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Fabrication of Polymer Cantilever Integrated Full-
bridge as a Piezoresistive Sensor
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Abstract— In this study, we describe the design and fabrication
of polymer (SU-8) cantilever with integrated Full-bridge strain
sensor. Changes in the surface stress on the SU-8 cantilever are
detected by integrated Au strain sensors. Results showed that
the full-bridge integrated SU-8 cantilever provides much higher
sensitivity than those of conventional type cantilever. The
fabricated SU-8 cantilever having the spring constant os 0.2N/m
showed a maximum resonance frequency value SKHZ.

1. INTRODUCTION

The use of cantilever in micro technology became popular
in conjunction with the atomic force microscope (AFM) since
1986 [1-2]. Over the past decade, cantilever based AFM has
been proved as a reliable tool for taking high-resolition surface
imaging. The surface of conductive and non-conductive
materials, can be characterized by using cantilever based AFM
which utilizes the van der Waals force [3]. The visualization
of high-resolution surface images is a key feature of AFM
application. Recently, the micro cantilever has been further
applied in various fields of studies, such as mass detection
with resonating devices [4] and magnetic force microscope. In
bio-sensing, changes of surface stress [5-6] or the selective
attachment of’ magnetic beads were used to induce the static
bending of the cantilever. A low spring constant of the
cantilever has been known to produce the high lateral
resolution feature, whereas the flexibility of the cantilever is
associated with the vertical resolution. Most cantilever for
AFM (atomic force microscope) applications are fabricated
with single crystal silicon or one of its compounds, such as
silicon dioxide and silicon nitride. The spring constant of the
materials, which decide the sensitivity of fabricated cantilever
is affected by the dimensions and the young’s modulus of
material. Both Si (Eg=160GPa) and SisN4(Esizne=304GPa)
have known to have relatively high young’s modulus than
polymers. The thickness of cantilever also known to be related
with the generation of enhanced vertical resolution. The
cantilever fabricated with SU-8 (Esus=4.2GPa) photoresist
have the thickness smaller than 1 um known to yield high
vertical resolution [7-9]. The SU-8 is known to have good
mechanical propertics, water insolubility, bio-compatibility,
and chemical durability following the polymerization. SU-8
cantilevers for AFM applications have already been
demonstrated by scveral groups; however, the integrated
deflection sensor into the SU-8 cantilever for AFM application
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Fig. 1 (a) A schematic diagram of the polymer cantilever
integrated full-bridge device and (b) thea full-bridge
contiguration used to measure the deflection of cantilever.

has not been reported. The SU-8 cantilever with a built-in
full-bridge could reduce the noise effect by virtue of the
obviation of external circuit. Moreover, the SU-8 based
cantilever which possess relatively low spring constant than
that on Si-based cantilever achieves high sensitivity. Full-
bridge integrated SU-8 cantilever provides about 4 times
higher sensitivity than that of the cantilevers fabricated with
conventional configuration. In addition, SU-8 cantilevers are
able to be handled with biological sample and be applied
under aqueous environments [10]. In this paper, we primarily
focus on the fabrication of SU-8 cantilever with an integrated
Full-bridge configuration. Feasibility of the polymer cantilever
were successfully demonstrated by using a hand-made AFM
system.

11 . DESIGN AND FABRICATION OF SU-8 CANTILEVER

Fig. 1 (a) and (b) show a schematic diagram which depict
the structure of SU-8 cantilever and a Full-bridge
configuration used to measure the cantilever deflection. Four
strain gauges are employed in this experimental condition, of
which two are bonded to the upper surface of the cantilever at
a distance from the point where the external force is applied
and two are bonded on the lower surface. SU-8 has soft
material property compared with other material used in micro
electro mechanical system (MEMS) technology. The young’s
modulus of SU-8 is about 4.2GPa, which is approximately 40
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times lower than thes of silicon. The parameters used for the
fabrication of SU-8 cantilever in this study are listed as
Table 1. Paramcter of polymer cantilever design

Cantilever length (um) 600

Cantilever width (um) 220
Cantilever thickness (um) 5

Spring constant (\/m) | 0.2

(1]

Resonance frequency (KHz)

[ = K =016 N‘m

(a) (b)
Fig. 2 FEM simulation results of (a) resonance frequency at a
1* mode (b) displacement of SU-8 cantilever used to obtain
the spring constant.

a. N-type Si wafer (525um)  b. SiO, growth (200nm) . Si etching (TMAH)

d. Al deposition (100nm)

NG

2. Cantilever define (3pm) h. Lift-off (Au 30nm)

k. Cantilevey release (BRF)

U

Fig. 3 Fabrication process of the Full-bridge, integrated SU-8
cantilever.

shown in table 1. The integrated Au inside the cantilever
which functions as piezoresistor forms full-bridge
configuration. Result showed that, the Au resistors having the
width of 6 um and the length of 510 pm and the thickness
0.05 um have the resistance value of 10L. Finite element
analysis (FEM) results for obtaining the spring constant and
resonance frequency of the cantilever are shown in Fig. 2 (a)
and (b), respectively. According to the FEM results, the
spring constant of fabricated SU-8 cantilever was 0.2N/m
when the resonance frequency was SKHz at a 1* mode. Three
different types of wheastone-Bridge, half-bridge and full-
bridge configurations were designed by using single Si wafer.

Fig. 3 shows a main fabrication process for fabrication of SU-
8 cantilever with integrated full-bridge configuration.

The fabrication of cantilever followed a standard surface
micro machining technique. Total of seven masks was used
as following: tip (I mask), cantilever (3 masks), metal (2
masks). and body (1 mask). The (100) oriented n-type silicon
wafer was chosen as the starting material. The orientation of
the silicon wafer is important for fabricating the SU-8
cantilever since the micro-mold for tip fabrication is defined
through anisotropic wet-etching (TMAH). The initial
cleaning steps were processed by placing the Si wafer in the
Piranha, RCA-1, and RCA-2 solution in sequence [Fig.3(a)]
As following the wet method the 200nm thickness silicon
dioxide was thermally grown at 1000°C for 25min on both
sides of the silicon wafer [Fig. 3 (b)]. Then the top oxide film
grown on the wafer was tip-patterned by photolithography.
Following the oxide was wet etched by using tip-patterened
photolithography in buffered hydrofluoric acid (BHF) to form
the mask for the micro-molds. Pyramidal holes are then
formed by adopting the wet etching method using the tetra
methyl armmonium hydroxide (TMAH) as an anisotropic
etchant as shown in [Fig. 3 (c)]. To fabricate the V-shaped tip
having 15 pm of depth, Si wafer was placed in TMAH
(20wt%) at 80°C until desired structure was achieved.
Following the confirmation of V-shaped tip configuration the
residual oxide layer was removed by using BHF solution.
Before the second oxidation process foe rip sharpening, the
wafer was rinsed by adopting a standard Piranha cleaning. To
release the cantilever from the Si substrate more convenient,
deposition of 100nm of seed Al layer on Si wafer was
achieved by using thermal evaporator as shown in [Fig, 3(d)].
Employing Al as a seed layer provide the cost-effective and
simple fabrication than the process conducted by using
Cr/Au/Cr layer. Next, the cantilever pattern was fabricatied
on top of Al seed layer by using SU-8 (2002) negative
photoresistor and the thickness of the cantilever layer was 1
um. In order to generate the piezoresistor, a half of Full-
bridge configuration, the 50nm of Au was deposited on Su-8
cantilever layer and subsequent lift-off process was followed,
as shown [Fig. 3(f)]. An electron beam evaporator which
enables the precise control of the desired film thickness was
employed for the Au deposition on SU-8 layer. The lift-off
process was conducted to prevent permanent shrinkage of the
SU-8 surface from thermal stress which generated during the
metal deposition process. By depositing additional 3 pm thick
SU-8 layer, the Au layer would be completely encapsulated
by SU-8 layers as seen on [Fig. 3(g)]. Following the
deposition of 50nm thick Al layer was performed as same
procedure to generate piezoresistors, another half of Full-
bridge configuration [Fig.3(h)]. To encapsulate the Au layer,
additional SU-8 layer was deposited with 1 pm thickness as
upper SU-8 cantilever layer [(Fig. 3 (i)). In order to fabricate
the body of cantilever, he forth SU-8 (2050) layer with a
thickness Of 200nm is spin-coated and patterned by
photolithography, as shown in [Fig. 3 (j)]. Lastly, the Al seed
layer which exhibit relatively low aftinity with SU-8 layer
than that of Ct/Au/Cr, was easily removed by wet-etching in
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BHF solution and the SU-8 cantilevers with built-in Full-
bridge structure were released from the substrate, as shown
[Fig. 3(k)]. Following the fabricated SU-8 Full-bridge
cantilever were rinsed in DI water.

[II. EXPERIMENTAL RESULTS
Optical microscope images of the fabricated SU-8

cantilever and the integrated Au strain sensor are shown in Fig.

4. The fabricated SU-8 cantilever consists of the tip and an
integrated Au strain sensors which is a component of the Full-
bridge configuration. The V-shaped tip produced from the Si
etch-pits showed high degree of uniformity and the radius of
its curvature was smaller than 100nm. In principle, sharper
tips having the enhanced lateral resolution could generate high
resolved surface topology. The optical diction method is
employed to confirm the resonance characteristics of the SU-8
cantilever, as shown in Fig. 5. The resonance frequency of the
cantilever was measured and the value was 4.5kHz. The
deflection sensitivity of the SU-8 cantilever has been
measured by inducing the. varied degree of bending with
cantilever. To detect the any changes in resistance value, the
stress, strain. force and temperature are used as a driving
source of cantilever actuation. One of the simplest applications
of strain gauges is in the measurement of the force applied to a
cantilever beam as scen on I'ig. 6. In this study, integrated Au
strain gauges which bonded to the surface of SU-8 cantilever
detect surface topology by using altered resistance values
when the force was applied, illustrated in Fig. 6. Appling force
induced the downward movement of SU-8 cantilever, as
consequence the strain sensors sense either tensile or
compressive stress depending on their location of upper or
lower region of cantilever. As a result, the electrical resistance
of the upper strain sensors becomes increase, and that of the
lower strain sensors are decreased. The decreased and
increased net electrical resistance value is equal. As the result,
the Full-bridge integrated SU-8 cantilever provides much
higher sensitivity than those of conventional configuration.
Fabricated SU-8 cantilever was applied to a custom-built
AFM system for linc-scan imaging. The cantilever deflection
caused by the change in the interactional force between the

sample and the tip is measured through the AFM system. Fig.7.

shows preliminary result, of the surface image obtained by
using custom-built AFM which generated based on the
fabricated SU-8 cantilever.

Fig. 4 Opiical microscopic images of the fabricaied SU-8
cantilever showing, a Full-bridge configuration.
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Fig. 5 Resonance frequency of SU-8 cantilever folloeing
voltage (V,,140V) was applied.

Fig. 6 Measurement of resistance value by loading the probe
on SU-8 cantilever.

195

192

o M

* KW ! Lf\f\"

183

Current (pA)

0 30 60 90 120 150 180

Normalize Time

Fig. 7 Line scan images obtained using a custom-bulit AFM
system.
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By scanning the surface of object material with Lab. View
software, the surface structure was displayed as altered current
value (Fig. 7). There was a little discrepancy between real
structure and scanned value due to the incomplete software
operation. We expect that, the resolution and accuracy can be
increased by increased by further optimization of AFM system
and by replacing highly sensitive strain sensor materials.

IV. CONCLUSIONS

Micro-fabrication processes have been successfully
demonstrated the generation of SU-8 cantilever with
integrated Au strain sensor. The fabricated SU-8 cantilever
with a built-in Full-bridge has a resonance frequency of
4.5kHz at the 1* mode and the spring constant value was
approximately 0.2N/m. The SU-8 cantilever exhibited about
30pm deflection at resonance mode (Vy,:140V, PZT). Further
study need to be focused on the optimization of fabricated tips
to improve the sharpness of tips.
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