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Abstract — This paper presents a method of controlling the stiffness of a tungsten probe for an atomic force
microscope (AFM) in order to provide high-quality phase contrast images in accordance with sample char-
acteristics. While inducing sufficient deformation on sample surfaces with commercial Si or Si;N, probes is dif-
ficult because of their low stiffness, a tungsten probe fabricated by electrochemical etching with appropriately
high stiffness can generate relatively large elastic deformation without damaging sample surfaces. The fabrication
of the tungsten probe involves two separate procedures. The first procedure involves immersing a tungsten wire
with both ends bent parallel to the surface of an electrolyte and controlling the stiffness of the tungsten cantilever
by decreasing its diameter using electrochemical etching in the direction of the central axis. The second pro-
cedure involves immersing the end of the etched tungsten cantilever in the direction perpendicular to the surface
of the electrolyte and fabricating a tungsten tip with a tip radius of 20-50 nm via the necking phenomenon. The
latter etching process applies pulse waves every 0.25 seconds to the manufactured tip to improve its yield. Finite
element analysis (FEA) of the stiffness of the tungsten probe as a function of its diameter showed that the stiff-
ness of the tungsten probes greatly varies from 56 N/m to 3501 N/m according to the cantilever diameters from
30 um to 100 um, respectively. Thus, the proposed etching method is effective for producing a tungsten probe
having specific stiffness for optimal use with an AFM and certain samples.
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Fig. 1. Schematic diagram of electrochemical etching system
for fabrication of tungsten cantilevers with different
diameters and tips.

RS HERE
A9e) Aast B2

SRR

A ArRE YT H7)3EH4
AL 71F AZelA dolvk=
FUHHY a9tk §5050=2 1

Vol. 30, No. 4, August, 2014



Wy+80H — WO +4H,0+6e 1)

Qe 2o 20z FAE ANEkEH o)F AlzE
o]]/q E].Ok:l- 701—/\3_% 7]_;<]‘— Eé_/;gi_ El—z]o] 21:4_—74] L\(;L?H
S AA A=A 1AM E Fig 1614 Al
uke} Zro] 100 pme] A7o] B2El ofolofe] & &
@S 11002 FREon g2 Ayt @ FE
AAE Hafge] mHozRE 2 mmIA AR]
H2El efololE oA ate] A73S Aot 20%
B Alo]E(duty cycle)s 7FAIH 61 Hzo F34E
TR E vt FFFe A7E e, 8~28 Vb
A 4 VIHAS R Q7Y Hsts T oS A
3} EH(Table 1).

i it o

p 1

QA7HAYs} Aelge] Frt FaEAGel A
AL ATsh B ATE 4@ 23ed AES Fa

ARsGiT). A7EAStel whE B2l gjolo] T4 W
ool o £uE B9l s9om of|FH ojoloe]
Dot DAIES oA T A7 3 (Motic A,
PSM 1000)S ©]&3ted =4, vlawsiict. 2eA oA
= olAFst] Eaast A4S K= "o AEHEHE
Fig. 19 HARE 23} 7Fo] A& 9
s gole] TAQE & HEo 27} oﬂilé}oq £ 28
Evu MRS AZsiGict. o] 73 20% TE] AF
o]F& THE d2uE AF%}‘E‘ U:L 4~8 V7HA] 2
Vﬁa_& A7FARME WA ZLE o) ZHHEeME

Table 1. Conditions for electrochemical etching

Duty cycle 20%
NaOH concentration 4 M
Voltage 8~28 V with 4 V increment
For Frequency 61 Hz
cantilever Immersion 2 mm from surface of
depth electrolyte
Voltage 4~8 V with 2 V increment
61 Hz
For ti Frequency  (In later process, pulse waves
P are toggled per 0.25 secs)
Immersion 15 mm
depth ’
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Fig. 2. Finite element model of tungsten probe with
diameter of 100 pm.

Table 2. Material properties of tungsten used for FEA

Density 19300 kg/m’
Young’s modulus 400 GPa
Poisson’s ratio 0.28
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