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1. Introduction 

Single-crystalline silicon (SCS) and poly-crystalline 
silicon (PCS) are the most dominant structural materials 
used in microelectromechanical systems (MEMS). MEMS 
devices, such as accelerometers, pressure sensors, and op-
tical scanners, often include elastically deformable micro-
scale hinge structures made of SCS or PCS to generate 
mechanical cyclic movements. During operation, the sili-
con micro-components are routinely subjected to fluctuat-
ing mechanical stresses, which lead to fatigue damage ac-
cumulation that results in premature failure of the mi-
cro-components. Hence evaluating and understanding fa-
tigue damage behavior as well as quasi-static mechanical 
properties of microscale silicon structures are critical for 
the safe and reliable design of high-performance silicon 
MEMS devices [1]-[2]. 

The objective of this work is to investigate the fatigue 
damage characteristics of microscale SCS and PCS speci-
mens by means of pulsating tension fatigue testing.  
 
2. Experimental Procedure 
Specimen 

Fig. 1 shows photograph of microscale SCS and PSC 
specimens for the fatigue tests. All the specimens were fab-
ricated using conventional MEMS techniques. The gauge 
section of a specimen has a straight shape supported by two 
SCS blocks with a square hole for mechanical chucking. 
The nominal dimensions of the gauge section having a rec-
tangular cross-section, formed by deep reactive ion etching, 
were 60 µm in width, 600 µm in length, and 2 µm in thick-
ness. The PCS specimens deposited by low-pressure 
chemical vapor deposition possessed a poly-crystal con-
figuration, whereas the SCS specimens were oriented along 
the [110] direction in the (001) plane, which corresponds to 
the principal stress direction during testing. Only specimens 
with dimensional tolerances within ±5% for all dimensions 
were subjected to cyclic loading tests. 
Fatigue Tester 

Fig. 2 shows the handmade uniaxial tensile tester. The 
tester consists of a piezoelectric actuator built in the actua-
tor case, a linear variable differential transformer (LVDT), 
a load cell, and specimen holders [3]. The actuator applies 
tensile force to the specimen, hooked on the specimen 
holders, via a hinge structure. The load cell has an accuracy 
of 0.10% of full scale: 10 N. The LVDT, which has a reso-
lution of 3 nm, measures relative displacement between 
specimen holders. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Photograph of fatigue test specimens. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Uniaxial tensile tester utilized for fatigue tests. 
 

Table I Quasi-static tensile test results. 
 
 
 
 
 
 
 

All the fatigue tests were performed under controls of the 
actuator displacement and loading-unloading frequency in a 
tension-tension stress cycling mode with a triangle wave-
form. We determined the peak stress, σpeak, during testing 
to be 10~90% of the average fracture strength, σf

ave, which 
was obtained from the quasi-static overload tests for each 
specimen, as listed in Table I.  
 
3. Results and Discussions 
Results of Cyclic Loading Tests 

Figs. 3 show representative applied stress-time wave- 
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Figs. 3 Stress-time waveforms during fatigue tests. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 S-N curves for SCS and PCS specimens. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Stress ratio vs. number of cycles to failure. 
 
forms of (a) SCS and (b) PCS specimens. The stress-time 
waveform of the SCS specimen shows stable triangular 
waves indicating small frequency deviation. The peak 
stress and stress amplitude were also maintained constant 
throughout the test. An abrupt drop in the stress at 39,378.5 
seconds is seen due to time-delayed fatigue failure. Wave-
form in the PCS specimen exhibits a trend similar as that in 
the SCS specimen.  
S-N Curves 

Fig. 4 shows the relationship between the applied peak 
stress, σpeak, and the number of cycles to failure, Nf, in all 
the specimens tested. The fatigue life of each type of 
specimen increased with decreasing peak stress. Both the 
SCS and PCS specimens did not have a manifest fatigue 
limit, in that the S-N curves continue their downward trend 
at greater Nf values, though a few specimens did not fail 
even after megacycles. 

 
 
 
 
 
 
 
 
 

Fig. 6 Fracture surface of SCS and PCS specimens. 
 

Fig. 5 depicts the ratio of applied peak stress to average 
fracture strength, σpeak/σf

ave versus the number of cycles to 
failure. The fatigue life of both the specimens has extended 
as the stress ratio parameter has decreased, as does σpeak. 
Although the number of the PCS data is not enough, the 
scatter of the lifetime data in the SCS specimens is ob-
served more than that in the PCS specimens. This indicates 
that the fatigue life of the PCS structure would be easily 
predicted than that of the SCS structure when these struc-
tures are subjected to fluctuation by an external force.  
Fracture Surface 
   Fig. 6 show SEM photographs of fracture surface for 
the SCS and PCS specimens. The fracture surface of the 
SCS specimen formed a smooth inclined plane. Consider-
ing the surface angle, the inclined plane is thought to be 
{111} cleavage planes for SCS with a diamond cubic 
structure. Fatigue crack nucleation probably occurred on 
the specimen surface, and the crack then continued to de-
velop along an active {111} cleavage plane. Fatigue failure 
of the SCS specimen strongly depends on a facture of the 
surface, in other words, the number of surface defects; so 
the large scatter of the life would have been observed. In 
contrast to the SCS specimen, the PCS specimen has an 
irregular fracture surface. Almost of crack nucleation oc-
curred on the film inside, especially a grain boundary; 
therefore the small scatter of the life would have been pro-
duced. 
 
4. Conclusions 
   We conducted pulsating tension fatigue tests of micro-
scale SCS and PCS specimens. All the stress-time wave-
forms were constant throughout fatigue test. Fatigue life of 
SCS and PCS specimens extended as applied stress de-
creased, and the scatter of the life for SCS was bigger than 
that for PCS. 
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