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A MODIFIED RF TO DC CONVERTER CMOS RECTIFIER DESIGN FOR ENERGY
HARVESTING
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College of Engineering, Mindanao State University — Iligan Institute of Technology, PHILIPPINES.
*E-mail: john rshs24@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 Mandal - 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 10pF evaluated and implemented in TSMC 0.18um 1P6M 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 R 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 environment 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 wircless 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 fags, 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
operatc 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 regulations or restrictions that limit
what applications they can be used for [1].

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
18 presented in section 4. Section 5 for the conclusion.

Circuit Design

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

Matching Modified
Network MSVM

Antenna Load

170



& simple mechanism on how the rectification process works, the antenna gathers or collects the ambient Radio
Frequency, then the impedance matclung networks boost the collected signals fom the antennato be able to turn on
the transistors in the rectifier, then the rectifier converts the collected signal into a DC signal to be fed on the Load
In thiz worke a conventional woltage raltiplier in the rectifier block was modified to achiewe ahi gher woltage output.

Design Implemen tation
It the work of[2], a control mechanism 15 proposed for active MOS, which 15 capable in cancelling the Vi, effect. In

this paper, it is discussed that adding an ausiliary MOS and capacitor in the cirouit of MSVM 15 a suitable approach
to increaseits output.

Figure 2 shows the conventional architecture of a MEVL. The operation of the fourtransistor cell is easily
understood 1f Vi, and V. are assumed to be large enough to turn the transistors on and off The transstors then
operate as switches. During half of the swatching cycle Vg 1shigh and Vi iz low. In this case M1 and P are on
and M and P1 are off. Current flows through Fs, named Vi and out through MN17s named V. During the other half
of the cycle M1 and P turn off and I and Pl are on, but the current flow at Vi and Vi has the same direction as
before. Thus a de voltage 15 developed across aload connected between Vi and V. In general, Vo= (Vg -V =
(&Vpp — Vg » Where Vip 15 the ac voltage amplitude of Vi, or V; and Vo represents losses due to swatch
resistance and reverse conduction [3].

%
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Figure2. Conventional M5V MNth stage.
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Figure 3. Modi fication of PMOS as Diode Circuit

Figure 3 shows the modification of crcwt as used in this paper. According to [2], thus kind of arclutecture 15 capable
of cancelling the threshold woltage of transistors, thus enhancing DC extraction ability.

Results And Discussons

The rectifier are tmplemented 1n CMOS 0.15 um technology. The width of PMOS (F .1 P, . and NMOS 15
selected t be 32 um, lum and 20 um, respectively for mammum for DC woltage extraction. The capactors (coupling
and anzliary) are kept at the value of 1 0pf and 1 pf respectively. The pre stmul ation has heen performed for hoth the
MEVM and modified one consisting of 4 stages each at13 56 MHz The resultant DO output woltage from hoth
charge pump s, sitnulated for Cp = 10pf and By = 100k 15 shown in Fig 4.

As shown in Fig. 4, the modified Mandal-S arpeshlar Voltage Multiplier displayed ahigher output voltage compared
to the conventional design. At masmum input power of 0 dBm, the Modified Mandal -2 arp eshlzar Voltage achieved
an output woltage of 3.7V compared to the conventional one wath only 2 38 V. While at minimom input power of -
10 dBm, the Modified MSVM achiewed an output woltage of 0.9% compared to the conventional one wath only
0.7, It displays an increase of about 1.5V to 0.5V from an input power of 0 dBm to -5 dBm.
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Figured4. heasured Output W oltages of the FF to D C Converters.
Tahle 1 shows Specification summarty of the Modified Mandal-S arpeshlar Voltage Multiplier

Tahle 1. Mandal -Sarpeshkar Voltage Multiplier Specifications

13 56 Mhz
1000 - 100 pi
0.83 - 3.78v
100 K0
11.55%

Mo. of Stages 4
Chipa AreaiCore) TP x TAE pm

It haz been shown by simulations that the Modified Mandal-Sarpeshkar 15 capable of generating a higher output DC
vwoltage over conventional one. By using 4 stages to compare the proposed crowt wath the conventional Mandal-
Sarpeshlcar, it 13 shown that a considerable increase of 0.5V at -5dBm was achieved. It was found that proposed
tethod 15 effective in generating a higher DC wvoltage as compared to conventional design.

Aclknowledgments

The researcher would like to express their grabtude to ERDT and MEU —IIT Microlab for the necessary funding of
materials to accomplish this paper.

Reference
[1] Weiss, 5. (2006). RFID (Radio Frequency Identification); Prinoples and Applications. MIT CEAIL.

[2] Chouhan, 5 3 & Halonen, K (2012). A Modified Cross Coupled Rectifier hased Charge Pump for Energy
Hatvesting using EF to DC conversion. Department of Micro and Nano Sdences, Adlto University Espoo, Finland.

[3] Mandadl, 5. & Sarpeshlar, B (2007, June). Low-power CMOS rectifier design for RFID applications [ZEF
Trams. Circuits Spst. I, Vol 54, No 6, pp 1177-1188.

172



	0001
	0002
	0003
	0190
	0191
	0192

