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To accurately assess mechanical properties of micro- and nano-sized specimens, a reliable material testing system is
indispensable. However, due to small sizes of these test specimens, in-situ measurement of their mechanical behavior
necessitates installing the tester within high-magnification microscopes such as SEM. Traditionally, researchers have used
wired methods by placing the tester inside the SEM chamber and connecting it to an external controller via electrical
feedthrough. Unfortunately, this approach is cumbersome. In addition, it limits its compatibility with other SEMs. In this
study, we developed a compact controller capable of driving 3-axis piezoelectric actuators with nanometer-level
displacement control resolution via Bluetooth communication. This innovative setup enables wireless control and data
acquisition from outside the closed confines of an SEM chamber. To validate the versatility of our tester, we conducted both
a nanoindentation test on a fused silica specimen using a Berkovich indenter in a wired configuration and a copper
micropillar compression test wirelessly using a flat punch indenter within an SEM. By installing this tester in various
measurement systems, researchers could observe deformation patterns in real time, making it a valuable tool for
investigating deformation mechanisms of diverse micro- and nano-sized specimens.
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Fig. 1 An example of electrical feedthrough designed for ultra-high
vacuum environments
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Fig. 3 Design of load cell and attachment of 4 semiconductor strain
gages on Be-Cu sensing beam

22 204 dAl, MIE R 2

AlHo| 7}8)R]= =5} (Axial Force)S =43517] Yl Fig.
3@t 22 3 Ao AAE FEHEE fFtaasids Tl A
ARt F &dlls S48e I8l Fig. 3(b)9F &2 489 ¥
A~E Q1A 0] X (KSPB-2-1K-E4, Gage Factor ~ 182, Gage
Resistance = 976.3 Q Kyowa)Z 141} ¢F= WAy oo 7+
7+ 2R Hzksto] & H 2] X](Full Bridge) 2 =Al(Load Cell)y&
AT 3 (Beamsys AT WFAOl $45 0.1 mm
A9 WEE-s(Beryllium Cu) RS AREsE A2tskGic
3 o) BE B 715 A8 7I9ok sk W wi o] W
AU FANI7] e A et Sasie, 22
Aol A= i S Hof B2lstgick. 2o A7 sk 1 Noj
™, o] 555 7FS o Fig. 3(a)oflA1et o] oF 318 ume| H ¢
7} ubgsto] Zo] Wk -4 (Axial Stiffness)e F 3.1 mN/um 9l
Aoz AL A SEE 2EAS KOLAS 335 7]
oA AT Ayt AEE oF 0.1 mNOZ ZHE o] A &
%l 1 No] 0.01%= BEwseh. ARAlRel dold EAe
F2g AAQl TA R % Hrp FUtt -8 e wAg

ool



November 2024 / 883

U

("\\-
\:; i\é =

(a) Horizontal jig

(b) 20° tilted jig

Fig. 4 Auxiliary jigs for fixing the tester to an SEM stage
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Fig. 5 Auxiliary jigs for connection to SEM stage
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Fig. 7 Dedicated controller input/output signal probing

2~H|0] A& “Stick and Slip (SS)’ 7}A7]|(Actuators)z}il HE
ok, 204 o)A} vl Fig. 6(b)e} 2ol DelA] Frx|) ot
Ho HUYS ekl Aejo] 5 T2 Backward)AZ 5 3]
o}, ole} 2 & the efo] o] W) hs}E > nme)
SAES NS 54 mme] o]o] ZHsaAITk e 2
HlolAle] 4me 2nAF BAIA AHE Al 1 km o] Azl
ol glol 714 71%e 27191 18] 26 mm ol 71 0= of
38.0005] AHE 7R olE R, 2 AR A9 58 whed7Hol

e 2 5 9lr

2.4.2 LIz AH[OIX| HESR 715 M A

AE Ui AHOIR] AE f4 HEZ2(MCS2, SmarAct)9]
o= AY ASE Fig 70 o] AEEY &8 TR 1t
A4 ¥A(Junction Box)olA F=E38| tiRE QAZAFS
(WaveSurfer 104MXs, LeCroy)= 2 A U 7]E3}9] Fig.
8ol LFERH QAT Figs. 8(a)2} 8(b)ellA & 4= Qo] A} &
Z1 Al 1h&go] Fig. 60l e w7 22 FeiddS & 4= ek
SS mEof A ubg 7] (f)= Fig. 8(c)ollA & 4= 1520l 1 mso]
o, 7H A (Voyell whet gk Afe] S olgwo]l AR E . AA|
o]5o] HAl= B8 Z¢(Threshold Voltage)y> <F 35 Vo|g]
T} Fig. 8(0)2] Z7] A7 FRMS et Fig. 8ol
o 4 9lo] Fig. 69 ) BCE oF 1 ps eloll 2 Al

5] 9 ojsl= Wolich. F4e) A= Wze] A9} Hat
AFs) oj3) e malet,

o Ao



884 / November 2024

(a) Forward direction
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Fig. 8 Forward and backward control signals observed and recorded
with a digital oscilloscope
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Fig. 9 MCU connection diagram
Table 1 Description of main MCU lines
Line Description Line Description
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16 12-bit AD converter 29 HV charging (fast)
17 12-bit AD converter 30 PWM signal
18 12-bit AD converter 33 Serial communication
21 Discharging (slow) 34 Serial communication
22 Discharging (fast) 35 MCU reset
23 Discharging (slow) 38 LED (blue)
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(a) Wired test setup in air

Load-cell Fused silica

SEM mount
(b) Detail around the Berkovich indenter and fused silica

Berkovich indenter

Fig. 14 Wired test setup for the nanoindentation test in air
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Fig. 15 Load-displacement graph obtained with wired test setup
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Fig. 17 Entire wireless material testing system that needs to be put
in an SEM chamber
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(c) Tester in SEM chamber (d) Tester on tilted stage

Fig. 19 Wireless material testing system installed in an SEM
chamber
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Fig. 20 Movement of a flat punch indenter
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Fig. 21 Micropillar compression tests in an SEM chamber
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