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Abstract—IoT is seen as the development of internet 

network connectivity in electronic devices such as smartphones 

or other devices that can communicate and connect to each 

other so that they can be monitored and even remotely 

controlled. The concept of IoT is considered to be the most 

identical to the concept of a smart home so that it requires 

greater and more flexible energy. Harvesting energy from the 

surrounding environment such as electromagnetic radio waves 

are considered as an alternative that needs to be considered 

through the rectenna system. The main components used in the 

energy harvesting of electromagnetic waves are antenna, 

matching network, and rectifier circuit. Antennas used as an 

important role in RF energy harvesting because they must 

meet certain requirements such as high gain and wide 

bandwidth. In this paper, a quad-band antenna is proposed to 

meet the needs of antenna rectifiers that will work in a range of 

3-10 GHz. The antenna design using a double-crossed bowtie 

model printed on the FR-4 substrate. Simulation and 

optimization are performed to obtain good bandwidth and gain 

characteristics. The simulation results show that the antenna 

can work at frequencies of 5.984 GHz, 7.414 GHz, 9.108 GHz, 

and 10.208 GHz. With the largest bandwidth and gain that can 

be obtained at 727.7 MHz and 3.654 dB, respectively.  
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I. INTRODUCTION  

In recent years, wireless communication system 
technology has developed significantly in increasing 
connectivity in all available software in various sizes and 
relatively inexpensive. Data accessibility can be done easily 
by users and these devices are called smart objects [1]. This 
is related to the concept of the Internet of Things (IoT), 
namely the connection of physical devices that are not 
directly related to human interaction [2]. One of the main 
applications of IoT is a wireless sensor network that can be 
applied in intelligent system monitoring applications for 
buildings, medical and even military. This application is 
intended for commercial applications that provide 
interconnectivity to improve business-to-business services 
through machine-to-machine interaction [3]. 

The increasing number of devices to support the IoT 
concept has become a challenge on its own with limited 
energy availability. The sensor network application requires 
small power supplied by the battery. Although battery 
technology has experienced a significant increase, in 
principle the battery has a time limit for its use and often the 

problem of battery change becomes a hassle, so this becomes 
a motivation to find alternative energy sources from its 
immediate environment such as from thermal, gradient, 
mechanical vibration, light, and electromagnetic waves. This 
is then known as a way to harvest energy or energy 
harvesting  [4].  

One popular concept for harvesting energy is to utilize 
the energy from electromagnetic radio waves that are 
abundantly available because of the availability of various 
communication system services in the surrounding 
environment such as television, satellite, cellular, and even 
Wi-Fi. The commonly used method for harvesting radio 
wave energy is the canonical method, namely with a rectenna 
circuit consisting of an antenna and an RF / DC conversion 
unit [5]. Ultra-Wide Band is one of the wireless 
communication systems that is growing rapidly and works in 
the frequency range 3.1 - 10.6 GHz according to the 
recommendations of the FCC. Some of the closest 
applications of the UWB system include the Wireless Local 
Area Network (WLAN) which operates at 5.15 - 5.825 GHz, 
World Interoperability for Microwave Access (WiMAX) 
which operates at 3.3 - 3.7 GHz, C-band satellite downlink in 
the range of 3.7 - 4.2 GHz, and X-band for flight radio 
navigation at 8.7 - 9.2 GHz [6]. To harvest electromagnetic 
radio wave energy from the UWB system, an appropriate 
antenna design is needed to receive RF signals and rectenna 
to increase the efficiency of the rectifier. 

Several studies on antennas have been conducted, Deng 
et al. designed monopole rectangular planar type microstrip 
antennas for UWB applications operates in 2.9 - 11.3 GHz 
[7]. Nafiza et al. designed an antennas that operate on four 
working frequencies: 4.64, 5.04, 5.62 and 6.22 GHz [8], 
while others have designed four different 2.8, 4, 5.4 and 6.2 
GHz frequencies specifically for WLAN / WiMAX 
applications [9]. Other studies proposed a notch-band 
antenna to get a good UWB characteristics, i.e. engraving the 
ground plane with various shapes. With this method the 
result successfully rejects one frequency band [10], two 
bands [11], three bands [12], and four bands [13]. 

In this paper, an antenna design in the form of a quad-
band crossed bow-tie for UWB applications that works at 
5.984 GHz, 7.414 GHz, 9.108 GHz, and 10.208 GHz as a 
first step to create a rectenna as an energy harvester in the 
UWB application to support the IoT concept. 

 
 



II. METHODOLOGY 

The principle of harvesting electromagnetic wave energy 

uses three main components namely antenna, matching 

network, and rectifier circuit as shown in Fig. 1. 

 

Fig. 1. Energy Harvesting Technique 

The antenna has functions to capture radio wave signals 

and convert them into electrical signals. The matching 

network is used to match the impedance value between the 

antenna and the rectifier circuit to maximize the power 

transferred. The rectifier circuit has a function as a converter 

of the amount of alternating electricity (AC) to the amount 

of direct electricity (DC) which is then stored in the energy 

storage or battery for later use. 

A. Antenna Design 

Antennas become the most important part of 

radiofrequency wave energy harvesting systems. However, 

the low received signal strength (usually less than a few 

milliwatts) causes the antenna to have high sensitivity, large 

aperture value, high efficiency, high gain, and large 

bandwidth and omnidirectional radiation patterns. Planar 

microstrip type antennas are a good choice for UWB 

technology because of their large bandwidth and the almost 

omnidirectional azimuthal radiation pattern. 

In this paper, the patch antenna is designed on FR4 

substrate with a relative permittivity of 4.4 which has a 

thickness of 1.6 mm. The patch design uses two modified 

bowtie shapes by bending them at 90 degrees apart at a 

distance G as can be seen in Fig. 1 (a). On the other side, 

there is a ground plane in the form of copper layers that 

covers the entire back of the substrate. This ground plane is 

connected directly to one of the bowties on the front side of 

the antenna. Moreover, in the ground plane a coaxial probe 

which is realized using a discrete port is used as antenna’s 

feed that connected directly to other parts of the bowtie 

structure on the front side. (Fig. 1 b).  

     
(a)              (b) 

Fig. 2. Antenna Structure: a) Front view; b) Back view 

The initial antenna dimensions were obtained from the 

calculations using the formula from [14] to determine the 

length and width of the patch at a working frequency of 3 - 

10 GHz. Furthermore, to obtain the Quad-band 

characteristics, the patch is then modified, therefore the 

most optimal response of each band was obtained. The 

dimensions of each antenna parameters after optimization 

can be seen in Table I. The parameters are: Ws for the width 

of the substrate, Wb is the width of the bowtie, Lb is the 

length of the bowtie, G is the gap between bowtie and h is 

the thickness of the substrate. 

TABLE I.  ANTENNA DIMENSIONS 

Symbol Dimension (mm) 

Ws 150 

Wb 40 

Lb 48.47 

G 4.24 

h 1.60 

B. Matching Network 

Some types of matching networks include type L, type π 

and microstrip line. The matching network serves to 

minimize the harmonics generated from the diode in the 

rectifier circuit so that the electromagnetic interference in 

the circuit will decrease and efficiency will increase. The 

type of matching network that is commonly used is type L. 

C. Rectifier Circuit 

The rectifier circuit is a circuit that converts AC signals 

into DC signals. This circuit has two configurations namely 

Villard and Dickson voltage multipliers [15]. There is no 

significant difference between the two voltage multiplier 

configurations. Because the power received by the antenna 

is of low value, diodes with low threshold values and high-

speed switching are used. 

III. RESULT AND DISCUSSION 

A. Reflection Coefficient 

The reflection coefficient can be seen as the quantity of 
the reflected wave ratio against incoming waves. In Fig. 2 
shows the simulation results of the response of the reflection 
coefficient of double-crossed bowtie antenna which has 
quad-band characteristics, namely the frequency of 5.984 
GHz, 7.414 GHz, 9.108 GHz, and 10.208 GHz. Each band 
has a bandwidth of 343.1 MHz, 470.4 MHz, 582.5 MHz, and 
727.7 MHz at a value of less than -10 dB. The bandwidth in 
each band meets the requirements of the WLAN application 
because the value is more than  40 MHz.  

 

Fig. 3. Reflection Coefficients Simulation Result 



B. Radiation Pattern 

The radiation pattern here is intended refers to the 
dependence of the direction of the radio wave strength from 
the antenna. The antenna design proposed in this paper has a 
radiation pattern that shown in Fig. 3. This double-crossed 
bowtie antenna has a unidirectional radiation pattern towards 
the z-axis. From Fig. 3, the red area represents a high gain, 
while the yellow area represents a lower gain area. From that 
figure the realized gain value from these antennas are -0.743 
dB, 3.52 dB, 1.32 dB, 1.1 dB at frequencies of 5.984 GHz, 
7.414 GHz, 9.108 GHz, and 10.713 GHz, respectively. The 
highest realized gain occurs at a frequency of 7.4 GHz 
because it has the smallest reflection coefficient response. 

 
(a)   (b) 

 
(c)   (d) 

Fig. 4. Radiation Pattern Simulation Result: a) 5.984 GHz; b) 7.414 GHz; 

c) 9.108 GHz; d) 10.208 GHz 

A comparison of this work to other works in the midfield 

that deliver power to a medical device is shown in Table II. 

TABLE II.  MULTIBAND ANTENNA COMPARISON 

Reference Size (mm) Band (GHz) Gain (dB) 

[16] 60 x 43.6 x 17 2.45 1.56 

[17] 30 x 2.4 0.86 / 1.58 / 2.45 5.70 

[18] 35 x 31.8 2.4 6.90 

[19] 20 x 30 x 1.52 1.8 / 5.2 / 7 / 7.86 / 8.53 0.19 

[20] 130 x 90 1.575 / 2.7 / 3.5 / 5.8 4.63 

[21] 32 x 20 1.5 / 2.7 /3.5 / 5.8 3.80 

This work 150 x 150 5.98 / 7.41 / 9.108 / 10.208 3.52 

 

IV. CONCLUSION 

The antenna design with a double-crossed bowtie that 

has been proposed in this paper was able to produce a quad-

band response in the 5-11 GHz frequency range. The four 

bands at the frequency 5.984 GHz, 7.414 GHz, 9.108 GHz 

and 10.208 GHz have a good response including bandwidth   

gain that are sufficient for many applications that work in 

that frequency range. The use of coaxial probes as antenna 

feed allows a rectifier component to be integrated with the 

antenna, so the implementation of these rectifier antennas 

can be used as devices that support energy harvesting. 
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