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A high-resolution magnetic force microscope (hr-
MFM) with 10 nm resolution was developed by reduc-
ing the noise and improving the magnetic sensitivity
of tips. The MFM noise was reduced by cooling the
tips to 130K and the fabrication of high-coercivity
FePt tips with enabled us to observe high density
magnetic recording media with high-resolution. A fur-
ther attempt was made to fabricate tips of a new type
using an exchange spring trilayer, to attain the theoret-
ical resolution.
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Fig. 1 (a) Calculation model of an MFM signal.

(b) Spatial frequency dependence of | F; | for
ellipsoidal tips with several ellipticities (6=20 nm,
zo=10nm). (c) Tip thickness dependence of A.
for tips with flat tip-ends and ellipsoidal tip-ends
(2o=10 nm).
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Fig. 2 Schematic view of the tip-cooling equip-
ment in the MFM apparatus.
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Fig. 3 (a) Spectrum of amplitude of MFM tip
vibration at room temperature without forced
oscillation and measurement system noise. (b)
Dependence of temperature of the tip on the
amplitude of MFM tip vibration at the resonance
frequency without forced oscillation. The dotted
line shows the theoretical dependence caused by
thermodynamic noise.
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Fig. 4 (a) MFM image at a tip temperature of
130 K and (b) cross-section of the selected area [1]
for a CoCrPt-SiO; granular medium (linear record-
ing density: 1000 KFCI). (c), (d) MFM spectra of
the medium at tip temperatures of 130 K and 293
K, respectively.
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Fig. 5 MFM images of a longitudinal magnetic
recording medium (linear recording density: 900
kFCI) measured with an FePt tip [(a)] and a
commercial FeCrPt tip [(b)] at room temperature.
(c) and (d) shows the corresponding MFM spectra
of MFM images (a) and (b), respectively.
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Fig. 6 Schematic drawing of a new MFM tip
using the cross-section of an exchange-spring
trilayer film.
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Fig. 7 Spatial frequency dependence of |F;| for
an FePt monolayer tip with a thickness of 5nm
and an exchange-spring trilayer tip of [HM (20
nm)}/[FeCo (5 nm)]/[HM (20 nm)]. The M; of FeCo
and HM are 2.4 T and 0.24 T, respectively. The tip-
sample distance is 10 nm.
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