Proceeding of International Conference on Electrical Engineering, Computer Science and Informatics (EECSI 2014), Yogyakarta, Indonesia, 20-21 August 2014

Compact Circularly Spiral Planar Inverted-F Antenna
for Medical Implant Application

Argya Harisl and Achmad Munir
Radio Telecommunication and Microwave Laboratory
School of Electrical Engineering and Infomatics, Institut Teknologi Bandung, Indonesia
*argya.harish@students.itb.ac idunir@ieee.org

Abstract—A combination technique to reduce the physical
dimension of device to be more compact is proposed in this paper
to design an antenna for medical implant application. Two design
techniques, i.e. planar inverted-F and geometry modification, are
combined and implemented to construct a compact circularly
spiral planar inverted-F antenna (PIFA) to operate around
frequency of 920MHz. The antenna is deployed on an FR4
Epoxy dielectric substrate with the thickness of 0.8mm. Before the
hardware realization, the parameters of antenna including reflec-
tion coefficient, voltage standing wave ratio (VSWR), gain, and
radiation pattern as well as its physical dimension are investigated
numerically to obtain the optimum performance design. From
experimental characterization, it shows that the realized antenna
in circular shape which has the diameter of 18mm resonates
at frequency of 911MHz with measured bandwidth and gain of
20MHz and -29.82dBi, respectively.

basic geometry of a microstrip patch antenna which is usually
used for implementation is rectangular or circular patch.

As is well-known, the dimension of patch is determined
the operating frequency of the antenna [1], the longer or larger
the patch, the lower the operating frequency will be. However,
for antennas with relatively low operating frequency such as
MICS, ISM 915MHz, and Indonesian RFID band [5]- [7], it
is found that the physical dimension of antenna is still too
large to be practically implemented as an implanted antenna.
Therefore, the geometry modification of patch antenna by
deforming it into spiral shape or meander line will increases
the length of patch antenna occupies a given area. This means
it is not necessary to increase the size of dielectric substrate
to accommodate larger patch for lower frequencies. It should

be noted that a patch in meander line or spiral shape can acts
as a lumped inductor, so it has different characteristics from a
regular rectangular or circular patch [8]. In addition, meander
line or spiral shape is also affected by the parasitic capacitance
that comes from the gaps between the turns.

The challenge of designing antenna for implanted devices |, ¢onnection to reduce the physical dimension, in this
mainly comes from the dimensioning of the antenna itself,aher 3 compact circularly spiral planar inverted-F antenna
One of requirements for |m.pla.nted devices is that the anten IFA) is proposed to be construct by combining the design
should be small enough so it will safe and not damages any pal{chnique of planar inverted-F and geometry modification.
of body, while keeping its performances sufficient enough fofrhe antenna which is intended to operate at 920MHz for

the requirement of system. For this purpose, a microstrip paiCfhegical implant application is designed to be deployed on an
antenna has been one of solutions to be considered for thez4 Fpoxy dielectric substrate with the thickness of 0.8mm.
application due to small dimension, light weight, low profile, The pasic parameters including reflection coefficient, VSWR,
easy and cheap fabrication [1]- [4]. Among the advantagegain and radiation pattern are used for performance indicators
of microstrip patch antenna, however, its physical dimensiofo, i the design and realization. Moreover, the experimental

cannot be made any shorter than half wavelength at the des"‘%ﬁaracterization results for each parameter will be compared
operating frequency, since the antenna only resonates at S the design results to evaluate the performance of realized
patch length of the order of half wavelength. Therefore, variou roposed antenna.

techniques emphasized for reducing its physical dimensio
have been proposed and developed intensively in recent years. 1
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I. INTRODUCTION

CIRCULARLY SPIRAL PIFA DESIGN
One of techniques to reduce the physical dimension of
microstrip patch antenna is by introducing a shorting pin tha'for
connects the patch of antenna with the groundplane. Thi
techniques allows the antenna to resonate at larger wavelengd;
or smaller frequency. This particular antenna is called plana]re
inverted-F antenna (PIFA). Theoretically, a PIFA can resonate.

at a quarter wavelength, so it will reduce the length of antenng, ™1 jjjstrates the final construction of proposed compact

patch into the half of a regular microstrip patch antenna s : . .
Another technique to reduced the physical dimension of miﬁ-l(;]::“:A with circularly spiral microstrip patch on an FR4 Epoxy

In the design process, the requirements are determined
m the existing link budget calculation [9]. The antenna
ith minimum gain of -30.86dBi is required for enabling
mmunication between the implanted device and the external
ceiver. Whilst the operating frequency of antenna is at
equency of 920MHz based on Indonesian RFID band [7].

i tch ant s b t dification. Th ielectric substrate with the thickness of 0.8mm. Some para-
crostrip patch antenna Is by geometry modication. 1h€ moShayical studies are conducted carefully to obtain the final

This work is partially supported by the Research Grant fro® Alumnae
Association (IA-ITB) 2014.

488

dimension of proposed antenna to optimize the performance
of antenna. The diameter of circular shape substrate dielectric
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=7 on an FR4- Epoxy dielectric substrate as prescribed in the
i design. Two identical antennas are realized to be measured

and compared each other. To obtain the characteristics of real-
ized antenna, the parameters are experimentally characterized
where the measured results will be verified and compared to
the simulated results.

/ Figs. 3 and 4 plot the measured results of reflection coef-
ficient and VSWR for realized antenna, respectively, with the
simulated results are depicted together for comparison. From
both figures, it shows that the operating frequency of both
realized antennas shifted to the lower frequency around 9MHz.
Fig. 1. Construction of compact circularly spiral planar inee-F antenna  The simulated operating frequency is 920MHz as specified
in the requirement, while the measured operating frequency
oiP 911MHz for both realized antennas. The discrepancies in

is 18mm. Whereas the total length of microstrip patch made ing f L babl ked by the diff
metal copper which give the resonant frequency of 920MH2PETaling frequencies is probably evoked by the different
value of relative permittivity of dielectric substrate set in the

is 104mm with the shorting pin located at 58mm along the_. . . o ;
microstrip patch from the feed point. simulation and used in the realization. It seems that the relative

permittivity value of dielectric substrate used in the realization
The width of microstrip patch and the separation of patchs higher than of the dielectric substrate set in the simulation.

in the turns and 1mm and 0.5mm, respectively. The wideAs the relative permittivity higher, the operating frequency

separation of patch affects the larger diameter of dielectrichanges to be lower and vise versa.

substrate, this also applies for patch width. The thickness of

microstrip patch on top side of dielectric substrate as wellas 0 - . : -
the groundplane on the bottom side is 0.035mm. To feed the
antenna, an SMA connector is connected to the feed point form_
bottom side of dielectric substrate. Whilst to obtain an accurate@ -5 ]
analysis, the copper conductive loss of patch and groundplanécf
as well as the substrate dielectric loss are accounted for. The , + ]
detail dimension of proposed compact circularly spiral planar%
inverted-F antenna is listed in Table I. o — measured
O fy = 911MHz
TABLE I. DIMENSION OF COMPACT CIRCULARLY SPIRAL PLANAR §-15¢ S11=-21.399dB y
INVERTED-F ANTENNA k3 )
2 — simulated
Parameter  Dimension (mm) é':’ -20 fso: 22—8]'\./”9_|f5d8 ]
A 10
B 0.5
C 0.6 -25 L 1 |
D 18.0 0.7 0.8 0.9 1 11
Frequency (GHz)
I1l. CHARACTERIZATION AND DISCUSSION Fig. 3. Measured and simulated reflection coefficient of pregoglanar
’ inverted-F antenna
After obtained the optimum numerical design, the proposed
compact circularly spiral PIFA is then realization through wet 4 : , :
etching technique. Fig. 2 shows the pictures of realized antenna
S35} .
]
02
[
= 3r ]
= — measured
= fo =911MHz
S25} VSWR =1.186 .
c
(%’ — simulated
o 2 fy = 920MHz .
2 VSWR =1.174
S5} ]
1 1 1 1
0.7 0.8 0.9 1 11
Frequency (GHz)

Fig. 2. Picture of realized compact circularly spiral plaiterted-F antenna  Fig. 4. Measured and simulated VSWR of proposed planar ettantenna
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Due to the small size aperture and dimension of antenna,
the gain of proposed antenna is very small. This can be
seen in the measured and simulated gains depicted in Fig. 5.
The different value between measured and simulated gain is
probably affected by the different value of copper conductive

0
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loss and substrate dielectric loss set in the simulation and 290 70
used in the realization. From the results, it is noticeable 280 | 80
that the losses used in the realization are higher than the 270 | | 50
losses set in the simulation, as a result the radiated power of
realized antenna decreases. However, both results show similar 260 100
tendency for all frequency ranges, even in some frequencies 250 110
both results shows the same value of gain. 240 < ) /120
. . . 230 " 7130
Fig. 6 depicts the measured results of radiation pattern 2207 "ﬁo
for realized antenna, respectively, with the simulated results 210 150
are plotted together for comparison. The results show that 200799 170160
the proposed antenna has the wide beamwidthiZeplane 180
radiation pattern with the radiated angle at 4,3@hilst the E- = measured simulated
plane radiated plane is radiated into 2 different directions due
to the spiral shape of patch antenna. It should be noted that the (a)H-plane
measured results both fdf-plane andE-plane show a good
agreement qualitatively with the simulated results. In overall, 0
the comparison of experimental and numerical characterization 340390 10 59
is summarized in Table Il which indicate the compliance of 330 30
. . . ! . 320 . | 40
realized compact circularly spiral PIFA to the numerical design 3107 N X LN so
with some acceptable discrepancies. 300/ , " 60
20 290 L K 70
280 . 80
— measured \
- Gain = -31.419dBi at 911MHz 270 | | 90
— simulated 260 } ' 100
Gain =-30.271dBi at 920MHz 250 110
@-30 240 120
2 230
£ 220
0-35 210
2001
180
-40 == measured —— simulated
(b) E-plane
-45 ] ] ]
0.7 0.8 0.9 1 1.1

Frequency (GHz)

Fig. 5. Measured and simulated gain of proposed planar iml+tantenna

Fig. 6.
inverted-F antenna

Measured and simulated radiation patterns of propgseadar

TABLE II.

SUMMARY OF MEASURED AND SIMULATED RESULTS

Parameter Measured Simulated
Operating frequency 911MHz 920MHz
Minimum reflection coefficient -21.399dB -21.915dB

Gain at 920MHz -30.785dBi -30.271dBi

-10dB working bandwidth fgw)

20MHz (2.195%)

24.3MHz (2.641%)

IV. CONCLUSION

producing a compact circularly spiral PIFA to operate around
frequency of 920MHz. The antenna that has had diameter of
18mm was deployed on FR-4 Epoxy dielectric substrate with
the thickness of 0.8mm. From numerical characterization, the
proposed antenna has had operating frequency of 920MHz
with bandwidth and gain of 24.3MHz and -30.271dBi, re-
spectively. Whilst from experimental characterization, it has
been demonstrated that the realized antenna has resonated at
frequency of 911MHz with measured bandwidth of 20MHz
and measured gain of -30.785dBi. From the results of nu-
merical and experimental characterizations, although there was
a slight different in some parameters, however it has been

A planar inverted-F antenna (PIFA) in circularly shape forshown that the characteristics of realized antenna have good
medical implant application has been numerically designed andgreements qualitatively with the design one. In addition, the
experimentally characterized. A combination design techniquemprovement to reduce the physical dimension of antenna with
i.e. planar inverted-F and geometry modification has beedlifferent shape is still being investigated where the result will
successfully implemented to reduce the antenna dimension ipe reported in the near future.
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