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MICR012I MicroelectronicsTrack

A MODIFIED RF TO DC CONVERTER CMOS RECTIFIER DESIGN FOR ENERGY
HARVESTING

John Michale C. Tolete' and Jefferson A. Hora

College of Engineering. Mindanao State University ~ Iligan Institute of Technology. PHILIPPINES .
•E-mail: johnJshs24@yahoo.com

SUMMARY
This paper presents an enhanced CMOS based RF to DC converter design by modifying a published Voltage
Multiplier circuit arrangement known as Mandai - Sarpehskar (MSVM) in order to provide a higher output voltage.
This has been achieved by adding auxiliary PMOS and capacitor. A 4-stage Modified MSVM with each pumping
capacitance of IOpF evaluated and implemented in TSMC 0.18um IP6M 1.8V Logic Signal CMOS Technology.
This design enhancement achieved a considerable increase of 0.5V at -5dBm in comparison to the conventional
Mandal-Sarpeshkar. Also. it was observed that modified voltage multiplier shows higher conversion efficiency with
the value of 11.53% in DC extraction from RF signal than the conventional MSVM design.

Keywords: Energy harvesting. RF to DC conversion. High frequency

Introduction
In recent years. development of technology is rapidly growing allowing the decrease of certain characteristics of a
system or device like size and power consumption. However. these devices are powered by bulky batteries that need
to be recharge or replace every so often. Extracting energy from the envirornnent particularly RF signal is not only
an eco-friendly way of generating free energy but can be a solution to minimize the consumption and usage of
battery in most wireless devices. Developing efficient methods for extracting DC power from RF signals has
become an important necessity for a number of applications involving self-powered devices and sensor nodes.

At its most basic. RFID systems consist of small transponders. or tags. attached to physical objects. RFID tags may
soon become the most pervasive microchip in history. When wirelessly interrogated by RFID transceivers. or
readers. tags respond with some identifying information that may be associated with arbitrary data records. Thus.
RFID systems are one type of automatic identification system. similar to optical bar codes. Different RFID systems
operate at a variety of radio frequencies. Each range of frequencies offers its own operating range. power
requirements. and performance. Different ranges may be subject to different regnlations or restrictions that limit
what applications they can be used for [I].

In this work, an existing voltage multiplier named Mandal-Sarpeshkar Voltage Multiplier (MSVM) is modified by
adding an auxiliary PMOS and capacitor to cancel the Vth effect which is imposing a limitation over the charge
transferring capability of diode. Section 2 shows the circuit diagram of the work. Section 3 explains the different
blocks of the circuit and the modifications made. The comparison of the proposed design with the conventional one
is presented in section 4. Section 5 for the conclusion.

Circuit Design

Figure 1. shows the basic building blocks of a RF to DC Converter

Antenna Matching Modified
loadf--l Network

--l
MSVM

--l
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A Simpl e mechomsm on how the rectificotion proc ess works; th e antenna gathers or collects the ambi ent Radio
Frequency, th en the 1mpedance motching networks boost th e collected SignalS from the anten na to be oole to tum on
the tnn Slstors m the rectifier, then th e rectifier converts the collected Sl gnalmto a OC Signal to b e fed on th e Load
In this work, a conventional voltage multipli er m th e rectifier block was mo dified t o ochieve a hi gher volta ge output

Design hnplemmtation
In the w ork 0f [2], a control m echarusm lSpropo sed for octive MOS, v.ilich lS c'Vable 1n cancelling the Vth effect In
this paper, itlS discussed that addin g an auxiliary MOS and c'V ocitor m th e Clfcuit of MSV M lS a suitabl e 'Vproach
to mcr ease1ts output

Figure 2 shows the conv entional architectur e of a MSVM . The operotion of the four-tranSistor celllS easily
und erstood 1f Vn+ and Vn_ are assum ed to be l ,.-ge enough to tum the tranSistors on and off The tranSIstors then
operote as switch es. Dun ng hal f of th e switchin g cycle, Vn+ is high ,.,d Vn_ is low. In this case NI and P ,.-e on
and N and PI ,.-e off Current flows through P' s, nam ed VH and out through NI ' ~ nam ed VL' Dun ng the other half
of the cycle, N1 ,.,d P tum off and N and PI ,.-e on, but th e current flow at VH ,.,d VLhas the same direction as
befOre. Thu~ a dc v oltage lS developed across a l oad conn ected between VH,.,d VL· In general, VDC= (YH- VJ =
(2VRF - V",,,,) , v.ilere VRF lS th e ac voltag e amplitude of Vn+ or Vn_ and V""" represents loss es due to switch
reSiSt,.,ce ,., d reverse conducti on [3]
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Figure2. Convention al MSV M Nth stage
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Figure 3. Modification 0f PMOS as Diode Circuit

Figure 3 shows the modific ation of arcuit as used m this paper. Accordin g to [2], this kind of archit ecture lS capable
of cancelling th e threshold voltag e of tranSiStors, thus enhancmg OC extroction ability

ResuitsAnd Discussions
The rectifier ,.-e 1mplemented m CMOS 0.18 um techn ology. The Width of PMOS (PmmJ, P,,,,, , ,., d NMOS is

selected t be 32 urn, lum and 20 urn, respectively for maxlmum for OC voltag e extroction . The capacitors (coupling
,.,d a miliary) ,.-e kept at the value of I Opfand Ipf respectively. The pre Simul ation has b een perfOrmed fOr both the
MSV M and modified one conSiStin g of 4 stages each at13.56 MHz. The resultant OC output voltage from both
ch,.-ge pump s, SImulated for CL= I Opfand RL= 10OkQ lS shoWll1n Fig. 4

h shoWllm Fig. 4, the modifi ed Mandal-Sarpeshkar V oltage Multiplier display ed a higher output voltag e comp,.-ed
to th e conv enti onal deSIgn. At max1mum 1nput power of 0 dBm, th e Modified Mandal-Sarpeshkar V oltage achieved
,., output v oltage of 3.7 V comp ,.-ed to the convention al one with only 2.38 V Whil e ot ffilll1mUm mput p ower of ­
10 dBm, th e Modified MSVM ochieved ,., output voltag e of 0.9V compared to the conventional one with only
0.7V It displays an mcr ease 0f about l.5V to 0.5V from ,., 1nput power 0f 0 dBm t o -5 dBm
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Figure 4. Measured Output Voltages of the RF to DeC onverters

Tool e 1 shows Sp ec!li cation summ3lY of the Mo dified M,.,dal-S "1' eshkar Voltage Multipli er.

Table 1. M ,.,da -Sarpeshk,.- Voltage Multiplier Speafications

foehn.l. TSMCO.18 m CMOS I'roce"
Fre uenc

In ut Power Ron e
Output Volt. Ron

Con.ersion lJfi<ienc
No. ofSt. eo

[hip. Are.(Core)

13.56 Mh z

1000 - 100 VW
0.83 - 3.7fIV

1 00 K[]

11.55%

•
768>lm x 768 vm

It has b een sho,,", by S1mulotions that the Modifi ed Manda-Sarpeshkar is capabl e of generating a higher output OC
voltage over convention al. one. By usmg 4 slages t o compare the proposed CIrcuit with the conventional M,.,dal.­
S"1' eshkar, illS shown thot a conSlderable mcrease of O.5V at -5dBm was ochieved. It was found thot proposed
method is effective in generating a higher DC voltage as compared to convention" deSign
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