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ABSTRACT

This paper presents a self-powered rectifier for piezoelectric energy harvesting applications, and
the key conception of the proposed system is to reset the transducer capacitor at optimal instants
to maximize the extracted potency. The proposed rectifier consists of two switches and two
active diodes. The switches discharge the transducer capacitor at optimal instants two times for
every cycle. The active diodes are predicated on op-amps with a preset dc offset, which reduces
the voltage drop and the leakage current and eschews instability. In advisement, the controller for
the proposed rectifier is simple to reduce the circuit involution and the potency dissipation. The
proposed rectifier was designed and fabricated in 0.18-um CMOS technology. Quantified results
designate that it achieves high power efficiency and the amount of potency extracted by the
proposed rectifier is more astronomically immense when compared with the conventional
rectifiers. The proposed rectifier does not require any off chip components to enable a full chip
integration.
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1. INTRODUCTION networks where transmuting of batteries is

In the recent past years many researchers arduous and costly. Energy harvesting has

have been working on the energy harvesting. given a solution for these applications where

Abstraction of batteries is very utilizable in supersession of batteries is impractical.

many applications such as wireless sensor Piezoelectric  energy  (PE)  harvesting
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systems offer efficacious high energy
ranging from 10 to several 100’s of pw/cm3
There are several full bridge (FB) rectifiers
proposed for PE harvesting systems to
maximize the extracted power and these are
divided into three types — Conventional
Process, Synchronized Switch Process, and
Synchronized  Switch  Harvesting on
Inductor (SSHI) . The main aim of the
Conventional process is to reduce the
voltage drop across the diodes of the
rectifier. The most commonly used scheme
for this approach uses active diodes
predicated on cross-coupled MOSFETS. The
main drawback of this method is that the
offset of the comparators which causes

leakage and oscillations results in
incremented loss of potency. Op-Amp
predicated active diodes can evade this
quandary. Synchronized Switch process is
predicated on switching that discharges the
internal capacitance at optimal instances of
time. This method utilizes a synchronized
switch to discharge the capacitor or reset the
capacitor voltage at required time. the
Switch is in parallel with the internal
capacitor and placed across the terminal of
the transducer. SSHI method recycles the
stored energy across the capacitor by
inverting the polarity of the capacitor at zero

crossing points of the transducer current by

the additament of an inductor in series with
a synchronized switch. The voltage across
the capacitor transmutes the polarity when
the synchronized switch is closed due to the
resonance of the LC network composed by
the internal capacitor and the inductor that
integrated in series with the synchronized
switch. The drawback with this method is
the desideratum of sizably voluminous
inductor (>20pH) occupies astronomically
immense place which makes the circuit
involute and additionally increases the cost
of the circuit .

2. PROPOSED RECTIFIER WITH
AUTOMATIC CAPACITOR RESET
Fig. 3 shows the circuit diagram of the

proposed rectifier, which consists of two
active diodes, D1 and D2, and two switches,
SW1 and SW2. The topology of the
proposed rectifier is identical to the
conventional FB rectifier shown in Fig. 1
except replacement of two diodes on the left
branch by two switches. The two switches
reset (discharge) transducer capacitor CP at
the zero crossing point of the transducer
current. Detailed operation and
implementation of the proposed rectifier

circuit are described in the following.
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Fig. 4. Operation of the proposed rectifier
circuit. (a) Rectifier voltage waveforms. (b)
Operation for t1 < t < t2. (c) Operation for
t2 <t < t3. (d) Slightly after t3 + _t
(transient state). (e) Slightly after t3 + 2_t
(transient state). (f) Operation for t3 <t <
t4. (g) Operation for t4 <t < 5.

3. IMPLEMENTATION

3.1 Implementation of the Proposed
Rectifier:

Diode D1 is realized with a comparator-
predicated active-diode, COM1 and M1, and
Diode D2 with COM2 + M2. Diode D1
should be turned on: 1) when the transducer
current flows into the load, when the reset
loop is engendered, For both cases, the
negative input of the COML1 is higher than
the positive input. Then, output G1 of the
comparator becomes low to conduct DI.
Similarly, diode D2 conducts twice per
cycle under the comparator output G2 at
high. The digital control block utilizes the
two signals G1 and G2 to detect the zero
crossing point of the transducer current and
engenders the CLK.

A dc-offset of a comparator-predicated
active-diode degrades the performance.
Consider the rectifier is in the state in which
the transducer distributes power to the load.
As the transducer current crosses over zero

and becomes negative, transducer capacitor
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CP commences to discharge and VBA

becomes more minuscule than Vrect.
Suppose there is a negative offset voltage at
the positive input of comparator COML.
Diode D1 is turned off without the offset,
and the rectifier transits to the next state.
However, the offset obviates the diode from
being turned off, and the rectifier remains in
the same state . As VBA is more minuscule
than Vrect, while D1 and SW2 being turned
on, the current flows in the inversion
direction, i.e., from the load to the
transducer, to cause a leakage of the charge
stored at capacitor CL.

3.2 Implementation of the Digital Control
Block

The clock signal engenderer is the most
critical part of the circuit, because it directly
affects the operation of the rectifier. Several
techniques were investigated for clock
signal generation, but they are often perplex
adopt several capacitors and require external
tuning, while uses four passive diodes, three
capacitors, and one comparator.. The circuit
consists of two sub-blocks, a clock
engenderer and a dead time control block.
The CLK signal is engendered utilizing two
D flip-flops from signals G1 and G2.To
avert from simultaneous turning on of the
two switches, M3 and M4 during transition,

a dead time control block engenders two
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separate clocks, PCLK for M4 and NCLK
for M3. The dead time control block
ascertains that M3, and M4 are never turned
on concurrently.

4. EXPERIMENTAL RESULTS
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Fig 1 Schematic output
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Fig 2 Layout output
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Fig 3 Layout simulation output

5. CONCLUSION
A rectifier for PE energy harvesting was

presented in this paper. Rectifiers play a
critical role for PE energy harvesting to
maximize the potency transfer from the
transducer to the load. Two major sources of
loss for rectifiers for PE energy harvesting
are the energy waste during the transducer
capacitor charging/discharging and the diode
voltage drop. A synchronized switch is an
efficacious scheme to reduce the waste
associated with the capacitor
charging/discharging process. Subsisting
methods for synchronized switches have
several drawbacks such as involute control
circuitry, external supply voltages, and
astronomically immense size inductors. The
proposed method for automatic resetting of

the capacitor intends to address the
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drawbacks. The control circuitry for the
proposed method is simple, and it does not
require an external supply voltage nor an
inductor. Active diodes were intensively
investigated to reduce the diode voltage
drop. Active diodes are often predicated on
comparators, but they face offset and
oscillation quandaries to cause lower
efficiency. The proposed rectifier adopts
active diodes predicated on op-amps with a
built-in offset abrogation, which address the
shortcomings of  comparator-predicated
active diodes. The proposed rectifier was
designed and fabricated in 0.18-um CMOS
processing technology. Simulation and
quantification results are consistent with
analytical results. The Quantification results
designate that the proposed rectifier can
increment the extracted power by up to
350% when compared with a conventional
FB rectifier, and achieves the maximum
efficiency of 91.2%. Albeit it is arduous to
make a fair comparison, the proposed
rectifier performs better than competing
rectifiers in many aspects.
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