
A Wideband Capacitively Fed Suspended Plate 

Antenna for Wearable Wireless Sensors 

Mohammad Vatankhah Varnoosfaderani, David V.Thiel, Junwei Lu 

School of Engineering 

Griffith University 

Brisbane, Australia 

S2862672@griffithuni.edu.au 

Abstract— A suspended shorted patch capacitively fed using 

an inverted L-shape feed is a compact antenna for wearable 

wireless sensors. A short microstrip line was printed on the sensor 

PCB to connect the antenna to a transceiver chip. The shorting of 

the suspended patch was done using printed silver ink on the side 

wall of a 22mm x 6mm x 6mm block of polycarbonate plastic that 

suspends the mounted patch. Based on the required bandwidth, 

the height of the plastic block can be decreased to 2 mm. The 

simulated 10 dB bandwidth of the antenna, was 98% (2.2 GHz-

6.44 GHz) for a 6 mm high polycarbonate block. The size of the 

sensor including the elevated antenna was 35mm x 22mm x 9mm. 

The antenna features an upward directional radiation pattern 

which decreases the electromagnetic coupling between the human 

body and the antenna. The simulated total radiation efficiency of 

antenna is more than 90% in free space which drops to 70% at 2.4 

GHz and 80% at 5.8 GHz when the sensor is located next to a voxel 

model of the human body and simulated maximum gain of 

antenna was 2.3 dBi at 2.4 GHz, 3.5 dBi at 3.5 GHz and 4.6 dBi at 

5.8 GHz respectively. 
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I. INTRODUCTION 

Developing a small and efficient antenna is one of the main 
challenges in designing wearable wireless sensors. Using small 
antenna structures such as meandered monopole or dipole 
antennas, which do not feature a full ground plane, causes a 
considerable amount of electromagnetic coupling between the 
antenna of the sensor and the human body. This leads to 
impedance mismatch on the antenna port and power absorption 
by body tissues which decrease the radiation efficiency of the 
wireless sensor [1]. Different techniques including substrate 
integrated waveguide (SIW) cavities [2], electromagnetic band 
gap (EBG) substrates [3], photonic band gap (PBG) structures 
[4], parasitic elements [1, 5] , and printed embedded slot 
antennas [6] have been used to decrease the electromagnetic 
coupling between body tissues and the antenna of the sensor. 
The main drawbacks of these methods are the large size and 
limited bandwidth. Griffith University has developed small 
wireless sensor nodes to monitor human movement in sport 
during both training and match play [7]. One device (z-core[8]) 
includes a standard design meander line monopole antenna and 
is housed in a robust rectangular waterproof plastic case. In [1], 
the performance of z-core on the human body was investigated 
by the authors. The results showed a huge drop in total radiation 
efficiency of the standard meandered monopole antenna of the 

sensor from 90% to 13% at 2.45 GHz after wearing the sensor 
on the arm of a human body. An external parasitic element was 
used by the authors to improve the radiation efficiency of the 
sensor by 13% [1], which is not large enough compared with the 
78% loss after wearing the sensor on a human arm. A printed 
embedded slot antenna [6] was proposed by authors to be 
integrated on the internal walls of the sensor. This solution was 
not practical because of the complexity of manufacturing and 
the large size of the required wideband feed. Suspended patch 
structures can be a solution for this problem because they can be 
installed on a corner of the PCB of the sensor. They are widely 
used in UWB applications and are fed using different techniques 
either directly as structures presented in [9-14] or can be 
electromagnetically coupled to such as feeds used in [15-19]. 
The feed of the antenna in [14] was directly connected to the 
suspended patch and the longest current path is a loop including 
the feed that determines the lowest resonance frequency of the 
antenna. In [16] a vertical feed was used to couple to the shorted 
part of the patch. Capacitive fed suspended patch antennas [15] 
are wideband and feature a directional radiation pattern opposite 
to the ground plane which is desired in wearable wireless 
sensors. This structure was used in [19] with a capacitive load to 
design a mobile handset antenna. Easy manufacturing is another 
important criterion in designing antennas for wireless sensors to 
facilitate the mass production. Suspending the patch in the air 
[15, 19] or using parasitic elements as in [11, 14] is not easy to 
fabricate. In the case of capacitive coupling, the feed can be 
adjacent to the radiator as in [15, 18, 19] or to the shorting wall 
as in [16]. In this paper, the feed is electromagnetically coupled 
both to the suspended shorted patch using a small printed 
rectangle on the bottom layer of the suspended patch, and to the 
shorting wall through a printed silver ink on a block of 
polycarbonate. This simplifies the manufacturing process and 
maximizes the bandwidth. This design also can be used along 
with new 3D circuit printers for fast mass production of wireless 
sensors. The main advantage of this antenna is that it only needs 
a small microstrip feed line which fits on a small portion of the 
wireless sensor PCB and the rest of the space on the board can 
be used for other electronic components. The total height of the 
antenna, including substrate thicknesses, can be decreased to 4.6 
mm, but the bandwidth will be limited to 12.2% (2.22 GHz-2.51 
GHz). 
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Fig. 1. Schematic of the antenna. A. Top view for sensor substrate, B. Top 

view for elevated patch. C. Side view, D. Front view, E. Back view. 

II. ANTENNA STRUCTURE 

The schematic and 3D model of the antenna are depicted in 
figures 1 and 2 respectively. A is the top view of the main  
substrate (FR4, 1.6mm, r =4.4, tan  =0.02) of the wireless 

sensor which includes a full ground plane in bottom layer and a 
microstrip feed line on top layer. A large via is made in the 
middle to connect the microstrip feed line to SMA connector for 
antenna measurement purposes. The circle cut in the ground 
plane (radius = 2R ) is needed to avoid shorting the SMA center 

pin to ground. A row of vias were made in the PCB to connect 
the shorting wall to ground plane of the sensor. B shows the top 
view of the suspended patch printed on a 1mm FR4 substrate 
layer and is shorted to ground plane of the sensor through a 
number of vias and a vertical shorting wall.  

 
Fig. 2. 3D model of the suspended patch antenna 

 
The vertical shorting wall is printed on side wall of a 
polycarbonate block using silver ink (see C in Fig.1). C depicts 
the side view of the antenna that clarifies how the patch is 
shorted and fed using two printed walls made from ACHESON 
ELECTRODAG PM-496 conductive silver ink on both sides of 
a 6mm thick polycarbonate block. Electrical properties of 
polycarbonate are r =2.5, tan  =0.01. D and E show the front 

and back view of the mounted antenna on the sensor 
respectively. The final optimized value of the parameters shown 
in Fig.1 are presented in TABLE 1. The coordinate system shown 
in Fig.1 is related to top view.  

TABLE 1. Optimized values of antenna parameters (dimensions in mm) 

 
Parameter 

GW  LPW  FW  SPW  PAW  CW  EW  ET  1R  

Value 2 20 3 22 12 14.3 22 6 1 

Parameter 
2R  1H  2H  3H  FL  VL  GL  PAL  SPL  

Value 2.1 1 1.6 7 2 20 1.5 1.5 15.5 

III. ANTENNA DESIGN 

The dominant mode for a normal rectangular patch is 010TM  

which requires the length of the patch to be half of the 
wavelength in the resonant frequency of the patch [20]. The 
length of the shorted suspended patch is half of a normal 
rectangular patch ( SPL in Fig.1) because the shorting wall forces 

the electric fields to be zero in the shorting point. The lower 
resonant frequency of the antenna is determined by the length of 
the shorted patch and is approximately equal to quarter of a 
wavelength on a FR4 substrate at 2.4 GHz considering the 
following equation:  

   g

r

c

f



     (1) 

g  is the wavelength in a medium with the permittivity of
r , 

and f  represents the frequency and c  is speed of light. The 

higher resonance of the antenna is affected both by the height 

of the vertical printed feed ( 3 1H H ) and the length of coupling 

patch ( PAL  in view B of Fig.1). The length of the suspended 

patch also influences the higher resonant frequency, because 

changing the length of the suspended patch alters the capacitive 

load on the small rectangular feed. As can be seen in Fig.3, after 

increasing the length of suspended patch greater than a certain 

length, changing the length of SPL  does not affect the higher 
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resonant frequency anymore because the edge of the suspended 

patch is far from the feed patch and the capacitive effect 

between two patches does not change significantly anymore. 

The parametric study of
SPL , 

PAL and 
3 1H H shown in figures 

3, 4 and 5 explains that the lower resonant frequency is mainly 

affected by the length of the shorted patch. As shown in Fig.4, 

increasing the height of the vertical feed decreases the higher 

resonant frequency because it is part of the inverted L shape 

feed which is the main current path of this structure. Fig.5 

verifies this fact because by increasing the length of the other 

part of inverted L shape feed (
PAL ), the upper resonant 

frequency of antenna decreases.  

 

Fig. 3. Parametric study of the length of the shorted patch, SPL  

 

Fig. 4. Parametric study of the height of polycarbonate block ( 3 1H H ) 

IV. SIMULATION RESULTS 

A series of simulation and optimization steps were undertaken 

using a commercial FEM package [21]. A voxel body model 

was placed in the distance of 1mm from the ground plane of the 

sensor in simulation process to investigate the effects of human 

body on the performance of the antenna. The return loss and 

total radiation efficiency of the antenna are depicted in Fig.6. 

The antenna features a wide impedance bandwidth (2.2 GHz – 

6.44 GHz) and the total radiation efficiency is better than 90% 

in the range of 2.5 GHz-6 GHz. The return loss of the antenna 

does not change considerably after putting the antenna on the 

body. The radiation pattern of the antenna is presented at three 

different frequencies in Fig.7. The back lobe of the antenna 

decreases by increasing the frequency and the directivity 

increases towards z direction which is desirable for wearable 

wireless sensors applications. The total radiation efficiency of 

the antenna decreases less at higher frequencies which is 

compatible with the more directive radiation patterns in these 

frequencies.

 
Fig. 5. Parametric study of the length of capacitive feed, PAL   

 
Fig. 6. Simulated return loss and total radiation efficiency of the antenna 

V. CONCLUSIONS 

A compact, wideband antenna suitable for wearable wireless 

sensor applications was found to have a 10 dB bandwidth of 

98% (2.2 GHz-6.44 GHz). This range covers the needed 

frequency bands for wireless applications in the range of 2-6 

GHz. The radiation pattern is directional and this is a benefit in 
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the case of wearable applications to reduce the interaction 

between body tissues and the wireless sensor. The simulated 

total radiation efficiency of antenna is more than 90% in free 

space which drops to 70% at 2.4 GHz and 80% at 5.8 GHz when 

the sensor is located next to a voxel model of the human body. 

 

 
Fig. 7. Radiation patterns (dBi) of the antenna at 2.4 GHz, 3.5 GHz and 5.8 

GHz. 
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