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Abstract—The electrical power generated by RF energy har- Rectenna Charging circuit
vesting techniques is small, depending on techniques it is enough
to drive low power consumption devices. Therefore, it is possible > Devices

to increase the battery life and to reduce the environmental Matching RE-DC DC-DC Charging
1

pollution. In this paper, we focus on the RF energy harvesting and circuits i;‘;zfl';‘e‘;‘)‘ [ conversion [ ] circuit
design the rectenna with a 4«4 patch antenna of 2.13 GHz for

low power mobile devices. The rectenna element is a microstrip
patch antenna with PTFT board of 10 dielectric constant and
1.6 mm thick that has a gain of 5.8dBi. A step-up converter is
adopted the Texas Instruments TPS61220. The step-up converter
is operated with load at 0.7V to 5.5V. If the output current is
1.7mA, the conversion efficiency shows 80%8. From the evaluated

results of RF energy harvesting system, the low power mobile ., . . . .
devices such as Zighee when we set the distance of 12m can bg is possible to increase the battery life and to reduce the

operated. environmental pollution.
Radio wave is ubiquitous in our daily lives in form of
signals transmission from TV, radio, wireless LAN and
. INTRODUCTION mobile phone. Wireless communication devices generally
n%ve omni-directional antennas that propagate RF energy in
ost directions, which maximizes connectivity for mobile

recent decades, technologies such as wind turbines hyq@gplications. The energy transmitted from the wireless sources

electric generators and solar panels have turned harvesting fﬁt(gnmh higher, but only a small amount can be scavenged

a small but growing contributor to the world’s energy needd) real enwr_onment, r_est Is dissipated as heat or absorb by
ther materials. In this paper, we focus on the RF energy

This technology offers two significant advantages over batterg/- rvesting and desian the rectenna with a 4x4 patch antenna
powered solutions, virtually inexhaustible sources and little Pz 13 é’H for Iog ower mobile devices Tr?'s aper is
no adverse environmental effects. Recently, the availability 8? ' z W pow ! vices. 1NiS paper |

the free RF energy has increased due to advent of wirel gan'lzed as follqws. The RF energy harvesting devices is
communication and broadcasting systems. escribed in Section II. In Section Ill, we show the system

. o I experimental results. Finally, the conclusion is given in
Wireless power transmission technology via microwave W%Section v
advanced from 1960's [1]. The rectenna, rectifying antenna, '
is one of the primary components in the application of wire-
less power transmission system. The rectenna, for receiving Il. RF ENERGY HARVESTING DEVICES
and converting the microwave power to direct current (DC _
power, has received much attention lately in the developméht Rectenna Design
of the wireless power transmission. The application of this The RF energy harvesting devices consist of rectenna and
technology can be used in low power mobile devices sucharging circuits as shown in Fig. 1. The rectenna, rectifying
as radio-frequency identification (RFID) and Zigbee. For emntenna, is one of the primary components in the applica-
vironments without or not enough ambient energy, wireles®n of RF energy harvesting devices. The rectenna consists
energy supply is a reliable way to power the low powesf antenna, matching circuit, and rectifying circuit. A high
mobile devices. Recently, many rectennas have been reportfticient rectenna has been studied assuming the use in solar
including a rectenna using rhombic hula loop antenna [2],power station (SPS) [5],[6]. Although wireless communica-
dual-frequency rectenna [3], and a dual-diode rectenna [#ipns use UHF waves such as CDMA and WCDMA, the
Until this time, the electrical power generated by RF enerdyasis is nearly identical. Previously, we have developed the
harvesting techniques is small, depending on techniques ipi®totype of 5.8 GHz rectenna for electric vehicle system
enough to drive low power consumption devices. Thereforg). In this paper, we have developed 2.13 GHz rectenna

| Battery

Fig. 1. The diagram of RF energy harvesting devices.

Energy harvesting has been around for centuries in the fo
of windmills, watermills and passive solar power systems.
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Fig. 4. The measured gain of the rectenna versus various frequency.
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Fig. 5. The simplified schematic of the step-up converter with TPS61220.

Fig. 3. The manufactured rectifying circuit, step-up converter, and charging
circuit.
is from 1.8V to 5.5V. Fig. 5 shows the simplified schematic of

the step-up converter with TPS61220. The TPS61220 provides

. . . a power-supply solution for products powered by either a
by using the previous developed rectenna of 5.8 GHZ singg e cell, two-cell. or three-cell alkaline NiCd or NiMH,
the frequencies of 2.12 GHz and 2.14GHz are CDMA ang . .ol Li-lon or Li-polymer battery. In the prototype,

WCDMA fre.quenc.y b"?‘”ds' respectively. In the deS|gn_ e used the one-cell Li-lon battery as a battery powered
rectenna, microstrip dipole and patch antennas are W|d%3¥ lication.

used. Microstrip antenna has the characteristics of light, ea:

and small-size manufacturing. However, it has demerits due

to relatively narrow bandwidth, restricted incident power and

low gains. However, in this paper, microstrip patch antenna isRectenna is designed with the PTFT board of 10 dielectric
adopted due to its big size and no polarization characteristiggnstant and 1.6 mm thick. The 4x4 rectenna array con-
Figs. 2 and 3 show the manufactured RF energy harvestigigts of 16 patch antennas and each patch antenna size is
devices. The rectifying circuit is a key element to improve th@gmmx31mm. The patch antennas are in front and rectifying
RF-DC conversion efficiency. An Schottky diode HSMS-2862nd charging circuits are in back of antenna as shown in
is chosen for the rectifying circuit. The measured gain of theg. 2. We adopted 2.13 GHz rectenna since the frequencies of
manufactured rectenna is shown in Fig. 4. The rectenna shows2 GHz and 2.14GHz are CDMA and WCDMA frequency
the maximum gain of 5.8dBi at the frequency of 2.13 GHBands. The 4 x4 rectenna array is used and the load resistance

with PTFT(Teflon) board of 10 dielectric constant and 1.6 mig chosen as 80. The RF-DC conversion efficiency is defined
thick. The frequencies of 2.12 GHz and 2.14 GHz are withigs

the half power bandwidth of the rectenna.

Ill. EXPERIMENTAL RESULTS

n= Pdc
B. Charging Circuits P,

x 100%, (1)

In low power mobile devices such as Zigbee, the stepped-wpere P,. is the DC output power andP,. is the power
voltage such as 2.5~5V is required to drive transmitter at up teceived by the array rectenna that is calculated by using
35 mA. From this reason, we adopted the Texas Instrumetite Friss transmission equation [8]. By changing the distance
TPS61220 as a step-up converter. The step-up convertebé&ween the transmitting antenna and rectenna array, the
operated with load at 0.7V to 5.5V. Adjustable output voltagefficiencies for different power densities can be determined.
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Fig. 6. The RF-DC conversion efficiency of the rectenna versus various inpus:ig. 7. The conversion efficiency of low input voltage set-up converter.

frequency.
10* T T T T T T 1000
—©— Output Voltage (Estimation) [mV] :
The power denSitde is given by —+&— Output Voltage (Calculation) [mV]
PG,
Py = 3 (2) 100
47D

where P, is the transmit power(s; is the transmit antenna
gain, andD is the distance between the transmit antenna and
the center of the rectenna array, respectively.

Fig. 6 shows the frequency characteristics of the manufac-
tured rectenna. From Fig. 5, the vertical axis represents the
conversion efficiency of the manufactured rectenna. It should

Output Voltage [mV]
[w] 2oueysiq

—O— Distance [m]

be noted that the input power is varied from 8dBm to 11dBm, 10 i i 5 i i i :
while input frequency is varied from 2.1GHz to 2.171GHz. 0 5 10 15 20 25 30 35
From the evaluated results, it is found that the weaker the Input Power [dBm]

!n_put power ShOW_S a low efflc:le_ncy of the reCtenn_a'_ Thereforgg_ 8. The output voltage characteristic and chargeable distance for input
it is necessary to increase the input power for efficiency of tigwer.
rectenna.

Fig. 7 shows the conversion efficiency of low input voltage
set-up converter. A set-up converter operates when the input IV. CONCLUSION
voltage is higher than 0.7V. When we set the input voltage

19V th . Hici . . due to th 0 In this paper, a %44 rectenna of 2.13 GHz has been
of 1.2V, the conversion etficiency IS various due to the ou pHreveloped for low power mobile devices. The rectenna element

current.' If the 'o'utput current Is 1'7.mA.’ we can achieve ﬂ]g a microstrip patch antenna with PTFT board of 10 dielectric
conversion efﬁmency of 8.0'.9%' V.V'th increasing the OUtpLgonstant and 1.6 mm thick that has a gain of 5.8dBi. A step-
current, the conversion efficiency is also degraded. up converter is adopted the Texas Instruments TPS61220. The
Fig. 8 shows the output voltage characteristic and chargeabigp-up converter is operated with load at 0.7V to 5.5V. If
distance for input power. The estimated and calculated outRie output current is 1.7mA, the conversion efficiency shows
voltages are 21mV and 21.4mV at the distance of 1808h.9%. From the evaluated results of RF energy harvesting

between the transmit antenna and the center of the recterfiatem, the low power mobile devices such as Zigbee when
Moreover, when we set the distance of 100m, the estimatgd set the distance of 12m can be operated.

and calculated output voltages are 92.6mV and 92.8mV. From

these results, it is found that the estimated and calculated ACKNOWLEDGE
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