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ABSTRACT: Charge pump circuit is widely used in integrated circuits (ICs) due to the continuous power supply
reduction which is dedicated to several kind of applications of low voltage phase locked loop (PLL), flash Memories &
DRAM’s smart power, switched capacitor circuits, non-volatile memories, operational amplifiers, voltage regulators,
SRAMs, LCD drivers, piezoelectric actuators, Radio frequency antenna switch controllers, etc. Charge pump are used
in these application, basically it is DC to DC converter which have capacitor instead of an inductor or transformer for
energy storage. Thereby it is able to generate to higher voltage than power supply voltage. Designing of charge pump
depend on the structure of MOS transistors as switches. CMOS charge pump is appropriate for low voltage
applications, can be activating with very low supply voltage. Conversely, the voltage drop and body effect of MOS
transistor decrease the performance of the charge pump when the number of stages is lift up so that only 4-stage of
various charge pump topologies have been implemented in this thesis such as Dickson, static, dynamic, with control
scheme, with cross connected NMOS cell.

Motivation

Electronic devices have become inseparable parts of people’s lives in modern times for portable consumer. The basic
requirements of the people’s are portable, thin, lightweight and multifunctional consumer electronic devices such that
mobile phone, laptops is increasing day-to-day. These portable devices are charged from single battery and they should
be capable to operate for an extended phase of time. In electronics industry, there are lot of devices usually have a large
number of circuit sub-systems which require different voltage domains to conduct the device. Consequently, the
requirement for multiple voltage creation from a single voltage battery operated power supply imposes design challenges
to achieve high voltage conversion efficiency, low power dissipation low output ripple voltage and low reverse current.

Objective

The objective of this thesis is to design and implementation of different types of charge pump based on performance
factors namely speed, power and output voltage, output current, voltage conversion. This thesis provides the comparative
study of design and implementation of Dickson charge pump, static charge pump, dynamic charge pump, charge pump
with CTS control scheme, charge pump with cross connected NMOS cells. The core objectives are, to study about
charge pump importance and existence of these devices in low power and high speed system, design and implementation
of different types of charge pump and the comparative study of design and implementation of charge pump.

Basic of charge pump

The system which is battery-operated, low voltage CMOS design becomes necessary for low power dissipation. Thus,
the supply voltages continue to scale down. Certain parts of the system may be requiring higher voltage for proper
working. Therefore, charge pump circuit is likely to become a crucial component in low power CMOS design.

Charge pump

Charge Pump is a form converter( DC to DC OR Direct Current to Direct Current) that uses a capacitors as a energy
storage element and diode connected NMOS to generates higher voltage(high DC voltage) which is lower than input
voltage or supply voltage (low DC voltage). For controlling the connection of voltage to the capacitors, charge pumps
have use of switching devices. Desired voltage conversion occurs by the use of capacitors [40]. Charge pump is a
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switching converter which is used to offers a output voltage beyond the normally available supply voltage Vdd rails,
such as a voltage higher than the input or a reversed polarity voltage. VVoltage can be step-up, step-down and inverted
by using charge pump. The charge pump can provide current of less than 100 mA [33].
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Fig. 1 Block diagram of a generic charge pump
I. IMPLEMENTATION OF CHARGE PUMPDickson charge pump

The Dickson charge pump consist of diode connected five MOS transistor, five capacitor and two pumping clocks as
shown in fig: 2. The charges in the Dickson charge pump can be flow only in one direction due to MOS transistor. This
charge pump has 2-phase non overlapping clock pulse namely clock and clockl. The amplitude of the clocks is
equivalent to amplitude of power supply voltage Vpp. The diode connected NMOS are used to transfer charges from
input to output in each stage.
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Fig 2 : schematic of Dickson charge pump
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The functional workings of Dickson charge pump as follows:

Case I: When the Clock is low and clockl is high
Then NMOS_1, NMOS_3, and NMOS_5 are turned on and NMOS_2 & NMOS_4 are switched off, after that the

charge is transferred to nodel from VDD, the charge in node 2 is transferred to node 3, and the charge in node 4 is
transferred to V.

Case I1: When the Clock is high and clockl is low
Then NMOS_2 and NMQOS 4 are turned on and MNOS_1 & MNOS_3 switched off, After that the charge is

transferred to node 2 from node 1, and charge in node 3 is transferred to node 4[20]. Therefore, the output voltage of
Dickson charge pump circuit is:
N+1

Vout = Z(VDD - th)
i=1

Where

Vi, = threshold voltage of the diode-connected NMOS in the i-th stage and
N = stage number of stage

Static charge pump

The diode voltage drop i.e. Threshold voltage is removed by using charge transfer switch (CTS) in parallel with the
diode connected device (MOS transistor) in order to improve the performance in low voltage applications. Therefore
Static and dynamic CTS techniques have been found. CTS are used rather than the diodes to transfer the charge

between nodes. Though the diodes are used only for setting up the initial voltage at each pumping node. The schematic
of Static charge pump is shown in fig 3.
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Fig 3: Schematic of Static Charge Pump

The voltage pumping gain per stage can be now expressed as
Gv = AV
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Static CTS technique uses higher voltage from the next stage for controlling the operation of the CTS’s.
The functional workings of static charge pump as follows:

Case I: When the Clock is high and clockl is low

Then NMOS_2 transistor is switched ON. Thereby initial voltage is setup at node2. The gate to source voltage of
NMOS_4 is 2AV. If this gate to source voltage is greater than the threshold voltage of the NMOS_4. If this condition is
satisfied, NMOS _4 is turned ON.

Case I11: When the Clock is low and clockl is high

Then NMOS_3 will be switched off. Therefore gate to source voltage of NMOS_4 is 2AV. There is such a condition
which occurs i.e. 2AV<V,,,, where Vy, is the threshold voltage of MOS transistor. Therefore NMOS_4 will be switched
off, which is not valid. Thus performance of this charge pump is decreased.

Il. RESULT, ANALYSIS AND COMPARISON

In this analysis here we show that the Simulation results of all implemented different types of charge pump. Function of
designs is verified by using simulation based verification. This verification guarantee that the design is functionally
correct when tested with given inputs. Designed charge pump have been implemented and simulated on Tanner tool in
180nm technology.

Dickson charge pump

The diode-connected NMOS transistors are used in the Dickson charge pump rather than the diodes for implementing the
circuit in standard CMOS process. The diode connected NMOS transistor permit the charge flow only in the direction of
the output stage in ideal situation. The charges are pushed to the next from one stage, resulting in higher DC voltage at
the output.

The simulation of Dickson charge pump is done at 180nm technology and W/L ratio = 540/180 of NMOS transistor
and output waveform is shown in fig: 4.
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Fig 4: Output Wave Form of Dickson Charge Pump

Voltage analysis of the Dickson charge pump is obtained at different Vpp, constant Vpp, same Vdd, same clock pulse,
different clock pulse and constant clock pulse. At same condition power consumption and delay, also obtained. On
varying the input voltage change in output voltage is observed.lts different parameters such as output voltage, power
consumption, delay and output current, conversion ratio are calculated and listed below in table ,1,2,3,.
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Table 1: Output Voltage, Power Consumption, delay, current and conversion ratio at different \Vdd and same clock pulse

of Dickson

S. Vdd | Clock Clockl Output ConZEvr;/wertion Delay Current Conversion
NO. V) V) V) V) (uWF)) (nS) (mA) ratio

1 5 5 5 9.5 334 1.77 1.5 1.9

2 1.8 1.8 1.8 2.5 267 3.21 0.45 1.38

3 1.6 1.8 1.8 2.5 232 3.8 0.45 1.56

4 1.4 1.8 1.8 2.42 225 4.26 0.45 1.72

5 1.2 1.8 1.8 2.34 217 4.7 0.45 1.95

6 1 1.8 1.8 2.27 209 5.08 0.45 2.27

Table 2: Output Voltage, Power Consumption, delay, current and conversion ratio at same Vdd & different clocks pulse

of Dickson

S. Vdd | Clock | Clockl Output ConZﬂvr;/wertion Delay Current Conversion
NO. V) V) V) V) (uWF)) (nS) (mA) ratio

1 1.8 1.8 1.8 2.5 334 3.21 0.45 1.38

2 1.8 1.6 1.6 2.3 178 4.59 0.36 1.27

3 1.8 1.4 1.4 1.95 124 4.64 0.28 1.08

4 1.8 1.2 1.2 1.64 79 4.86 0.21 0.91

5 1.8 1.0 1.0 1.33 43 4.93 0.14 0.076

Table 3: Output Voltage, Power Consumption, and delay, current conversion ratio at same Vdd, same clock & different
clockl pulse of Dickson

S. Vdd | Clock | Clockl Output ConZEvr;/wep:tion Delay Current Conversion
NO. V) V) V) V) (LW) (nS) (mA) ratio

1 1.8 1.8 1.8 2.5 334 3.21 45 1.38

2 1.8 1.8 1.6 2.5 206 3.25 .25 1.38

3 1.8 1.8 1.4 2.4 174 3.56 .22 1.33

4 1.8 1.8 1.2 2.2 145 3.8 .18 1.22

5 1.8 1.8 1.0 2.1 118 4.33 15 1.11

Static charge pump
Static charge pump uses CTS in addition to Dickson charge pump to remove the problem of voltage threshold drop.
Static CTS charge pump employing dynamic switches to increase the voltage pumping gain. The vital idea behind these
multipliers is to use MOS switches with accurate on/off characteristics to direct charge flow.
The simulation of static charge pump is done at 180nm technology and W/L ratio = 540/180 of NMOS
transistor and output waveform is shown in fig: 5.
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Fig Soutput wave form of static charge pump

Voltage analysis of the Static charge pump is obtained at different Vpp, constant Vpp, same Vdd, same clock pulse,
different clock pulse and constant clock pulse. At same condition power consumption and delay, also obtained. On
varying the input voltage change in output voltage is observed. Its different parameters such as output voltage, power
consumption, delay, output current and voltage conversion ratio are calculated and listed below in table 4,5,6.

Table 4: Output Voltage, Power Consumption, delay and current at different

Vdd and same clock pulse of Static

S. Vdd Clock Clockl Output Power Delay Current Conversion

NO V) V) V) V) Consumption (nS) (MA) ratio
(HW)

1 5.0 5.0 5.0 7.88 402 .94 1.8 1.57

2 1.8 1.8 1.8 2.6 397 1.4 .66 1.44

3 1.6 1.8 1.8 2.5 381 1.5 .65 1.56

4 1.4 1.8 1.8 2.4 370 1.52 .65 1.71

5 1.2 1.8 1.8 2.23 362 1.74 .64 1.85

6 1.0 1.8 1.8 2.2 350 1.89 .63 2.2
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Table 5. Output Voltage, Power Consumption, delay and current at same Vdd & different clocks pulse of Static

S. Vdd Clock Clockl Output Power Delay Current Conversion
NO. V) V) V) V) Consumption (nS) (mA) ratio
(W)

1 1.8 1.8 1.8 2.6 402 1.4 .66 1.44

2 1.8 1.6 1.6 2.36 320 1.67 .56 131

3 1.8 1.4 1.4 2.13 242 1.92 .45 1.18

4 1.8 1.2 1.2 1.8 167 2.22 .32 1.00

5 1.8 1 1 1.36 81 4.66 .20 0.75

Table 6 . Output Voltage, Power Consumption, delay and current at same Vdd, same clock & different clockl pulse of

Static
S. vdd Clock Clock1 Output Power Delay Current Conversion
NO. V) V) V) V) Consumption (nS) (mA) ratio
(HW)

1 1.8 1.8 1.8 2.6 402 1.4 .66 1.44

2 1.8 1.8 1.6 2.47 366 2.19 .58 1.37

3 1.8 1.8 1.4 2.33 331 2.44 .50 1.29

4 1.8 1.8 1.2 2.18 296 2.61 42 1.21

5 1.8 1.8 1.0 2.01 262 3.16 .34 1.11

111. CONCLUSION

From the above results, we have seen that various parameters are such as output voltage, power consumption, delay,

output current and conversion ratio are analyzed for different types of charge pump with respect to power supply voltage.

e Comparison result of output voltage shows that the charge pump with cross connected NMOS cells is best rather than
other charge pump which isa 5.77V at 1.8 power supply voltage.

e Comparison result of power consumption shows that the Dickson charge pump is best rather than other charge pump
which is a 267uW at 1.8 power supply voltage.

Comparison result of delay shows that the charge pump with CTS Control Scheme is best rather than other charge pump

which is a.04nS at 1.8 power supply voltage.
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