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Abstract
In 5G network, the key parts are millimeter wave band (mmWave band) involving 26 GHz & 28 GHz which
aims to solve issues related to tra�c using its wide bandwidth. Features of 5G such as transmitters with
high directivity, wide bandwidth and base station with high density project it as a promising source of RF
energy harvesting. In order to harvest RF power from the full spectrum in an e�cient way, broadband
antenna design is demanded. This paper focuses on designing wearable microstrip fabric antenna
operating in 5G spectrum at 26 GHz & 28 GHz for RF energy harvesting. Impedance bandwidth of the
antenna is about 20 GHz to 30 GHz exhibiting omnidirectional pattern of radiation with on-body gain with
a peak value of 7 dB making it suitable for harvesting RF energy. On body radiation e�ciency & off body
radiation e�ciency are obtained as 40% and 60% when operating in the frequency range of 24 GHz & 30
GHz. In mmWave band, dielectric characterization of a two line fabric substrate microstrip antenna is
obtained. Fabrication of the antenna is done using polyimide copper laminates etched with ultra thin size
150 µm on a woven polyester substrate of 310 µm thickness. Improved gain and stable bandwidth are
achieved from the proposed antenna design when demonstrated in human proximity providing high
robustness.

1. Introduction
In the future 5G cellular networks, a major part is represented by the millimeter wave band which provides
broad spectrum for mitigating issues related to tra�c limitations present in the conventional mobile
networks. Basic features of 5G networks are smaller base stations with high density and broad spectrum
[1–3]. In frequency range of mmWave, wave absorption by water, air occurs resulting in reduction in their
ability for obstacle penetration. Higher losses of propagation in these frequency bands can be overcome
signi�cantly by the process of beam forming and designing phased antenna arrays with high
directionality. Low power devices can be powered by harvesting RF energy available from these antennas.
This energy harvesting method is popular as it enables low power devices for battery less operation [4–
6}. These 5G networks are attractive source of radio frequency energy as the transmitting antennas are
large arrays with densely located base stations providing improved coverage of energy. Additionally the
mmWave frequency band is e�cient compared to the currently existing sub 6 GHz mobile cellular
networks [7].

In addition to RFEH (Radio Frequency Energy Harvesting), SWIPT (Simultaneous Wireless Information
and Power Transfer) and WPT (Wireless Power Transfer) can coexist in mmWave band in 5G networks as
the spectrum is signi�cantly broad. The key component in an WPT or RFEH system is rectifying antennas
also termed as rectennas along with a SIW (Substrate Integrated Waveguide) rectenna is utilized for ISM
(Industrial Scienti�c Medical) band operating at 24 GHz, for generating DC output voltage of 0.6 Volt
from an incident mmWave of power 10 mW [8–11]. Fabrication of an antenna array operating at 60 GHz
is done using copper foil ablated on a substrate of polyester cotton with 40% radiation e�ciency for body
centric communication. Woven rigid threads are utilized for textile antennas operating at SIW 5G
spectrums.
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In this paper, a fabric based antenna is designed, whose fabrication is done using polyimide copper
laminates etched for optimized performance of energy harvesting on-body operating at licensed band of
5G network at 26 GHz & 28 GHz. The proposed textile antenna has ultra wide band design able to cover
the full mmWave licensed spectrum of 5G network. This approach is a novel design able to provide
increased on-body antenna gain. Radiation e�ciency and higher gain are achieved from the proposed
antenna than conventional microstrip mmWave frequency antennas.

2. Proposed Antenna’s Design & Fabrication
The proposed antenna design is based on Vivaldi antipodal type antenna of ultra wide band provided
with a circular curve at the end for bandwidth improvement. The main goal of antenna design is to
maximize radiation e�ciency with minimal radiator size. Radiating elements are larger in size such as
patches in antennas exhibits higher dielectric losses resulting in reduced radiation e�ciency [12–15]. The
proposed antenna with its dimensions is as shown in Fig. 1 where on both sides asymmetrical antipodal
alignment is viewed.

The Fabrication of the proposed textile antenna requires etched copper laminates, copper foils, adhered
conductive or woven textile on which screen & inkjet printing has to be done. Manufacturing
imperfections are minimized by the process of high resolution which produces homogeneous smooth
conductor for the mmWave antennas which is generally lesser than 1 mm. As the thickness of the
interface layer required in conductor printing is higher, it has been excluded as it results to high dielectric
losses thereby reducing e�ciency of the antenna [16].

Improvement in �exibity is provided by Polyimide ultra-thin copper laminates in comparison with copper-
foils with reduced thickness in comparison with printed interface-layers thereby reducing dielectric losses
[17–20]. A standard process of photolithography is used for fabricating copper laminates by plotting the
track pattern on a mask of dark �lm [21]. The standard equipment of PCB manufacturing is used to
achieve a minimal feature size of 150 µm. The fabrication process of the proposed antenna is as shown
in Fig. 2 (a-g). 

Even though characterization of textile substrate is at 2.45 GHz, due to textile in homogeneity there is
necessity of two line characterization to be performed for the proposed antenna. Hence two microstrip
lines are built, each with 50 Ω impedances. Measurement of insertion loss (S21) is done for a 30 mm
microstrip and 50 mm microstrip fabricated on a polyester woven substrate of thickness 310 µm as
shown in Fig. 3. Extracted lines represented in graph exclude the losses due of impedance match
introduced due to inclusion of test connector. Dielectric constant of the total fabricated antenna is
computed as 1.64, with insertion loss measured as 0.90 dB/cm at a frequency of 28 GHz and 1.79 dB/cm
at a frequency of 60 GHz which is only 0.11 dB/cm greater than existing antenna system at 60 GHz due
to the thick textile material utilized in the proposed antenna. Higher insertion loss is obtained in the
frequency range of 15 GHz and 30 GHz as the re�ection at VNA-connector based plane is due to �exibility
& thickness of the textile substrate.



Page 4/14

3. Proposed Antenna Simulation & Measurement

3.1 Full Wave Antenna Simulation
The design and simulation of 3D model of proposed antenna is performed using CST Microwave Studio
software. The Simulation of 3D antenna model is done along with 1 mm human skin of CST’s Voxel.
Penetration of mmWaves of 5G network does not penetrate much past the layer of human skin hence
antenna model includes human skin layer for simplifying it. 3D model of antenna excited by a waveguide
port of 50 ohm is as shown in Fig. 4. A test connector of 1.85 mm is included, whose 3D model is
simulated for analyzing the variations induced due to connector in the measurement of return loss S11
and for correcting & de-embedding the S parameters measured from the antenna. The simulation is done
without the connector, where the return loss exhibiting at a bandwidth of 9.5 GHz is as shown in Fig. 5.
The S11 parameter represents the amount of power radiated by the antenna describing the antenna’s
re�ection coe�cient [22–24]. This parameter S11 must be lesser than − 10 dB for the antenna to radiate
e�ciently. The S11 parameter for the proposed antenna design is lesser than − 10 dB as shown by the
Fig. 5 hence can radiate e�ciently thereby making it suitable for radio frequency energy harvesting
technique.

3.2. Antenna’s Parameter Measurement
Testing of antenna under test is done using a E8361A67 GHz PNA network analyzer. The antenna under
test (AUT) is terminated with 1.85 mm solder edge connector. The return loss of AUT is both measured
and simulated involving the connector exhibiting good agreement in the frequency range, as shown in
Fig. 5 validating through simulation. Additional re�ection due to the connector is corrected by the 3D
model as represented by the measurement of S parameter of the antenna. There is no difference in the
measurement value of S11 both on-body & off-body both with bending & without bending. Simulation of
radiation pattern using CST in far �eld is monitored at the frequency of 26 GHz & 28 GHz where
excitation is done using a 50Ω discrete port. Gain of the AUT is measured both during transmission and
reception, where path loss is computed using Friis model [25–27]. The simulated antenna gain with its
e�ciency and measured realized gain are represented in Table 1.
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Table 1
Proposed Antenna Simulated & Measured Parameters

Frequency Range Simulated
Gain

Measured Realized
Gain

Simulated Radiation
E�ciency

26 GHz RF signal on-
Space

5.39 - 77.01%

26 GHz RF signal on-
Body

6.19 - 48.99%

28 GHz RF signal on-
Space

5.48 5.31 76.98%

28 GHz RF signal on-
Body

7.12 6.70 54.10%

The gain of the antenna is the key number representing the performance of the antenna combining the
electrical e�ciency and directivity of the antenna. In 5G frequency band, any antenna can provide
satisfactory performance only if the gain of the proposed antenna ranges between 6 dB to 9 dB gain
values. From the Table I it is clear that the textile antenna on body is able to perform satisfactorily as the
gain lies within the stipulated range. Hence it proves that the proposed antenna design is able to harvest
RF energy in wearable textile. The Simulation of Cartesian plot both in E plane and H plane along with 3D
gain plots for the proposed antenna is done both on skin and off skin at the frequency range of 28 GHz is
as shown in Fig. 6.

Two dimensional radiation plots is as shown in Fig. 7 using elevation angle and gain by considering two
frequencies in the operating range of 5G network. E�ciency of the proposed antenna depends on its
directivity and gain [28] hence the proposed antenna is able to provide satisfactory gain for RF energy
harvesting application.

3.3. Measurement of Effects of Human Proximity
The proposed textile antenna operating in 5G frequency band experiences on skin additional capacitance
as the dielectric constant of the skin is higher than that of air. This is indicated by the antenna impedance
with high capacitive component as shown by Smith chart in Fig. 7(b). This additional capacitance due to
antenna in the human proximity can be reduced by placing asymmetric antipodal arms which reduces the
parallel plate capacitance in the antenna. This asymmetrically placed antipodal arm reduces the
imaginary component by 50% at a operating frequency of 26 GHz without the requirement of any change
or modi�cation required in antenna design. An impedance bandwidth for the con�guration described for
the antenna is achieved in the range of 20 GHz to 30 GHz when placed on-body.

Return loss of proposed antenna is represented in Fig. 7 (a) both with symmetric antipodal arms and
asymmetric antipodal arms. The conventional symmetric antipodal arms provide reduced bandwidth with
unstable imaginary impedance as shown by Fig. 7 (b). But these effects due to human proximity are
overcome by introducing the proposed asymmetrical antipodal arms which is able to provide improved
bandwidth as well as provide stable imaginary impedance as shown in Smith chart above. The antenna
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arms when placed asymmetrically, it in turn provides more exposure to the skin underneath the antenna.
This type of placement may reduce the antenna shielding as expected but the proposed antenna is able
to provide higher gain compared to that of patch antennas with solid ground planes. This is due to the
reason that the incident ray is re�ected more as well as radiated more with mmWaves in 5G band off the
surface of the skin in the operating frequency range. At the frequency of 26 GHz, a gain improvement of 1
dB is achieved with the improvement in peak e�ciency of 5%. Peak gain when placed on-skin with its
radiation e�ciency in the bandwidth of proposed antenna is as shown in Fig. 8 which is comparatively
higher than that of existing textile antenna. These results make the proposed textile antenna more
suitable for RF energy harvesting technique from 5G network.

4. Conclusion
This paper has presented the novel design of textile antenna which is able to operate at the frequency
range of 5G network speci�cally in mmWave band of 26 GHz & 28 GHz providing improved bandwidth
and gain on-body. Hence this two line microstrip antenna design is much suitable for RF energy
harvesting application. The fabrication process is simpler utilizing standard materials available
commercially for the fabrication process of the proposed textile antenna. Wearable rectennas with
mmWave radiation enables higher e�ciency of reception in the process of energy harvesting. The
negative effects of human proximity are overcome by asymmetrical placement of antenna arms hence
providing improved bandwidth and gain than the convention textile antenna systems. This low cost
antenna design is capable of powering low power devices without the requirement of batteries or any
hassle of recharging them. Future work involves designing matching network for the recti�er in microstrip
textile antenna and further investigation for reduction of induced losses in the mmWave band of 5G
network.
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Figures

Figure 1

Proposed Antenna’s Design (a) Top View (b) Bottom view (c) Antipodal type Alignment on Either Sides
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Figure 2

Fabrication of Proposed Antenna (a) C.S during Process of UV exposure (b & c) C.S Before and After
Etching (d) Structure Assembly on Textile (e) Top View before Etching (f) Top View after Etching (g) Test
Connector 1.85 mm with single element and an Array of 4x1
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Figure 3

Insertion Loss due to 30 mm & 55 mm Microstrip line

Figure 4

CST Based 3D Model of Proposed Antenna
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Figure 5

Return Loss of Antenna in Space & on Skin

Figure 6

Radiation plot of Antenna in Cartesian Parameters at 28 GHz (a) E-Plane (b) H-Plane (c) 3 D Radiation
Plot of Proposed Antenna Design at 28 GHz
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Figure 7

a) & (b) Simulated S11 Parameter of Proposed Antenna at 26 GHz
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Figure 8

Simulation of Radiation E�ciency and Antenna Gain for Symmetric & Asymmetric arm Placement


