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A linear encoder using a crystal as a reference
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Fig. 1 (a) Schematic drawing of a linear encoder based on friction-
al force microscopy. (b) Regularity of a crystal is observed as
a ’stick-slip’ motion of the tip end. A big stick of the tip is
observed just after the change in the scanning direction.

However, in the rest part, good regularity of the saw-toothed
signal is observed.
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Table 1 Experimental condition. Cleaved mica and highly oriented
pyrolytic graphite (HOPG) were observed using a friction
force microscope. In all cases, the tip was brought into con-
tact with the sample and very slow control of repulsive force
was selected.

Cantilever width 20 pum
Cantilever length 200 ym
Cantilever material SisN,
Atmosphere Room temperature
In ambient
Tip velocity 0.1~1.6 gm/s for mica
0.1~23 um/s for HOPG
—
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Fig. 2 Velocity dependence of a torsion signal in the cases of
observing mica. The pitch of saw-toothed signal is about
0.5 nm corresponding to atomic periodicity of mica in cases
where the tip velocity is (a) 0.55um/s and (b) 1.1um/s, and
about 3 nm in the case where the tip velocity is (¢) 1.6pm/s.

R e R e R T R T R R

67



432 52 % 9% (2000.9)

& E B &

i % H < S N A e Ay s T e AR

DECchEBEINE, ZRERLDTT 774 MIBUKE
LT, TU—T7HPREERICHE ST EHICE
FainEEZLND. K3 (o) T, EEIGERT 2
SR D FIZH 400 kHz O FIN 255 2@ TE 5, Zh
U FLNA-DRLNEERETH 5.

B F LN — OIRBFEEE TG RER4 IR, &)
BHEERLE & SRR TS ED A 0, FRENORE
IZoWTbAEEBL TR UNMESOREHEEEZ R L
TWwb, 72bihOREREFISIEFEAFFICIE22kHz TH
BN, BRI 5 kAZ 1ICEET 5. —F, RUhodk
HRR BT /R & 417 kHz ThH 5.

-7 EEEXELTVWEEER, ThonEFICmi,
BEL V2% TORYMEE KBS 2 HE- QLR
BEOREEFEICELS, K5 IEELEED 11 um/s B
S 23 um/s DFEIZONT, RLWEFOHEE LD
AR UENWEFERENOREHEEE AL OTH
5. EEBEHN 1 pm/s DFE, RALIEFIZENSHE
DFEHEZF S0kHz TH Y (H5 (0)), BEINLEE
bENWLREETHS (K5 (a). K5 () D I5kHz AT
WICEER SNBSS REY L) b AEERE AL

(@) Tip velocity:0:11pmis

- 022nm (Imsec/div)
s " scan direction

T .

.{b) Tip velocity:2.2um/s

0.21nm

< .(Stylsec)div)

Trosion of the cantilever Gy

() Tip velocity:11um/s

b | :
0.22nm (20usec/div)

Time

Fig. 3 Velocity dependence of a torsion signal in the case of observ-
ing HOPG. The pitch of saw-toothed signal is about 0.2 nm
corresponding to atomic periodicity of HOPG in all cases. A
small wave at about 400 kHz in frequency is recognized
clearly at tip velocity of (c) over 10um/s.
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Fig. 4 Frequency characteristics of the cantilever. A peak at 22 kHz in
freestanding condition was detected from the spectrum of the
bending signal of the cantilever ((b)). The peak moved to
about 95 kHz after contacting a sample( (e) ). The natural fre-
quency in the torsion direction did not depend on the
conditions and always stayed at around 417 kHz((c). (f}).
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Fig. 5 Torsion signal, the spectrum of the bending signal and that of

the torsion signal at tip velocities of 11um/s and 23pm/s. In
the case where the tip velocity was 11pm/s, crystal periodicity
of about 47 kHz was observed in the spectrum of torsion sig-
nal ((c)). The periodicity did not appear in the spectrum of
bending signal ((b)). A small hillock around 95 kHz in (c)
implies that there was interference between bending signal
and torsion signal. At the tip velocity of 23.3um/s, the peri-
odicity was still observed in (d). However, the higher
frequency signal corresponding to the natural frequency of
the cantilever in the torsion direction started to mask the saw-
toothed wave as the scanning velocity increased.
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