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As the areal density of hard disk drives (HDDs) has been expected to go beyond 2 Tbit/inch® for the next 10 years",
very narrow read heads with reliable performance would be strongly desired. With regards to this issue, lateral spin
valves (LSVs) have been proposed to be one of candidates for very narrow read head applications. Since the two
ferromagnetic layers in LSVs are laterally separated, very narrow shield-to-shield spacing is expected to be realized in
this structure. However, as for all-metallic LSVs with ohmic contacts, the output voltage is much smaller than that of
vertical magnetoresistive devices such as current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) and
magnetic tunnel junctions (MTJ). Based on one dimensional spin diffusion model®, one of the recipes to effectively
ehance the output voltage of LSVs is to utilize highly spin polarized ferromagnets. In this meeting we will present our
recent effort on the development of all-metallic LSVs utilizing Co,Fe(GagsGeys) (CFGG) Heusler alloy exhibiting high
spin polarization.

The starting multilayer stack of MgO (001) sub./Cr (Inm)/Ag (10nm)/CFGG (20nm)/Cu (20nm)/ MgO (2nm) was
prepared by ultra-high vacuum magnetron sputtering system. After the deposition of CFGG film, the whole stack was
annealed at 500°C to promote the B2 ordered structure of the CFGG film. The multilayer stack was then
microfabricated into LSV devices with sub-micron scale dimension of CFGG ferromagnetic wires and Cu metallic
channels. The scanning transmission electron microscopy observation on a representative LSV device confirmed the
clean interface of CFGG/Cu contacts. At room temperature, a very large non-local spin signal (4Rs) of 17.3 mQ was
observed for a LSV device with center-to-center CFGG wires distance of 350 nm (Fig. 1). The fitting based on one
dimensional model (Fig. 2) suggests that both high spin polarizations of CFGG film (Pg) and CFGG/Cu interfaces (P;)
contribute to the large non-local spin signals observed in this system.
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Figure 1. The non-local resistance change (V/]) of a  Figure 1. The non-local spin signals (4Rs) as a function of
a LSV device exhibiting spin signal of 17.3 mQ at CFGG-wires distances measured at room temperature. The red
room temperature. line corresponds to the best fit based on one dimensional spin
diffusion model.
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Tablel Calculation specs

Wtite head dimensions and material specs
Width x Height x Thickness
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GHz & Lf:. & % 0)56@%@;?“\ MP-TS gap 6.0um x 55um x 55um 30nm x 30 nm x 10 nm
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J.-G. Zhu, X. Zhu, and Y. Tang: IEEE

Trans. Magn., vol. 44, no. 1, pp.125- 131
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T. Katayama, Y. Kanai, K. Yoshida, S. J.
Greaves, and H. Muraoka: INTERMAG
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Fig.2 Head field and STO oscillation responses to switching of coil
current. (a) Full model. (b) Half model. Note: Responses between

- 8 nsec to 0 nsec are not shown.
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Study on the magnetization fluctuation noise in TMR read heads with various stripe heights
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DL X, 82 GHz fHIZ v — 27 BRI S 7. SRR 2 +1800 Oe E TN S
&, =7 ONMBIXREEAM~BEHTLb00, TOMETRILE. Zo
E— I XFICHHBENORET A A XL BN, —TF, &R
HED3+6.8x10 ' A/m® DA, 8.2 GHz A1IE THEL & iz B — 2 134 B R+800
Oe fHETRIEL 72D, EHIANBHMALZIMEED L ZOMEITHE L. =
DOFERIL, 7 ) AZXNAE Y M7 OFBIZL VR LEZLO LRSS,
NI ARXDAE Y NI K DR AVHIZT D701, SMBEESR+800 Oe
FImL7z & Bl SN 712CHz fHEDE— 27 IZEH LT, DB — I 5RfE L
PR Z BREEORE S LMEICH LTE LD, Fig. 2 \RT Lo, Eif

BEOHMNEZAND ENKEIETEORE ILHMEET TN E, =75
JEFE LSHRL, TOHERITHRIZIICED Lz, Znb0XEEns b~

JARNAEY M OEBIZL VR LI E2BfRTXD. £/2, ~v R
W T ERBEELZ SSICHMEES L v—7 OFEENAEe L2, FoRIHE
(FERERBE) 2820 L BHBOBLOERNREAAESHNEZY, /4
ANMFELLEERTHZEBRTFRTED Y. LEBR-T, B —7 OEMEIFEDO B
BT BB AFA L CHERA Y 0 & R 2 BREREELRD-E 25,
FI+1.5x10 2 A/mM> Thotz. ZOMEIE, THETORBFITHNTHEL, ETF
YA XDOERTICL D BIREFENRELS 2o TWVAH I EILLBEBZLZLRD.
PLEDORERND, ZOBRERBEELEND, ~7 ) A4 XOHKN VIO
WEEZITTCHE LY, ~y FOSNEELIVHLSEDLREEND D.

BEE AWFRITE R A b L— DHIEHEERAE(SRO) D 1D b & TiThivT-.

(@) j=+1.3x10" A/m? (b) j=+6.8x10"" A/m2

3 H=+1800 Oe 200  H=+1800 Oe
o 2 100l
T AL
2o = 0l— 1 !
s 4 6 8 10 12 f 4 6 8 10 12
S 4F H=+800 Oe 2200 H=+800 Oe
x 3F XL
© %E ©100
) A W R BN SV
&4 6 8 1012 o 4 6 8 10 12

D 40

3 2 H=+0 Oe 830 H=+0 Oe
o 2 20
Z 1 b4 10

0 0

4 6 8 10 12 4 6 8 10 12

Frequency, f [GHZz] Frequency,f[GHz]

Fig. 1. Noise spectrum in the TMR head with a size of
36 x 15 nm? as a function of positive magnetic field
with j =+1.32X 10" [(a)] and +6.76 X 10" A/m? [(b)] .
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Suppression of jittar noise by controlling position distribution of magnetic grains
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Influence of in-plane recording field on transition noise of hard disks with various layer thickness ratio
A. Komuro, N. Tomiyama, K. Ebata and R. Sugita
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ARARTd 2. FLEKEM Granular & & Cap J& 2> & Bk 2 Fi @ SR o VB XAS & T XSS EIIN 7 AR AE L, E e
BESEING X » TWBET 5 &, 188/ A X0ME T 5 D2, ARBFFETIL, Granular g & Cap @ D@ /E 3 B2 5
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Fig.1 MFM images near transition area.
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Bit Error Rate Performance for Head Skew Angle in Shingled Magnetic Recording
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RN Z — IR AT 2 — MG U TR L, (c)D+15 deg D5
BN T v 7 OBERBBHR, A L—AR2 FRETTND D
Bb, Fig. 212, A% 2 —AICk4 5 BER FrtkZ "3, {HL,
BAESNY NI M7y 7 OHRzERL, VAT LM EEZMZTWH
7, F7Z, PRIML FAZEH LTS, MLV, ADMED
AF 2 —MIZx LT BER OHLIFT/NTH 528, IEDHHITH L
TIEA L= FIZE D RIEIZ BER NHLT 2 2 L3bhd,

B AU —IE, EHRA N L — DR HEE A (SRC) & A
e B4 (35 TP FE(B):25820161, JEA%HT7E(C):26420358)
Bk b LT b THDH Z E MR LETEZ T,

BE IR

1) R.Wood et al., IEEE Trans. Magn., 45, 917 (2009).
2) M. Yamashita et al., IEICE Trans. Electron., E96-C, 1504 (2013).
3) VY. Kanaietal., IEEE Trans. Magn., 47, 715 (2010).
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Fig. 1 Magnetization patterns for
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ATbits/inch> D~ A 7 a7 o A " ESEGEY I 21— gV

FARFR, WD, @It WILAF
(UK ZE, iR TRERE)
Microwave-assisted magnetic recording simulation aiming 4 Tbits/inch’
S. Kashiwagi, T. Tanaka, Y. Kanai* and K. Matsuyama
(Kyushu University, *Niigata Institute of Technology)

[ZC&Ic

WA HDD EHO 720 OFHEATE LT~ A 7 a7 v A MEKGLEHMAMR) I ST 5. 5 Ku
M V205 55080 1E MAMR & f8 C B A A (ECOBEA YD AN IR TH D Z L b
WD, RHFZE IR AR IC L 0 3 ORI 5725 ECC A ZA87E L, 4 Thits/inch® kD - K DA
TRk O FEBUZ M T MAMR & FEisk V& O L7 {5 Batsk - ARSI VL TRET L.
HEAE

RLEMERET L & LC, Fig 1 ISRT X 972 3 J@ORMESE 23 2 VR 4.6 nm DR 2/ A TR OReME
B3 2 Wt ELE STV A b OEREE Lz, MIEEIX 120m Th 5. b3 EhE R IX LLG FREEHwv
TTo7=. fifk~> R Fig. 1 1R T FL—V 7 v—)L RE49 5 itk B~ >~ R & s EST
HEOMAEDOEEEE L, AREREFHEIC LR
iRk, 4 7 BERERREAIE L LTAE Y FL (uﬁmw

Down-track

Side Shield
A L—2 VR MEL, 10X20X20 nm® A R ORER
FEAETE(FGL)AS LR« b L— U > 72— b RRICHE E &
NTWHHED L Lie., SR ORBRFEIIEZ EMEE 12mm
1% 60 (@350 K)RFFCE AR &L LT,
HEH#ER

ARET VBNV TIL 15~25GHz T~ A 7 ajli7 v A
FONENBNTEY, H— T v 7kl BIT 54
575D SNRIL20dBREETHDH. Fig2ll h T vy
F(TP) 20 nm DHH OFLERE Y hRF — 7. X
PO E Y hXZ— U RFRER STV D Z E b
%.Fig.3I2SNR D b7 v 7 ¥y FKFEEEZ RS, 7235,
AT —Z 1% Fig. 2 (27873 200 kbpi DfF 50 SNR TH 5.
TP 3T 21> THRE 7 v 7 B3IMET 57280 Lt
SNR METT 52 &nbnd. LLERLARET VIS Down track direction
BWTIE, TP=20nm (ZF\\ T, 19dB @ SNR &£ L
TRY, K NT7 v 7EE 1.27 Mtpi NEBR[EETH D &

20 layer

3" layer

Trailing Shield

Fig. 1 Simulation models.

Cross-track direction

Fig. 2 Recorded bit patterns.

3 R — . 30 - T - ; :
HEM S5, E72, 1600 kbpi OFLEKIE %5113 200 kbpi /=15 GHz
DIFHFHIID 35 %RREHRLNTEY, RET/LICBNT | ——=25GHz
1% 4 Thits/inch® #1124 O e gRERE A HIFF TX 5. gzow T -
B TR =

“ 10k .
1) (Jz.o((i).SZ)hu et al., [EEE Trans. Magn., 44, pp. 125-131 1.27 Mtpi
2) R H. Victora, IEEE Trans. Magn., 41, 537(2005). o
3) S.Greaves et al., IEEE Trans. Magn., 45, 3823-3829 0 10 20 30
(2009) Track pitch, 7P (nm)
4) éogg)u et al., IEEE Trans. Magn., 42, pp. 2670-2672 Fig. 3 SNR as a function of track pitch.
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Fe & CoPt &4 DO a2 978 L - 1B S R $t o
T2 FRRE & IRk R

KR « KPP « ZAIERS - fl%F SR - FiZgfE
(P, "HOREEKR, TIIEK)
Spatial Resolution and Switching Field of Magnetic Force Microscope Tip
Coated with Magnetic Bi-Layer Film Consisting of Fe and CoPt-Alloy
Ryo Nagatsu, Mitsuru Ohtake, Masaaki Futamoto, Fumiyoshi Kirino”, and Nobuyuki Inaba™
(Chuo Univ., “Tokyo Univ. Arts, ~Yamagata Univ.)

IXUBIT BERSITEMEE (MEM) 138122308 B IR A1
BARE R L, BACRIEZBIZT 2BMBEThH 5. W
iw K RESREERIL A A ARG B OB 1S, RIS IS &
DRSS LIERE B T2, EOfRREIIN A, BV s
A (Hgy) ZEFOVESINMBENI /2D, ZHET, Ll BitEE%
F§O FePt X° CoPt, FePd 4 #7E L 7= Hy, BEEFO /R
BTG I Fhxld, HERAMEWEVLEEE TEv K,
HEFOWZE LI BENEH TEX 5 CoPt A& ICERH L,
DR B2 8 U CUERL U728 Hy BREHE BT LT % o
AFRTETIL, MFM 1550 BB ATRE/e R MeFe & &
Ha 258145 S5 L1-CoPt G4 & ML Aot 7o il sl
% IE/I;M PRSI ZERL L, B REE T Hey D EIATREMEZ 1R

EBGE BEYEIE, BeEEY IR bR ARy ZY o
7AEE A W, =2 L LT, RO SEE R 4 nm D
Si A2 FEH L7z, 300 °C THIEA L 7= ~— 28t BT, Fe(x
nm)/CoPt(20—x nm)/Ru(5 nm), & L <I%, CoPt(20—x nm)/Fe(x
nm)/Ru(5 nm)EZ Ak L7=. Ru J&ITmaE — @R o B il =
&fbfiﬁy\ L7z x&2 07520 & L, SRMEERE-RZZE(LS
.

EBFER  Fig. 112 Fe(20 nm)/Ru g Es % W CEIE %
1T - BERKEREAR D MFM 18 & Z D515 S 8
7 — 227 MV, 1500kFCI (B RE :17.1nm) £ T
L, NT—AXT MUZBWTE— BB LD, —H,
1600 kFCl (B> hE :159nm) TlErtdEicsisd2 e —
I BBAVTHZRW. LTEA - T, ZfifReld 17.1/2 = 85 nm &
15.9/2=7.9nm & O 8240.3nm T 5 LK Tx 5. Ak
725l Z Fe(x nm)/CoPt(20—x nm)/Ru ERRFEREH 6 L TIT-
TR A Fig. 22 F & 5. Fe BOHINIEE, MFM 5
MR = <720, SRREN N L LTV D Z E035005.
WIZ, HeydHMliD 7212, MFM EREFERE S A & W H TN
WS A E1n L, HDD 44 (163 Gbfin®)  MFM 8122417~ 7-.
TR BEE % 50 Oe MMAC LF-S8, FUINME RO F—fE T
BIEZZATV, 23 BT A RSUR UTZBROORES & Hey & LT2.
Fig. 3 |2 Fe(20 nm)/Ru Mg E+ DR ERE 2 7=, FIIIRER
H3450 Oe ETIFAIHMRAEEL RIL 2> b7 A P TEZE I TV
% (Fig.3(a), (b)). 5000e ¥ CLASHEDH L, a2 T AR
FHEriadd b5 (Fig. 3(c)). L7223 T, Heyld 475425 Oe
L7 5. [k Hyy il 2 Fe(x nm)/CoPt(20—x nm)/Ru [l
BREHIRT L T T 7o & Fig. 2(b)I2~d. Fe JEOHEINICLE
VN, SEREIIA B 578, CoPt EEOIRAIC XY, Hgy 1K
EE5 2 ENnnD. MAEE, CoPt(20-x nm)/Fe(x nm)/Ru
BRSSOV T b ST 5.

BEHR

1) Y. Rheem et al.: IEEE Trans. Magn, 41, 3793 (2005).
2) L. Gao et al.: IEEE Trans. Magn, 40, 2194 (2004).

3) S. Ishihara et al.: J. Mang. Soc. Jpn, 37, 55 (2013).
4) S. Ishihara et al.: J. Mang. Soc. Jpn, 37, 255 (2013).
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0.02
100 nm 1/ (nm)

Fig. 1 (a) MFM images of a perpendicular medium
recorded at (a-1) 500, (a-2) 1000, (a-3) 1500, and
(a-4) 1600 KFCI observed by using an MFM tip
coated with Fe(20 nm)/Ru(5 nm) film. (b-1)—(b-4)
Power spectra analyzed for the magnetic bit images
of (a-1)—(a-4), respectively.

1 1600
<-Resolution (a) |
sl -o-H, (b) 11400
.1 1200
= 10 E @
S f H1000 &
2 9 ' 3
2 | 800 T
x gl
600
7 1 1y 1 FA00

0 5 10 15 20
Fe layer thickness, x (nm)
Fig. 2 (a) Resolutions and (b) Hy, values of MFM
tips coated with Fe(x nm)/CoPt(20-x nm)/Ru(5 nm)
films.

T ' A% IS

..n,' ..h,"--‘“
Fig. 3 MFM images of a same area of HDD
perpendicular medium observed by using an MFM
tip coated with Fe(20 nm)/Ru(5 nm) film (a) before
and [(b), (c)] after applying magnetic fields of (b) 450
and (c) 500 Oe.
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ColPt ZJE 5% 9k L 7ol BRI EERE O I i R

AR « KIS« ARIERE - M SC R - FgdEfs ™
(P, THEELR, TIIEX)
Switching Field of Magnetic Force Microscope Tip Coated with Co/Pt Multilayer Film
Ryo Suzuki, Mitsuru Ohtake, Masaaki Futamoto, Fumiyoshi Kirino", and Nobuyuki Inaba”™
(Chuo Univ., “Tokyo Univ. Arts, ~Yamagata Univ.)

4pA -2

[FLE®HIC K AEMEE (MFM) 1%, BYEREELES 2 WD Z 212 & 0 3B S OIRIBELIS 2R % H
L, BALREEZBET2HMETHS. & K eEERCKkAMA 22T 2156, IRNBSGIC X 2R
{EEEZ B <729, mafRaRIcNZ TR WKEEEE S (Hy) ZROWEPANE L7, ZHUE T, CoPt X
FePt, FePd A& A #eE L7~ Ho TR OIERNR L LN TN E Y. L LA s, 2o ok 2 A
bSE2EDITITEIEABERLEL D, BESEEARER L L CEIGT 22 N TENIE, & Hy E
SrOEIBER N TIRE L 720, WEMORE EHMGRI-ND ZENEZLNS. flf, Fxld ColPt %8
MBS 2 L L, BIE L L OYABE R0 RRE & Hey IC RIS TEE AT CX7= Y. ColPt ZEIEDORE
REGMITREREEIC LV ZE(T 2 2NN TWD D KIF5ETIE, HRENTHEE L7~ ColPt Z @D #E
BEBL A DY Hey ICRIT T REBIZ O W TR 21T 72,

FRAEZ BEHEZERF~Z R bur 2y 2 Y o 73EEZ W, diIROGHEE 4 nm O Si ZEEHTEIR
CTHEY TR 21T > 1=, WEPERR B PR et O AL IZ[Co(0.5 nm)/Pt(1.5 nm)]1o/Si #EEF, & L <1, [Co(0.5 nm)/Pt(1.5
nm)]1o/X(20 nm)/Si FEEF & L7c. THEfE X 1%, (L11)Em AL hep-Ru, fee-Pt, Pd, = Ofthfida A IZ bee-Cr 72
ExRFITDHZEICEVEM Z 2L ST B ERL L 72, D iFEER KO Hyy DREINIC I, EZ22HER MFM
RV, BREHEIRBIZIZIE SEM & W o, #EBIE OIS X OWRRHEREMIZIE, MFM ZREHERIREIZ
[FIELZ Si FEMR EICTERk U 7= B 2 A L, AFM, XRD,
VSM HIE Z1T > 7=

KERHFER  Fig. 1 12 Si ¥E#+E X [Co(0.5 nm)/Pt(1.5

nm)]1o/Si #EEFD SEM 14 % 777, Si fREHIIEN B —12 8%
BENTWDHZ NSNS, £z, AFM ([ZX Vi L
FIEOFRmHES (R) 1202mm THhotz. Ll &
O, Si IREHCZ @ISR SN TV D Z LW 05 . Fig.
212 Si FMR B L= 2 @D m st XRD /N5 — > %
T, COBLXUOPLENLDRKFNFNEFNBLEENT
BY, WITFNORBE S EEFRERR &> TWD Z LRy
5. WIZ MFM BRSO MEREFE M 24T > 7. [Co(0.5
nm)/Pt(1.5 nm)]qo MEHE B R EF D 43 iFHEIX 8.8 £ 0.3 nm T H
o7 Y. BRI ST & WM OBERAZEIN L,
FREE A 50 Oe AT v 7 THIRN S W72, BEFEIINALEE L
7o PREH C R E AR O R —EFT MFM GBI 4170,
Bar b7 A FNPREE L ZALVERBIR & OE AT O
HREE Hg & L TR 7. Fig. 3 12[Co(0.5 nm)/Pt(1.5
nm)lyo BEHE P BRSO RS B &2 R 9. HUMBEAR Y 1050
735 1100 Oe ~#§4 2% L = T 2 NREERRD i
4. L7235 T, Hey 13 1075425 0e ThH 5D Z E B0 5.
MHIXTHE X ZH0W5D Z 22k v, ZEREoiL
T o RICHOWTHERT S,

2E R 1) L. Gao et al.: IEEE Trans. Magn., 40, 2194
(2004). 2) S. Ishihara et al.: J. Magn. Soc. Jpn., 37, 55 (2013).
3) M. Futamoto et al.: IEEE Trans. Magn., 49, 2748 (2013). 4)
R. Suzuki et al.: Dig. Annual Conf. Magn. Jpn.; Magnetic
Society of Japan, 3pF-13 (2013). 5) S. Shiomi et al.: J. Magn.
Soc. Jpn., 23, 1357 (1999).
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s
o
(a) Base Si tip (b) [Co(0.5 nm)/Pt(1.5 nm)]10/Si tip

i

100 nm
and (b) an
5 M)y

Fig. 1 SEM images observed for (a) a Si ti
MFM tip coated with [Co(0.5 nm)/Pt
multilayer film.

Pt(111)

Co(111) and/or (0002)

Intensity (arb. unit)

50 60

N

0 30

40
26(deg.)

. - attern of a [Co(0.5 nm)/Pt(1.5 nm)]y
multilayer film deposited on flat Si substrate.

Fig. 2 XRD

(b) 1100 Ce

Fig. 3 MFM images of a same area of HDD

perpendicular medium observed by using a tip
coated with [Co(0.5 nm)/Pt(1.5 nm)ﬂlo multilayer film
after applying magnetic fields of (a) 1050 and et/)) 1100
Oe. The contrast is reversed for (b).
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SGLERS v B DRV ALl B 5= 2 L7 mirid ) - W)

BEIRERERET DB TE & 7V AHgs 2 N T PR B IR A 77 7R A
O IR, ER B, 8O, KRR Rk uE
(FKHRE)

Fabrication of high-coercivity FePt-based MFM tips for magnetic imaging of strong AC magnetic field of for AC
magnetic imaging of magnetic writing head and direct measurement of tip-coercivity by pulse magnetic field
F. Zheng, G Egawa, S. Yoshimura, Y. Zheng, Y. Kinoshita, H. Saito
(Akita University)

(XIS Frox ZLIAT, BRI COMS % ATEEIC T 2 R EMR SITEMSE (A-MFM) ZB3% L7z D2,
WK FLER~ v REOZRBEEFHINCIE, ZRMBEEOEIMZ X 0 BHMEREENZE (L L2 ~N— REAERS 2 WV,
B E OB RER I L B D IEREMG AT A2 I LV AT D, EREMGEERRE UZFRE
ZH (FM) 2RI 5. Lo Land, BIERRENED 5TV LIRS % 4T 2 REREEHR~ v RO
RO 21T 5 120I121E, ZHE THW TV FePt /~— REMEZES ORI /11T 10 KOe FRETH D DT, /N
— REMERS O BB ML RN MERAIR CTH 5. —FF, BIRBEAIESORREICB WL, BT 5
PR OBEEFIERTI N 2., SRR ~ D Rk ORGPERRST B B ORI L EE L 22 5. AL T
I, FePt O &Rz BRIE LT, 1) FePt &0 MgO IINC X257 7 == 7 —Hi&Elk, 2) FePt
it dlhL O R N R S il O 72 D O AR FREEE - RFRFFEVAEL, 3) BBMLIRED 72 OERRE S O VHF 7
T AW, RS L. £, EHOEE S EZ MFM E5 _ o _
DN AR D 5RO B IEERRL, (FILE Fept S TR e jon of FePbasediims
SRR DOIRRE T % FTAE L 7.

Tk AFO FePt REROWB (B2 40 nm) , BLOLH smpe MO Ameling - VHE - Ivpmeceany
SEMBELU-IESZ, ~ 7 ra a2y 2 ) o ERZHANWT,

=i
K

A 0 5Clsec, 10 min 0 14.4kOe
AT XEER (LIRS & S EER BT, #%EIE SRR R, £ B 12vol% 5C/sec,10min 0 149k0e
NEER TER L7, MgO IR IX 0~35 vol.%, VHF 7'Z C uom Somelomn 0 Bawee
A~ HRATETNL 5~15 W OFRMET CALSETRIEL. M E 35:;:0/2 O:1°C/§: 1202:: 5w 193k0e
At 7= OEVLER L, 750 CE TOHIEHEEZ 0.1 C/H DL F 35v0l% 01°C/sec, 120mn 10W  2L0kOe
L < X5 OC/*}‘, 750 OC@{%%H#FH%% 10 ﬁj\zé) L < 1% 120 57\’ r G 35vol.% 0.1°C/sec, 120min 15 W 22.3kOe
L7c. EIREOBSFF RN ISR SRR R (VSM) & R aranes. ]
RE&TTFWHFET (SQUID) & v 7=, BEEF O FREEFTRHmIZ 1, 2 e ulse magnetic filed 4
30 kOe D7V ARG AT & % 2 A V& FHRIATE KT SN . | | .
FASRAERR 7 m — 7S (SPM) Z R, H ' ' Si'tip ]
#&R Table.l (2, MgO M&E, PMERME, VHF 77 X< S AU S TU
), 22 bW 7 FePtURERORE S 2T, &K 22. g";: : . - FePt:ﬁpj:
3 kOe (Table.1(E)) DR 475, MgO iRME 35 vol%, FiL 3 ]
BRI OB\ FIRHEE L BV BRI, VHF 75 X~ BB N7 E

WS 15 W OFETHLNE. REEAR EOFRIL, FePt f T b ©
E%*ﬁ@@?ﬁﬁg}me{K * Hﬁﬁlﬁﬁﬂr’rﬂﬂ: * % Llo }%%EIHEL: L5 %) Fig. 1 Pluse magneticfield and phase changeof
DEEZBND. Figl 12, BEHTHIN L 72V 2865, KUY different kinds of tips dependence on time.
)V ARG EN NS O BREHRE) O FH ORI A L 2~ d. etk

W AN SV ARG & FIIN L TR AL 2 RIE Uiz, AL Sample In-plane Coercivity of
DBEENE (FH) HHIE (BIH) 08D ORI R coercivity of FePt- tips
B (R OBESRLR S DY 21272 BRI IoxiinT 5. A 14.4kOe 16.8kOe
Table.2 |2, FEREORULBIEIC L AR L, EE D/ L AR c 15.4kOe 18.2kOe
5% T IEEIC & B IRRE N . TR L A OIS D 19.0kOe 19.4kOe
G 22.3kOe 20.3 kOe

(ZITBRVFEBE S R B 4L, fRIE7173 20 kOe L EOEEEFOIERLIC
R L 7e 3 5.

$EXB 1) H. Saitoetal., J. Appl. Phys,, 107, 09D309 (2010). 2) S. Yasui et al., Annual Conference of
ICAUMS2012, 4pPS-118 3) S. Yoshimuraet a., J. Appl. Phys., 109, 07B751 (2011).
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A 1 BEMSEE & Tl 72 (Big ¢Bag4)FeO; ~ /L F 7z A » 7
WD R - BGORFA A= 7

Ao DI R, KT ORI SR 8, OFE U
(FKEKF)
Simultaneous imaging of electric and magnetic field on (Big¢Bag4)FeO; multiferroic films by
alternating force microscopy
J. Lu, G. Egawa, Y. Kinoshita, S. Yoshimura and ©H. Saito
(Akita Univ.)

[FLSHIZ Fxix, I CEERNTHIESLEMSEZ, BREIHFICE O TEWZER 6 Tt %
EOTHRHECTEZZ2MEEZHET S, KBFEXNBEME (A-EFM) 7 5 NIREMEK I BHEE (A-MFM) % BR%E
LC&7 DY A-EFM 1F, bR SN 7= EEMREHC, RO IR WSk & Br 2 IR O F B 2 Fn L
CIHHIRORFREXR ) ZHAE SHE, AMFM 1L, bR Sz Y 7 MtEgetic, FEIRORFRE % i L <
IO RFE R RAESE, ZNOIEHIRLF NN FHLT 2 REHEBI O B AT S 2F AL T, #
LB DRAT HFES R O NCFS %, FERBERRZR ey 7 4 T 5. AT, F#ES L
FE O REREG b2 B E LT, EEHIEEMED Y 7 MEEMETRSH A AV, B2 B JER O R ES L AL
BEmZEIIN L C, $Ed & s % 8453 5 (BigsBags) FeO, A E « MME~ /L F 7 = 1 A v 7 4 8152
L7ekERERBINT 5.

KEBRAZ FHUC AT A, WHOEER Y o — 7Bk (HARE -/
JSPM-5400)IZ, 2 i DIE 5384, FEWREEHRZ (PLL FI#K) KOV 2
By AT T RMAMUCTHER L. BREHTIE, BIELEEME
AT D CoZiNb VY 7 NMEERE: (SifREHTBLMERE A 30 nm &%) % H
VY, SRRSO B 5 S s K OGS A FIIN L C, BAEL7Z(111)
Bl (BigsBags) FeOs il (FmEA(L Si Ak Fod Ta/Pt FHIEIZ 100 nm
B OFEHE T E S M O B E S L O 2 8lE2 L. (Fig.l).
RIS TGRS & Ta/Pt FHUERIC R MAEE 2 FHIN L CTRAE I,
ERER HSUCID, WBENEOEEE 2 R L Ta/Pt FHUERIC
EMEEZHM L T LZ., OB, 3 um AOMEEIC 12 VAL
#%IZ, TOHRO 1 um A OEEIC-12 V EIIIL72. Fig.2 (a),(b),(e),(HiZ
FRAES DR & AARB B L OSRHET 287 1 7 7 4 L%, (c),(d),(),(h)
\Z RS DOBRIEGR LB L OSRHET 287 1 7 7 A Vv ERT. GBRE
(213 0.2V, 300 Hz DA EIE 3 £ 1V200 Oe, 78 Hz D Atk & HIN L 7=.
RS CIXRF R A E S ARICBIZ S, B T, ®E
B O ESBIMEE &0, AR 2R T T 180° Bir o> TH Y,
FEEBLHO LN L TWD. FESGBRIZHENTY, BakENS s
i & [A) UGPSRV RS XA 1 3B S, BEIKHBE SR C HRBLRGSS DAt
EDMEMEE & 0, AARITEE R A C T 180° Br > TRY, MEMGO
FENKELTWA, YLD Z0omiEE - MMM o, EX0m
P LEIRT—AL b MEDOBTEBEWE VATICE ROV EMERAR &
HZENDD. AHINTFIED, MAE - ERVEEES OREMEIRO  Fig 2 Electric and magnetic field
ST I B E B2 B 5. images of (Big ¢Bag 4)FeO3
SEXHt multiferroic film.

1) H. Saito, et al., J. Appl. Phys., 109, 07E330 (2011), 2) J. Lu et al., J. Appl. Phys., 112, 124110 (2012)
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REGRVBEMEE BT 5 Y 7 Mgt O MREREAM &
NpLpa —. N YN P
1k SR B AREAAR 0D 15y 0 PR RE [EL TRl S B 22
] Z2{85 47, F. Zheng, H.Qi, K.SrinivasaRao, iLJIITtA, A T=HI, HA, 7EHEE

(BRI R5)
Alternating magnetic force microscopy: Performance evaluation of soft magnetic tips and high-resolution
DC magnetic field imaging of magnetic recording media
S. Okayasu, F. Zheng, H. Qi, K. Srinivasa Rao, G. Egawa, Y. Kinoshita, S. Yoshimura, and H. Saito
(Akita University)

[FLEOHIS TF, MEKFREIEIRDESE LI, MFM O @ fREEL YR < RO BTV D, Fox 1Rk
F VTR OGS FHA DN FTRE 72 22 B e 5 SR B (Alternating magnetic force microscope : A-MFM) % BA%E L, IR
DRSS ORISR 2R LT 5 D2 AMFM & W 72 BRSSO FHITIE, IR S 7Y 7 M
PEEREHZ PRET O IR B & F 72 2 JA W B D AZikss s % FIAN U CEREFABHIIZ R A4 S B2 IR O A2 e X
FIDFHE T DIRFHRE O BER AR 2RI 5. 2 E T4 ILEffEAL Fe-Co 82 v T2y
fRBE 6 nm EREE A 157 9. X 57 B E O LD T-DIIL Y 7 NREMEEEST OMEREIA LN EE L 72 D, AR T
1, IR L7- Y 7 MRS O AT RIS A E 2RI U7 BRI RE R Y2 VLT, B IcER L
flize DY 7 MEGPERRE 2T L, KD Fe-Co fRE#H XL 0 B MEREZ R LTz Y 7 MEEMERRET A v CHR AR
RALERILR D &y REEBL R 2 A A T R e Wi T 2.

Ak Hxov 7 FEVEES ZTRO Si EEHT, FegpCousBis, 7
FessC024B2o, FeoC0z, C0goZrsNbys, NigoFeyy F4 % ZALEALA /Sy & aof
VUYET 30 nm MR U CHERL U 72, BREFOMERERHIL TR EER Y @ 5 | FerCow |
o — 7 BEME(L-Trace T, BYM7/Hr/28)ic, SMSIRE L CEKE 2 Y NigoFez
FEMAZT, BHESHCRHRBES 2 AN % 2 L CAEL 2 EeHRBO 57 b, |
IR AR Y N AD 2 WRHBE OWBIE | Qon) & A7 NF LTS ER L .
SAP—THET D 2L TH o7, RS ORIEIE30-12000e, & 529 44 l
WL 89 Hz & L7=. FRBIKOREXEIZT, CoCrPt-SIO, mEHA A @ &f
SRR PV, BESFRURHEIEEEER 23 m E LCH v BV 2 Y T R E— O AT 1
I 1000
| 200 1000 10

RCIT- 72, Ak OIRIEIL 50-300 Oe, &L 89Hz TH 5. %% =
FER Fig. 112, (ERL L2 DY 7 MEMEESHT R 2 REHEBI 0 )8 /
WBIETIA T S 2 WAH R | 2om) O RS RNE Ho® K17
PEZRT. 2 IRIAHAIIE, ASTRES T IBHE L T LT D IREMRIE & A2k
s E OMEERIZEVAEL D, 1Q2an) X He OB, £ 2
T LTINS, 1RICHBIL TS 5. He I ENZE LT 5
BasE, BRETORFREZ BN L, T D& & DE SMENES DR K Loy
@Eﬂiﬂm‘ié CXED , F650C025Bls #7!%%1'@: NigoFezo #7}%@1'4: n %/J\é A | : L 2 VKHV
ALY CRIRINTIE L, FerCogo PREF & [RIFREE O @\ i HERE 2”9 2 (D)
EDBENTIREMEREA AT HZ NS, i, K 7 SREMEE
SFOEFNREIE M OV R R 1, 4% TR T8 oD B 1 35 e OV
WAk & LW E STV D, Fig2(1)IZ, Z 0 FegCousBys 28 % H
VT A-MFM B3 U 72 R B KGGLER A (FOekE E © 500 kfci) DRtk
By MOZEFANT FVIBEED HE KA 2R, flik ey RO AN et
MBI SR DFLERE Y MDD T A T a7 7 A LV DZEM AR el
MG IR L L Haskd 7=, i, (DD Fig.1 O 20 :
FeeoC0:B1s TRETD | 2eon ) MG R /R L7z, KICH S K 91T, fidke

Amplitude of AC magnetic field,H,** (Oe)

Fig.1 Dependence of AC magnetic
field amplitude on the intensity of
second harmonics of tip’s frequency
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> MR He® DALV, Sl LML, #%ICffn L C—Eff L
5. T CTHIRINCET D HEMEIE, 1) DIRIFEMENZEALT % HE E
FOREL DD, ZOBREFIVIaL—va UiERE—EK L. DL
EXEY, 1Qon) &AW BEEHEREFENEIL, B ORBICAEHATHS.
HE T, OfREM EEXS Y, MEREEZ S SICHEL L
FesoC05B1s TS & W - LR A DBIEFERIC OV T H KT 5.

BZ B 1) H. Saito et al., J. Appl. Phys., 109, 07E330 (2011).

field amplitude on the intensity of
spatial spectrum intensity of recording
bits ( 1) and the second harmonics
intensity of tip’s frequency modulated
oscillation (IT) for FegyC0,5B1s5 tip.

2) riE 1, 55 35 [0l B ALK A AT A 2

£ 27pD-2. 3) S. Okayasu et al., 2" ICAUMS, 2pPS-109 (2012). 4) H. Qi et al., % 38 [a] 0 ARLR 2 1faiiE

2 WBHCPIE.
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AR ) AR A N T RO LRSS A RN ) U 72
ERELER Fe FREMERS X OF Ag-Co MR REMEREST 0D %
EA . FIE AR S, I TR KT R R UE
(FKFR)
Development of high-susceptibility Fe-based paramagnetic and Ag-Co superparamagnetic tips
for magnetic imaging of strong DC magnetic field by alternating magnetic force microscopy
S. Yoshimura, S. Bansho, F. Zheng, G. Egawa, Y. Kinoshita, and H. Saito
(Akita Univ.)
(FLEODIT Fexix, ABIFREITEE ORI FHZ ATREIC T 2 @22 M ARRE 72 X BRI BEMEE (A-MFM)
EEFE L7 DY RFETIE, ~— REEERBI OB FRG AN L CiE, Y 7 MRS A TGS & FN
U, PREHEGAL 2 IR SOiE S B THRBFUBHNIC BRI 2 A S, ZOREWMKR I BFHR T 2 5REHR
O FEWBETHRL 2RI 5. L LB D, KABA RO TRV & 5843 23 OFHm Iz B0
TIE, 1) V7 MEMEREDHBIREICHIERE L TLE D, 2) V7 MEMERSOBALS TR & OE
s CRIFN L C L EWERBZERBLR N E Ly, REOMBENEAETH. ZuxtL, MKE—A Y bR
V7 MEMEMEE L b E L, BB L 2RV, SWEMEREAT D, REDFBEA T L EMMER LT
AB RV B 2 AW T BREE DS, BIEGEBILICEE TH D LEZX LD, FTo, BALPRISIZHH] L2k
AL Er TH D I HEREHT, BB & G b5 2 & T, WBHE RS O it
WCHWLZEHTED. AUFFETIE, WM IO EMEER I W) TRAEER A B R S 5 72D O EHE
W IAER T 0 A OREHEIT, ERROH@ICHE L sl R 2B T2 L 2B L Lz,
FHiE SREEBMER X OBE MR (IKE 100 nm), 2 L CZI 5 2 RUR U772 # Btk R L OV i et eet
o, ¥ X b ANy Z Y o TERIWT, BT TR IS = STk BT, % IE SRR RIS, %
NWENEIRCIER L. WREEEB RN 2 — 5 > b RIZIERME Y — R ERED M 72864 — 5 Y M &
VY, TR IEE S — 7y N IR — 7y R E W 2 TRIRFEA Ry Z Y TR, ERE
AU U7z, Bl O RRINE I, PUBHREVRL G (VSM) 12XV, BREMEIREF OIKEEIX, KARGA DR
K[ABMEE (MFM) JEICR T 2 BEEHREBIOMARZ(LZRET HZ LIk, EhnEhfToT-.
FER  Table.1 1T, 1ESLL 7= HBEMEMIRE L OWRF BUEHIR O RIE TORMEER, BIOEN D O MEIEE R L
TR O R RN RHRE), 22N Z41urd . Ni-Cr, Fe-Cr, Fe-Mn 358 E CTHBME, Fe-Mo-B 1%
HE THEM, Ag-Co 137 7 == 7 —EOBERNME, OHETHL. 22T, WTFNOFBIEERIC
WThH, BIRTOBEENRERIZZRD (F= ) —IRENEIRIZ/RS)  Tabledl  Susceptibility of films and
SRR STV, RSO WRAEEEHC BT 1L, Rehtor  SCnSiivity of s with the films.
ROBSET—A > FORRICH, F R TEROPIEGEIC | im0 | 0 | 20 | 10
Ry, BN KT 2 Z R L2, £72, Mo, B Z¥hNL TH Pd 7.6%10°
pnEA LT 5 2 & TRALRDN ISR Lz, ZOHKRIE, D72rnIFEk NiwCrr | 47x10° |45°
PETLROPWMTH 2 ) —IRELZIM T TE/ZILICLD. EHIT, 1% | FexCra | 60x10°
WD XD NHERGA: & il U728 RIS B, FERICm [ FeMne | 125107 [21.27 | 94" | 8.8°
WRAERAG DT, 2 LT, MIEORLE L Estomg x| Dotorfe] 147007 (270 (74 180
BOMBATR L, B, WTROBEHIRE TS, ik~ e |
DRI BT Uhr 572, Figl 12, 0 Ag-Co MR T susceptipilty, 7 (107 H/m)
WD (ERLREICRE B REMER D2 2R, 22T, ik ' o/
BOREDHIRIE, Ag~ MU v 7 2HD Co Kif-H A XD
MEICHGTHHDEBEXL TS, KP ORI, Bk
PEELAE & R & TRBEE DR OER TH Y, Z O
X, M OBMBROFIRT LI, EXTURADOA
NDATo 7. BIEHEAHERKIEL 2 &Ik, BFEE
PERFHZ TR CTE D Co A BN L, 1FRSM 4 fEib | _ : : :
T 52 LI X D EFEEMEREOBEREZIFFIIRE T D 0 > Coz:centraﬁonl(svol%) 20 25
TEBRTEDLZ LS. Fig.1 Dependence of susceptibility of Ag-Co granular
£ 3CHR 1) H. Saito et al, J. Appl. Phys., 109, 07E330 (2011).  films on fabrication conditions.
2) (i, fth. 25535 ] B ARSI FINGREIEELE, 27pD-2. 3) KT, fth 5 37 [8] B ABER A FINGREIEEAE, 3pF-10.
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SRR T T — 712 X DI RERA B O 10 N R R D I E

A B, AR, IHE SR
(BRKF)

Measurement of minute remnant magnetization by Needle Type Magnetic Probe
Tamotsu Minamitani, Dai Wakaura, Sotoshi Yamada
(Kanazawa University)

FLHIZ

HIEER L~V LD F OBy N BB R (10510 T) 2 fl 5 72l ERH S CRIET 5 2 L 13, HIROHER. EEROZED
AR ICRE BT 2 Z ENHIFRE S TVD. UL, T E TN RERALORIEIZ TG S —V R, Bl
EDOREE L DELTH ) KBWERE S AT b L o> TWV-. £ 2T, R —/V R LTS o (72
kziMMmmtyﬁ?%%VW‘2&E&“@%mm EEHITETE D Z L2 L2 V. 3T 3 otk D
HIETHY, ZOEDIIINEE/NSLTDHILENMNETH 7=, £ZTC, GMR BV &2 7=sHkER 7 v —7%
Hw, Q¢5$3@2@@A;T3ﬁﬁﬁ YERET D Z L BT O THET 5.

AERE
SEFEFEIROME 7 CIIBRE Y MAVNRTE—ThbH 2 aﬁu
LT, Fig 1l DREL AT L&2BR LT, & HIRBoMfE /sy
BiE L, oo hma Ao LEESm (e i) &9 5. _034*%
Tl YZEFEL, uitﬂ%lil%:éﬁé%z_kﬁofb\é fw Nl ETSR BN s by
T, HUREHH 5y T%Dﬁmm 3, FRHORE LRI R ORGsEs U1,
PEER S5 Z & TRy & LTTRIBEND. ﬂﬂ?/‘y‘@l_{m AR Below TuT

Wi(d/a=0.37 d=13,a=35mm)

E72%. 7o, RBRHEAR adGREHR//UEES) & NN DORHREE DR E S
Fig2 OFRAH Y, /INUKIZ K0 BRI OB 0 R E <785,

R L ER Fig. 2 Ratio of B in the center of

HIEFE @=20,d=3mm)lL,~ 7 %X A NOBRI % =R RH8lEIC hole to remanence Br.
R 1.0 % CIREEO TR L7z, SRR T 7 —7 2 - GREO
TRNNORHEE ZE LIFE R % Fig. 3 \ORT. ZOREEEa Y7 AT
YATTHERT 5 Z LR, 10° T LV OREREEEE, 1550 D
ﬂ:ﬁﬁiﬁ?ﬁﬂﬁf‘% D LR CE T,

LILEDS, BONSZ2EHR GMR T 0 —7 2 V5% Z & T, /ha7mdk
EHH A RTHIRORA S 2 RETRT, 2 KOG = & T3 4k ——

T OREDRIREL 72 5. Time t(s)
Fig.3 Measured signal by GMR probe.
BEIER

1) T.Minamitani, D.Wakaura, S.Yamada , Digest of 2014 JIEE Annual Conference, 2-127 , 2014.
2) Nanotesla sensor, Aichi Micro Intelligent Co .: http: //www.aichi-mi.com/magnetometer/type-dh_en .htm.

0.05

71 b, SRR E IR 12 LT REERT D MAARNORIEEDR .
. ig. 1 Detection system of remanent
& & x Bl 263 DR T AsHEE TE 5. magnetization.
B 1 X & BSREE ORSE oo

FRIRBES T 1 — 7 DETARO~EIE 04X 04 mm, RS 30mm THY, § oz
MPE > (I1X2mm) &0 HEfEREE/NSLS T&5. Zhucky, we gmv_jﬁﬁmw“%m>
DA REZNETOREE @=35 , d=13mm) L ORIEC VYL THE 200 e~

:
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M ERAE Rt 8 & TR L 7o RSV E R AR S A B R #

INEEE— « KATH « ZAIEWE - FREE(E 3 - fBFSCR™
(e, TIER, THEEEK)
Magnetic Force Microscope Tip Prepared by Coating with Magnetic Film and Oxidation Protection Layer
Keiichi Kato, Mitsuru Ohtake, Masaaki Futamoto, Nobuyuki Inaba”, and Fumiyoshi Kirino™
(Chuo Univ., “Yamagata Univ., ~ Tokyo Univ. Arts)

[FLOHIC MR IBEMSE (MFM) (3BK LA 72
E OBAVARIEMAT IR VBN TS, MFMEE
$HE, —XAUIC, Site & DOIERMETEEHRENERR A
T5Z LI L 0 ERI S, BIERE IR T 2645
RESZ RS TR L, BLIRRE 2 BIER T 5. T D72,
PREHTAIRITIN 2. C, BEtEIESF o e PO i O i
(BRI 72 8 NI FRBEIC R & I B % RT3, L
L7205, B IEOERLIMREERE I KT T B S
WS L 721356 E 7. RFFE T, R ki
HELER TS LIk Y, BemMEIZEIL D MFM
B OER 2R AT,

EEAE MROEICIX, BEZER Ny X ) v TEEE R
FAW . IR O Sesm88 4 nmO SIESHT 20 nm/E DR
MREBELO 2 mEOREBEWET HZ LIZLD
MFMEESF 2 ERL U 7=, MR R & L CRe%, fRi#
@i LCC, B, SiZREEHWE. £/, ko
72, R L OMFMEESE S ERLL 72, EIRIER
Tl 2 1 U CREVERREF ORAL 21T\, PRAT B B 40 fi
RIS M R % 0T W) BEREE D 45 fRREZ AT
TiE, BEZEPERKAIMFMEZ iz, £7-, gk Lo
RERFFE DTN 1, g R R REIC SISt B2
DA R X o O e

EERER  Fig. 11CSiER EITER LI-CIR#EREA Y B
L O L oFefEDfafifigit. (M) OERLRERRRIE H $%
KAEME A T, (B L ORETIE, 1 AR TMAA
WA L, BE OB RKIZHRHE U TRt 45
RIS, —F, R#EBEH Y OROMIL, X
E—EEZR> TWDZ ENSND. RIS, SRR
ffiZ4T 5 7212, 500~1800 kFCI Tatdk S AL 7- i E TR
BEARDOMFMBIZR 21T - 7=. Fig. 2@ LiRBRET O (%
JEHE L OMFMEEEF 2 W CHIZR 24T > TR R 2~ d
F 72, Fig.2(0)IiZ, feEkey MRO/RNT—XXT7 h L
&9, 1700 kFCl (¥ F&:149nm) FTiE, By
MEB L ORU =27 M UIZEIT 5 B —7 2R
5 Z LRk D (Fig. 2(a-4), (b-4)). LL72A35, 1800
kFCI (B> FE:14.1nm) TSI/ b &2#kB14
HZ LT TERY (Fig. 2@-5), (0-5). L7=2->T, 4
fRBEIL 14.9/2=75 nm & 14.1/2=7.1 nmD [ 7.3+0.2 nm
LFHMIICE 5. Fig. 3 \ZCREEA Y B LU L OMFM
BREF O RRE DR LEEREGE B KA T2 R, PR
JBEE L DA, WEBEHMEE OB LIZLE, SIREENME
TLTWAZ s, —J, CIR#EREEZ WS 2 L
T, BN E b L, TERE AR A ik L C
b, OEFRENIZIE BRI TND Z ENGND.
YHIL, RiEREOFEN S IERE DR LIHEIZ KT
BIZOWNWTHHRET 5.

__ 1700 with protective layer

(&]

< 1500

IS

2

s 1300 without protective layer
1100

Period of oxidation test (day)

Fig. 1 Saturation magnetization values of Fe films
without and with C protective layer deposited on flat Si
substrates.

(b-1)y
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b-d) |
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Linear density (KFCI)
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ﬁ | H I E
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|
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Fig. 2 (a) MFM images of a perpendicular recording
medium observed by using an MFM tip coated with Fe
film without C protective layer. (b) Power spectra
analyzed for the magnetic bit images in ().

100 nm

—~ 26

E, 22 without protective layer

S 18

S 14 [ with protective layer

©

&3 10

x
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Fig. 3 Resolutions of MFM tips coated with Fe films
without and with C protective layer.
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Co 7 =74 hZEWTZHKNBMEEN 7' 0 —7 DR & < ORFE

R FALE A e AN
(fEMAR)

Preparation and properties of magnetic force microscope probes using Co-Ferrite
Syusaku Fukaya Naotaka Takahashi Xiaoxi Liu
(Shinshu University)

[FL&HIC

Nd-Fe-B O & 512387 72 AT O R i OBEXAEE OBR 21T 5 BR. BHO MM 78 —7 ORI D3/ S
< FHUBUELOIRMBIR O BIZ L0 7 a— T OBb O B3 LT L EWIEMRBEN TRV, TD7
DEVMERE S A MM 7 e — 7 ORERMLENZ 2 5,

ABFFETIE, Si D AR 7' — 7 LICHEMERIR 2 i 2 2 LT &0 @O REES) 2 85O MEM 7 e — 7 R
FAME LTV, ABIEICET DRMEME S LTC 72T 4 FEBIRLT, Co 7= T4 MIRMTHY |
FALIC L D BN DR NEEZ NI TTa—TDEMPELRDEEZLND,

RERAE

BRI TR IEx T 2 — 5y ARy # U o 735 (FTS) 2 5, A FIS Z# W =Dix 77 A<=t L %
HMRADHEA—=UNDC~ T F ha v RAR Y Z Y o 7HEE LD ZRE TOMENL D F L 3—
FATHBE L7354 FIS DIE 5 S L 0 2EHMIC2 5 Z L RHR SN TV E NS TH S, Y

F X UN—NORIFEESJL5.0X10" Palh T & L, Ar FRAZE AL TA/Ny X HAF% 4.0X 10" Pa, H
WONBVEEE A 150 T 5 400 CETCELSHRIEZIT -T2, 2, 6 OFEHIR L TREH TOZEULER
ZITolz, IRICERICBWTH AEZEZ 0.5 Panyb 0.1 Pa £ CEL S VR L7, 3RBHEENRNS /15 (VSM)
W TRESEREZ . XBREYT (XRD) ZH W TR mEE L 3 L. S OITEE 2R &k 2 fesd % MEM 7' e — 7
DOIERAIT 9,

EEREER

Fig. 1 124 FEAMNEBNE B IC 31T 5 BVLERAT & BVLELE ORI OV ORT, 2IRIZB W TEMLEE A 1T 9
Z ST K o TEREE) OB HER STz, RORBEIIE, FERINEL 350°C, AR A F 7 =—/L 400°C5 FREfH1T
9 Z & TTEEF ANV THI 6.8 kOe, HNFHNIZIT 6.1 kOe DIRBESINHER ST, [RISMHICB W T
MEM 7' & — 7 EIZ A2 4TV, Nd,Fe B WBEDOBIZR 21T 572, Fig. 2 NGO MM BB THSH, Ll [H
Ta—7 07 v MG HIBERFRD ST,

Z ORIEDIRIR D 7= DIZHBIRIZB D TEVVMRBE I 255 T2 DI AL LS TANRy X BT o1z,
Fig. 3\ AT ALK T 28BS % ~T, ZORDBRT X I ITHRBESIL 0. 1 Pa DRFICE S K& < TE AT
4.9 kOe, WMNAFMIZHK 3.5 kOe L7220 HAED EF L EHIZWPBRAONTZ, ZOXHITEIRIZEBWT
LB Z AT o TG BV 2155 Z L ITaEh LT,

KB OfE S, BRTIER L7 2 — 7 COBIEHEREDOT — X IZONWTIFRRRIHRET 5,

7000

5000
—u— perpendicular(PA) N .
6000 *—in-palane(PA) / \i\
— 4 perpendicular(No-PA) Y \ 4500 L
—v— In-palne(No-PA) N - In-pl
5000 | N n-plane
8 4000 |
4000 |
N’ ,;\ . N
< 3000 | S asoot \ \./.
= © -— .
2000 T = 3000} \
1000f ¥, - 2500 |
150 200 250 300 350 400 2000 L

L L L L
0.1 0.2 0.3 0.4 0.5

Substrate temperature Gas Pressure (Pa)

Fig.1 Coercivity of each substrate heating Fig.2 MFM image Fig.3 Coercivity of each gas pressure

temperature

BEM
1) X.1liu, S.Isomura, A.Morisako, IEEE Trans. MAG, 48(11), 3673-3676, (2012)
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REFRE K ITBAMER 2 O T et =R Ag-Co B REEEREHC K 5
FePt sk Afs A JRIR DR L il A A —2 7
LR, S ML TDoeR, RTF=ERL SR L g U
(FKHEKF)

Near-contact magnetic field imaging on FePt hard magnet films by alternating magnetic force
microscopy with a high-susceptibility superparamagnetic Ag-Co tip
S. Nakayama, W. Iwai, G. Egawa, Y. Kinoshita, S. Yoshimura and H. Saito
(Akita University)

L U®IT Fex i, dBREITES CORSFHZ " HE ?‘55&%@ jﬁﬁﬁﬁtf“ (A-MFM) ZBHZE L, mEE
BEFEARIEA I LT Y 7 MREVERESH 2 T, TR O S 22 A FREEBLEIC T LT s D2 - = T,
JihiiE LT A EREHCIRE O IR E I Bk & e 7n B R vk %Eﬂﬁubf i‘m’fﬂuﬂ:%ﬂﬂ;ﬁéﬁ IR X TR EURE
RN IR DR FER 1 A SE, ZOREBMKIIDFHLET DHREHEB O F AR L 2RA LT, &
B S OBETES ZFHI L TWD. L LR D, KABAZEORD CHRWETE 2 AT 5o # 22
REIZIX, V7 MRS D, 1) BRI ~DOBEWRFE, 2) REMLI TR S OB FRESG I L 0 fafn L,
JER BTN E U2, FOMENRS Y, REKEE LT, EEMMLARSG TG Liafidd, bfiz
WG CHIE TE DPT- 70BN MBI 5. AR TIE, A PRI L-BWHILEEATEH7 7=
5 —HE D Ag-Co B REMEESH 94 VT, ﬂ(ﬁ\@ﬁﬁ%ﬂ%)@l:@ﬁ AT FERERET D,
FE ERO AMFM I\ TC, BEEHOEBE MRS 2 HW S 6 121E, oM kX, 3o 0|
VRS L DRSO E AL & I TSI, Ak 5 A O F1l ﬁ%iﬁ THHIL CTRAET D Z b, R
Fﬁ@ﬁizfm’wa IR LD, (aFZ/az)z(M;’°+M?° cos(comt))(a H:" /02" +6°H* cos(ent)/2°) (1)
= CHRBHC ZE M) — R RS A FUNT 2 54, (0°HE/az®) <1 LW RO an A IFZLL T L7225,

(6FZ /02) (ont) = M (O*H:® az®) cos(ant) (2) L7=23-> T, (3T & 0 FHE S5 AW EIERD on 155 %
REHRENR P 2 B EERZIC v 7 4 VT 5 2 & C, RS 7 I AT 72 B O ARl % 319
HZENTED., HBIELT FePtBAAERE (S 300 nm) D#i%Rl%, Wik EEBR 7 10— 7 BEMSE(L-Trace I,
H SEMT Iz 2802, SR EHC A WIS 2 FUINT 5 72 8O O B A 2 5 UEHANZ AN LT A-MFM 25 & R &2 HE R L,
REABPTITo 72, BE#HE, BEE=R 45X107 H/m @ Ag-Co %H% (100 nm) %EEH%LK%%MHE?“%%H%\?_
R Fig 112, I E 7 m) e e L?ZFePt -
@EEH%@%EE{%@, B (RiE) Bb), B S

St (6AR) #(0), Z2TNEhord. MIBmESR &%
IZEBWTHE B VTR DRSS A X3, J_%OD
MFMHIE CHIE SN TR OBRORE Z LIF
FILThoD T &, F IR M% ’m\ﬁ%m: - &
B3 KO OE S O RS 23, F1ThLZ Fig.1 (a) Topographic image, (b) Amplitude image, and (c)
s, KRA-MFMTHE D 2/1/7'1_1%75‘ FePt@fﬁErHﬁ phase image of FePt thick film.
DIEREIRAE 2 SOk U 7= B IR 70 H2 18 7 [0 O W% © 800
HHEEZD. Fig2o(@B LIz, Figlob) E
BSmRER S L COBBmIER BT T4 7
07y A NETNEIRT. BEBSOMEN e E
L7 I AR L UG O KR (f2FE Z21% 0
180° Z{k) MHABRICHBIEZEINTEY, »OBEMm 150 N
WBOZA4 707 7 A NVTIE, MR —EfEZR 210 ¢
LTW57 T h—ARENICRN T A XNHH I I ] .
INSUVMHITI S A BT, 202 B, A BLETE 501 T =T e i

o
o

Phase (deg.
wu
)

FromEALDS, HUIN U 72 22 ks s (FePt/R 5 i HE () e

FE ORIy & b - CTHRRZEAL L, Bafbihiiic Fig.2 Line profiles of (d) Amplitude image and (e) phase
ERF U SRR L AR, image of FePt thick film.

BEHER 1) H. Saito et al., J. Appl. Phys., 109, 07E330 (2011). 2) i 1, 45 35 [0 H ARG P AT EAE,

27pD-2. 3) EHAS M, 55 38 [A] H AR NGRS R TIE

—222 —



4pA-11 538l A ARSI (2014)

Y 7 MR 2 N T AZ R AR T BRIRER IS K D
BEREEER v R DAL A A —2 7

HERe T, wn s, o)Ibek, RTF=AI, & 8 Bk 1
(FRH K
AC magnetic field imaging of magnetic writing heads by alternating magnetic force microscopy
using a soft magnetic tip
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