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Relationship between Magnetization State of Ferromagnetic Tip
and Observed Results in a Magnetic Force Microscope

Yasushi KANAI¥*, Izuru ISHIT**, Kazuhisa SUEOKA** and Koichi MUKASA

This paper investigates the relationship between image obtained by Magnetic Force Microscope
(MFM) and the Magnetization distribution in a ferromagnetic tip. Stray field of a ferrite recording head
is measured by an MFM using Co coated ferromagnetic tip. Asymmetrical images are obtained with
respect to the current flow. To understand the images obtained by MFM, finite element calculations are
carried out and derivatives of force acting on the tip are obtained, where both tip-head magnetic interaction
and nonlinearity of Co tip and head material are taken into account. By comparing the MFM image and
calculated derivative of force, close agreement is found. The relationship between éa]culat_ed magnetization
states of Co tip and the MFM images is also discussed. We found that it is indispensable to understand
the magnetization state of a ferromagnetic tip in order to understand the MFM images.

Key words: magnetic force microscope, ferromagnetic tip, magnetization state, recording head, finite

element calculation

1.3L®IC

RARSOBETEEER, HETREROROMUPELRLTEY, $TI22-3Gbfin® 3HHE
DLDERY, B 10-20Gh/in® DERE B LR, RBIEDOATVS. THITH
LT, RSEaEHaIseE, mI, YuokX, 508, BEMITE Cke 2BLEMRICLY
TALNTWVED, MREEOEHARIII Z URFEART, »2, EETE_% Ehbh, RE
FEOMLEE LB, HRHBHF I TITREICL > TS,

BUNERORYL, BASAEBEA IR, 7 -HRENEME, A URREEE TR,
BIHAOY ST 41—, RESIEME, BTHCT(Computerized Tomography)i:Zz £ 5 ) .
Z 05 LRSI FAREE (Magnetic Force Microscope: MFM) (& b ¥ & VB $i(Scanning Tunnneling
Microscope | STM)DRFEDBRETET DT, Fete LTREGEZA, BEGDO RIS
EEELZZE 2221 5810, $2R3RHZHET S0 THS. MFMIZBIEI % BHAIAAS TTHE
THAREDRED D 5D, ZRSBENEomE &y, REHIET 5 MRS 2 TREAH
TOBAIFTEELR LOBBAICLVELAVWLRATVS

L LS, RESHRBIEMEOSE, MRS ORERRIC L) REORKXRE,
Bitod, BASAEETENYD Y, F-MAMESREEEORKEES X UERmDE

* WHETIFH B
* % JLEEAERER I¥HRM BEFHBRIFHEX



£#H ¥ BH £ KBAA - REFE-

RIEKELEKET AL HUBTE DRI TWEY , TNOMAMICX WBIB SN B L #H
WTaIc47:Y, BHOBLREBE B LEEL T, HCH N B LT ZDORTEBITHIC
RO7BIEH DY B, BEAY K25 OREBFRGI k0P CRHIT 2 HE41013, BiEEsto
RREH (100 - 300 Ocf2BE) IZIRARFICHLI/I0DTTH Y, BiLREE—BLRET S
LICiTERENDH S,

ABETIE, T, 7251 MERAY FRLORBEAPTMEMIC L 55T HIZfT &2 o 72
H, COBRBREBINI2YERIESHCERTLIHOMOPETH S, ki, H-FAEHOME
VER B X UREMESE, 7251 PORSMIEREELER L, FHREREIC K VEEERSNC
B HDOBOEZ RO, FFREHBEICLIIRODABERERBIAILICL), MERXXL—
BTaZ 2L S50, MERIABOBMASHFLEHICL Y RD, ~v FiCEHR
PRALDA L OBBREEBELL. Thb XY, MIMIZE DB ON-BEERE» LIRERR T
HETAIRICIE, MEEHABOBILSALHALZLIVETHLZEPHURBLAOTHRET
5. »

2 HEHBREEICSE B3Ny FREFRORE

ARETHWFHIZEBIIHROMIM (A4 2—BTFTERSPI300) THb. F/, Ht
13 FAE U 71 Bat%EE (Atomic Force Microscope: AFM) ISi<w4 7 0% ¥ F L ¥— EilCo%
100nmA Ny FREEL, ZhE8kOeDBRICL D IRSHEWANBE 25 L)1, FEL THY
7o, TEHIANY 7 LB LFAKOEMGT, ColREARMKLEIC100 nmBE L /2. Fig LICHEHAN
B OM-HEI# % 77§25, RS He=150 Oe, FAFIREIL Ms=550 emu/cc TH 5B Z L3505,

g 600 —
E 400 1 ) (A) [=+15mA i :
< o i $ e
;,;‘ ] - & .
;5-200 S :
2 2 ;
= .600 0 E

-3000 -2000 -1000 0 1000 2000 3000
Magnetic field (Oe)

Fig. 1 Measured M-H loop for Co film. = (B) I=-15mA ,
& N
_________ — | l
] | 1
4 g I
gn ] t
Cantilever Scan direction ‘@ ! !
z ' E P
: o
Tip-sample distance 0 i e g
:0.1zm Track width gap Position (/.t m)
[ - 1dpm Sle—IN
Mn-Zn ferrite head

Gap lengt\

0.3xm

Fig. 2 Schematic arrangement of MFM tip and Fig. 3 Line profiles of stray field from

magnetic recording head. recording head measured by MFM.
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