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Abstract — Scanning Probe Microscope (SPM) such as Scanning Tunneling Microscope (STM) and Atomic
Force Microscope (AFM) was shown to be the powerful tool for nano-scale characterization of material sur-
faces. Using this technique, surface morphology of the cyclically deformed Cu or Cu-Al single crystal was
observed. The surface became proportionately rough as the number of cycles increased, but after some num-
ber of cycles no further change was observed. Slip steps with the heights of 100 to 200 nm and the widths
of 1000 to 2000 nm were prevailing at the stage. The slipped distance of one slip system at the surface was
not uniform, and formation of the extrusions or intrusions was assumed to occur such place. By comparing
the morphological change caused by crystallographic orientation, strain amplitude, number of cycles or stack-
ing fault energy, some interesting results which heip to clarify the basic mechanism of fatigue damage were
obtained. Furthermore, applicability of the scanning tunneling microscopy to fatigue damage is discussed.
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Fig. 1. Geometry and trace of (111) slip plane on the
surface of specimens.
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Fig. 2. The schematic diagram of the 4 point bending
tester.
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Fig. 3. Pt-Ir tip used for STM imaging.
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Fig. 5. The STM images of Cu single crystal (C1)
strained cyclically at constant amplitude of 0.25% for
various numbers of cycles. .

-5 B

391

2ol MEE doA &¢o| s Yo mu
< W) 2sle] QA& ojFdY Hrjzely 7)&
o] @ & gtk ZelEE & dYoXE Fig 4o ot
R Az o) YW F3) go)o) Bl o]
A gole AHT TH 4 5ol FoHFL, E
< 3 29 5940l FHerh
3. M8 ¥ nF
Fig. 59 ¥ E AE 25%X10°, HIEET 2 Hze)

SE2 249 A5Eed MY 719 cu ©@EFY
HEAQL STMY ¥ ©E F4 Jeigich |y
ojle) BEHAnA (@)= UrﬂﬂEi gdel] glojx]

e & F QY. FE3S) 289
2, °F 320nm ZHES2 Yol|(®
°D) 35mm Fxe] Fo] HAEFo|A girt. wHERS
7 NBE S7RE (o] lolMe Zof ozt 4d
3] SIS, o] 240 mm FxY E& . (extru-

ek
%
)
i
i

(unit in nm)

Specimen

STM £] image

Fig. 6. The STM images of Cu single crystal (C2)
strained cyclically at a constant amplitude 0.57% for
100 cycles.
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Fig. 7. The STM images of Cu-7.4%Al single crystal (CA) strained cyclically at a constant amplitude of 0.57% for
various numbers of cycles.
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Fig. 8. SEM micrographs of cyclically deformed Cu-
7.4%Al single crystal for (a) 5 cycles and (b) 3000
cycles.
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Fig. 9. Distribution of step width and step height of
Cu-7.4%Al single crystal at various numbers of cycles.
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