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Development of a Flexible SU-8/PDMS-Based
Antenna
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Abstract—In this letter, a flexible SU-8/PDMS-based antenna has
been demonstrated, not only targeting the wearable computing,
but also fitting well in the RF system-on-package (RF SOP) appli-
cations. The characteristics of the proposed antenna fabricated on
a flexible polymer substrate (SU-8/PDMS) with different bending
angles have been successfully measured and characterized for the
first time. The measured results have shown fairly good agreement
with the simulation results. The measured bandwidth and max-
imum gain are 3% from 6.2 to 6.4 GHz and 2.17 dBi, respectively,
when the antenna is flat. Moreover, related antenna fabrication
process provides a practical approach to realize the flexible an-
tenna for the portable wireless electronics applications.

Index Terms—Flexible electronics, microstrip antenna, poly-
dimethylsiloxane (PDMS), planar antenna, SU-8.

I. INTRODUCTION

F LEXIBLE electronics have drawn significant attention
in the past decades. More and more flexible electronics

have been developed, such as flexible displays, smart tags,
and wearable products. Steady progress in developing flexible
microelectronics along with other new technologies can enable
functionality integration. To realize these goals, flexible ICs
have become a must technology for portable wireless applica-
tions [1], [2]. One of the technical challenges to the technology
is how to well integrate passive components with active com-
ponents on the same flexible substrate that can simultaneously
reduce package size and weight and offer better microwave
performance with good energy efficiency.
Numerous approaches have been proposed in the prior decade

by utilizing different materials as flexible substrates [3]–[5].
In these approaches, a variety of polymer materials (e.g., LCP,
PEI, and PET) have been chosen as the substrate for the flexible
electronic applications owing to the attractive RF characteris-
tics of low relative dielectric constants, low dissipation factors,
and capability of being laminated [5]. Meanwhile, polymers
such as polydimethylsiloxane (PDMS) and SU-8 have been
widely adopted for microwave microsystem fabrication in
recent years [6]–[9]. PDMS as microwave frequency elec-
tronics’ substrate has several promising features, such as good
chemical stability and low dielectric constant. PDMS can also
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be attached to other substrate materials via surface treatment of
oxygen plasma. The SU-8 photoresist, first introduced by IBM
for printed circuit board applications, has been widely used in
micromachining, packaging, and other microelectronics areas,
for microwave and RF applications. The investigations about
the high-frequency properties of SU-8 such as low dielectric
constant and loss tangent have also revealed its feasibility for
wireless applications [8], [9].
Previously, we demonstrated a heterogeneous chip integra-

tion technology using an SU-8/PDMS substrate where a com-
pact flexible microsystem can be realized without having any
material and process limits. Discrete components are designed
and fabricated on separate chips, and then fully integrated onto
a flexible substrate to form a microsystem [10], [11]. Since
it is a wafer-level chip-scale fabrication scheme for flexible
wireless microsystem applications using the sacrificial release
process and low-temperature bumpless Au-Au thermocom-
pressive (TC) bonding technology, low-cost, reliable, flexible
wireless microsystems with a small form factor can indeed
be fully realized. In addition, not only CMOS chips, but also
the other heterogeneous chips, like MEMS and III-V chips,
can be fully integrated with a flexible organic substrate using
the proposed scheme to form a high-performance wireless
microsystem.
A few flexible antenna technologies and research have been

conducted. For instance, Locher et al. [12] designed and char-
acterized purely textile patch antenna using conductive fabric.
Cheng et al. [13], [14] demonstrated a foldable and stretchable
liquid metal planar inverted cone and unbalanced loop antenna.
Apaydin et al. [15] introduced a printing technique to fabricate
a microstrip patch antenna printed on PDMS-ceramic compos-
ites. Nevertheless, none of the studies have shown the capability
of batch processing and direct heterogeneous chip integration to
form a miniature wireless microsystem with the aforementioned
features including smaller form factor, lower manufacture cost,
and better RF characteristics. In order to further demonstrate the
technique we have proposed for flexible RF electronics fabrica-
tion, this letter presents the development of microstrip patch an-
tenna fabricated on the flexible polymer SU-8/PDMS substrate.
In addition, the related bending effect will also be investigated
since the occurrence of antenna bending would be very common
in most personal portable device applications, and it would re-
sult in a critical effect on the antenna in terms of the radiation
characteristic change, especially when the antenna size becomes
smaller.

II. ANTENNA DESIGN

Targeting wearable application, a planar patch antenna is con-
sidered more practical than other types of antennas. The design
of the patch antenna is fairly simple and can further simplify the
measurement using a microstrip feed. Therefore, a microstrip
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Fig. 1. Schematic view of the flexible SU-8/PDMS microstrip patch antenna
with optimized dimensions: mm, mm, mm,

mm, mm, mm, mm,
mm, m, and m.

Fig. 2. Assumption of the bending configuration.

patch antenna has been chosen in our design. Rough design esti-
mation can be made using (1) and (2), given in [16] to determine
the resonant frequency and the input impedance, respectively.
is the dielectric constant of the substrate. The geometrical view
of the proposed antenna is shown in Fig. 1

(1)

(2)

The size of the feed line ( ) is designed to meet 50 .
The extra strip ( ) is added to improve the matching
between the patch and the feed line. The design of the proposed
antenna is first estimated by the equations as aforementioned,
and then the full-wave electromagnetic Ansoft High-Frequency
Structure Simulator (HFSS) is utilized to optimize the design.
The flexible substrate of the proposed antenna is composed of

a 50- m-thick photoresist SU-8 ( , up to
15 GHz) [8] in the upper layer and a 500- m-thick PDMS (

, ) below to offer a better mechanical support
for the SU-8 layer. The considered PDMS is the Dow Corning’s
Sylgard 184 specified with and up to
100 kHz only. Nicolas et al. [6] have calculated the parameters
over 72–82 GHz ( , ), therefore the
assumption of and for PDMS is used
for the simulation. The radiating patch and the feed line are fab-
ricated on top of the SU-8 layer. The ground plane is fabricated
underneath the PDMS layer. The curvature of the proposed an-
tenna with corresponding geometrical parameters is shown in
Fig. 2. The curvature is calculated at the midpoint of a semi-
parabolic curve, which resembles our experimental samples in
the bended conditions. Fig. 3 shows the simulated reflection co-
efficients of the proposed antenna with different curvature .
The resonant frequency decreases as the curvature increases.
The antenna fails as approaches 71.78. More detail of the

Fig. 3. Simulated reflection coefficient of the proposed antenna with different
curvature .

Fig. 4. Fabrication process flow of the proposed antenna.

bending effect on the electrical performance of the proposed an-
tennas will be discussed in Section IV. The overall size ( )
of the proposed antenna is 20 46.4 mm .

III. ANTENNA FABRICATION

Fig. 4 illustrates the whole fabrication process flow of the pro-
posed antenna, which can be divided into three parts. The first
part is to fabricate radiating element on the SU-8 substrate: The
titanium and copper layers are sputtered on the silicon wafer as
the sacrificial layer [see Fig. 4(a)]. SU-8 is coated on the sac-
rificial layer and defined by photolithography as the top layer
of the antenna substrate [see Fig. 4(b)]. A thin 200-nm tita-
nium-adhesion-layer and a 300-nm copper-seed-layer are sput-
tered on the patterned SU-8 layer [see Fig. 4(c)]. The deposited
metal is patterned using photoresist AZ 4620 as a mask, and
then electroplated with a 5- m-thick Cu layer [see Fig. 4(d)].
The photoresist is removed by acetone, and then the removal of
Cu in the unwanted region will be done by Cu etchant (100:5:5
H O:CH COOH:H O ) to form the patch [see Fig. 4(e)]. Fi-
nally, another photoresist AZ4620 is coated on the patch and
then baked for 30 min at 90 to protect the Cu pattern on
the SU-8 substrate from the following sacrificial release dipped
in Cu etchant for approximately 2 h to chemically etch away
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Fig. 5. Photographs of (a) the proposed antenna and (b) the proposed antenna
circled around the wrist.

Fig. 6. Schematic views. (a) Top view of the FR-4 holder. (b) Cross-sectional
view of the proposed antenna attached with the FR-4 holder.

the sacrificial Ti/Cu layer underneath the SU-8 substrate [see
Fig. 4(f)]. The second part is to fabricate the ground plane on the
PDMS substrate: A photoresist AZ4620 is coated on a silicon
substrate as a sacrificial layer [see Fig. 4(g)]. A 500- m-thick
PDMS is then spin-coated on the substrate with 100 rpm for 60 s
[see Fig. 4(h)]. Ti/Cu is sputtered on the PDMS as the seed layer
for Cu electroplating. About 5- m-thick electroplated Cu is to
serve as the ground plane of the patch antenna [see Fig. 4(i)].
The PDMS substrate is released from the silicon wafer using
acetone [see Fig. 4(j)].
In the last part, the PDMS surface is cleaned by isopropyl al-

cohol and deionized water rinse and then directly attached to
the SU-8 substrate as a supporting substrate to complete the
process [see Fig. 4(k)]. Fig. 5(a) and (b) shows photographs of
the as-fabricated flexible SU-8/PDMS microstrip patch antenna
and the sample fitted in a human’s wrist, respectively.

IV. MEASUREMENT SETUP, RESULTS, AND DISCUSSION

A. Setup for Measurements

In general, the feed line and ground plane of the microstrip
patch antenna fabricated on the printed circuit board (PCB) sub-
strate are soldered with an SMA connector in order to conduct
the measurement. However, in our case, the microstrip feed line
fabricated on the SU-8 layer will be easily torn apart due to
the high-temperature soldering process. In order to solve this
problem, a 1.6-mm-thick FR-4 holder with copper on both sides
is soldered with the SMA connector in advance, and then the
proposed antenna is attached with the holder using sliver paste
as shown in Fig. 6. The silver paste is utilized to replace the
high-temperature soldering process. The ground leg of the SMA
connector is soldered at the bottom of the FR-4 holder.

B. Results and Discussion

The of the proposed antenna was measured through
HP 8722C vector network analyzer. The proposed antenna
is bent into four different curvatures for the measurement.
Fig. 7 shows photographs of the proposed antenna with dif-
ferent bending level installed on the measurement equipment.
Fig. 8 shows the measured of the proposed antenna with
approximate from 0 to 66.91. In comparison to the antenna
without being bent, the resonant frequencies go down as the

Fig. 7. Photographs of the proposed antenna with different bending level.
approximately equals (a) 66.91 and (b) 53.

Fig. 8. Measured reflection coefficient of the proposed antenna.

TABLE I
PARAMETERS FOR MICROSTRIP PATCH ANTENNA

increases, which is consistent with the simulation results
as shown in Fig. 3. A simple parallel resonant circuit
is often utilized to model the microstrip patch antenna. A
few works have been done to calculate the values of
parameters [17], [18]. The extraction of the element parameters
of the circuit model from the measured reflection coefficient
was conducted using the advanced design system (ADS). The
extracted element parameters of the circuit model are listed in
Table I. From Table I, it can be observed that as the curvature
increases, the capacitance also increases, while the inductance
only shows a comparatively minor change. This phenomenon
explains the shift of resonant frequency to a lower frequency
when increases.
Radiation pattern measurement is conducted in an anechoic

chamber using the HP 85301 vector network analyzer. A
polylon mold is made to facilitate the measurement. Figs. 10
and 11 show the simulated and measured radiation pattern of
the proposed antenna, respectively. The small ripples shown on
the measured radiation pattern are caused by the vibration of
the proposed antenna while conducting the measurement. The
measured maximum gain of the proposed antenna is 2.17 dBi.
The discrepancy between the simulated and measured results
should be caused by manufacturing imperfections and mea-
surement errors.
For the flat microstrip patch antenna, the radiation is orig-

inated from the fringing -fields on the edge of the patch that
would add up in phase along the direction of -axis [Fig. 12(a)].
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Fig. 9. Equivalent circuit model of the microstrip patch antenna.

Fig. 10. Simulated (solid curve) and measured (dotted curve) radiation pat-
tern (copolarization components) of the proposed antenna when at
6.25 GHz. (a) -plane. (b) -plane.

Fig. 11. Simulated (solid curve) and measured (dotted curve) radiation pattern
(copolarization components) of the flexible SU-8/PDMS antenna when
at 6.15 GHz. (a) -plane. (b) -plane.

Fig. 12. Simulated -fields as equals (a) 0 and (b) 53.

However, in the bent situation [Fig. 12(b)], the fringing -fields
are no longer added up in the same phase in the direction of
-axis. Only the fringing -fields at the open end of the patch

will be responsible for the radiation due to the bending effect.
As a result, this phenomenon causes the variation on the radia-
tion pattern in -plane.

V. CONCLUSION

For the first time, we present the design and development of
the flexible SU-8/PMDS microstrip patch antenna. The charac-

teristics of the bent antenna have been measured and charac-
terized. Experimental results have shown the bending effects
including the frequency shift and the variation on the radiation
pattern in -plane owing to the reduction of capacitance and
the uneven fringing -fields on the edge of the patch, respec-
tively. The fabrication process of the proposed antenna shows
the capability of being able to integrate itself with CMOS chips
for flexible RFIC’s applications. The next objective is to inte-
grate the proposed flexible antenna with the technology reported
previously [10], [11] and develop a fully integrated wireless
microsystem.
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