co)
7690 _TII0 710 TIH0

Absorption [a.u.]

energy [eV] (for Cu)

Fig. 7 X-ray absorption spectra of Cu and Co
near the Cu and Co-K-edge are shown, respec-
tively. The solid line denotes the spectrum of Cu
in material C, the dotted line denotes that of Cu
in [Fes50Cos0 (1 nm)/Cu (1 nm)]}X 10, and the broken
line denotes that of Co in material C.
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Fig. 8 Cu thickness dependence of AAR.

DR (XANES) DR =7 F W TH B, FEH
PR C @ Cu, BEERLHHEL C @ Co, AfEM2IEEE O Cu
D77 74 %ERT. CoKRIRIIK7.7keV TH 3
P, R0 P VEHBELYPTWE S ICRINEE Cudiy
89keVILAbLETRLTH S, 2HFAKBD Cup =z~
7 ki3, BaEINIS fecCu DRI R <2 b ' E[EI LA
HTIRBLTWA., Chicxl, EETRLEMECIES
135 CudR~<7 bz, XFICKREITRLAD H SEH
SMICTERBELE -TWE, &y, MECIKBIFS
CulliFid, 2BEAHFDOCu L b CoEFIRIAV X £
IR R =7 b IWERT I EDDHD, HBED Culd, bec
® FesoCoso PICHEHIEE L TWAE I EARET 2R E
5 -7,

Zhid, (FesoCoso/Cu), EEME TR, i ~7: Fe
BEAD CuREYEAILLD 59 v R EVEFOEIH
BEINT 2HREBFRLTVEHDLEEZ TRV, THE¥EE
Ti3H 5H, /v FitE» S b becFeCo [RFEIC Culf
FEEHES S ¢ BUNBEBSBO/BAICLD, REVS
BLOE, Ty TREVEFEISYI VA VEFDT7 2V
IEBOENRKEL BB EDERGEBONATEY, 5KD
HMURICHSEN b ch 3.

Fig. 81Z, FesoCosp iCHEA SN/ CullREE AAR DBY
FETRT. COER, Cu bl FesoCoso B & Al coaklEE
LTWABEDIFESICH N, CubifccDBIEGREL L TH
£ 31 nmOBSITIE AAR OEMIS/NEWT b
Mot LizhoT, MEICICBIF 2R EVKENWVIEL
oKz, CuDFHYIHIRETHELEEL TS,

4. R/X—4 NOL 2R \/-BRHEER CPP-GMR®

Feici <tz (FesoCoso/Cu)s B D & 5 1S Fr i 13 Rk &
B#khc & 5 CPP-GMR #EEOHEEE Lo 3 ic, HiEME
KEHICBIEROFOAEHEL, A yBEl2=» T
DEV GMR 2B IS HTREISLEIhTBD, &
FRERLFETN TS, LOLEMNS, TOXHINEX
BEBREINTVIHDD, TOBHRBEEICLSZ MR EB &
U AAR DR EZAEICHERZ L 1cFlizish -, EES
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Fig. 9 Spin-valve structure of CCP-CPP-GMR
film with spacer NOL.
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Fig.10 AR-H curve of CoFe/Cu CPP-GMR with
spacer NOL.®

i, TOLIUBRREOREHERICEF, AV VYyHEL=
Zy b DEYI—ITHBRAR—HITNOLEZFHAL KR
~R—+4 NOL #iETOERRILICEKMH 5 EEZ, Fig
9 D& S 1HEE®D CoFe/Cu R B v /N 7R A{ERIL,
CPP-GMR #5# =~ /e,

NOL #¥l, 2 _—4#MEoITRIHLETH B, 42K
»oDBESEBROBEELHEBEELRL, NOL K&
BEEARTEE+R - AVHEBAEERS L1z CCP
(Confined-Current-Path: E#iik*) 8o CPP-GMR %{E
BB LicRIILI:.. BEF-VOBEBERICKD, AR
BLUMRLLMBEDBH, CoFe/CudDLHiar~Ry
v aFVEMEITSH, 200 mQ um2~800 mQ um? D AR
IKBWT, 1.5~3% O MR t& 10~15 mQum? ® AAR
BESHh, BED CoFe/Cu CPP-GMR ITHANXT, 2~4 &
@ GMR DX, 20~30 f£D AAR DABERIE h i
Zhid, MIHTCCPHIREERTHIZL/I-bDTHB. C
D& EBERPSDT 7o —FIiE, NOLEK 7o €2
AEWTELERFTICH B0, HE+ - VvoqlEE 5
fif, 500 mQ um?2 D AR T 5% ® MR K, 25 mQ ym?
DAAR 2 FEBRT B LB R EEHELETREVWEE
ZTw5A. Fig. 10, Z0—HlERT. RX—4iZ NOL
EHALTVAIEDLDS, 7)) —BOKYSTIEY, &8
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DRPEEHHRIEE L %2R Y.
5. B Y IC

ZhF TD CIP-GMR, TMR T 200 Gbit/inch? Pl ED
EHCBTEAUKECBRTERT I L0HE L s & CPP-
GMR ~O %%k ~7tz. CIP-GMR TL < fFbh T3
CoFe %M\ 7 CPP-GMR @ MR tt& AAR % FREEHIIC[G)
Fx¥952858L LT, (FeseCoso/Cu), FBD & 5 158 1:
HZZOBRESBMEICL 3 2 VIRERELOE AL
CPP-GMR DO # % EH» U 1o BERBEZAER (CCP) A & v /Y
NVTREEIC L A MR B LU AAR O KER L. 0T
NLEZSHFBHTRVE LY, SHBEEZHERALILHDT
» 5. 200 Gbit/inch? ®FEHRc@EIT T, BEMEREEXS
KEHTWLHELD 55, 1.56~5% ®O MR I, 5~15
mQum? D AAR T TiIKBESNTHEY, [EFFIRLLE
FEEREICR— DL AT TETWA, ERfIIHRED
m_Eichinz <, 2w, BSHEREOCEREL EE  DFRE
ZHARL T MLENSH BH5, CPP-GMR RARET bt
f XS BHABRAC VB LEATE D, HKKEV., 5%
SO ICHIRMBERICITON, PEOBRLET S L2
9 5.
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