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Abstract—This paper brings a detailed analysis and
comparison of several charge pumps topologies liaae

not been optimized yet in order to make a relevant
comparison of main parameters. The charge pumps wer
designed in a standard 90nm CMOS technology. Highly
efficient CMOS charge pump which is designed using
charge transfer switches. The circuit provides leigh
output voltage then existing ones. This is achiebgd
replacing diode with charge transfer block at thestl
stage of dynamic CTS charge pump. This eliminates
threshold voltage loss, leakage current, and boffgce
problem. The charge pump are designed in a standard
CMOS technology which Provides the superior pumping
efficiency, settling time, ON-chip power managenaert
voltage gain. The proposed circuit is designed and
simulated using T-spice and H-spice with CMOS
technology parameters.

I INTRODUCTION

The charge pump is a dc-dc converting circuit uged
obtain a dc voltage higher or lower than the supply
voltage or opposite in polarity to the supply vghka
Charge pump circuits use capacitors as energy g&ora
devices. The capacitors are switched in such a thvaty
the desired voltage conversion occurs. Charge puwargps
useful in many different types of circuits, inclagilow-
voltage circuits, dynamic random access memoryitgc
switched-capacitor circuits, EEPROM'’s and transeesv
The proliferation of portable, battery-operatedceienic
systems has increased the need for highly efficiemt-
voltage-capable DC-DC boost converters. Emergingeni
classes of wireless sensor-based electronic preducth

as smart sensors, biomedical implants, etc., [2¢sstate
power-autonomy to provide essential operation évesal
years without the need for battery replacementhbése
systems, power-autonomy is realized by harvesting o
scavenging energy from the surroundings using
transducers such as thermoelectric generators (TEG)
photovoltaic cells (PV) and piezoelectric sens@rge to

variations in the operating conditions, these tansrs

do not generate a constant output. Hence, energy
harvesters employ power management circuits (PMC) t
optimize the conversion efficiency.

Il DICKSON CHARGE PUMP

The Dickson charge pump circuit is basically a BMOC
boost converter. Which provides high output evew lo
input voltage. In the Dickson charge pump circtiite
coupling capacitors are connected in parallel andtrbe
able to withstand the full output voltage. Thisulesin a
lower output impedance as the number of stages
increases. The drawback of the Dickson charge pump
circuit is that the boosting ratio is 3 degraded thg
threshold drops across the diodes. The body effiabes
this problem even worse at higher voltages. Dickson
charge pump circuits where diodes are used as hsgitc
and can be implemented with diode connected MOSFETs
[6].
One of most commonly used voltage multipliers is
Dickson Charge pump in which diode-connected NMOS
is used as charge transfer device as shown inlFighe
voltage gain of each stage in Dickson charge puvhih
is defined as the difference between the outputiapat
voltages of this stage, is given by:

Gv=V -y @)
Where \{, is the threshold voltage of the diode-connected
NMOS modified by the body effect due to source agit
increasing at each stage. _V is the voltage fluinaat
each pumping node [11] to obtain a positive voltatgp
in each stage. Therefore, Dickson charge pump ts no
properly suitable for low-voltage applications.
Many modifications to the Dickson charge pump have
been proposed to enable it to operate at low implihge
levels. for example, the diode voltage droplimieated
by using charge transfer switch (CTS) in paralléhwhe
diode connected device in order to improve the
performance in low voltage applications. Static and
dynamic CTS techniques.
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the clock signals CLK 1 and CLK2 are out-of-phasé b
: : : : with the amplitudes of VIN. The MOSFET MS1 is
‘“L‘ L fjﬁi_ _‘% Hﬁi_ connected in parallel to MOS-diode MD1. MN1 and MP1
JT:*_H 5| ==l sy el an transistors are added such that MS1 is completdlyv@en
e ‘ e e e MD1 is ON and MS1 is completely OFF if MD1 is OFF.
" T As the clkl goes low and clk2 goes high. The vatad
-1 A
imm ' iw Jgjw R node one is Vin. The voltage at node 2 become grélaén
- node one. Makes MP1 turned on and MN1 of as Vg§he.
T T T NMOS MS1 conducts and the output at node one become
‘ ‘ Vin
o /‘1\ Similarly at time T2 when clk 1 goes high and clf@es
R : : low the MP1 become completely turned off as VgsHle
he voltage at node one becomes greater then the eolihg
- % node 2.it makes MN1 on. Diode MS1 completely off.
Fig. 1 Basic Dickson charge pump Reverse charge flow is avoided. The same processr®c
for the other stages as well In the simple dynadhiarge
Il PROPOSED FRAMEWORK transfer switches cmos charge pumps MDO diodeasd as$
the output. MDO is NMOS implemented as the output
The purposed improved charge transfer switch &arg increases nadal voltage of MDO also increases. [iR&gin
oL = = — the increase of threshold voltage resulting losth@noutput
voltage

[ dynamiccts2:schematic

4bx

Fig. 2 proposed charge transfer switch CMOS chagmp
pump eliminates the major disadvantage of basiageha
transfer switches in which NMOS were not completeiyn
off so due to this reverse current flows, whichlwélduces
the overall voltage gain. So in this proposed chgsgmp
pass transistors are used to reduce this effeds. difarge
pump has many RFID applications

Our proposed 4-stage improved dynamic CTS CP, based Fig. 3 dynamic CMOS charge pump
the combination of the dynamic CTS CP and auxiliary

MOSFETs at the last stage. This circuit employsatiyic | D
charge transfer switches. Each of the CTS (MSssistor)
is controlled by the pass transistor MNs and MPs.

The dynamic CTSs are used to transfer charges twoen
stage to the next without suffering the problem\6i;
voltage drop. As shown in Fig. 1, pass transiskbis and
MPs have been used to dynamically control the sjor
the CTSs so that they can be turned off completdign
required. At the same time they can be turned ailyehy
the feedback control mechanism. To boost the chduogh

Fig. 4 cross couple charge pump
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the body of M1 are connected through M3 and norseve
bias exists between the source and the body ofhhege-
transfer MOSFET, preventing threshold voltage éase
due to body effect. Next, if M1 is OFF, M2 turns ONlhen
the drain and the body of the charge-transfer MOSEREe
connected through M2, to prevent the body fromtitaa
The body voltage of M1 keeps track of lower valdehe
source or the drain voltage at each clock statethmy
auxiliary MOSFETs. This helps to minimize body effe
loss. The capacitor C is used to smooth the voltage
fluctuation at the output.

\A SIMULATION AND RESULTS

The improved dynamic CTS charge pump has been
designed and simulated using T-spice and H-Spid&uth
technology. All the simulations are carried outs@0MHz
and with MOSFETs of same size (W/L=240nm/180nm).
And PMOS (W/L=480nm/180nm), NMOS in driving
circuitry (auxiliary MOSFET block) (W/L=960nm/180m
Amplitude of CLK1 and CLK2 are same as the input
voltage (VIN).

Fig. shows the simulated output voltage of this riowed
charge pump circuit for varying input voltage (Vifipm
1.5v to 0.6v

Output Voltage
= St I P R S Y e -]

0 05 1 15 7 —inputvoltage

Fig 5.4.1 plot between varying input voltage andr@asing
output voltage gain of improved dynamic CTS CMOS
charge pump
In improved dynamic CTS CMOS charge pump as theeval
of the load resistance increases the output volt#gthe
system also increases. Load resistance varies @0k to
1G w.r.t to it voltage gain is increased upto 4.@tvthe
constant supply of 1.0v .as increasing the loastasxce the
performance parameters are improving.
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Fig 5.4.2 plot between load resistance and the wutp
voltage improved dynamic CTS CMOS charge pump
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5.4.3 Output Voltage chart for Improved CTS CMO&gh

pump with varying input voltage

Table 1. Performance Parameters of 4-Stage impr&ves

Charge Pump

Average Settling Output Pumping
Supply Power ) -
. Time Voltage Efficiency
Voltage Consumption (us) W) %)
(W)
1.5V 40.62 1.97 5.94 90.5
1.0 16.47 4.37 4.57 89.2
0.9 12.99 5.48 3.06 87
0.8 10.86 6.32 3.32 82.75
0.7 7.46 7.34 2.59 70.7
0.6 5.57 8.61 1.75 58.33
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Table 2. Performance Parameters of 4-Stage impr&ves
Charge Pump for variation of load resistance

Load Average Power Settling Output
Resistance Consumption Time Voltage
@ (nW) (Hs) V)

100K 112.37 9.95 2.69
10M 32.84 1.22 4.15
10M 16.24 0.929 453
100M 15.79 0.907 4.67
1G 15.59 0.909 4.77
V. CONCLUSION & FUTURE WORK

An improved dynamic CTS charge pump has been ezhliz
by controlling the body voltage of MOS at the lattge of
the dynamic CTS CP. This is achieved by addinglzunyi
MOS at the last stage of dynamic CTS charge pump to
remove the threshold voltage increase. The propoisedit
compared to Dynamic CTS CP, provides a considerable
increase of output for an input voltage up to 4geta
Optimum transistor sizing plays a very importanterm
design of CMOS logic circuits. In this design, wavh
focused on keeping optimum design for low power
applications. For input voltages greater than araétp 0.6

V, the proposed circuit gives higher output volagkan
dynamic CTS CP. A considerable amount of 0.5V iasee

in the output voltage matters a lot in low poweergy
harvesting applications.

CMOS charge pumps are basically dc-to-dc convettsesl

to convert low input voltage to high output voltagéostly
used charge pumps are based on Dickson charge pump
having various limitations such as reverse curréaily
effect problem, increasing threshold voltage. Theppsed
work eliminates all these limitations providing teetresults
such as output gain, settling time, efficiency efg.to very
low voltage. This design provides the superior ltssu
among all existing architectures. This work canfimher
improved by incorporating new circuit topologies
minimizing the problem of body effect and increagsin
threshold voltage. As technology is changing dayday
several improvements can be made for improvingagelt
output gain and for improving efficiency for low tege
applications. Lot of research can be carried ouhtoease
the pumping efficiency at lower input voltages ibelow
0.5V.

REFERENCES

[1] Gabriel Nagy, Viera Stopjakova and Daniel Arbet
J’Analysis  and  Evaluation of Charge-pumps
Realizable in 90nm CMOS Technology”, IEEE 2014

[2] Shaik Shabana, Xiaobo Wu, Menglian Zhao, “Design
of Highly Efficient Charge Pump for Energy
Harvesting RFID Applications, Asia Pacific
Conference on  Postgraduate  Research in
Microelectronics & Electronics (PRIMEASIA) in
BITS Pilani Hyderabad Campus, 5th - 7th December
2012.

[3] Chandradevi Ulaganathan, Benjamin J. Blalock,
Jeremy Holleman “An Ultra-Low Voltage Self-
Startup Charge Pump for Energy Harvesting
Applications”, IEEE 2012.

[4] Jerome Heitz, Norbert Dumas, Vincent Frick,
Christophe Lallement “Modeling and Optimization of
a Ker Charge Pump Loaded by a Resistive Circuit”,
19th International Conference "Mixed Design of
Integrated Circuits and Systems", May 24-26, 2012,
Warsaw, Poland.

[5] Qing Liu “30-300mV Input, Ultra-low Power, Self-
startup DC-DC Boost Converter for Energy
Harvesting System”, IEEE 2012.

[6] S. Abdelaziz, A. Emira, A. G. Radwan, A. N.
Mohieldin, A. M. Soliman ” A Low Start up Voltage
Charge Pump for Thermoelectric Energy Scavenging”,
IEEE 2011.

[7] Jyoti gupta, Ankur Sangal 'High Speed CMOS
Charge Pump Circuit for PLL Applications using
90nm CMOS Technology, IEEE 2011.

[8] Ahmed Emira, Mohamed Abdel Ghany “Dual 50V
All-PMOS Charge Pumps Using Low-Voltage
Capacitors”, IEEE 2011.

[9] Sheng Chen, Zhiqun Li " An Improved High Speed
Charge Pump in 90 nm CMOS Technology”, IEEE
2011.

[L0]Rahma Aloulou (1), Hassene Mnif(1), Frederic
Alicalapa(2), Mourad Loulou( “An Improved MOS
Charge Pump circuit for Low Voltage Operations and
wireless sensor applications” IEEE 2011.

[11]Lee Fu Newl, Zulfigar Ali bin Abdul Aziz2, Mun
Fook Leong3 “A Low Ripple CMOS Charge Pump for
Low- Voltage Application” 4th International
Conference on Intelligent and Advanced Systems,
2012 4th International Conference on Intelligent an
Advanced Systems (ICIAS2012), IEEE

Page | 36



International Journal of Advanced Engineering Research and Science (IJAERS) [Vol-2, Issue-6, June- 2015]

ISSN: 2349-6495

2011.Xuegiang Wang, Dong Wu*, Fengying Qiao,
Peng Zhu, Kan Li, Liyang Pan, and Runde Zhou “A
High Efficiency CMOS Charge Pump for Low

Voltage Operation”, IEEE 2009.

[12] Kuo-Hsing Cheng, Chung-Yu Chang and Chia-Hung
Wei “a cmos charge pump for sub- 2.0ov operation” ,
IEEE 2003.

[13]Sheng-Yeh Lai and Jinn-Shyan Warita high-
efficiency cmos charge pump circutEEE 2001.

Page | 37



