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Abstract: In the paper, we present a dual-band wearable rectenna operating in 900 MHz GSM 

band and 2.45 GHz ISM band. The rectenna was designed as a multilayer structure to reduce size 

while having a large enough aperture with a reasonable gain. The antenna was connected to the rec-

tifier by a current probe via a textile substrate. The rectifier was conceived as a voltage doubler to 

maximize voltage on a load even with a very low received power. The manufactured antenna 

showed the gain 6.3 dBi at 900 MHz and 2.8 dBi at 2.45 GHz. The rectifier operated from -20 dBm 

and was measured up to -2 dBm with 19% efficiency for the GSM band and 17% efficiency for the 

ISM band. 
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1 INTRODUCTION 

In recent years, the design of wearable devices for wireless applications has received a significant 

attention [1]-[5]. Such devices are mainly important in the area of health-care monitoring, emer-

gency rescue services, or physical training. A crucial component of those devices is a wearable an-

tenna which should be fabric-based, low-profile, light weight, mechanically flexible, and low cost. 

However, only few textile rectifying antennas (rectennas) have been designed for radio-frequency 

(RF) energy harvesting [6], [7]. 

A single-band textile rectenna for 900 GHz band described in [6] consisted of a patch antenna on a 

bi-layer substrate of pile and jeans. A full-wave rectifier was placed on a layer of jeans attached to 

the ground plane of the antenna. 

In [7], conductive parts of a rectenna were fabricated from a conductive non-woven textile. A tri-

band rectenna was designed for bands GSM 900 MHz, GSM 1.8 GHz, and ISM 2.45 GHz. Bands 

GSM 900 MHz and ISM 2.45 GHz were covered by a slot-ring antenna operating with circular po-

larization and the band GSM 1.8 GHz with linear polarization. Moreover, the design of this recten-

na is complex. 

In this paper, we present a wearable dual-band linearly polarized rectenna operating in bands GMS 

900 MHz and ISM 2.45 GHz. Even if the rectenna is of a multilayer configuration, the design is 

simple. 

2 RECTENNA CONFIGURATION 

The layout of the designed rectenna is shown in Fig. 1. The rectenna consists of three layers: 

The top layer is used to manufacture a dual-band linearly polarized patch antenna. The dual-band 

operation is achieved by a rectangular slot loop in the center of the patch. 

The central layer is used to fabricate an impedance transformer and a rectifier. The transformer is 

connected to the antenna by a current probe. A linear taper impedance transformer matches the 

high input impedance of the rectifier. The transformer is connected to a single-phase rectifier with a 
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voltage-doubler configuration. Impedance matching for both frequency bands is achieved by two 

inductors at the input. The load impedance is matched by an inductor and a capacitor at the output 

of the rectifier. The patch antenna, the impedance transformer and the rectifier have a common 

ground plane. 

The bottom layer is a protection layer for the impedance transformer and the rectifier. A fleece fab-

ric of the thickness 1.7 mm and relative permittivity 1.2 was used as a substrate for all layers. The 

patch antenna was fabricated from a conductive fabric NI/CU NYLON RIPSTOP FABRIC pro-

duced by Laird Technology. The impedance transformer and the rectifier were manufactured from 

a cooper foil to achieve the best connections for components. 

 

 

 

Figure 1: Layout of the designed rectenna. Top: dual-band patch antenna. Center: ground plane. 

Bottom: impedance transformer and rectifier. 

The design of the antenna is relatively robust to minimize effects of mechanical deformations. The 

rectenna was designed with the Schottky diode HSMS 286c. This special diode has a very low 

threshold voltage (250 mV) and is optimized for operation at frequencies 950 MHz and 2.45 GHz. 

 

351



 

Figure 2: Equivalent circuit of the rectifier 

3 SIMULATIONS AND EXPERIMENTS 

The patch antenna, the rectifier and the whole rectenna were fabricated and measured to verify 

functionality of the designed device. 

3.1 DUAL-BAND PATCH ANTENNA 

The pact antenna was fed by a coaxial probe connected to a 50  microstrip transmission line. Fre-

quency response of the reflection coefficient at the input of the antenna was measured by a vector 

network analyzer. Radiation patterns were measured in an anechoic chamber. 

 

  

Figure 3: Fabricated patch antenna. Both sides photo 

After measuring the patch antenna, the microstrip transmission line was replaced by the rectifying 

circuit. In the anechoic chamber, we measured the received power at the load resistor while the 

rectenna was radiated by desired RF signals. Simulated and measured radiation patterns are depict-

ed in Fig. 4 and 5. Agreement between simulation and measurement is satisfactory.  

 

  
Figure 4: Simulated and measured gain patterns of the patch antenna at 947.5 MHz. Top: E 

plane. Bottom: H plane. 
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Figure 5: Simulated and measured gain patterns of the patch antenna at 2.45 GHz. Top: E plane. 

Bottom: H plane. 

The measured realized gain of the antenna is depicted in Fig. 5. Due to dielectric losses and imper-

fections of manufacture the maximal gain of antenna is approximately 6.3 dBi and 2.6 dBi for the 

GSM and ISM band, respectively.  

3.2 RECTENNA 

The completed rectenna was measured in an anechoic chamber. For measuring the DC voltage, two 

wires were added to the load resistor. 

A linearly polarized double ridge horn antenna was used to deliver the RF power to the rectenna in 

far field of the horn (the distance d = 1.3 m). The RF-DC conversion efficiency was calculated us-

ing Friis equation [6] 
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Here, Pout is the output DC power, PR is the received microwave power of the rectenna calculated 

by a Friis equation, PT is the power at the input of the transmit antenna, GT is the gain of the trans-

mit antenna, GR is the gain of the antenna of the rectenna,  is free space wavelength, and VL is a 

DC voltage on the load RL. 

The ISM band was measured up to 8 dBm (the signal generator was set to provide a higher power 

output to compensate losses of the transmission). 

  

Figure 6: Total RF-DC conversion efficiency of the rectenna versus to input power. Top: simu-

lation. Bottom: measurement. 

 

Compared to [6] and [7], the designed rectenna operates at lower received power. In [6], efficiency 

about 50% is stated while the power is above 0 dBm. In [7], even the used power is above 10 dBm, 

efficiency is about 2%. In next development more energy generators like piezo elements for har-

vesting mechanical energy or thermal energy Peltier generators will be added. Even with small 

voltage it is possible to keep diodes open and achieve better efficiency of RF rectifier. Possible ap-

plication is in integrating this rectenna into the seat in trains or plane to power sensors.  
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4 SUMMARY 

In the paper, we described the design of a dual-band rectenna on a textile substrate. Both the simu-

lated rectenna and the manufactured one show wide enough radiation patterns to harvest maximum 

energy with 6.3 dBi gain in the GSM 900 band, and 2.8 dBi gain in the 2.45 GHz ISM band. The 

rectifier was proved to operate even on very low power levels with efficiency up to 20% at 0 dBm. 

Manufacturing the rectifier circuit, good connections of all electrical components had to be assured. 

Therefore, further development should be focused on the optimization of the manufacturing pro-

cess (exploitation of optimal conductive glues and conductive textiles for all parts of the rectenna). 
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