434

ACES JOURNAL, Vol. 31, No. 4, April 2016

Small Wearable Meta Materials Antennas for Medical Systems

Albert Sabban

Department of Electrical Engineering
Ort Braude College, Karmiel, 2161002, Israel
sabban@netvision.net.il

Abstract — Communication industry is in rapid growth
in the last years. Efficient small antennas are crucial in
the development of medical systems. Low efficiency is
the major disadvantage of small antennas. Meta material
technology is used to improve the efficiency of small
antennas. Design tradeoffs, computed and measured
results of wearable meta-materials antennas with high
efficiency are presented in this paper. All antennas were
analyzed by using 3D full-wave software, ADS. The
antennas electrical parameters on the human body are
presented. The gain and directivity of the patch antenna
with split-ring resonators, SRR, is higher by 2.5 dB than
the patch antenna without SRR. The resonant frequency
of the antennas with SRR is lower by 5% to 10% than
the antennas without SRR. The resonant frequency of the
antenna with SRR on human body is shifted by 3%.

Index Terms — Metamaterial antennas, printed antennas.

L. INTRODUCTION

Printed antennas are widely used in communication
systems. Features of microstrip antennas such as low
profile, flexible, light weight, compact and low
production cost are crucial for wireless systems.
Compact printed antennas are presented in journals and
books, as referred in [1]-[4]. However, small printed
antennas suffer from low efficiency. Meta material
technology is used to design small printed antennas with
high efficiency. Printed wearable antennas were
presented in [5]. Artificial media with negative dielectric
permittivity were presented in [6]. Periodic SRR and
metallic posts structures may be used to design materials
with dielectric constant and permeability less than 1 as
presented in [6]-[14]. In this paper, meta-material
technology is used to develop small antennas with high
efficiency. Electrical properties of human tissues have
been investigated in several papers such as [15-16].
Wearable antennas have been presented in papers in the
last years as referred in [17-23]. The computed and
measured bandwidth of the antenna with SRR and
metallic strips is around 50% for VSWR of 2.3:1.

II. ANTENNAS WITH SRR
A microstrip printed antenna with SRR is shown in
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Fig. 1. The microstrip loaded dipole antenna with SRR
in Fig. 1 provides horizontal polarization. The slot
antenna provides vertical polarization. The resonant
frequency of the antenna with SRR is 400 MHz. The
resonant frequency of the antenna without SRR is 10%
higher. The antennas shown in Fig. 1 consist of two
layers. The dipole feed network is printed on the first
layer. The radiating dipole with SRR is printed on the
second layer. The thickness of each layer is 0.8 mm. The
dipole and the slot antenna create dual polarized antenna.
The computed S11 and antenna gain are presented in
Fig. 2. The length of the antenna shown in Fig. 1 is 19.8
cm.
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Fig. 1. Printed antenna with split ring resonators.
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Fig. 2. Antenna with SRR, computed S11.
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The length of the antenna without SRR is 21 cm as
presented in [5]. The ring width is 1.4 mm the spacing
between the rings is 1.4 mm. The antennas was designed
by using ADS software. Directivity and gain of the
antenna with SRR is around 5.5 dBi. Location and
dimensions of the matching stubs was tuned to get the
best VSWR results for the antennas presented in Fig. 1
and Fig. 3. The length of the stub S is 10 mm. The
antenna axial ratio may be varied from 0 dB to 30 dB by
optimizing the locations and the number of the coupling
stubs. The number of coupling stubs in Fig 1 is three.
Moreover, the antenna axial ratio value may be tuned by
varying the position of the slot feed line. The measured
bandwidth of the antenna without SRR is around 10%
for VSWR better than 2:1. The antenna beam width is
100°. The antenna gain is around 2d Bi to 3 dBi. There is
a good agreement between measured and computed
results. The antenna presented in Fig. 1 has been
modified as shown in Fig. 3. The location and the
dimension of the coupling stubs have been modified to
get wider bandwidth as shown in Fig. 4. The location and
the dimension of the coupling stubs in Fig. 1 were
optimized, as shown in Fig. 5, to get two resonant
frequencies.
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Fig. 3. Current distribution of the modified antenna.
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Fig. 4. Measured S11of the antenna without SRR.
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Fig. 5. Antenna with SRR with two resonant frequencies.

The first resonant frequency is 370 MHz, as shown
in Fig. 6. Metallic strips have been added to the antenna
with SRR as presented in Fig. 7. The antenna gain and
computed S11 of the antenna with metallic strips is
presented in Fig. 8. The antenna bandwidth is around
40% for VSWR better than 2.5:1. The 3D computed
radiation pattern is shown in Fig. 9. Directivity and gain
of the antenna with SRR is around 5.5dBi as shown in
Fig. 10. The length of the antennas with SRR is smaller
by 5% than the antennas without SRR. Moreover, the
resonant frequency of the antennas with SRR is lower by
5% to 10%. The feed network of the antenna in Fig. 7
was optimized to yield VSWR better than 2:1 in
frequency range of 250 MHz to 420 MHz as shown in
Fig. 11. Optimization of the number of the coupling
stubs and the distance between the coupling stubs may
be used to tune the antenna resonant frequency. The
current distribution along the antenna with SRR and two
coupling stubs is shown in Fig. 12. The SRR have an
important role in the radiation characteristics of the
antenna. The antenna with two coupling stubs has two
resonant frequencies. The first resonant frequency is
370 MHz and the second resonant frequency is 420 MHz.

A
- / \ ) —
et : <
-10 \\

A/
/

o]

-5

-20

—p Mo E

L T T — T T T T
350 360 370 380 390 400 410 420 430 440 450
Sll (dB) Frequency [MHZ]

Fig. 6. S11 for antenna with two resonant frequencies.
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Fig. 7. Antenna with SRR and metallic strips.
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The computed S11 parameter of the antenna with
Fig. 8. S11 for antenna with SRR and metallic strips. two coupling stubs is presented in Fig. 13. The 3D
radiation pattern for antenna with two coupling stubs is
shown in Fig. 14. The antenna with metallic strips was
optimized to yield wider bandwidth as shown in Fig. 15.
The S11 parameter of the modified antenna with metallic
° o g strips is presented in Fig. 16. The antenna bandwidth is
Wy x ¢ y around 50% for VSWR better than 2.3:1. Comparison
between antennas with and without SRR is given in

. - . Table 1. The measured results agrees with the computed
Fig. 9. 3D radiation pattern for antenna with SRR.
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Fig. 16. S11 for antenna with SRR and metallic strips.

Table 1: Comparison between antennas with SRR
Freg. | VSWR | Gain | Length
(MHz) % (dBi) | (cm)
With SRR 434 10 5.5 19.8
Without SRR 400 10 2.5 21
SRR and Strips | 300 50 5.5 19.8

Antenna

III. FOLDED DIPOLE META-MATERIAL
ANTENNA WITH SRR

The length of the antenna shown in Fig. 1 may be
reduced from 20 cm to 7 cm by folding the printed dipole
as shown in Fig. 17. The antenna bandwidth is around
10% for VSWR better than 2:1. The antenna beam width
is around 100°. The antenna gain is around 2 to 3 dBi.
The size of the antenna with SRR shown in Fig. 1 may
be reduced by folding the printed dipole as shown in
Fig. 18. The dimensions of the folded dual polarized
antenna with SRR presented in Fig. 18 are 11x11x0.16 cm.
Figure 19 presents the antenna computed S11
parameters. The antenna bandwidth is 10% for VSWR
better than 2:1. The computed radiation pattern of the
folded antenna with SRR is shown in Fig. 20.
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Fig. 17. Current distribution of the folded dipole.
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Fig. 18. Folded dual polarized antenna with SRR.
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Fig. 19. Folded antenna with SRR, computed S11.

Mag. [dB]
IS
7

1

D

pole radiation

Slot radiation

L N U R N
'ég 8 4 8 ° B &8 8 8 g

THETA

Fig. 20. Radiation pattern of the folded antenna with
SRR.

IV. STACKED PATCH ANTENNA WITH
SRR
At first a stacked patch antenna [1-3] has been
designed. The second step was to design a patch antenna
with SRR. The antenna consists of two layers. The first
layer consists of FR4 substrate with dielectric constant

437



438

of 4. The second layer consists of RT-Duroid 5880 with
dielectric constant of 2.2. The dimensions of the antenna
shown in Fig. 21 are 33x20x3.2 mm. The antenna
bandwidth is around 5% for VSWR better than 2.5:1.
The antenna beam width is 72°.

The antenna gain is 7 dBi. The computed S11
parameters are presented in Fig. 22. Radiation pattern of
the stacked patch is shown in Fig. 23. The antenna with
SRR is shown in Fig. 24. This antenna has the same
structure as the antenna shown in Fig. 21. The ring width
is 0.2 mm the spacing between the rings is 0.25 mm.
Twenty eight SRR are placed on the radiating element.
There is a good agreement between measured and
computed results. The measured S11 parameters of the
antenna with SRR are presented in Fig. 25. The antenna
bandwidth is around 12% for VSWR better than 2.5:1.
By adding an air space of 4 mm between the antenna
layers the VSWR was improved to 2:1. The antenna gain
is around 9 to 10 dBi. The antenna computed radiation
pattern is shown in Fig. 26. The antenna beam width is
around 70°. The gain and directivity of the stacked patch
antenna with SRR is higher by 2 dB to 3 dB than patch
the antenna without SRR.
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Fig. 21. A microstrip stacked patch antenna.
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Fig. 22. Computed S11 of the microstrip stacked patch.
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Fig. 23. Radiation pattern of the microstrip stacked
patch.
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Fig. 24. Printed antenna with split ring resonators.
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Fig. 25. Patch with split ring resonators, measured S11.



E_co E_cross

L oo

s .
¥ rrlS | n;4 %
-1
=21
=31
E 41|
= .
5 3 ——gi——
o
= [m3 md
ITHETA=36.000 THETA=35.000

dB(Ecross)=-3.072|  dB(Ecross)=-3.042

180°

THETA (-80.000 to 90.000)

Fig. 26. Radiation pattern for patch with SRR.

V.PATCH ANTENNA LOADED WITH SRR

A patch antenna with split ring resonators has been
designed. The antenna is printed on RT- DUROID 5880
dielectric substrate with dielectric constant of 2.2 and
1.6 mm thick. The dimensions of the microstrip patch
antenna shown in Fig 27 are 33x16.6x3.2 mm. The
antenna bandwidth is around 14% for S11 lower than
-7.5 dB. The antenna bandwidth is 16% for VSWR better
than 3:1. The antenna beam width is around 72°. The
antenna gain is around 8 dBi. The computed S11 results
are presented in Fig. 28. The gain and directivity of the
antenna with SRR is higher by 3 dB than the patch
antenna without SRR.

Feed line

Fig. 27. Patch antenna with split ring resonators.
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Fig. 28. Patch with SRR, computed S11.

VI. METAMATERIAL ANTENNAS IN
VICINITY TO THE HUMAN BODY

The meta-materials antennas S11 variation in
vicinity of the human body were computed by using the
structure presented in Fig. 29 (a). Electrical properties of
human body tissues are given in Table 2, see [15]. The
antenna location on the human body is taken into account
by computing S11 for different dielectric constant of the
body tissues. The variation of the dielectric constant of
the body from 43 at the stomach to 63 at the colon zone
shifts the antenna resonant frequency by to 2%. The
antenna was placed inside a belt with thickness between
1 to 4mm as shown in Fig. 29 (b). The belt dielectric
constant was varied from 2 to 4. The antennas impedance
was computed and measured for air spacing of 0 mm to
8 mm, between the patient shirt and the antennas. The
dielectric constant of the patient shirt was varied from 2
to 4. Figure 30 presents S11 results of the antenna with
SRR shown in Fig. 12 on the human body. The antenna
resonant frequency is shifted by 3%. Figure 31 presents
S11 results of the antenna with SRR and metallic strips,
shown in Fig. 15. The antenna resonant frequency is
shifted by 1%. Results presented in Fig. 31 indicate that
the antenna has V.S.W.R better than 2.3:1 for 50%
bandwidth. The radiation pattern of the antenna with
SRR and metallic strips on human body is presented in
Fig. 32. Figure 33 presents S11 results for different belt
thickness, shirt thickness and air spacing between the
antennas and human body for the antenna without SRR.
One may conclude from results shown in Fig. 33 that, the
antenna has S11 better than -9.5 dB for air spacing up to
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8 mm between the antennas and the human body. 2]
Tunable wearable antenna may be used to control the -4 e Y Vg e -
antenna resonant frequency at different positions on the T 5 \ 'v,v
human body, see [24]. Figure 34 presents S11 results of ‘; i N, - /
the folded antenna with SRR, shown in Fig. 18, on the s 8 = T
patient body. The antenna resonant frequency is shifted 10 Nl /(\
by 2%. The radiation pattern of the folded antenna with . —""511 Free|space radiation
SRR on human body is presented in Fig. 35. A2 e
150 200 250 300 350 400
S11 Frequency  [MHz]
Fig. 31. Antenna with SRR S11 results on a patient.
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Table 2: Electrical properties of human body tissues -30— AT
Tissue Property | 434 MHz | 1200 MHz -3 " Air 5mm Belt 4mm
Stomach ° 0.67 0.97 -40410 420 43c; 440 450 460 470 480
€ 42.9 39.06
c 0.98 1.43 freq, MHz
Colon, muscle . 636 59.41
s 0.045 0.056 Fig. 33. S11 results for different locations relative to the
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Fig. 30. S11 of the antenna with SRR on the human body. Fig. 34. Folded antenna with SRR, S11 on the body.
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VII. METAMATERIAL WEARABLE
ANTENNAS

The proposed meta-materials antennas may be
placed on the patient body as shown in Fig. 36 (a). The
patient in Fig. 36 (b) is wearing a wearable antenna. The
antennas belt is attached to the patient front or back
body. The cable from each antenna is connected to the
medical system. The received signals are transferred via
a SP8T switch to the receiver. The medical system
selects the signal with the highest power. Usually the
received signal during medical test with fat Persons is
higher than the received signal during medical test with
thin persons. The explanation is that the dielectric
constant and conductivity of fat is much lower than the
dielectric constant and conductivity of muscle and bone.
The antennas electrical characteristics on human body
have been measured by using a phantom that represents
the human body electrical properties as presented in [5].
In several wearable systems the distance separating the
transmitting and receiving antennas is in the near field
zone. In the near-field area the antennas are magnetically
coupled and only near field effects should be considered.

In the age of wireless products the proposed
antennas are critical in developing efficient wearable
systems. A photo of meta-material patch antenna with
SRR is shown in Fig. 37.
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_q
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A Medical
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Fig. 36. (a) Medical system with wearable antennas, and
(b) patient with printed wearable antenna.
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Fig. 37. Meta-material patch antenna with SRR.

VIII. ANALYSIS OF WEARABLE
ANTENNAS

The major issue in the design of wearable antennas
is the interaction between RF transmission and the
human body. Electrical properties of human body tissues
should be considered in the design of wearable antennas.

The dielectric constant and conductivity of human
body tissues may be used to calculate the attenuation a
of RF transmission through the human body. Figure 38
presents attenuation values of human tissues. Stomach
tissue attenuation at 500 MHz is around 1.6 dB/cm. In
Table 3 advantages of patch antennas with SRR is listed.

Results presented in Tables 1 and 3 show that
antennas with SRR are more efficient, smaller and have
a wider bandwidth than similar antennas without SRR.
There is a good agreement between measured and
computed results.

Table 3: Advantages of patch antennas with SRR
Freq. | Dimensions | VSWR | Gain
Patch\Value (Gqu) (mm) 31 | dBi
Patch 3.9.5 | 36x20x3.2 2% 4.5
Patch with SRR | 3.75 | 33x20x3.2 10% | 7.5
Patch with SRR | 5.1 |33x16.6x3.2| 14% | 7.5
Stacked Patch 3.9 | 33x20x3.2 6% 7

Stacked
Patch - SRR | 3° | 332032 | 12% | 95

y=+lou(o+ joe)=a+jp, 1)
a = Re(y). (2)
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Fig. 38. Attenuation of human body tissues.
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IX. CONCLUSION

Meta material technology is used to develop small
antennas with high efficiency for medical systems. A
new class of printed meta-materials antennas with high
efficiency is presented. The bandwidth of the antenna
with SRR and metallic strips is around 50% for VSWR
better than 2.3:1. Optimization of the feed network,
number of the coupling stubs and the length of the
coupling stubs may be used to tune the antenna resonant
frequency, radiation characteristics and the number of
resonant frequencies. The length of the antennas with
SRR is smaller by 5% than the antennas without SRR.
Moreover, the resonant frequency of the antennas with
SRR is lower by 5% to 10% than the antennas without
SRR. The gain and directivity of the patch antenna with
SRR is higher by 2 to 3 dB than the patch antenna
without SRR. Measured results agrees with computed
results.
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