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Abstract

Wearable electronic devices are the basic components of wireless human body

local area network. Due to their close contact with the human body, it is neces-

sary to improve the flexibility and isolation of the antenna to maintain high sig-

nal transmission performance. In this paper, a flexible wearable antenna based

on highly conductive graphene assembled film (GAF) and polydimethylsiloxane

dielectric material is proposed. The planar combination of the powerful novel

materials and supple polymer maximizes the flexibility and chemical stability of

the antenna. In addition, the coplanar waveguide feeding and artificial magnetic

conductor (AMC) structure enhance the efficiency and isolation with an easier

preparation process. In the wearing measurement, the GAF antenna operates at

3.5 GHz for 5G communication frequency band and 5.8 GHz for ISM

(Industrial, Scientific, Medical) frequency band. The GAF antenna has a mini-

mizes SAR level, which in accordance with IEEE C95.1 International standard,

by taking up a small space with 50.5 � 48.5 � 2.08 mm3. Furthermore, the GAF

antenna has good radiation performance both under several different bending

conditions and human body conditions.
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1 | INTRODUCTION

The arrival of the fifth generation of mobile communica-
tion systems (5G) means that the performance of wireless
electronic devices will be stronger, the delay will be
lower, and the connection will be more stable. The wire-
less body area network (WBAN), as an important branch
of 5G, is also the key to realize the interconnection
between the human body and the device, which will
surely lead to an explosive progress in scientific research.
Regardless of the civilian or military fields, in medical
testing equipment, wireless VR, AR interaction, wearable
communication equipment and other networked systems

that require the human body to receive or send signals,
wearable antennas that can bend conformally or even
bend flexibly at high frequencies Are the key issues of
research. Compared with traditional antennas, more
requirements are put forward for new wearable antennas
to meet its various functional requirements in the wear-
able field. For example: To solve the bending limitations
of traditional antennas in various application scenarios
caused by metal fatigue; Work out the antenna life issues
facing long-term wearing conditions (such as corrosion
resistance and waterproof performance); Passed three
additional indicators: human body condition test, bend-
ing condition test, and absorption ratio test (SAR).1 In
recent years, there has been a lot of research in the field
of wearable antennas, and the ideas for solving problemsChen Wang and Rongguo Song contributed equally to this work.
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are concentrated in two directions: one is the flexibility of
conductive and dielectric materials, especially the former,
and the other is the design innovation of new antenna
structures.

In terms of new flexible materials: just as people ima-
gine for wearable antennas, directly endowing conductiv-
ity to textiles to achieve high-efficiency antenna radiation
is the most reasonable method. The most direct is to pre-
pare a metal thread and weave it with textiles.2,3 This
method can effectively control the conductivity of the tex-
tile by adjusting the density of the metal wire, but the
preparation process is too troublesome and poor in
repeatability. There are also researches electroplating
copper or tin on nylon.4 Although this material has a
simpler and more precise preparation method, it still
inevitable that large-scale metal oxidation. In order to
ensure the service life of the antenna, additional isolation
must be done.5 There are also works that spray or print
conductive inks on dielectric materials.4,6 However, this
method can only achieve mass production at the expense
of accuracy, and it is difficult to ensure the accuracy of
each antenna at the millimeter wave scale. In short,
metal is not an ideal material for wearable devices, and
current artificial conductive materials cannot become
a mainstream solution due to the above-mentioned
problems. Graphene, a unique and outstanding two-
dimensional carbon-based material, has been well experi-
mentally verified for its flexibility, high strength, water
resistance, corrosion resistance, electrical and thermal
conductivity,7–13 which are common rigid requirements
for wearable antennas (conformal body bending; clothing
folds bending; long-time wearing; sweat infiltration).
Moreover, the increasingly abundant graphene raw mate-
rials and more mature graphene processing, antenna
printing, laser engraving molding and other technologies,
make the price and complexity of graphene antenna
preparation compared to metal antennas is cheaper and
simpler. Therefore, graphene is expected to make up for
the defects of existing artificial materials, as an important
flexible conductive material in the wearable field.

Moreover, in terms of the optimization and innova-
tion of the new antenna structure, there are some
researches to directly reduce the back radiation of the
antenna itself, but this often only enhances the isolation
between the human body and the antenna, and cannot
take into account the bending strength,14–19 even if it is
made of flexible materials.20 From this point of view, it is
extremely challenging to design a single antenna with
high body isolation and strong bending resistance. A peri-
odic artificial material similar to phononic crystals—
metamaterials has been proposed. It can precisely control
the reflection and refraction of waves at the same time
through sophisticated structural design, which is in line

with our requirements for reducing human body radia-
tion and increasing main lobe gain. The following are
several metamaterial structures commonly used in the
field of radio frequency and microwave: Electromagnetic
band gap structure (EBG);4,21 artificial magnetic conduc-
tor (AMC);20,22–24 and other structures with similar func-
tions.25,26 Purposefully use of the metamaterial structure,
the classic antenna can also realize wearable functions.

In this work, we investigate a high-performance
graphene assembled film (GAF) as a conductive material,
which uses graphene oxide as a raw material and is pre-
pared by high-temperature annealing and high-pressure
processing. The surface resistance of the GAF is 36 mΩ/sq,
and the conductivity is 1.11 � 106 S/m with the thickness
is 25 μm. The designed antenna reflecting surface adopts
the AMC structure, which enhances the human body iso-
lation, main lobe gain, and supplements partial circular
polarization characteristics at the 5G-communication and
ISM frequency bands. At 3.5 and 5.8 GHz, the GAF
antenna has relative bandwidth of 7% and 12%, high gain
of 9.35 and 10.03 dBi, low SAR level under the average 1 g
organization 0.187 and 0.43 W/kg (significantly less than
the international standard 1.6 W/kg), respectively. In addi-
tion, the GAF antenna has good performance stability in
bending state and wearing human body. Flexible and
dual-band GAF wearable antenna proposed in this work
will be of great significance for WBAN, flexible electronics,
and wearable devices.

2 | PRINCIPLE AND
CONFIGURATION

In this section, we will elaborate on the detailed structure
and the fabrication process of our antenna (as shown in
Figure 1 and Table. 1) and its foremost operating princi-
ple (as shown in Figure 2), The specific explanation is
divided into the following three parts:

2.1 | AMC design

The reflection rule of AMC comes from its surface imped-
ance which changes with the change of resonance fre-
quency, the equivalent circuit is shown in Figure 2A, due
to the substrate completely separates the reflective sur-
face and the ground structure, it forms an LC circuit as a
whole. When the incident electromagnetic waves contact
the AMC surface, it forms a high-impedance surface at
the designed frequency band (determined by the values
of L and C), which reflects electromagnetic waves with
the same amplitude, while waves in other frequency
bands penetrate the substrate and are absorbed by the
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ground. The detailed process is also shown in Figure 2A,
when there is a wave source radiating to the forward and
backward at the same time, correspondingly produce the
direct radiation wave E-direct (Ed) and the reflected wave
E-reflect (Er) (which after the phase transformation by
the AMC reflector), which coupling interference to each
other, finally get the modulated electromagnetic wave E-
modulated (Em) required by our design. So, there are
many ways to design the surface impedance of AMC,
such as the simplest square array,20,27 I-shaped array,25

or more complex structures,22,24 despite all distinct
changes, the periodicity is indispensable. Obviously,
when we consider a flat rectangular array, if different
impedance designs are used in the length and width, it
will bring different phase changes to the reflected wave.
We use simulation to fully demonstrate this phenomenon

in Figure 2B. The two basic modes of electromagnetic
waves, TE and TM, are respectively coupled with the long
side and short side of the AMC. Corresponding to this
article, Reflect-X (RX) and Reflect-Y (RY) is used instead.
Just focus on one side, the lower frequency band corre-
sponds to a lager period unit, while higher frequency
band corresponds to a smaller period unit. Using the
above-mentioned special properties, we can place the
radiation source at an offset of 45� above the reflecting
surface (as shown in Figure 1E). Then the two compo-
nents, RX and RY will obtain the equal reflected ampli-
tude at the same time. Same amplitude coordinates
different phase, we can achieve amounts of useful fea-
tures, including circular polarization.27,28 Furthermore, it
can be explained from the perspective of mathematical
formulas through the analysis of the electric field. The

FIGURE 1 (A) AMC cycle unit, (B) top view of AMC overall structure with 3 � 3 Array, (C) UWB antenna with CPW design,

(D) schematic diagram of the assembly process of the antenna, (E) top view, front view, and oblique view of the antenna

TABLE 1 Antenna structure parameters

Parameter Value (mm) Parameter Value (mm) Parameter Value (mm) Parameter Value (mm)

X0 50.5 Y1 48.5 W 20 L 17.2

X1 8.2 Y2 7.88 W0 30 L0 31

X2 13.26 Y3 12.74 W1 2 L1 9.2

X3 1.02 Y4 0.98 GW1 0.8 GL1 6

X4 1.21 Y5 1.17 GW2 13.7 GL2 8.6

h1 0.5 h2 1 h3 0.5 L2 3.6
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following quotes the final formula in the Reference28,
which uses a 45� dipole placed above the rectangular
periodic reflection structure:

E
!m

¼ E
!d

þE
!r

E
!d

¼E0

2
x̂ � e�jkzþ ŷ � e�jkz
� �

E
!r

¼E0

2
x̂ � e�jkz�2jkdþjθx þ ŷ � e�jkz�2jkdþjθy
� �

ð1Þ

where j is the imaginary unit, z is the length variable in
the Z direction, k is the wave number, d is the distance
between the antenna and the AMC, θx and θy are the
reflection phases of RX and RY. The amplitudes in the X
and Y directions are both half of the total electric field
E0, which perfectly describes the reason for the 45�

placement.
If θx = θy = 0�, the reflecting surface constitutes

PMC, and the total electric field becomes:

E
!m

¼E0e
�jkz x̂þ ŷð Þ ð2Þ

This method chosen by the majority AMC researches,20,22–24

whose reflective surface usually adopts a square periodic
structure, so that the reflect phase in the X and Y direc-
tions is equal. In this way, the gain of a single antenna can
be theoretical double.

If θx = 90� and θy = �90�, the reflecting surface can
form a right-handed circular polarization, and the total
electric field becomes:

E
!¼E0

2
e�jkz x̂þ ŷð Þþ j x̂� ŷð Þ½ � ð3Þ

Therefore, in this paper, the AMC cycle unit is
designed to be rectangular with different lengths and
widths (as shown in Figure 1A), then the unit is peri-
odically arranged into a 3 � 3 array (as shown in
Figure 1B). The rectangular outer ring is coupled with
electromagnetic waves at 3.5 GHz, while the inner ring
is coupled at 5.8 GHz. Thus, the RX phase change
equals �90� and RY equals 90�. The simulation results
are shown in Figure 2C and Figure 2D. Since the
antenna does not generate ideal vertical incidence and

FIGURE 2 (A) Electromagnetic modulation principle of AMC, (B) simulation of AMC modulation principle respectively in direction

(Rx and Ry) and frequency, (C) simulation of AMC reflection phase at 3.5 GHz, (D) simulation of AMC reflection phase at 5.8 GHz

4 of 10 WANG ET AL.



AMC is also not the overall structure involved in
reflection, the bandwidth of AMC can be defined as
the shaded part in the Figure 2C,D. The given AMC
data has been adjusted after simulating with the
antenna to satisfy the right-hand circular polarization
(formula (3)).

2.2 | Antenna design

Classic single-frequency patch antennas, such as in-set
waveguide microstrip antenna, is essentially equiva-
lent to a dipole composed of a RLC circuit. After bend-
ing the radiating element, the resonant length is
stretched and the capacitance in the circuit is reduced
while the inductance is almost unchanged.6 The result
is that the working frequency is easily shifted to
low frequency, which greatly affects the normal opera-
tion of the antenna. So, when we implement dual-
band antenna in this article, the coplanar waveguide
(CPW) design is used (as shown in Figure 1C) to real-
ize the ultra-wideband (UWB) mode. Now, even under
the same bending conditions, the bandwidth of
antenna changes very little and does not influence the
working frequency band. This method greatly
improves the robustness of the antenna under distinct
wearing conditions and also enhances the radiation
efficiency.

2.3 | Overall structure

In summary, the AMC and the antenna are assembled
together at a relative angle of 45� (as shown in
Figure 1D). In addition, what needs to be emphasized is
support layer. A lot of work has introduced new struc-
tures for antennas, such as metamaterials, usually using
foam as a propping.20,22,23 This is because the ideal foam
material (Ɛr = 1) has little effect on electromagnetic
radiation (in formula (1), z is much larger than d), but it
still affects the mechanical properties to varying degrees
under different thicknesses: when the thickness is small,
due to the loose structure, it can flexibly transform
under external force, which brings more flexible and
variable application performance during wearing;29

however, when the thickness is too large, the bending
angle of the antenna will be strictly limited due to the
increase of stress. Therefore, after many experiment
attempts, in this article, we decided to use 1 mm thick
foam to get the best overall antenna performance. The
comprehensive antenna structure view is finally
obtained as shown in Figure 1E, and all structure data
are listed in Table. 1.

3 | FABRICATION AND
MEASUREMENT

3.1 | Graphene assemble film

The high-performance GAF used in this paper adopts
graphene oxide as the precursor, annealed and carbon-
ized at 1300�C for 2 h, graphitized at 2850�C in an Ar
atmosphere for 1 h, finally compressed at 200 MPa to pre-
pare the film. The surface resistivity is 36 mΩ/sq, There-
fore, the conductivity of 25 μm GAF used in this article
can reach 1.11 � 106 S/m which is far beyond textile
conductive materials.30,31 Furthermore, the GAF has tre-
mendous mechanical properties32 and passed the 180�

large-angle cyclic bending pressure test.8,11,33 The results
are shown in Table. 2. Compared with copper. It is obvi-
ous that GAF win the contrast. This means that graphene
can be soaked in sweat for a long time without affecting
application function, and the flexible bending ability has
an extreme high upper limit, which forcefully proves the
superiority of GAF.

3.2 | Antenna

We use laser engraving to process and shape the GAF,
then attach a viscous spray (Ɛr = 1) on the surface, tear
off the section other than the required high-precision
structure, and paste it on the prepared PDMS. The digital
photo of UWB antenna prepared by this method and its
scattering coefficient are shown in Figure 3A. It reveals
that the part of the bandwidth less than �10 dB ranges
from 3.32 to 8.19 GHz, covering 4.87 GHz which means
the relative bandwidth of 84.6%. On the other hand, the
preparation of AMC remains the same method, superadd
the foam structure to prop. The overall structure without
configuring AMC ground (to help readers more intui-
tively distinguish the AMC structure) and scattering coef-
ficient as shown in Figure 3B. There are bandwidths of
3.3-3.54 GHz and 5.52-6.16 GHz respectively at 3.5 and
5.8 GHz while the lowest return loss can reach �22 and
�28 dB. The relative measurement of pattern as shown
in Figure 4A,B. From the perspective of radiation density,
it can be seen that both low frequency and high fre-
quency are weakened in the minor lobe, but low

TABLE 2 Comparing the performance of copper and

grapheme

Materials Poisson's ratio 180� Cyclic bending

Copper 0.34 23 times cracked

GAF �0.26 2000 times no change
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frequency is not quite effective, it is because the size of min-
iaturized AMC is appropriate for 5.8 GHz. But at 3.5 GHz, a
small number of waves pass through along the AMC sur-
face, transmit without reflection. Thus, forming the peculiar
minor lobe phenomenon shown in Figure 4A. Nevertheless,
this part of the transmission has little effect on the human
body and does not affect the overall isolation between the

antenna and the human body. The specific reasons will be
explained in detail in the SAR test. The Figure 4C,D show
the main and cross polarization pattern, which prove the
anti-interference ability of the antenna with right-hand cir-
cular polarization. In addition, we show the axial ratio sim-
ulation of the antenna in Figure 5A. Less than 3 dB is
regarded as the bandwidth range of circular polarization, so
high frequency performance is better than low frequency,
but all have completed the design expectation of circular
polarization. At the same time, the measured gain of the
antenna is shown in Figure 5B. The maximum value fits
the antenna's forward radiation (angle = 0�), and reach up
to 9.35 and 10.03 dBi respectively at 3.5 and 5.8 GHz. By
and large, the miniaturized wearable antenna has realized a
substantial enhancement.

4 | WEARING PERFORMANCE

4.1 | Bending and on-body condition

As mentioned in the introduction, antennas used in the
wearable field must undergo three additional tests,
respectively are bending test, on-body test and SAR test.
This section will implement a comprehensive measure-
ment of above three aspects: In this article, we adopt
cylindrical foams (Ɛr = 1) with different diameters to
realize the different degree of bending to simulate diverse
application scenario as shown in Figure 6A. They are
2R = 55 mm corresponding to the shape of the arm while
2R = 70 mm corresponding to the shape of the thigh and
2R = 95 mm corresponding to the shape of the chest or
back. In Figure 6B, we roughly show the flexibility and
compatibility of the GAF and PDMS under bending and

FIGURE 3 (A) UWB antenna digital photo and its simulated and measured reflection coefficient, (B) digital photo of the top view of the

overall antenna (AMC without ground in order to display the structure more clearly) and its simulated and measured reflection coefficient

FIGURE 4 The comparative relative measurement results of

antenna: (A) Directional pattern with and without AMC at

3.5 GHz, (B) directional pattern with and without AMC at 5.8 GHz,

(C) main and cross polarization pattern of overall antenna at

3.5 GHz, (D) main and cross polarization pattern of overall antenna

at 5.8 GHz
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on-body condition. The performance of the scattering
coefficient is shown in Figure 6C. In the case of a slight
bending: the low-frequency part has a small attenuation
while the high frequency part does not change too much;

In the case of an intense bending, there is a subtle fre-
quency deviation. Part of the reason for the above phe-
nomenon is when the deflection is too large, the foam
deforms unevenly. Resulting in the distance between the

FIGURE 6 (A) Digital photo of the foam used in the scene simulation, (B) flexibility and compatibility display of different structures,

(C) measurement of reflection coefficient at different bending condition, (D) measurement of reflection coefficient at different wearing

condition

FIGURE 5 Measurement results of the antenna with AMC assembled: (A) The measurement axial ratio of overall antenna, (B) the

measurement gain of overall antenna
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antenna and the AMC varies irregularly. Another part of
the reason is AMC optimum size problem what we men-
tioned earlier, a small number of low frequency waves
pass through along the AMC surface, transmit without
reflection. Nonetheless, the antenna can still work

normally at 3.5 and 5.8 GHz, holistic final performance is
in line with the original design expectations. The above
results are for reference only in order to illustrate the
flexibility of the antenna and its robustness to bending.
However, as far as the human body is concerned, it is
composed of a variety of tissues whose dielectric constant
and density distribution are complicated, and its influ-
ence on electromagnetic fields is deserved intricate. In
the Reference15, a targeted analysis was made. The body,
head, and clothing, respectively weakened the radiation
performance of 19.2, 13.0, and 1.7 dB. However, since the
outline of head belongs to non-Euclidean geometry, the
bending process is more complicated and the results are
unstable and unrepeatable. Therefore, we precisely exe-
cuted the tests on arms and clothes as shown in
Figure 6D. The results reveal that in the low frequency
part, there is always an attenuation. This is consistent
with the bending test results. Long wave is not
completely reflected by the AMC, but are transmitted
from the edge of the structure to below the AMC. In
extreme cases, this phenomenon will be exacerbated and
eventually absorbed by the human body or scattered into
the air. The high frequency part has also performed very
well because of the optimum size of AMC, maintaining a
relative bandwidth of 12%. In summary, the antenna has
good human body robustness which accomplish out-
standing performance as expected under harsh condi-
tions of wearing.

4.2 | SAR simulation

As a wearable antenna, it faces the possibility of long-term
wearing, so we have to minimize its possible detrimental
impact on human. The SAR parameter is an essential crite-
rion for measuring the absorption of antenna radiation by

TABLE 3 Parameters of human tissues

Voxel data Ɛr σ [S/m] Ρ [kg/m3]

Skin 38.0067 1.46407 1100

Fat 6.07388 0.03629 1100

Muscle 54.4176 1.88201 1040

FIGURE 7 (A) The simulation diagram of integral antenna

structure and section height of each part, (B) SAR result at 3.5 GHz,

(C) SAR result at 5.8 GHz

TABLE 4 Comparison of some significant data in wearable antenna field

References Structure Materials Frequency (GHz) Profile (mm) Size (λ0 � λ0) Gain (dBi) Practicability

17 HMSIW Metal 5.2/5.8 1.57 0.67 � 0.67 3.31/4.16 Non-flexible

18 HMSIW Metal 8–12 0.787 0.67 � 0.67 5.3/4.3 Non-flexible

19 SIW Metal 8.6/13.4 1.57 0.74 � 0.86 5.1/6.3 Non-flexible

20 AMC Metal 5.7–11.0 5.74 0.87 � 0.87 8 Non-flexible

22 AMC Metal 2.45 9.5 0.41 � 0.41 �2.5 Non-flexible

23 AMC Metal 3.5/5.8 4.62 1.00 � 1.00 9.373/6.634 Non-flexible

25 EBG Metal 2.36–2.4 4 0.49 � 0.34 6.2 Non-flexible

4 EBG Textile 2.45/5.8 3.3 0.98 � 0.98 — Flexible

21 EBG Textile 2.45 4 0.66 � 0.66 7.3 Flexible

27 AMC Graphene 5.8 2.57 0.87 � 0.75 6.1 Flexible

This work AMC GAF 3.5/5.8 2.08 0.58 � 0.56 9.35/10.03 Flexible
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our human body. Ac-cording to IEEE C95.1, the maximum
absorption value of the human body must be less than
1.6 W/kg under the electromagnetic wave radiation of 1 g of
human tissue for 6 minutes on average. In this paper, we
constructed a 50 � 50 � 13 mm rectangular parallelepiped
structure in the CST to simulate human tissue which is com-
posed of skin, fat, and muscle. Its configuration and thick-
ness are both shown in Figure 7A. The dielectric constant,
conductivity and density data used to calculate SAR are
given in Table. 3. The final result of heat absorption distribu-
tion map shows in the Figure 7B,C, the maximum SAR level
at 3.5 and 5.8 GHz, respectively are 0.187 and 0.43 W/kg,
both are less than 1.6 W/kg, which complies with interna-
tional safety standards. In general, although the modulation
efficiency of the miniaturized AMC for electromagnetic
waves at low frequencies is not as expected as that for high
frequencies, both the radiation efficiency in the forward
direction and the impact on the human body in the back
direction (from the perspective of consequentialism) are
both within the scope of the design requirements, the pro-
cess proposed in this article can be a qualified and efficient
method for preparing miniaturized wearable antennas.

5 | DISUSSION

The above exhibits all the experimental data in this work,
which focus on the two major indicators of wearing condi-
tions: isolation and flexibility. The results prove that it
achieves excellent performance under on-human and con-
formal/bending conditions while a miniaturized antenna
scale is limited. This work validates an improved perfor-
mance among most wearable antenna researches with
exploiting metasurface as a reflector. Consequently, in
Table. 4, we list several consistent investigations which
operate EBG and AMC structure, and compared some sig-
nificant data like antenna's size, gain and wearing perfor-
mance. Compared with previous wearable antennas with
metamaterial structures, an important improvement of effi-
ciency in our work is that our GAF conductivity has
exceeded 106, compared to textiles and printing inks with
only 104, we have a lower loss so that the antenna will have
an outstanding performance in the centimeter wave and
even the millimeter wave band. Compared with the tradi-
tional dual-band antenna, our double-layer structure scat-
ters electromagnetic waves to cause secondary propagation,
which must have energy loss, however, we can analyze the
measurement gain that we have average enhancement
about twice times. It means that less energy is lost from the
side lobes, which is more obvious at low frequency shown
in Figure 4A,B. The listed data in the table also reveals that
the conventional wearable antenna researches compara-
tively focus on isolation, that is, the performance of the

antenna under on-human condition and SAR level, but
ignore the bending/conformal conditions. One of the crucial
reasons is that the metal fatigue is inevitable so that greatly
compromises the performance of the antenna. The second
is the thickness. An excessively thick antenna profile will
awfully increase the difficulty of bending and limit the flexi-
bility and elasticity. Therefore, in the future, in order to
make up for the defects of metals and satisfy urgently need
for suppleness and conductivity. Graphene, the impressive
conductive materials, will have a non-negligible potential in
the application of wearable antennas, which deserves our
more considerable and targeted research and more signifi-
cant and substantial innovation.

6 | CONCLUSIONS

In conclusion, a miniaturized, low-profile dual-band
wearable antenna based on high performances GAF is
presented. The GAF antenna has good return loss and
radiation capabilities at 5G communication band
(3.5 GHz) and ISM band (5.8 GHz). The low profile GAF
AMC structure with the size of 50.5 � 48.5 � 2.08 mm3

simultaneously achieves the minor lobe radiation sup-
pression and main lobe radiation enhance. The SAR
values of GAF wearable antenna are under 0.187 and
0.43 W/kg in line with international IEEE standard. In
addition, GAF antenna has good radiation ability in
bending state and loading human body. Therefore, flexi-
ble GAF wearable antenna is a mighty contender in the
wireless human body local area network system.
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