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Abstract—This paper presents the possibility of employing an ionic polymer—metal composite (IPMC) actuator for
coplanar waveguide fed antenna reconfiguration. Proposed antenna structure integrates defected ground structure (DGS)
into the feeding line, which performs role of the band-reject filters, enhancing selectivity and shaping the frequency response.
The IPMC strip acts as an electromechanical tuning element and lifts a separate substrate above the primary radiator. Such
replacements alter the electromagnetic field distribution and lead to the operating frequency shift, offering a low-power
alternative to conventional methods. With only 5V of bias voltage, operating frequency tuning rage is about 130%, from
2.61 GHz to 6.11 GHz, without bringing additional losses. The results confirm the feasibility of IPMC actuators for frequency

tuning applications.

Keywords— defected ground structure; filtenna; frequency tuning; IMPC actuator.

l. INTRODUCTION

Modern wireless communication systems are
designed to support numerous digital standards operat-
ing in different frequency bands. To meet these require-
ments within a single device, several approaches are typ-
ically employed, such as the use of ultra-wideband
antennas, multiband antennas, or reconfigurable anten-
nas. Reconfigurable antennas have some advantages,
because they work in a required certain frequency band,
which can be changed if needed. At the same time,
it helps to reduce the overall system size by using a single
antenna, supporting the ongoing trend toward device
miniaturization.

The most common way to achieve frequency recon-
figuration is to use solid-state devices such as PIN diodes,
varactors, or MEMS switches. But each option has its
own advantages and limitations. PIN diodes are cheap
and straightforward to implement, but they do not allow
continuous tuning [1-3]. Varactors solve this problem,

but support limited continuous tuning with relatively
high bias voltages required [4-6]. Both approaches suffer
from restrictions on RF power handling due to intermod-
ulation distortion.

Mechanical reconfiguration offers a wider tuning
range and helps to overcome these power limitations.
MEMS switches are widely used for this purpose. How-
ever, one of the problems with MEMS usage as a control
element is the requirement for high driving voltages,
above 10 V, which can reduce compatibility with low-
power systems [7]. Another way is to use smart materi-
als, like shape memory alloys (SMA). SMA-based actua-
tors consume less energy than MEMS switches and can
provide large displacements (up to 40 mm), but they
typically need external force to function correctly [8—11].
Electroactive polymers (EAPs) represent another promis-
ing direction. Like SMAs, EAPs have low energy consump-
tion and provide large displacements, but without
the need for any additional external force [12]. EAPs are
classified into two groups: electronic and ionic. lonic
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EAPs can induce a bending motion at relatively lower
voltages than electronic EAPs, though the forces they
generate are smaller as well. However, it is still sufficient
for practical actuation. For instance, an ionic polymer—
metal composite (IPMC) can lift up to 100 g with
a displacement of 10 mm under only 4 V [13-14]. While
such actuators are typically applied in biomedical
devices, they also hold potential to be used for antenna
mechanical reconfiguration. In [15], an IPMC actuator
was successfully employed to change the operating
frequency of an F-shaped antenna.

In order to eliminate the need for multiple separate
frequency-selective devices, additional interconnections
and reduce hardware complexity and cost, it is profitable
to to integrate a frequency-selective filter and
an antenna into a single structure, commonly referred as
"filtenna". One of the way to do this is to incorporate
a defected ground structure (DGS) into the antenna’s
feeding line [16], [17]. The DGS introduces additional
inductive and capacitive effects, allowing the structure
to behave as a band filter. By controlling DGS parameters,
the resonant frequency and bandwidth of the filtenna
can be tuned, enabling frequency selectivity within
a compact form factor. In [18], a varactor is used as
the controlling element in such a structure. In this paper,
a tunable filtenna with DGS is presented. For changing
operating frequency of the filtenna, an IPMC actuator is
used.

Naturally, the use of an IPMC actuator introduces cer-
tain limitations to the practical performance of the pro-
posed design. One notable drawback is the rather slow
response time, which may reach seconds. Another issue
is the uncertainty of the produced strain under control
voltage, which would require some kind of closed-loop
control circuit in practical implementations. In contrast
to rigid piezoelectric stack-actuators, the bent part
of the substrate appears to be a rather long cantilever,
making it potentially susceptible to mechanical vibra-
tions.

In this paper, a tunable filtenna with DGS is pre-
sented. For changing the operating frequency of the fil-
tenna, an IPMC actuator is used.

1. FILTENNA DESIGN

The proposed antenna design consists of a coplanar
waveguide (CPW)-fed patch radiator with defected
ground structure (DGS) units embedded in the feeding
line. The DGS elements perform the role of bandstop fil-
ter [19] and are positioned symmetrically with respect
to the signal line. The number of DGS units and their
geometric parameters determine the frequency charac-
teristic of the DGS-based filter. The topology of the pro-
posed filtenna is shown in . The antenna is fabri-
cated on a Rogers RO3010 dielectric substrate with
a thickness (h;) of 1.2 mm and a relative permittivity

(&,1) of 10.2. topological parameters of the CPW feeding

were optimized to achieve a characteristic impedance of
50 Q. Topology parameters of the proposed filtenna are
presented in Table I.

Configuration of the second (top) substrate with
the metal patches is shown in

TABLE |. DIMENSIONS OF THE PROPOSED FILTENNA

L, w, Ly, Wes Wsy & ar, az
mm mm mm mm mm mm mm mm
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Fig. 3 Principle of the resonant frequency tuning by moving the
second substrate

Fig. 5 Displacement of the IPMC strip under different applied
voltage

TABLE Il DIMENSIONS OF THE SECOND SUBSTRATE

Parameter € e €3 €4 es

Size, mm 19 13 7 5 7

The dimensions of the second substrate are listed
in Table Il. It is fabricated on a Rogers RT/duroid 5880
substrate with a thickness ( h, ) of 0.75 mm and a relative
permittivity (&,,) of 2.2. The permittivity of this sub-
strate was selected to be lower than that of the primary

layer in order to minimize its influence on the antenna’s
electromagnetic characteristics.

Frequency tuning is achieved by vertically displacing
the second substrate metal patches above the main sub-
strate. The metal patches on the second substrate are
positioned directly above the DGS units of the main sub-
strate, ensuring strong electromagnetic coupling.
The operating principle of this tuning mechanism is
shown in Fig. 3.

The second substrate moves at an angle relative to
the main substrate, and the distance between them is
therefore defined by the tilt angle a. In the down position,
when a = 0°, the second substrate lies almost directly

on top of the main substrate. However, it is practically
impossible to achieve zero spacing between the two sub-
strates due to fabrication tolerances, and a small gap
of approximately 50 um remains. As a result, the DGS
units are not completely short-circuited.

As the distance increases, the capacitive coupling
between the metal patches on the top substrate and
the ground planes of the main substrate decreases sharply.
This leads to a change in the operating frequency. When
the angle o exceeds approximately 30°, this coupling will
be so low that the second substrate will no longer have
any influence on the antenna’s frequency response.

. IPMCACTUATOR

The moving of the top substrate, as described above,
can be realized by using an IPMC actuator. Briefly,
an IPMC is a structure based on ionic electroactive poly-
mers that bends in response to an electrical activation or
generates an electromotive voltage when under
mechanical stress. IPMCs usually consist of a thin iono-
meric membrane (usually Nafion, or Flemion) with
a typical thickness of approximately 100 um. Two thin
layers of noble metal electrodes, such as platinum
or gold, are coated on the two sides of the ionomeric
membrane. Due to the fixed anions on the backbone
of the polymer membrane, the same amount of cations
also exists in the membrane and they can move freely
with the existence of the polyelectrolyte. In Fig. 4 a sche-
matic representation of the IPMC electromechanical and
mechano-eletrical process is depicted.

During the actuation process, an applied electrical
signal leads to the attraction and repulsion of ions
toward and away from electrodes of opposite and alike
charge, respectively. Accumulation of mobile ions
at the cathode and anode of the IPMC causes a mechan-
ical imbalance which in turn results in an actuation
response [20].

The IPMC actuator can be used in the topology of
Fig. 3 by connecting the second substrate at one end and
applying a voltage at the other end.

The produced samples of the IPMC strip were
provided by Environmental Robots Inc. The length
of the strip is 40 mm, the width of the strip is 10 mm, and
the thickness of the sample is 0.4 mm. Such sizes
of the IPMC strip provide the capability to lift the weight
of the second substrate to the desired height. Displace-
ments of the IPMC sample under different values
of applied voltage are shown in Fig. 5. As shown, 5V is
enough to achieve a displacement of about 5 mm.

V. SIMULATION AND MEASUREMENTS

CST Microwave Studio was employed to simulate
the proposed filtenna design. The main substrate was
modeled as an anisotropic material, since the dielectric
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constant of the Rogers RO3010 substrate differs along
different planes [21]. The Z-axis of the substrate is a thick-
ness axis, and the X-Y-axes are related to the length and
width of the substrate. Dielectric constant over the Z-axis
was set to 11.0, and over the X-Y axes was set to 12.1.
The fabricated filtenna and the second (top) substrate
are shown in Fig. 6.

The complete experimental setup is shown in Fig. 7.
The IPMC strip serves as the actuator and is fixed at one
end using a clamp with integrated electrodes. Controlling
voltage is applied to the electrodes in the clam.
The opposite end of the IPMC strip is attached to the top
substrate using clue. The second substrate is positioned
above the main substrate. When the applied voltage is
equal to zero, the second substrate remains in the down
position, as shown, Fig. 7a. When the applied voltage is
equal to 5V, the top position of the second substrate is
observed, Fig. 7b.

The frequency characteristics in both cases are
shown in Fig. 8. As show in Fig. 8, when a=0° (down-
position) the filtenna operates at 2.61 GHz with a return

Fig. 7 Experimental setup: a) down position of the second sub-
strate; b) top position of the second substrate

losses of approximately 25 dB. When o > 30°, the oper-
ating frequency shifs to 6.11 GHz, while maintaining
a similar return loss level of about 25 dB. The frequency
tuning range is 3.46 GHz, corresponding to approxi-
mately 130% of the original first operating frequency.
The simulated and measured results demonstrate good
agreement.

The electric current distribution for the 2 operating
frequencies (2.61 GHz and 6.11 GHz) for both states are
shown in Fig. 9 and Fig. 10, respectively

CONCLUSION

A reconfigurable CPW-fed filtenna with a defected
ground structure is proposed. Frequency tuning is

25 H H

—-Simulation at the down position
| —-Simulation at the top position

-30 .
Measurements at the down position

—DMcasurements at the top position | !
1 2 3 4 5 6 7
/; GHz

-35

Fig. 8 Simulated and measured S-parameters of the filtenna for
the two extreme states of the second substrate

Fig. 9 Electric current distribution at 2.61 GHz: a) down-position
of the second substrate; b) top position of the second substrate

Fig. 10 Electric current distribution at 6.11 GHz: a) down position
of the second substrate; b) top position of the second substrate
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achieved through the controlled mechanical displace-
ment of a dielectric substrate carrying metallic patches
placed above the CPW-fed line. This displacement is
driven by a electroactive actuator based on an ionic
polymer—metal composite (IPMC). The IPMC actuator
provides smooth and reversible bending motion when
a low bias voltage of approximately 5 V is applied, ensur-
ing energy-efficient operation. By changing the position

of the movable dielectric substrate, the resonant
frequency of the filtenna shifts significantly—from
2.61 GHz in the down position to 6.11 GHz in the up
position. The proposed design demonstrates the poten-
tial of IPMC-based actuators as a novel and flexible
approach to mechanical frequency reconfiguration in
compact microwave systems.
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AHoTauin—Po3rafaeTbCA aKTyalbHa 3a4a4a CTBOPEHHA aHTeH AR CydacHUX 6e3ApoToBUX cUCTeM, 34aTHUX A0 po6oTu
Y Pi3HMX YacTOTHUX Aiana3oHax. 3a3BMyYaii A4NA NepenawTyBaHHA YacToTM BUKopuctosytoTb PIN-aiogu, Bapakropn abo MEMS
CTPYKTYpPM, O4HAK Lii MeTOAU MalOTb CYTTEBI 0bBMeKeHHA: 0bMmeKeHUi Aiana3oH nepenawTyBaHHA, NigBULLEHE eHeProcnoXu-
BaHHA, HeobXigHICTb BMCOKOI Hanpyrn abo cknagHicTb peanisauii HenepepBHOro nepenawTtyBaHHA. OfHIEIO 3 anbTepHaTUB
€ MexXaHiuHe nepenawTyBaHHA, 30Kpema i3 3aCTOCyBaHHAM PO3YMHUX maTepianis. [leski 3 HAX, HAaNPUKAaA, iOHHO-NoNIMepHi
meTanesi komno3utu (IMMK) cTBopIolOTb BE/IUKI NepemilLeHHA 33 NOPIBHAHO HM3bKMX Kepylounx Hanpyr. Lie ao3Bonse cTBo-
ptoBaTu eHeproepeKTUBHI Ta KOMMNAKTHI NPUCTPOI. 3aNPONOHOBAHO KOHCTPYKLit0 PiNbTeHU — aHTEeHWU 3 iHTerpoBaHUM @inbT-
POM Ha OCHOBI KONJIAHAPHOI NliHIT Nepeaadi, y AKili HUXKHI eneKkTpoa MoKe BiAXUNATUCA Bif, OCHOBU. LA YyacTMHa BUKOHYE ponb
cmyrosoro $inbTpa, a oro NnapameTpu BU3HAYAKOTb YACTOTHI BAACTUBOCTI NPUCTpOtO. [ina nepenawiTyBaHHA 4acTOTU BUKOPUC-
ToBYETbCA INMMK-akTIOaTOP, AKUIA 3MIHIOE NONOXKEHHA [0AATKOBOI Ai€NeKTPUYHOIT NIACTUHKMU 3 MeTaZIeBUMMN eleMeHTaMu Hag,
OCHOBHOIO aHTeHoto. MepemileHHA NAACTUHKK 36ypIOE PO3NOAIN eNneKTPOMAarHiTHOro nNoss, BHacNifoK 4oro BiabyBaeTbca
TAKOXX 3MiHa Pe30HAHCHOI YacTOTU. KOHCTPYKLiA A,03BONAE N1aBHO 3MiHIOBATU KYT HAaXU/ly PyXOMOi NNaCTUHKMY, Lo 3abe3neuye
nepenawTyBaHHA YacTOTHU Y LWUMPOKOMY AianasoHi, Bia 2,61 My, y HUXKHbOMY NONOXeHHi A0 6,11 [Ty, y BepXHbOMY NONOMXKEHHI,
WO CTaHOBUTb 61M3bKo 130% BiA NOYATKOBOI YACTOTU, a piBeHb Big6MBAHHA 3aNULWWAETLCA CTabinbHUM 61M3bKo —25 ab. Mpu
LboMy ANA po60TU aKTIOaTOpa AO0CTaTHLO NPUKNAAATU Hanpyry Ao 5 B. BumiptoBaHHA S-napameTpiB npotoTuna niaTsepanan
e(deKTUBHICTb 3aNPONOHOBAHOT KOHCTPYKLi. B ekcnepumeHTanbHii ycraHosui INMMVIK-akTyaTtop 6yB 3akpinneHuii 3 oaHoro 60Ky,
a 3 iHWOro — NPUEAHAHUNA A0 PYXOMOI NNACTUHKU. EKcnepumeHTanbHi BUMipOBaHHA A06pe y3roaxKylTbca 3 pesy/ibraTamum
mogentoBaHHA. MepeBaramu 3anponoHOBaHOT KOHCTPYKLiT € eHeproeeKTUBHICTb, LUMPOKUIA Aiana3oH nepenaluTyBaHHA po6o-
YOI YacToTU Ta BiACYTHICTb A0AATKOBUX BHECEHUX BTpaT. OCHOBHMMU 06MeXKeHHAMU € BiAHOCHO noBinbHa peakuia IMMVK
(cekyHAW) Ta HeObXiAHICTb 3aMKHEHOTO KOHTYPY KepyBaHHSA ANA TOYHOrO NO3ULLIOHYBaHHA. KOHCTPYKLiA YyTauBa A0 MeXaHiu-
HUX BibpaLiii, Wo cnig BpaxoByBaTH NPU NPAaKTUYHOMY 3acTOCyBaHHi. Pasom 3 Tum, BUKopuctaHHa INMK-akTioaTopa go3sonse
YHUKHYTU BUKOPUCTAHHA BUCOKMUX HAMpPYr i CKAagHUX eNEeKTPOHHUX cXemM. 3anponoHOBaHa KOHCTPYKLIA MoXKe 6yTn BUKOpUC-
TaHa A1 CTBOPEHHA CYYAaCHUX aHTEH 3 PO3WUPEHUMU PYHKLOHA/IbHUMMU MOXK/IMBOCTAMM.

Knruoei cnosa — cmpykmypa 3 8idxusneHHAM eanekmpooa; inemeHa; nepeaawmyedaHHsa yacmomu; akmroamop IMIMK
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