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Abstract. In present era antenna is playing a prominent role in biomedical engineering for improving health
and quality of life. Pacemakers, deep neural implants, endoscopy, magnetic resonance imaging, microwave
imaging and clinical instruments for thermal ablation are some examples of health care instruments which are
taking the beneﬁts of antenna and wireless body area network. Antennas can be implanted, placed on body and
swallowed to transfer diagnosis information from the human body to the external monitor and further to the
doctor or concern person through internet. In addition, variation in the electrical parameter of antenna like near
ﬁeld electromagnetic radiations, impedance, reﬂection coefﬁcient can be analyzed to detect diseases noninvasively. Breast and brain tumour detection, cancer detection and motion detection are some of the important
applications of antennas. Moreover, heating effect of electromagnetic ﬁeld is also valuable to treat the malignant
cell tissues. In this survey paper, authors have covered all the possible application of antenna and the challenges
faced by antenna designers to make them suitable for speciﬁc application.
Keywords.

Antenna application; biomedical; wireless body area network; diagnosis; treatment.

1. Introduction
Antenna technology is getting more interested in the health
care domain through wireless body area network (WBAN).
People are adapting more to the reckless living style. They
are susceptible to the incurable ailments due to ignorance of
regular health examinations. Therefore, WBAN based
proactive health management devices are providing valuable contribution to improve the quality of life. As it is well
known that antenna is the most essential part of a wireless
system. In a short span, along with data transmission in
close proximity of body; antenna has taken its steps in the
ﬁeld of medical diagnosis and rehabilitation [1, 2]. Medical
applications of wireless body are network antennas can be
categorized into three different ﬁelds: (i) data transmission
(biomedical telemetry), (ii) diagnosis through magnetic
resonance imaging (MRI) and microwave imaging (MWI)
and (iii) therapeutic radiofrequency thermal ablation-cardiology and cancer (tumour) therapy. Figure 1 shows the
ﬂowchart of antenna applications in medical sector.
A plethora of antennas with speciﬁc design requirements
tailored to different applications have been proposed in the
literature. Several modiﬁcations have been performed to
enhance antenna performance in terms of miniaturization,
bandwidth enhancement, reducing power coupling in body
*For correspondence

tissue, directivity enhancement, shape determination and
improving biocompatibility. Authors have started the survey
by classifying the antenna applications in three categories:
data transmission, disease detection and treatment. Based on
the position of antenna on human body, antennas for data
transmission are further divided into three sections including
ingestible, on-body and in-body antennas. An overview of the
design issues and different techniques introduced in literature
to deal with application-based challenges have been reported.
Paper is organized as follows. Section 2 describes the
wireless biotelemetry and classiﬁcation of antennas based
on the location of operation on body. Section 3 covers the
application of antenna for detection of diseases. Further in
section 4, application and types of antenna used for ablation therapy are demonstrated. Finally, in section 5 concluding remarks are presented.

2. Biomedical telemetry
Wireless telemetry is the way of measuring of signals from
the body and transmitting them through RF communication
link to a base station (phone or PC) located at a distance
from the body. Further this data is transmitted to the doctor
or concern person via internet for diagnosis and to advice
the patient accordingly. Figure 2 represents the model of a
remote healthcare monitoring systems. Sensor nodes are
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Figure 1. Applications of antenna in medical sector.

Figure 2. Schematic of remote health monitoring WBAN system [3].

deployed invasively or non-invasively on the body.
Important information like heart rate, temperature, ECG
signals, glucose level, etc. are transmitted by the integrated
antenna to the control unit for further action.

2.1 Antennas for data transmission (biomedical
telemetry)
Designing an antenna for body sensor node is very challenging as compared to free space antenna. Antenna performance varies signiﬁcantly when operated in the close
vicinity of human body [4].

Different frequency bands are used for biotelemetry are
as follows:
• MICS (Medical Implant Communication Services):
402–405 MHz [5, 6]
• Medical Device Radio communications Service (Med
Radio): 401–406, 413–419, 426–432, 438–444 and
451–457 MHz [7, 8]
• Industrial scientiﬁc and Medical (ISM) band:
433.05–434.79,
902–928,
2400–2483.5,
5725–5850 MHz
• WMTS bands (608–614 MHz, 1395–1400 MHz,
1427–1432 MHz) [9]
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• Ultra -Wide Band (UWB): 3100–10600 MHz [10]
• Medical body area network (MBAN): 2360–2400 MHz
[11, 12]
Based on the location of sensor node in/on human body;
aantenna designed for bio-telemetry can be categorized as:
ingestible antennas (Capsule endoscopy application), body
centric (wearable antennas) and implantable antennas.
2.1a Ingestible antennas Capsule endoscopy: is the wellknown application for the in-body to off-body data transmission. Biological statistical information in the form of
images/videos is gathered by camera and transmitted by the
capsule antenna while passing through the digestive system.
Wireless capsule endoscope is more comfortable, capable
of tracing the hidden location of the track and provides
effective visualization of entire convoluted track as compared to the wired endoscopy. It supports the examination
of Gastro-Intestinal and digestive track and used for
checking various diseases like: Crohn’s Disease, tumours,
cancers, Celiac Disease and OGIB (Obscure Gastrointestinal Bleeding) [13]. Figure 3 shows the components
embedded in the capsule. A capsule contains a camera,
light, antenna and battery is swallowed by the patient [14].
Antenna is the most essential component for real time
wireless data transmission. Some design requirements for
capsule antenna are as follws.
Conformal: Flexible biocompatible substrate materials are
required to embed the antenna in cylindrical shaped capsule. Antenna resonance should remain stable when bent
across the wall of capsule. Moreover, conformal structures
provide more space for other components in the capsule.
Wide impedance bandwidth: Each organ of human body
consists of heterogeneous tissue layers with varying electric
properties. It interferes with the electromagnetic properties
of antenna and causes frequency detuning. Thus, for the
continuous operation of ingestible antenna wideband performance with good impedance matching is required.
Human digestive system is surrounded by muscle layer
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(Relative permittivity (er) = 52.729 and conductivity =
1.7380 S/m), stomach (Relative permittivity (er) = 62.158
and conductivity = 2.2105S/m), small intestine (Relative
permittivity (er) = 54.125 and conductivity = 3.1731 S/m)
and colon (Relative permittivity (er) = 53.879 and conductivity = 2.0383 S/m). Design engineer must consider the
effect of bio-tissue on antenna performance [15].
Orientation matching: While moving through the GI
track, orientation of the capsule changes randomly that
causes time varying orientation mismatch with the receiver
antenna and reduce the reliability of data transmission.
Therefore, an antenna that fulﬁl the need of orientation
matching is necessary for capsule endoscopy.
Antenna designs for capsule endoscopy: As tissue properties are heterogeneous but for the simulation simplicity
and fast computational speed homogeneous tissue model
with the dielectric constant varies from 54.81 to 53.55, and
the conductivity varied from 0.98 to 1.34 S/m is considered
[16]. However, it reduces the accuracy but agrees well with
the phantom used for measurement. Equivalent body-tissue
liquid (Phantom) made from deionised water, sugar, salt,
cellulose is used for experimental evaluation of antenna
performance.
For the capsule antenna, miniaturization is a crucial task.
Lee et al in their paper [17], have designed a spiral-shaped
antenna to reduce the antenna geometry. Antenna is operating at 500 MHz and covers wide bandwidth of 140 MHz
ranging from 446 to 550 MHz. Experimental results are
veriﬁed in equivalent human phantom and a 60 Kg pig
(under anaesthesia). Centre resonance of antenna in phantom was 500 MHz, detunes to 510 and 524 MHz in the
stomach and intestine of pig respectively. This shows the
variation of antenna performance due to varying tissue
properties.
Hatmi et al [18] have presented that behaviour of magnetic antennas are less affected than electrical antennas due
to presence of bio-tissue. They designed two spiral coils;

Figure 3. (a) Capsule endoscopy [14]. (b) and (c) antennas for capsule endoscopy: bandwidth enhancement [22] and polarization
diversity [26].
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one as transmitter coil (for ingestible capsule) and another
as receiver coil placed on-body. Antenna along with
matching network was designed to operate at 40 MHz.
Efﬁciency of magnetic induction link was calculated in the
occurrence of body-tissue; and found better than the electromagnetic coupling. Magnetic coupling also reduces the
power consumption that in turns enhances the battery life.
Cheng et al [19] have designed an inductive loaded
antenna on liquid crystalline polymer (LCP) ﬂexible substrate with a thickness of 4 mil (0.1 mm) and a dielectric
constant of 2.9. Inductive loading antenna can be wrapped
into cylindrical shape that reduces the space occupied by
the rigid antenna structures. Antenna shows omnidirectional radiation characteristics inside the body at 433 MHz.
Antenna performance is characterised in the liquid body
tissue for different body postures (raised arm and the arms
on body side). Gain raised by 2-dB and frequency shifts
leftwards by 1.75 MHz when arms were raised up.
With the advancement of ﬂexible technology conformal
antennas are getting much attention for the future endoscopy devices [20] as they are aimed to save inner space.
Cylindrical shape of capsule antenna causes the reduction
of radiation efﬁciency by reﬂecting the mirror current from
the ground plane lying at the opposite side of radiating
element. Therefore, a dipole antenna without ground plane
is also preferred [21]. In [22] antenna is designed using
meandered slot cut dipole on a ﬂexible biocompatible
material Rogers 3010 to operate at 402 MHz. Bandwidth is
Enhanced from 25.7% to 37.8% by connecting strip of two
different widths at the center of dipole. Adding of parasitic
strip excited some additional resonance modes, and added
electric current length of the current. The new excited
modes merges with existing mode and enhances the
impedance bandwidth.
In [23] author has proposed a circular shape antenna with
a hole in center and slots on the remaining radiator. Hole is
designed to integrate camera on the same side of camera
that helped to reduce interference and spacing of slots were
kept to accommodate antenna. It has contributed to reduce
size of capsule by providing space for camera and LEDs.
Length of the two coupled transmission lines were used to
tune the frequency.
Further, in [24] UWB spectrum (1.64 to 5.95 GHz) was
used to transmit real-time high-resolution images. Rogers
5880 substrate was used to design conformal structure,
antenna was printed on both outer and inner wall of the
capsule and performance was compared for both the locations. Stable impedance matching was obtained for both the
operating condition but efﬁciency for outer surface was
only 22.4% of inner surface. Moreover, speciﬁc absorption
rate was evaluated to ensure the tissue safety. SAR for outer
wall was 35 times higher than of inner wall due to the high
conductivity of body tissue, more power is absorbed.
To overcome the issue of orientation mismatch between
transmitter and receiver antenna, reduction of multipath
fading and improvement of bit-error rate during data
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transmission, Liu et al [25] have designed a circular
polarized helical shaped antenna. Three open loops at
multiple layers are connected through holes to obtain less
than 3-dB axial ratio. Antenna was initially designed,
optimized and tested in single layer muscle equivalent
phantom. Moreover, electrical components were designed
inside the capsule and antenna performance was evaluated.
Furthermore, to analyze the antenna performance in realistic biological environment, 3-dimensional Gutsav body
model was used and antenna was implanted in small
intestine, stomach and colon layers at varying depth.
Stable reﬂection coefﬁcient for all the implant condition
was observed. Still it suffers with the degradation of axial
ratio bandwidth and cp characterization while travelling
through the digestive tract. Concept of polarization was
used by Li et al [26] to solve this issue. Antenna has similar
radiation characteristics when placed in any of the three
planes (xy-, yz- and xz-plane). A meandered dipole antenna
was bent to achieve three orthogonal currents. Different
orientations of three currents covered the three planes and
resulted in polarization diversity. Simulation is performed
in homogeneous tissue model and measurement was done
in the minced pork. Better orientation insensitivity performance was obtained as compared to the linear and circular
polarized capsule antennas.
2.1b On-body and wearable antenna: In includes the
antenna which are placed on the different parts of the body
including legs, arms, chest, head and back. These are used
to transmit heart rate, oxygen level, temperature and sugar
level of patients. The most dominating research topics in
antennas for on-body communications is wearable and
conformal antennas. To enhance the performance of onbody antenna following challenges should be considered.
Characterization with human body tissue: To charactarize the antenna impedance with human body different type
of anatomical models are used by the researchers in
[27–30]. Gutsav model is the male body phantom[27] used
for the numerical simulation ﬁgure 4(a). It is a complex and
large geometrical structure that requires large system
memory, make computation comples and takes long processing time. Therefore, to simplify the computational
complexity, single and multilayered canonical structure are
also modelled [31, 32] as shown in ﬁgure 4(b).
Ethical and safety issues do not allow antenna testing on
actual human and animal body. Thus, to varify the results
of numerical simulations, tissue equivalent phantom gels
and liquids are fabricated for experiment as shown in ﬁgure 4(c). Phantom gel consists of deionized water, sugar,
salt and gellatin [33]. Animal tissue is also used for the
varﬁcation of antena performance [34]. In ﬁgure 4 various
phantom tissues are represented.
Frequency detuning and impedance matching: Human
body is a complex and lossy medium for the electromagnetic waves. Conducting body tissue interacts with surface
current of antenna and disturbs the antenna impedance. In
addition, when antenna is operated on different human
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Figure 4. Gutsav model [30], three layer simulation model [32], and phantom gel for measurement [33].

body, resonance frequency may detune due to varying
thickness of tissue layers. Thus, to enhance the practical
utilization of on-body antenna wide band antenna structures
with high reﬂection coefﬁcient need to be designed. Following methods can be used to enhance the bandwidth and
impedance matching: By generating multiple resonance
path [35], By adding slots and parasitic patch [36], By
truncating the radiator [4] By using PIFA structures [37].
Stable to structural deformation: Human body is a nonplanar structure. Antenna with different shapes are required
to operate on different body parts. Beside this several textile materials are used to design the wearable antenna.
Which are easily subjected to wrinkling and crumpling.
Conformal structures should be designed so that antenna
can withstand structural deformation along various radii.
Stability to structural deformation can be enhanced by: Use
of thin ﬂexible substrates with good mechanical strength
such as Rogers 5880, copper-plated polyester textile, copper-and-nickel-plated polyester textile [38–40]. Designing
multi layered structure robustness of antenna can be
enhanced [40, 41].
High gain and efﬁciency: A signiﬁcant power is absorbed
by body tissue that reduces antenna gain and efﬁciency. It
limits the transmission range of antenna to few meters.
Absorbed power may damage the body tissue. Therefore,
antenna with wide beam radiation normal to the body
surface or null towards the body tissue should be designed.
Desired radiation pattern, high efﬁciency and gain can be
achieved by: using full ground plane: unidirectional radiation pattern can be obtained with full ground structure [42].
Using metamaterial structures: Radiations are reﬂected
back towards the antenna that enhances antenna gain and
efﬁciency [43]. Using surface integrated waveguide technology [44]. Metallic back reﬂectors [45, 46] Pattern
diversity for dual mode operation: [32, 47].

2.2 Design of different types of wearable antennas
AMC backed Yagi antenna: Authors had designed an
AMC backed Yagi antenna on ﬂexible latex substrate. First,
electric properties of latex were evaluated at 2.45 GHz
using T-resonator method and quality factor. Then, a
meandered type Yagi-antenna was designed and driven
dipole was fed by balun for unbalanced to balanced transition of signal. Bidirectional radiation pattern was modiﬁed to off-axis near-end ﬁre radiation using single and
double layered AMC structure. AMC structure also helped
to achieve high radiation efﬁciency of 78.97% and low
SAR value of 0.714 W/kg. Stable reﬂection coefﬁcient was
noticed during bending [48].
Substrate Integrated Waveguide (SIW): in [49, 50]
authors had used the surface integrated waveguide technology to design the wearable antennas. In SIW technology
full ground plane and array of shorting pins [49] or shorting
wall [50] were used. Full ground plane helped to provide
unidirectional radiation characteristic and shorting pins
locked the electric ﬁeld and prevented the leakage of
radiations towards the body tissue. In this way, SIW technology high isolation between antenna and body tissue can
be achieved with SIW antenna structures. Stable frequency
and impedance matching were observed when antennas
were analysed for structural deformation. High on-body
radiation efﬁciency of 80% was observed that shows the
robustness of antenna performance in biological
environment.
Slotted Patch with metamaterial: Ashyap et al [51] has
designed a u-shaped patch antenna operating at 2.45 GHz
using jeans fabric. 292 array of metamaterial structure is
added to enhance antenna performance and robustness in
biological environment. Signiﬁcant improvement of bandwidth 14.5%, high gain (7.5 dBi) and front to back ratio
(14.5dB) was achieved after the placing of metamaterial
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structure. Tissue safety was also enhanced by 90%. As
textile fabric are much immune to structural deformation
due to different body movements and postures; antenna was
bent along both x-axis and y-axis for different radii.
Stable impedance matching and resonance frequency was
obtained for all the bent conditions as well as for varying
gap between body and antenna.
Fractal patch with Defected ground: Arif et al [52] had
proposed a wearable antenna for 2.45 GHz ISM band.
Authors had used the Koch fractal geometry along with
meandering slits for miniaturizing the antenna. Defected
ground structure consisting of truncated corners and multiple slits was designed to achieve wider bandwidth.
Antenna performance was observed at the different parts of
body tissue (arm, thigh, leg, back). Antenna was bent across
x-axis and showed stable performance. Due to surface
current direction bending across y-axis was avoided as it
could detunes antenna resonance signiﬁcantly.
Dipole with metallic reﬂector: Al-Ghamdi et al [53] had
proposed a three-layered dipole structure for wearable
devices. Nitrile butadiene rubber (NBR) polymer composite
was used as ﬂexible substrate to enhance mechanical
strength and robustness. A metallic reﬂector is placed
below the substrate to enhance front to back ratio and
reducing effect of electromagnetic radiation on body-tissue.
Antenna suffers from the low radiation efﬁciency of 15.7%
at 2.45 GHz. On-body performance was analyzed on
numerical three-layer and homogeneous tissue-equivalent
model and fabricated homogeneous tissue-equivalent
phantom.

2.3 Implantable antenna
These are the antennas placed inside the human body for
continuous health monitoring like reading brain activity
[54], glucose level measurement [55], retinal prosthesis
[56], cochlear implants [57] and oral implants [58]. The
implant application requirements are generally stringent,
posing challenges for practical implementation. In-body
antennas are also required to be characterized with tissue
similar to the on-body antennas. In addition to the on-body
antenna some of the other challenges and solutions for inbody antennas are addressed below.
Miniaturization: in-body antenna should be miniaturized
to ﬁt in extremely limited space on the chip. Several size
reduction techniques are used by researchers includes
homocentric complementary split ring shape radiator [59],
annular ring shape radiator [60], capacitive coupling [61],
offset fed meandered patch [62] and circular PIFA with
slotted ground [63].
Patient safety: Maximum allowable incident power to the
implantable antenna is limited to ensure the patient’s safety.
The near ﬁeld electromagnetic radiations increase the
temperature of human tissue, speciﬁc absorption rate (SAR)
is commonly used to calculate the heating effect of tissues
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due to antenna and restricts the power absorption limit of
the body tissue. For the IEEE C95.1-2005 standard, a
maximum value of 2 W/kg for the 10-g averaged SAR is
stipulated [64]. The previous C95.1-1999 standards restrict
the 1-g averaged SAR to be less than 1.6 W/kg [65]. To
ensure patient safety, the maximum incident power of
wireless telemetry systems should be limited. The power
absorbed by human tissue due to electromagnetic ﬁeld is
given by
Z
rðrÞjEðrÞj2
dr
ð1Þ
SAR ¼
qðrÞ
Where, r represents tissue conductivity (s/m); E represents
the electric ﬁeld (V/m) and q is for tissue mass density (Kg/
m3). In [66] radiation pattern is modiﬁed by replacing the
uniform width spiral patch with non-uniform width patch.
SAR value for the input power of 1W was reduced from
310 W/Kg to 210 W/kg in 1 gram of body tissue. Metamaterial reﬂector was added in [67] for improving gain and
reducing SAR value.
Power requirement: Implantable medical device consume
energy continuously which reduces the life time of device.
Instead of continuous monitoring implanted device can be
used only when it is required. Device with dual band
operation one for wake-up and one for transmission can be
used [68]. A spiral shape dual band stacked antenna is
designed for inductively coupling the power from external
link [69].
Insulating the antenna radiator from body tissue: Due to
conductive property of body tissue, it could short circuit the
in-body antenna if implanted in direct contact of body.
Covering antenna with a superstrate layer (consist of the
same dielectric material as of substrate) is the most widely
used approach for enhancing antenna biocompatibility [70].
Another approach is the thin coating of low loss biocompatible materials such as Zirconia (er= 29, loss tan & 0)
[71] and Silastik MDX-4210 Elastomer (er= 3.3, loss tan &
0) [72]. It is required to consider the effect of superstrate on
antenna resonance as it modiﬁes the effective dielectric
constant.
Circular polarization: reliability of communication link
cannot be guaranteed as time varying orientation mismatch
occurs due to various body postures and movements.
Beside this, implantable antenna possess low efﬁciency,
undergoes high power loss in body tissue and multipath
reﬂections in indoor environment during transmission.
Therefore, high gain antenna with circular polarization is
required for good-quality in-body bio-telemetry. Various
methods such as truncating corner [72], multiple slots with
metamaterial [73], adding of shorting pins [67, 74, 75], ring
shape ground with Z-shaped radiator [70] are used in literature for generating orthogonal modes.
Design of some implantable antennas: Bahrami et al [76]
had designed and compared the performance of single and
dual polarized antenna structures for the brain implants.
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Monopole antenna and single arm spiral antennas with CPW
feed were used for single and dual polarization respectively.
Implantable antennas were covered with biocompatible
Superstrate layer of ﬂexible Kapton Polyimide. Truncating
shape of transmission line and staircase ground plane was
designed for impedance matching at WASM and UWB
bands. Experimental set-up was done by placing the antenna
in the fresh brain and bone tissue of a sheep. Efﬁciency of
antenna was measured by the near ﬁeld link characteristics
such as SAR, Figure of Merit and Fidelity factor.
Ruaro et al [77] designed an antenna for in-the-ear (ITE)
hearing instruments (HI) targeted for WASM band. The
antenna was implemented on a realistic 3-D printed lossy
substrate of Selective Heat Synthering (SHS) plastic. Shape
of antenna was selected as a hemisphere with a slot cut
according to each user’s ear canal shape. The antenna was
characterized both in free space and ITE for measuring
radiation pattern, reﬂection coefﬁcient, and impedance
matching and radiation efﬁciency.
Tsai et al [55] designed a very small size tooth
implantable antenna by using CPW feed sigma shaped
monopole radiator. Ground plane was extended in C shape
to be coupled by radiator patch at the Med Radio band.
Flexible substrate and superstrate layer of DuPont Pyralux
AP 9121R had been used. The effect of bending Curvature
had been analysed. SAR value was measured using HFSS
by taking input power of 1W. Antenna was tested experimentally in a pork tissue.
Liu and Ying [58] presented a compact square shape
patch antenna with the coating of alumina as a protecting
layer to measure the glucose level. To have resonance at
low frequency, current path of square patch had been
increased by etching ‘c’ shaped slot on each side of patch
and loading with circular CSRR on the Centre of the patch.
Radius and the angle of the slits cut were optimized to
achieve the proper impedance matching. SAR and Link
margin had been also evaluated for the antenna.
Chandra and Johansson [78] had designed wireless tongue-controlled in-mouth device put inside the mouth of
tetraplegic patients that could be used by them to control a
wheelchair or use a computer. T shaped monopole and a
loop antenna had been designed for the device. Experimental set-up was made for measuring the shadowing effect
and path loss for in-mouth–chair link and in-mouth–laptop
communication link. The antennas were designed and
optimized in SEMCAD-X using the ﬁnite-difference time
domain (FDTD) method by placing the antennas inside the
SAM phantom near its mouth.
Kaim et al [79] have investigated a compact intraocular
microstrip patch of size 3 mm 9 3 mm. To make antenna
compatible with human eye, a spherical phantom model
ﬁlled with vitreous human ﬂuid with electrical permittivity
(er) = 67 and conductivity = 4.5 S/m was designed.
Antenna covered both UWB (for uplink) and ISM bands
(for downlink) telemetry. Square loop shape radiator surrounded by four meandered lines and annular ring-shaped
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ground plane helps to achieve wide bandwidth of 6 GHz.
Extremely small size of antenna reduced the complexity of
eyeball spatial constraint.

3. Antennas for diagnosis
Antenna parameters like reﬂection coefﬁcient, impedance
and near ﬁeld radiation are used to diagnose the functioning
of body tissue. Muscle movement detection of a paralyzed
person, detection of tumour through magnetic resonance
imaging and microwave imaging are some application of
antenna.

3.1 MRI (Magnetic resonance imaging)
Magnetic resonance imaging is the well-established technique to diagnose the live objects noninvasively. Radio
frequency transmitter and receiver antennas are the most
important component where MR signal is stimulated and
received. The basic function of the RF transmitter antenna
is to radiate electromagnetic pulses in the body tissue. The
receiver antenna is a very sensitive device that easily
detects the RF signals emitted by a patient’s body while
undergoing examination and feeds this information into the
computer system. It interprets the data sent by the antenna
and then, helps to produce an understandable image of the
body part being examined. UHF band is preferred for the
MRI system [80, 81]. Some design requirements for MRI
transmitter and receiver antennas are as follows.
Enhancing B0 and reducing power deposition in body
tissue: In MRI magnetic ﬁeld gradient is used to construct
the images of organs. Radiated energy creates strong
magnetic ﬁeld (B0). B1? and B1- are the vectors of magnetic ﬁeld. Due to the conductivity of body tissue, some of
the radiated power is absorbed by body. As the magnetic
ﬁeld increases, amount of power absorbed by body tissue
(SAR) increases. It is required to set the acceptable range of
SAR (ICNIRP, 1998). Power absorbed is directly proportional to the square of magnetic ﬁeld (B0). Increasing the
magnetic ﬁeld from 3T to 7T results in a greater-than ﬁvefold SAR [82, 83]. Therefore, ratio of magnetic ﬁeld and
SAR value should be maximized to ensure the patient’s
safety.
Removing inhomogeneities of the static magnetic ﬁeld
(shimming of B0): due to variations in the magnetic susceptibility of different tissue layers, severe inhomogeneities
originates in the static magnetic ﬁeld (B0). Largest B0
distortion takes place at the interface of air (v = 0.36 ppm)
and soft tissue (v = - 9.05 ppm) where difference of susceptibility is about 9 ppm. Minimum susceptibility difference occurs between the bone (v = - 8.86 ppm) layer and
water-based soft tissue is 2 ppm. This distortion interferes
with the MR signal and causes loss of signal, blurring,
ghosting and distortion of image [84, 85].
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4. Design of antenna for MRI
Emran and Elvi [86] have designed a cylindrical shaped
patch antenna operating at UWB spectrum from 7.8 GHz to
15 GHz. Slotted triangular ﬂared shaped radiator was used
to achieve wide bandwidth. In-phase frequency selective
surface was designed on the inner wall of the cylindrical
antenna to enhance the gain and front to back ratio.
Received electromagnetic information from body-tissue
was extracted from the S-parameters of antenna. Hoffman
et al [87] in their paper have represented the use of patch
antenna for the transmission of MR signal. Antenna was
integrated with 24-channel receive only array to attain
highly sensitive parallel signals from the whole brain. Ella
and Duke model were used to analyse the antenna performance. Initially single patch antenna was observed for
s-parameters and B1? ﬁeld. Further, array of patch antenna
with different ﬂip angles (circular and elliptical) were
investigated. Homogeneous magnetic ﬁeld is achieved with
the patch antenna but with high value of SAR.
In order to achieve high resolution images 7 tesla MRI
system is preferred over the 3T system. It increases the
power deposition in body tissue thus high SAR and B1?
ﬁeld. To resolve this issue Raijmakers et al [88] have used
segmented dipole antenna array for 7T MRI as shown in
ﬁgure 5. Length of the dipole radiator was optimized at 30
cm to achieve desired ratio of B1? and rms of SAR. Array
of antenna placed around the human model ‘‘Duke’’ for
simulation on the real biological environment. Figure 6
shows the effect of single dipole and segmented dipole on
the SAR and B1? ﬁeld. From ﬁgure 6 it is clear that
magnetic ﬁeld vectors (B1? and B1-) are higher in the pink
circled zone and SAR value is much less for the segmented
dipole, as compared to single side adapted dipole. This
effect causes the improvement in the ratio of B1?and rms
value of SAR.
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4.1 Microwave imaging
MI works on the principle of change in back-scattered
parameter with the changing electrical properties of body
tissue [89, 90]. Cancerous tissue has higher dielectric
constant (due to high water content) than the healthy breast
tissue. Thus, signiﬁcant variation in back-scattered signal is
observed for both the cases; this variation helps to exploit
desired tumour cell. Schematic view of the microwave
imaging for breast cancer detection from [91] is represented
in ﬁgure 7. Number of antennas operating in near-ﬁeld zone
are placed in speciﬁc conﬁguration and located closely
around the breast tissue. Transmitting antenna is excited
sequentially at varying angle to impinge low power
microwave signal to the breast, reﬂected signal is then
collected by the receiver antenna and pre-processed using
various signal processing techniques and used for image
formation.
Performance and accuracy of the microwave imaging
system is highly dependent on antenna characteristics.
Antenna that is more sensitive to the existing of different
dielectric medium in its near ﬁeld region is required. In
addition to this, antenna must have capability to operate
over the wide range of frequency while maintaining its
ﬁdelity over the entire range. It enhances antenna compatibility with heterogeneous tissue (by improving penetration
into the tissue at different depth) and provides high resolution images with more accuracy [92, 93]. In [94], an array
of 12-planar antennas was designed using corrugated
tapered slotting. It enhances the gain of antenna but at the
cost of large antenna geometry, high dielectric constant of
substrate and higher starting operating frequency of 5 GHz.
In the work investigated in [95] dark-eyed shape radiator
and in [96] bent feed line with Gaussian modulated slot in
antipodal-vivaldi structure is used to enhance 10-dB
bandwidth. However, less than 5 dBi gain is obtained that is
not enough for the medical application. In another literature
[97], Nasser et al designed an antenna with ellipse shaped

Figure 5. (a) Segment dipole, (b) array of antenna place on tissue and (c) schematic of antenna positions in array [88].
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Figure 6. Simulated B1 distributions for the single-side adapted dipole antenna array (a–c), for the segmented dipole antenna array (d–
f), SAR for single-side adapted dipole antenna (e) and for segmented dipole array (f) [88].

Figure 7. Schematic for breast cancer detection using microwave imaging [91].

parasitic radiator which improves antenna coupling with
body tissue but at the cost of antenna dimensions (140960
mm2) and also miss the resonance at lower frequency. A
biconical antenna with 10 mm height and 450 of cone angle
is used to attain stable impedance bandwidth for UWB
spectrum, However, the radiation pattern is parallel along
the surface of body tissue, null is occurring towards the
body surface; it reduces antenna utilization for tumour
detection [98]. Authors have used a partial ground slotted
patch antenna to achieve wider impedance bandwidth. A
single antenna structure is used to collect data for ﬁnding
the depth of tumour. Only scattering parameters are represented and analysed; important characteristics like radiation pattern, gain is not provided [99]. In the study of
[100], optimization of antenna geometrical parameters is
performed to achieve directional radiation pattern, it fails to
maintain resonance at upper frequency range. Table 1
summarizes the antenna designed for various medical
diagnosis applications.

5. Antennas for treatment applications
Nowadays, antenna has become the effective means for the
treatment of various diseases like cancer, hepatocellular
carcinoma (HCC) and tumour through image guided

thermal ablation (hyperthermia). It provides minimally
invasive and cost-effective treatment method for the
patients as well as amenable to unfavourable tumour
locations [111]. It enhances the efﬁcacy of Chemotherapy
and Radiotherapy and the success rate to more than 90% for
entirely removing the small size tumours (less than of 1.5
inches diameter) and survival rate to 33-57% for 5 years in
patients [112].
Image guided thermal ablation: Radio frequency ablation
(RFA) and microwave ablation (MWA) are two commonly
used therapeutic therapies used worldwide. In thermal
ablation, difference of thermal sensitivity between normal
tissue and tumour is used for the treatment. In RFA, electromagnetic ﬁeld is induced in the tissue over the frequencies ranging from 460 to 550 KHz to deliver
therapeutic energy [113]. This energy destroys the tumour
by raising the temperature to 1000 C for about 15 minutes.
Barcelona Clinic Liver Cancer (BCLC), has considered
RFA as the standard treating method for the HCC (hepatocellular carcinoma), stage 0-A patients who can not
undergo the surgery [114]. As compared to RFA, MWA is
more effective and recent therapeutic method introduced in
western countries. Microwave frequencies (300 MHz to
300 GHz) are used to generate the heat. It shows the
advantage of large ablation zone, less ablation time, high
treatment temperature and less vulnerable to heat sink that
causes adverse effect in blood circulation [115, 116]. Figure 8 shows the experimental set-up for thermal ablation
using the antenna [117].
Design requirements of antenna for ablation process
Shape of antenna: Needle shaped, long, interstitial
coaxial antennas are required to inject in the tumour.
Multiple design techniques like monopole [118], dipole
[119], slot [120] and choke [121] are used to minimize
reﬂection coefﬁcient.
Variation in tissue property during thermal ablation:
Thermal ablation causes changes in mechanical, thermal
and dielectric properties of tissue; these changes are
determined by the interaction of tissue and EM waves and
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Table 1. Summary of antennas for diagnosis applications.
References
[101]

[102]

[103]

[104]

[105]

[106]

[107]

Frequency

Antenna design technique

Parameter used for diagnosis

Application

Two-folded helix antenna

Reﬂection coefﬁcient and
dynamic time wrapping
algorithm

For detection of muscle
movement of ﬁnger

Monopole

Input impedance, S11 and
dynamic time wrapping
algorithm

For detection of body posture
and movement of arm

Not speciﬁed

Phase of reﬂection coefﬁcient,
Fourier transform and
Savitzky-Golay ﬁltering

To sense heart beat and
respiration rate

Use of defected ground structure
in a patch antenna to enhance
sensitivity

E-ﬁeld, H-ﬁeld and surface
current variation

Breast cancer detection

Slotted patch antenna for
bandwidth enhancement

Back scattered signal, ﬁgure of
merit and group delay

Breast tumour detection using
microwave imaging

2 mm-loop antenna with linear
active-balun, differential
transistor and transformer

Near ﬁeld magnetic static ﬁeld
(B0)

Magnetic resonance imaging
(MRI)

Static magnetic ﬁeld

Ultra-high ﬁeld MRI for deep
tissue imaging

Self-grounded Bowtie antenna to
reduce back lobe radiation

B1?ﬁeld, SAR and temperature

Thermal MR at 7T for thigh

Transverse slot antenna to
reduce in distortion of
magnetic ﬁeld

Reﬂection coefﬁcient, B1?ﬁeld
and SAR

High ﬁeld MRI at 7T for hips

Corrugated tapered slot for wider
bandwidth

S21 back scattered parameter
and conformal algorithm for
imaging

Microwave head imaging

890 MHz, 2.4 GHz

433 MHz

370 MHz

2.45 GHz

3.1–10.6 GHz

128 MHz

300 MHz
Slotted patch with nonresonance surface coil to
reduce SAR at ﬁxed B0 ﬁlled

[108]

[109]

[110]

300, 400, 500 MHz

300 MHz

1–4 GHz

decide the size of ablation zone. Thus, EM calculations are
performed in the near ﬁeld zone using the FDTD computation. Therefore, antenna designers must consider the
changes in tissue properties in design process [122–124].
Reducing radiation along antenna axis: interstitial
antennas deposit energy near the aperture of tip but the
surface current ﬂows along the length of coaxial conductor.
It overheats the healthy tissue; therefore, proper techniques
should be used to eliminate the backward heating
[125, 126].
Increasing SAR in spherical Ablation zone: SAR is
evaluated after the calculation of EM ﬁeld. It speciﬁes the
heating temperature of tissue. SAR distribution shows that
ablation zone created by most of the antenna is in ellipsoidal shape but for safe therapy it should be in spherical

shape. After getting the proper shape of ablation zone,
tissue temperature is numerically calculated using the bioheat transfer equation and ﬁnite difference model
[121, 127].
Based on the aforementioned issues researchers have
proposed variety of antenna structures for treatment of
diseases. In [128] designed an extremely thin microwave
antenna for the intercavitary microwave ablation. Further
in [129] he presented various experimental trials of
hyperthermia-based treatment of neck tumour with the
help of coaxial slot antenna. In [130], Satio used the
coaxial slot antenna with two additional slots to generate
the localized heating zone around the antenna tip. He
showed that two-slot antenna is better for minimally
invasive treatment.
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Figure 8. Experimental ablation set-up (a) on phantom and (b) In vivo swine mammary gland experimentation [117].

Figure 9. (a) Single slot antenna, (b) T-ring shape slotted antenna, (c) and (d) power absorption in liver with single slot antenna and
T-ring shaped slotted antenna [133].

Ortega-Palacios [117] proposed double short distance
slot antenna for the MWA treatment of breast cancer at 2.4
GHz. He used the standing wave ratio parameter to determine the energy transfer to the tissue. Results of the proposed antenna were compared with dipole, single slot and
double slot antenna. SWR value of 1.077 was achieved with
the short distance slot antenna that shows good power
distribution towards the tissue and low backward heating.
Experimental evaluation was performed in the breast
phantom and a 90 kg swine sow for multiple input powers
(10 W–50 W) and different exposition time-duration.
Lee et al in their article [131] has introduced a helical
slot between the two-slot coaxial antenna. Addition of this
slot has improved the pattern of SAR more spherical and
concentrate more heat in the tissue as compared to conventional slot structures. Time taken by helical slot antenna

to reach at 600 C was only 90s whereas for without helical
slot antenna was 210s.
Gastro oesophageal reﬂux disease (GERD) is one of
the most common diseases, more than 21-million people
hurt from acid reﬂux and heart burns twice in a week.
Near ﬁeld microwave heating of the muscles in the LES
(lower oesophageal sphincter) through an antenna is a
preferred way to treat the function of antireﬂux valve. A
ﬂexible, travelling wave structure with slotted ground is
proposed by Hancook [132]. Length of each slot is varied
in tapered manner to distribute its radiation uniformly
over its length.
In [133] a T-ring shaped coaxial structure is designed
to avoid the backward radiations. Effect of slotting on
power absorption (SAR) is shown in ﬁgure 9. It is clear
that power absorption region is much conﬁned as
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Table 2. Summary of antenna used for treatment.

References
[133]

[134]

[135]

[136]

Frequency

Antenna design technique to enhance
performance

[119]

[138]

[127]

Simulation and
experimental tissue

2.45 GHz
Single slot coaxial antenna with T-ring shaped
structure to avoid backward radiation

MWA of liver tumor

Liver tissue equivalent
phantom

Transmit-array lens antenna, use of water bolus
with feeder array to reduce SAR at skin air
interface and enhancing energy concentration
in deep tissue

Kidney cancer treatment
at the depth of 50 mm

Kidney of Gutsav voxel
model and semi-solid
phantom gel

Capacitive antenna integrated with water ﬁlled
needle to cool the tissue

MWA of pulmonary
malignancies

Clinically tested patients

MWA

Liver phantom and
Bovine tissue

Coaxial slot antenna with double choke to reduce
backward heating of tissue

Cancer treatment through
MWA

Liver tissue phantom

Interstitial sleeve dipole antenna for uniform
power distribution

Microwave hyperthermia
treatment at 115 mm
depth

Phantom gel

Cap-choke antenna to enhance efﬁciency and
preventing return current ﬂowing up along the
transmission cable

MWA thermal ablation

Solid muscle equivalent
phantom and ﬁberoptic
temperature sensor
(Luxtron 3000) for
SAR evaluation

Coaxial monopole with hemicylindrical metallic
reﬂector to allow EM energy to propagate in
forward direction; capable to transmit 80 W
power with 93 C in forward direction and 11
in backward direction

MWA thermal ablation of
spine

Porcine muscle

915 MHz

2.45 GHz

2.45 GHz
Monopole and slot antenna, used N-M
optimization algorithm to make SAR pattern
more spherical

[137]

Application

2.45 GHz

915 MHz

915 MHz

2.45

compared to the single slot antenna. In ﬁgure 9(d) tail of
the SAR distribution is reduced, which represents the
more spherical ablation zone. Plot in ﬁgure 9(e) shows
that the power deposition level is higher for the T-ring
slotted antenna for all the numbers of slots (1T, 2T, –9T)
as compared to classical microwave coaxial antenna
(MCA). Maximum SAR is attained with 5T slots. High
SAR helps to reduce the time requirement for therapy.
Table 2 describes the features of some other antennas
used for treating diseases.

6. Conclusion
Antenna designing is a growing technology with a high
potential of connecting body sensor nodes wirelessly, safe,
non-invasive and highly sensitive tool for medical

diagnosis and minimally invasive, low cost and simple
technique for thermal ablations. Qualitative study of different types of antenna is presented with different application domains. A comprehensive survey of the critical
design challenges is provided as well as different solutions
incorporated with antenna technology is described. It has
been found that dipole antenna with polarization diversity
are the promising candidate for capsule endoscopy to
overcome the orientation mismatch issue. On-body antennas are demanding robustness against structural deformation along with high isolation to body tissue. SIW
technology, Yagi antennas are becoming the choice of
wearable antennas. In-body antenna with compact size and
circular polarization are required to integrate with future
miniaturized implantable devices. Patch antennas are the
appropriate choice for implant applications. MRI system
demands dipole array antenna with homogeneous magnetic
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ﬁeld distribution and low SAR value. New antennas are
required for 7T and more powerful MRI systems to get high
resolution images. UWB array antenna with high gain are
the requirement of microwave imaging. As ablation therapy
works by heating the abnormal tissue deep inside the body,
therefore, needle type co-axial monopole antennas are
preferable choice for treating tumour. Achieving spherical
radiation pattern according to the ablation zone area and
reducing current ﬂow in the conducting probe of antenna
are the challenges for researchers.
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