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Magnetic Resonance Force Microscopy
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Recent experiments in magnetic resonance force mi-
croscopy (MRFM) have demonstrated force detection
of magnetic resonance in microscopic samples. This
article reviews the basic principles and describes the
present status of MRFM. Future prospects for single
electron spin detection are also described.
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Fig. 1 Possible configuration of a future MRFM
molecular imaging device.

19

NI | -El ectronic Library Service



The Magnetics Society of Japan

OkFEEFHTu=14X10"5]/T) ®T, f2E% 108 T/m
(100 G/A) LW H AEHRUBARAE S ->TLTSH 1078N
BEOHLMEONIL, TokSHBUNSHOEBIEC
NETRINII ENROD, Bl d 3 & 5 ICBEDH/I
TRHORRIZZFNIGESE 205 3,

2. 10U ARITO MRFM £5

BEZTHESN TV S MRFM OFEERIZ4~T, 3
70 VIREOREIOY v FARRETNEHEEL DR
YIPEOWIHEBERH L b0 TH 3. BEATRERTES,
HNEFRETIZOICTAREORE B Z 54 2icEE
NBEIICT B0, IhEFTOERE Fig.2 IREN 3
XU TITObNTEL, COEKTIRI Y A — PR
BEOKRESOWMEERT « » ThHn v FLo— &3NS
Fric@dh, Yy FABRbbich vF - Rit@Ehh

TW3, B v F L A—DIRBOBHICIEREDKR T » 4
N=FEFPHV SN, ER/SFOEHRIC X 3 S A
Z 572 107° Torr BEOBZERTERMSITON TV A,
Ay FUN—OEERBO Q BT 10° 28X %13
FEVWDT, HryFLA—DIEEEEE sy e —1T 3
feBI Y E Y ZERESLIE LIEHVSA TN R 19

PO MRFM £, ZEICB\WT di-phenyl pi-
cryl-hydrazil (DPPH) &\ 9 free radical HDEF R E v

Fiber optic
interferometer

v ” [
\
Silicon nitride cantilever (WY o

900 A thick RF field
Q = 3000 (FM modulated)
Iron
T T External field (0-2 T)
By Tipfield0.4T
Gradient 600 T/m

Fig. 2 Apparatus for force detection of ESR and
NMR on the micrometer scale.
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Fig. 3 Force-detected ESR spectrum of phos-
phorus-doped silicon sample showing hyperfine
splitting.
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Fig. 4 Force-detected inversion-recovery mea-
surement of '°F spin-lattice relaxation in 1%
Nd-doped calcium fluoride at 20 K.
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Fig. 5 Nutation of '°F nuclei in 1% Nd-doped

calcium fluoride.
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Fig. 6 Three-dimensional MRFM reconstruction
of the electron spin density in two DPPH par-
ticles.
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Fig. 7 Experiment to detect individual electron
spins associated with E’ centers in fused silica.
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Fig. 8 Optical micrograph of a 60-nm-thick
single-crystal silicon cantilever with an in-
plane tip. The cantilever length is 220 gm.

WTLEDLRBOVWIDITE1:DTH B2,

ZOERICBY 5 —o ORIRERIG, FHHIMENERIC x
SCENKBBFREVBENBERLBEILTLE M EV
5T ETH B, TORAICHOVTI, EROWMKELEDH
EDEBRIIRHBIC L 2 HER L OME, SFHLN, 5
kHz OZHFEB D b & TIREFERL 50 ms BETH
BT b otz $ibb 250 B OMBRER Y A 7
WETABEVWHITETHD, THREREFRAE Y 1HEICK
DAV F LN — OIREIE R ATRES L ~VIc E THRIES 5
DIZTDEHFA I NTHEIEEZOLNTNS,

b5 —oDMESR, ENFFM/NEIETHRIBTE S
MEVWHITETHE, DLVPTLERR, FRANVESR
EHELTVA 9XI07TN WAL, #ME AFM T
BERHOSATVAE LD & 1005 108 EREH/NEL
VWA ETHB. TOXIBBMNIHERET S8
i, BEloh v F L2 EKETHVWS EMNEAELR
%. ®&# MRFM ERBRlcBW\W TR, BHARERSERRD
71 Fon &5 v F L3~ DOBWHRBICK > TRE > TV 5,
BB I NE, T Y FLA—DRRERE k, BE
BEEE o, Q B Q, BE% T, iiEE%E Av & Th
1%, Fon="4kksTAv/0.Q HE5N5E. COXD b b
£, oML, Sy EVIEEODIVD VT LS —
FEETHVWE LW CEMERERIISE 2. 0DRT
»H5.

ZDt, IFFICEOEER YY) oy TTTERERY v
FLoN—%, MRFM itk 32y 1 HOBEICETTHE
B L 72029 BigEEL v ) o v AEEAZ DR, Q ENEL,
F LIS NI VOTES TRVWBEZEAKLLICD
{BZEMTEB1HTH S, Fig. 8 IWEEX 60nm, £
220um, 5K DEKET 67000 Q EEE>H v FL/N—
%79, SOI (silicon-on-insulator) Ffiz, XYV 73
74—, Uy b, BEXOFSAzyFvIERERNT

22

60 F Electrostatic test signal °

- 36x 107" N-rms qe00 €
; 40 1 <
z Force Noise 400 ™
o -18 3
To 201 3.6x10°° N-rms J200 2
: [-3
- | ren N §
g o W 0 5
£ oMK NV e g
w ®
4 8

r 5

Time (10 sec per division)

Fig. 9 Demonstration of at Newton force
sensitivity at 5 K.
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