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ABSTRACT Micron-sized cantilever beams of a 304 stainless steel were fabricated by focused—ion—
beam (FIB). The static bending and dynamic bending tests of the microbeams were carried out. The
results show that with decreasing the beam thickness, the yield strength of the microbeam increases
and the ductility decreases. The relation between the yield strength of the microbeam and beam
thickness is similar to the Hall-Petch relation of the grain size strengthening. The increase in the yield
strength of the thinner microbeam is attributed to the increase in the strain gradient contribution due
to inhomogeneous deformation of the small dimensional material. The decrease in the ductility of the
microbeam is attributed to fewer mobile dislocations in the grain. The threshold of the fatigue crack
initiation from the notch of the microbeam is close to that of the bulk material.

KEY WORDS micrometer—scale, deformation, fatigue, 304 stainless steel, size effect

wHLE A% (MEMS) (8 MER R HIHBABERE SO AR MEMS s Rtk R RS
EREG, MHESE. EYRAKHEASTHTEE ok, TRkESRERORT 1. £ MEMS gy
NER R IR B H 28 TE B A T ER T R A R e
MG HAHER MBI REIR B Fi, XXE/NR

*REREEE CHAN. BAE¥EATRNS (JSPS) . ERAR

R &R 50ATI081 R EH M AMMIFL A RALLTE EAPHERE O ST T TR IR
2004CBE19303 456 BRI TR BB B8 (A 22 1 P L4
W IR B 3 : 2004-06-22 HEMENL. HFERATER MEMS Fi iU ]

fEEWA - WSF, B, 1966 F4, HHA, Wt R, AFRFAREE TR (focused-ion-beam, FIB)



338 | & B % W 1%

TSI T T fok LR A R BR S RR IR, R HCE S
A RABFIE T AT 345 T HF9T, LA T i NS ¢
BT R AT, SRR IR </ NE Ok Y T
S35 R T 4347
1 XA E

BRST BT BORHR B ACET H 0 TR HEH S AELIR
KRR MR 304 BRI RGMURE, FIAREETHR
(Hitachi FIB 2000A) AERSMME LT T B FHSS
HSCH ) B AR (29 1.6—17 pm) A REERR
¥, 1 la HEEEABIN 1.6 1 17.1 um BER AR B
(SEM) HEF. FIF FIB T T &5t 0 A5 ST iR,
HACBEERERRE 10 pm AMI—IFK 2.5 pm FofE:
O, [ 1b A7E ARSI L T — A & 5 g /NE
FRIREER) SEM BEE . bHRbRRLR SHOM B FIB
B PR R R R 1B E) SR A T, HEET
AREE. HFEB R 2.87£1.15 pm. HUMNEFIRIR
FERU M S SEhAS IR SR R T MO SR 24 (UMIS
2000)8], JZAL I8 RIRSIEEE K 5 nm, ZLETREE R 10 N,
S T AR 0 55 0 800 A 1 DA A T B3 5 R B L
Gk AR FAEANT 1 10° JEK P8 4= Z480 B et 7 A 3R 757
BB RER RS Ol s st iy s

2 um

25 um

1 FIB 4ozl iy Ta - R B S ROk RS R 9&
FRAH R FIB AILAT 6 L AR S5 il
Fig.1 Micron-sized cantilever beams of a SUS 304 stainless
steel with two different thicknesses fabricated by FIB
(a), and micro—fatigue sample with a 2.5 um depth
notch fabricated by FIB (b)
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Fig.2 Load-displacement curves of the microbeams with

thicknesses of 17.1 and 1.6 pum, respectively
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Fig.3 The yield stress as a function of microbeam thickness
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Fig.4 SEM images of the surfaces of the statically bent mi-
crobeams with thicknesses of 17.1 (a) and 1.6 um (b),

no slip lines were observed in Fig.4b
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Fig.5 TEM images of dislocation structures within the

grain (a, c) and near the grain boundary (b, d) in
the 17.1 pm thick (a, b) and 1.6 pm thick (¢, d) mi-
crobeams bent statically, lower dislocation density in
Fig.5¢ than in Fig.5a



340 & B ¥ W 141%

BEVRADRBE TR AN, b O R M R AR T R Y BT
WE, XA RN Y ) 8 B R B AT o G

AKE:AU-VGEf(%) (1)
6AP -1
A7 =g @)

Het, Ao BN g o HRLKE, XE DR
B, hf B ABINERRREAEENEE. AP K
S Nk 11 b B AR R A ERAIE, [ S hndE Bk O abaYEE
B e (1) M (2) TSRS A B AR BB A 0 T TR
AK,=6.8 MPa-m'/2, 3% — TH{H S5k 304 Rek4aHt
B 551 1R (6.5 MPa-m/2) fR#ir 1.

B 6 g 25 Wt DB L BB, A 6a HETLIE
S Ray B AERT R, & 6b HEEHAR, L
FRIRR B0, REABELY 121 nm, Habx
(R 73R BE T E 402 15.0 MPa-m!/2

B 6 Aok ay R ERIREE R N O M R R
Fig.6 SEM images of the fracture surface of the fatigued

microbeam with a notch
(a) low magnification, transgranular fracture
(b) high magnification of the fatigue striation-like

region squared by lines in Fig.5a
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