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Nanocontact Magnetoresistance Film with Current-Perpendicular-to-Plane Spin-Valve
Structure for Ultrahigh-Density Magnetic Recording
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A magnetic read head with high sensitivity at a low resistance-area (RA) product beyond that of current tunnel magnetoresistance (TMR) read
heads is necessary in order to realize high-area-density recording of 2 Thit/in2.
In response to this situation, Toshiba has developed a ferromagnetic nanocontact MR read element that is based on a new principle of MR effect and

is expected to exhibit an MR ratio of more than 100% comparable to TMR read heads highly-pure.

We have successfully achieved a nanocontact MR

ratio of 20% for a current-perpendicular-to-plane (CPP) spin-valve structure with ferromagnetic nanocontacts.
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Structure of nanocontact MR read element and its basic concept
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Conductive atomic force microscopy (AFM) image of current intensity

2.4 EMNOZWIBICEDMRZEZEDME E

PERE L 72 IrMn BURREME R & Fe-CoRE V@, 7)) —f@%
O 20D T/ av s MREAZTIIHLT, EUE
LEALD 720 O @ O BALLE EE (290 C) L0 ik i
BAEBINL72.

RADHSUHR ARG AR 5 1R §, PR EO R &
WHEWRADSIRATHIENS, BABIZEYF I ar sy i
MHEMEIL TV LIS FHEINE, ZOLEEDOMRZIL
BOENERGIZTRT, 380 CE T, BLHERED LHIC

50

"2 sy 1h 290 ‘CO RA(Qum?)
—— 30
10 —%— 22
S -o-18
. - 14
® 08 —¥— 10
‘%’ ke 0.6
o
c 06 0.4
o
o
Q 04+
P
02}
0 L | |
200 300 400 500

HALIERET (C)

H5. RADEMMIEREERTFY — RAL, HALBIR D SRR 512
ONTKT$5, BMIILD, /a3y 7 MBPEMIEILL T2 L
SN b,
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Relationship between MR ratio and RA for each annealing temperature

PEOMRZEILFIZ K X LAY, 380 C o> AL B C il 24 0L
290C) wEEDHK21E (RA:1 Qum?i) OMRZEALHEDS
BoNTe 2T, 410 CHULE T MR ZALHEB R E R L
20k, EVBEHoOLIICE2bDTH S, M6 TII,
380°C x 11 (h) @BMIIZ XD 07 Qum? DIk RATMR
ZALHITHII0 % 2o TWABD, TDH%, HIZAIBOEE
JeONTAO St 2% L, 20 %D MR ZAbR &2 FEBTE 7,

3 BEANYROBERERR

F/7ar5 7 MR EZ T, W@k F/ary s i
THIEVEET7) —EBEERLTWA70, BRSNS
1 (Hi) 295K EL, PREERIEREARDOCuTh S
CPP-GMR 1§ 4 & 1 R [ g At dge AR O TMR i 42 3% 112
AT, 7V —BORAL R ER B2 5.2 52 B e sh

HZ L Ea1—Vol.64 No.7 (2009)



150
® FeCoF/aV&UN
o Cuz/ar&yhk

100 |-

Hin(Oe)

50 o e

RA(Qum®)

R7. HnERADEFE — RADKTIH W H, 31 35, 0.3 Qum? T
D Hi ®fi13100 Oe LT THY, CCP-CPP-GMROZNLNITREVH D
D, FNAAELTHED R WHPHIZ Ao TV,

Relationship between interlayer coupling field (Hi,) and RA

%o BTIZH, & RADHRE R T, BB OR T H,y
KT L, I T/RLZCCP-CPP-GMR DI REVH DD,
03Qum*DRATHI00 0 LLNTHY, /A AL LTHE
ENBHFPHIZA>T WA,

W2, F/ary 7 EMREANY FOTF 4 A7 BRI 5
L, BATO TMREAEANY FEF UMIEIRE %2952 &7
RSNz TY, BUTHANY FORMY P AT70%Z0F T
F7 357 NMRFEAEANY FNEXIRZHZENTE 5,

4 HEHE

07 Qum?*EWVHEVRAT, 20 %D F/ a2 NMR%ZE
LR ELI LRIz ZofEl, EHLTER ALY N
NTREERFEOF ) 2V 5 7 P MRZALER L LTI Ffg s 52
THhbo

Stk F2aryy MO T Ot A DB E R R
RERITV, 2TEY MEOHEMETH 5 0.3 Qum*DRAT
= MR 2 b HIEd,

FIZ, BIENTWAEF a2 F MRS O N5 B R
TOAYE MRAFHELTH B LI GEE, 7Y —EOA S
BIEE R4 XFAlli 7 E DEERTITH TETH bo

E

CORSED—EBIE, BVATEIEN Frefov¥— - EHERK
WA B FARAE (NEDO) (2 X 57 72 - Jevm kb F2 AL f
Z2B%E T HOHMLRRL 7/ 88 —= 0 7RI K BT Sk Astis B Al
HDD 5y F#EF OB 0Z&itx 2 TEd 7,

F72, ZOT7—~0OIFEMIEHZ L LT, Conductive-AFM
BB R ETITH IV i AL R RS T

(X2) 2009F5RARAE, HHHN.

FEEBEBALD/NIVTE F /229 MR RIR

Bl B LA RO ARG BR A%, kAR &3 O B2
ELET

X #

(1) fREEEH, 32 BRRAER S+ F YA FLA Y =%\ 72CPP ALY /L
T, BELEa—. 61, 2, 2006, p.19-22.

(2) Nagamine, Y. et al. Ultralow resistance-area product of 0.4 Q(um)?and
high magnetoresistance above 50% in CoFeB/MgO/CoFeB magnetic
tunnel junctions. App. Phys. Lett. 89, 16, 2006, p.162507-1 - 162507-3.

(3) Komagaki, K. et al. "Influence of diffused boron into MgO barrier on
pinhole creation in CoFeB/MgO/CoFeB magnetic tunnel junctions’.
The digest of INTERMAG2009. Sacramento, USA, 2009-05, IEEE.
Session DB-03.

(4) Katada, H. et al. "CPP-GMR heads with a current screen layer for
high-areal-density". The digest of PMRC2007. Tokyo, Japan, 2007-10,
Committee 144 of the Japan Society for the Promotion of Science and
The Magnetics Society of Japan. Session 16aB-06.

(5) Saito, M., et al. "Narrow track width CPP spin-valve GMR heads
utilizing half-metallicity materials". The digest of INTERMAG Asia
2005. Nagoya, Japan, 2005-04, IEEE. Session FB-02.

(6) BREEHTIR, 132> “CoMnSi/N—7 A7 )VEMZ 72 CPP-GMR % 71281
DA I BRI I FFI . 45 56 Il Nt F W B2 B At 45 Gl 2 Rl
TR, HE, 200903, HARAWHY:2. #H TS 1a-Q-10.

(7) Fuke, H. N, et al. Magnetoresistance of FeCo nanocontacts with
current-perpendicular-to-plane spin-valve structure. IEEE Trans.
Magn. 43, 6, 2007, p.2848 - 2850.

(8) Garcia, N, et al. Magnetoresistance in excess of 200 % in ballistic Ni
nanocontacts at room temperature and 100 Oe. Phys. Rev. Lett. 82, 14,
1999, p.2923 - 2926.

(9) KiR#—. NiFe ®F/$ mZBU 2P [BEPR K. HELEe2— 62, 10,
2007, p.38-41.

(10) Tatara, G., et al. Domain wall scattering explains 300 % ballistic
magnetoconductance of nanocontacts. Phys. Rev. Lett. 83, 10, 1999,
p.2030 - 2033.

(1) Fukuzawa, H., et al. Specular spin-valves with FeCo alloy by ion-
assisted oxidation. J. Appl. Phys. 91, 10, 2002, p.6684 - 6690.

(12 Fukuzawa, H, et al. MR ratio enhancement by NOL current-confined-
path structures in CPP spin valves. IEEE Trans. Magn. 40, 4, 2004,
p.2236 - 2238.

(13) Takagishi, M., et al. The magnetoresistance origin of FeCo nanocontacts
with current-perpendicular-to-plane spin-valve structure (invited). J.
Appl. Phys. 105, 7, 2009, p.07B725-1 - 07B725-5.

BR 0AHA FUKE Hiromi, D.Eng.
WEgEBIE > o — RLEMEL - TNA ZT KT M) —FARNSE
H, THi, AR, BNy Fowist - Bsicits, AR
Storage Materials & Devices Lab.

A # HASHIMOTO Susumu
WEEBgE > & — FeEMEL - 7N 2T KT M) — Wi .
REHER B, RGNy FORFZE - BIZEICHEH. OABA TS
2Ho

Storage Materials & Devices Lab.

ZlF {Z7&F IWASAKI Hitoshi

e = WFZERsE v ¥ — BEME - TNA AT KT M) -5,
TN REEBURR, BAANy FORIK - BRI, HARSR

>4 . Storage Materials & Devices Lab.

51




