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Development of high-resolution alternating magnetic force microscopy and
its application to advanced magnetic materials and devices

Hitoshi Saito

Abstract
We have developed novel magnetic force microscopy named as alternating magnetic force microscopy (A-MFM) for DC
and AC magnetic fields imaging with ultra high spatial resolution of less than 5 nm. A-MFM utilizes frequency modulation of
cantilever oscillation induced by applying off-resonant alternating magnetic force to high sensitive homemade magnetic tip.
A-MFM is the first magnetic force microscopy which enables near-surface magnetic imaging. A-MFM has several new
functionalities such as, a) zero detection of magnetic field, b) polarity detection of magnetic field, c) stroboscopic AC magnetic

field imaging and d) vector DC magnetic fields imaging with selectable measuring axis.
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Table 1 Characteristics of conventional MFM and
alternating MFM.

Measuring
Object

Detecting
Signal

Magnetic
measurement
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Zero detection of
magnetic field
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Vector measurement
of DC magpnetic field

Stroboscopic
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magnetic field
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Fig.1 Schematic diagram of A-MFM for measuring
AC magnetic field gradient.
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Fig.2 Schematic diagram of A-MFM for
measuring DC magnetic field gradient.

T U7 REHRE B O J8 W TG B2, Ak R
J—7E (PLL) ([C XV EAEBERL, vy A
T T ERWT, BRIESERIESEIRO M IG5
ke s A rBRET 5. BLESIE, ik
N7 JEWBETE S ORIER, MO, EiIISH
E xR DR X, BEARRS Y /5 iR
THIENTES.

4. WHEMHE - BKT/N\SAA~DER

Fig. 3 |2, HE ML FLERHH O & R I R R U FE %
~v ROZFMS 2 A-MFM Z W THEIZ LT, (a)
TR, (b)) TR DIRENEG, (b)AZHHEE DAL
Fg, bNCENLDOTA 7 a 77 A L[d), (o),
D], (g) KIikHDIREGHRDZ A4 T a7 7 A4 1D
AR N T A, BT, RGBS OBLERED
PEBIEBIRIBEREIZ 2~3 nm Th 5. K&~ v I
VT AR PR EIRIE 80 mA, AL 211 Hz & L7z, #l
HEBERITRKFPTHD. BIRICITHIEL
FePt-MgO %/ — RREPEGRS (BEMEREE 15 nm) % H
Wizl BLERRTIS N — REEMEBREF O e b 23 5k i 12
BEAZ72 D X O IR 2 BB L, B O FHEIT 1) & 3
Bh Z TEE S m & LTz,

K@OREEREOFRIZAEND = AEOEHRY
DR~y RO LB TH Y, NEHICHDIAE
I = A VIR RERZ R T Z LI KD FRWAS
TR N RAET D, LR OE RIS IA L AT
B, Sy v 7EBRBLTIL—=U T —1D
KENZRVIAEND . RWMBEHTERMmRE FL—
V7= CRBHE S T AR Rk sy (TR E RS RS )
D, ¥x v 7y CEREMBER I LR,
AREHAIC AT TR E hL—V v 7 — L AR
FEopksr (HNBGR ) O bTed.

- a
E)) (3 Gap £ (d)
et e®
: Z4 _
+ =
Main_~7 22 | .
pole Seailing 0
‘ £ “shield 0 200 400 600
X (nm)
10
. @
=6
24
5]
=g
0 |
600
10
< 5
z0
;:3 e 600
=

X (nm)

Intensity (dB)

Resolution: 13.8 nm
0 20 40 60 80 100 120 140 160 180 200

K, (1/um)

-20
-40

Fig.3 A-MFM images of AC magnetic field
gradient [(a), (b) and (c¢)] and their line profiles [(d),
(e) and (f)], the spectrum of AC magnetic field
gradient for a magnetic writing head [(g)].
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Fig.4 Stroboscopic images of AC magnetic field
gradient from a magnetic writing head using
A-MFM.
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Fig.5 A-MFM images of DC magnetic field
gradient [(a), (b)] and (¢) their line profiles, (d)
topographic and (e) conventional MFM images for a
perpendicular magnetic recording medium.
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Fig.6 (a) A-MFM image of DC magnetic field
gradient, (c) its line profiles, (b) topographic image,
(d) the spectrum of DC magnetic field gradient for a
perpendicular magnetic recording medium.
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Fig.7 A-MFM images of DC magnetic field gradient
for a perpendicular magnetic recording medium by
rotating the measuring axis.
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