FOREX Publication

International Journal of Electrical & Electronics Research (IJEER) iplinary | Open A | ISSN: 2347-470X

Volume 5, Issue 1 | Pages 1-5 | Date of PublicaB@rMarch 2017 | ID: FPEER-050101

RF Energy Harvesting System for Wireless Sensor Devices:
A Review

Bharat Mishra, Associate Professor, MGCGV Chitrakoot, Satna, Irtufi@rat.mgcgv@gmail.com
Akhilesh Tiwari, Associate Professor, MITS Gwalior, Indigiwari.mits@gmail.com
Pankaj Agrawal, Research Scholar, MGCGV Chitrakoot, Satna, Ingimkajgate2002@gmail.com

=2 ABSTRACT: In present era several companies and research gavepdeveloping enhanced technologies which feelp t
increase the operating lifetime of battery usedwireless sensor devices. Energy harvesting fromiembadio frequency
becomes an attractive and trendy solution for eniexg the devices of wireless sensor networks. Alaum availability of RF
power from number of cell phone towers, Wi-Fi netiksoand DTH transmitters ensure that ample amotiower may be
harvested from ISM band and after RF to DC conwersised in various low power applications. In fhéper a thorough review
on existing techniques of various RF power harmgstiircuit comprised of different RF to DC converéad matching network
with their characteristics and applications is preed. The possibility of harvesting circuit is alexplored. Authors also
discussed various design issues for developingREhenergy harvester.

Keywords: RF Energy, Impedance Matching, RF to DC ConveRewer Conversion Efficiency, Schottky Diode.

# 1. INTRODUCTION

Trends in recent age are to explore the applicatibn Energy Source Harvested Power dens
renewable energy in all over the world because dosting is 1. Light energ
increasing day by day. Energy harvesting typeeokewable (a) Indoor 10uw / cn?
energy is a process of capturing abundant availabibient (b) Outdoor 10 mw / cih
energy and converted in to applicable electricargn The 2. Temperature difference
process of conversion of rectified microwave sigriato DC (é) Human 25w / cn?

energy has been presented and researched in thefchgh- (b) Industry 1-10mw/ckh
power signal. It has been proposed for helicoptargring 3. Vibration energ;
[39], solar power satellite [25] and in the SHARYs@®mM [36]. (é) Human ) 4uw / o
Various types of atmospheric and environmental gnerre (b) Industry 106l w / cn?
available in the form of light and heat energy,asanergy, =

wind energy, vibration energy and radio frequency o ?a.l)RC';:Sel\;enrgt)\lNork 0.1uw / cr?
microwave energy. The RF energy available fromwireless (b) WiFi network 1w / c?

sources is much higher up to 30W for 10GHz frequ€g@2d],
but only a small amount can be propagated in the re
environment [12]. The rest is wasted as heat enengy
absorbed in other materials.

However in small and ultra low power applicatiorctsas
in wireless sensor nodes and wearable medical egvibte
energy harvesting from vibration and radio frequesignals
is a viable alternate. In daily life we all are tgibombarded
with different RF energy waves which are transrditfeom
Radio and TV towers, Satellite rounding the eacti| phone
signal transmitters and Wi-Fi networks. This enecgyld be
employed to recharge a battery which is continupusled. ... ) ) )
Application may be extended to more advanced eqeipsn | able 2: Different RF energy sourceswith transmitted
like pocket organizers, personal digital assist4R8As) and  POWer
notebook computers. Table | shows the detail ahout much

Hence charging up these sensor nodes with thecafiph of
RF energy harvesting techniques may increase tperating
life. So that they can perform satisfactorily eweithout any
battery. This concept may be applied to IOT (Ine¢rof
Things) devices. In energy harvesting based systime
focus is on to ensure continuous energy supplynduwhole
operating life time of devices which works withotiman
interference. Most happening sources of RF energylisted
in Table 11 [19].

energy can be harvested from various energy souncése Source Frequency Available
literature. FM Radi 88 — 108 MH ﬁ_OWG f
Among these different sources of ambirergy, RF adio - z ens o
signals are omnipresent these days which carrgyaatinount system Kwatt
R TV Transmitter 180 — 220 MHz Tens of
of power employed for communication and other pegso Kwatt
These may be significantly used for ultra low powe Cell Tower 869—890 MHz (CDMA) 10 to 20
applications. Especially in wireless sensor netwarkich 930-960 MHz (GSM 900) Kwatt
include huge number of different sensor nodes @anatmuch 181(-1880 MHz (GSM 180(
difficult to access because of being placed withinvall, Wi-Fi Network 2.45-5.8 GHz Few watt

ceiling or in a hostile circumstances.
Hence at present it is a major objective to effitie harvest
= Table 1. Estimation of energy harvesting [18] energy from ambient signal. Mobile phone tower sraits
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signals complete day, works as a continuous sowfce

available energy. Signal power available in ce# fiom GSM
900 band transmitter may be calculated by Friiagmaission
formula as [40]

_ PtGeGy
P, = ind,
)

-(D)

Where

P: = Received power at receiver

P. = Transmitted power

Gt = Gain of transmitter antenna

Gr = Gain of receiver antenna

d = Distance between the transmitter and receiver
A = Wavelength of signal

It has been reported in literature that receivedgras a
function of frequency as well as distance from taNer. Eqn.
(1) shows that it is also depend on gain of trattemiand
receiver antenna. If signal tower transmit increagewer,
received power is also high but it is harmful farrsunding
population. So transmitted signal level from ceilver is kept
very low due to which at energy harvester circbhié power
level is in micro watt [26]. As distance is increasrom cell
tower, received signal strength as well as powetersion
efficiency of energy harvester are decreases. rEsisicts the
application of RF energy harvesting system to utiva power
devices such as wireless sensor networks and baicelky
implanted equipment in human body. Hence it is ireguthat
an efficient RF signal capturing system must beefcdly
designed and implemented. In this review papey fiest an
overview of energy harvesting is discussed, tratistchpower
and propagation path is explained after that diffiedesigning
method to realize RF to DC converter circuit arespnted and

4 Bl b

Vin 0= Va
4 b
@
|1 NI >
A =1

Vin

compared. Finally in conclusion various designiagues are
discussed.

2. RF ENERGY HARVESTOR

In this section authors introduce operating aspédRF
energy harvesting circuit. The main aim is to ustierd the
hardware requirements of RF energy harvestor.
conceptual block diagram of harvesting circuit iown in
figure 1.

The

Antenna
Boosting RF to DC Storage DC Out
Network | ||  Signal || Device | _,
Rectifier

Figurel: Flow diagram of RF energy harvester

It having
a. Receiving Antenna

Antenna intercepts RF signal from various sources
[13][27] in different frequency band and converter into
equivalent electrical signal [28]. It behaves aansducer
which converts RF energy to electrical energy tbtou
electromagnetic induction [34, 35]. According tgueements
antenna may be single, dual or multiband [14, 8517].

b. Matching Network

It is a resonant circuit which maximizes the signal
power to be supplied to rectifier circuit [38]. Awding to
maximum power transfer condition the antenna impeda
must be equal to the rectifier impedance to transfaximum
signal power from antenna to rectifier circuit [ZL]. It has
passive elements like resistance, inductor and oitapa It

reduces signal loss.
|1

B

J_ >
_|_

Vaut

v

() (d)
Figure 2: (a) Half Wave Rectifier (b) Villard or Cockcraffalton or Grienacher Voltage Multiplier (c) Dicksodvoltage

Multiplier (d) Modified Villard or Cockcraft-Waltoror Grienacher Voltage Multiplier

c. RFto DC signal Rectifier required to be converted into DC signal by usingtifier
DC signal is required for charging up the batterie circuit [29, 30]. The distance between transmittetenna and

used in wireless sensor network devices [23]. HemaBo receiving device, transmitted power and frequenuy shape

frequency electrical signal supplied from boostivegwork is  of receiver antenna affects the signal strengtthe sensor
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devices as described by Friis transmission equdli®h This  multiplication action to enhance output voltage hwit
produces a problem of reducing conversion efficjegives rectification. The authors in [1] designed RF enengrvester
small output DC power. To solve this problem zeiasb using HSMS - 2852 Schottky diode to harvest endrgyn
schottky diodes [10, 22] are favorable choice tddorectifier =~ GSM-900 MHz band signals. Circuit is fabricatedngstwo
circuit. These helps to improve power conversioficiehcy stage Dickson voltage multiplier with L-matchingwerk and

[31, 32] at lower input signal level. achieved maximum 45% conversion efficiency at inpotver
level of zero dBm.
d. Energy storage The authors in [2] proposed a half wave rectifigcudgt

To provide continuous power supply from RF to DCusing HSMS — 2852 schottky diode with L — matching
signal rectifier to output devices the energy gjerdevice is network, achieved 0.5 volt output with -10 dBm ihgower
incorporated with the load which acts as poweragierfor level at 900 MHz signal. To increase RF to DC catere
charging up wireless devices at the time of unabdity of efficiency, a triple band RF energy harvester eryipip
external energy source. For this purpose supercdéapmmay number of voltage multiplier circuit at DTV - 578Hz,
be used. GSM 900 MHz and 2.45 GHz Wi-Fi frequency bands was
3 DESIGNING METHODS designed in [3]. Author achieved average 43% casigar
efficiency for individual system and maximum 68%i@é&ncy

Since last fifty years number of energy harvestimguits ~ With triple band harvesting system. A dual band étfergy
have been proposed but only few of them are feadidy scavenging circuit using HSMS — 2820 Schottky diasle
energy harvesting from free|y available (non demd;i presented in [4] Author achieved 54.3% effectimency
environmental energy. Most of the RF energy haeresare  With 72.8 mVolt output at -10 dBm input power levet 490
designed by using HSMS hot carrier diodes. Differenand 860 MHz. dual frequency bands. Harvesting diru
implementing topologies for RF to DC rectifier dgsiusing designed by connecting Schottky diode in Dicksottage
schottky diodes are shown in figure 2. Full wave RFDC  doubler configuration with optimized matching ciitcu
rectifier may be designed by using Villard or Dicksvoltage —Parameter.
multiplier ~ circuit. These circuits perform  voltage

# Table3: Comparison of various RF Ener gy Harvesting Circuit Techniques

S. No. Technology Used Input Power| Input Signal Frequency Maximum DC Output
Level Conversion
Efficiency
1 HSMS - 2852 [1] 0 dBm 900 MHz 45% 1.7V
2 HSMS - 2852 [2] -10 dBm 900 MHz | = e i)Y
3 HSMS - 2852 [3] 0 dBm 575 MHz, 900 MHz 68% | -
and 2.45 GHz
4 HSMS- 2820 [4 -10 dBnr 490 & 860 MH: 54.3% 72.8 mV
5 HSMS- 2850[5] 10 dBn 900 MHz | e 25V
HSMS- 2860 &

6 HSMS — 2852 [6] 6 dBm 2.1 GHz 81% | e
7 SMS 7630 [9] @Watt/cn? 915 MHz | meememeeeeee- 14V
8 HSMS - 285C [7] -10 dBm 915 MHz 61.55% 10V
9 HSMS - 285C [10] -10 dBm 960 MHz 35% 1.03V
10 HSMS — 2850 [11] -10 dBm 24GHz | @ - 50 W

Villard voltage doubler architecture based RF ewerg efficiency for -1 dBm input RF signal and 81% PG& 6
harvester is investigated in [5]. Author designed astage dBm input power operated at 2.1 GHz. The study 9h [
voltage multiplier circuit using HSMS — 2850 Sclgtdiode, investigated rectenna based on SMS — 7630 Schditige
operated with designed patch antenna and achiededal  rectifier. They represented 11i8wvatt output power for 1

DC output at 900 MHz RF signal. uwatt per cri input power density at 915 MHz and 6pu6att
Some diode work efficiently on high input paw output at 2.45 GHz. They achieved 1.4 volt opercuiir

whereas some on low input power. To take advantédpth  voltage at Guwatt per c input density.

low and high input power a combined rectifier citcis Bridge rectifier based RF to DC converter is préserin

developed in [6] using HSMS — 2860 and HSMS - 28577]. Author designed rectifier circuit using HSMS 285C
Schottky diode. Former is used for high power levad later  Schottky diode. With L — matching network. They iesled
is for low power level. Author achieved 50% convans maximum 61.55% PCE and 1 volt output for -10 dBm RF
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input power at 915 MHz with measured bandwidth &MHz
from 910 to 928 Mhz. In [8] author designed a carlmano
tube (CNFET) based voltage multiplier circuit foF Rnergy
harvesting applications. The proposed RF to DC agsalt
multiplier uses ac input signal of 60 mV and pra389 mV
dc output, which isufficient to drive circuits in subthreshold
region for ultralow power applications. By employiriSMS
— 285C Schottky diode a half wave rectifier for RFDC
converter is presented in [10]. Author establishéX8 volt DC

output at 960 MHz and -10 dBm RF input power with

maximum 35% power conversion efficiency.

# 4. CONCLUSION

Various existing RF energy harvesting techniqueth wi

their output characteristics have summarized. I baen
reported that energy harvester has low power ceiomer

efficiency at small input power. It is a major dbealging
design issue to increase this efficiency undefith@ation of
lower transmitted power and adverse environmeraadition.
Efficiency also affected by sensitivity of energgceiver,

signal path loss, environmental and interferencesde and

information routing methods. To increase receiféiciency it

is require that the RF signals incident from diéfer energy
transmitters must be synchronized in phase and érey.
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