
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 04, 2015 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 359 

Design and Analysis of Low Power CMOS Charge Pump Circuits For 

Phase-Locked Loop 

S. Sheeba
1
 A. Parimala Gandhi

2
 

1
M.E Student 

2
Assistant Professor (SG) 

1,2
Department of VLSI Design 

2
Department of Electrical Electronics Engineering 

1,2
Kalaignar Karunanidhi Institute of Technology, Coimbatore, India

Abstract— A new high efficiency charge pump circuit is 

designed and realized in 130nm CMOS process. This paper 

work analyses the design of  various CMOS Charge pumps. 

The performance of charge pumps mainly depends on the 

ability to efficiently generate high output voltages from the 

low input supply voltage. The shoot through current and the 

switching noise are being reduced by the proposed CMOS 

charge pump circuit. It is also used to improve the large 

driving capability and for eliminating the reversion loss. The 

proposed cross coupled charge pump has provided up to 8% 

percentage  efficiency as compared with the conventional 

CMOS charge pump. 
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I. INTRODUCTION 

The CMOS charge pump (CP) is an integral part in the 

phase-locked loops. CMOS charge pump circuits used for 

generating a high voltage from a low supply voltage  are 

used in ICs, such as flash memories, smart power, dynamic 

random access memories (DRAMs), LEDs and LCD 

drivers[7]. A charge pump is used in DRAMs to generate 

word-line voltage higher than the supply voltage and bit-line 

are connected by the group of storage cell capacitors 

through n-MOS switches. Charge pumps are widely used in 

integrated circuits (ICs) due to continuous power supply 

reduction. The CMOS charge pumps are required to 

consume a minimum current in stand-by or power down 

mode where they just need to maintain the output voltage. 

For the purpose of continuous scaling down of IC’s power 

supplies the charge pumps are widely used in smart power 

ICs and non- volatile memories. In active mode the charge 

pump needs to perform a rapid voltage recovery and to 

supply sufficient amount of charges to the load. They are 

also required to provide large driving capability and for fast 

operation. 

In modern high speed devices, phase Locked Loop 

is a significant circuit which is placed in grid for rapid 

recovery of the communication signal. It is highly preferred 

because PLL circuit can be incorporated in a single chip and 

low Power DPLL is vital device for portable and battery 

operated compact electronic devices, which is used in order 

to reduce the problems related to reliability. 

 
Fig. 1: Architecture of the Phase Locked Loop 

Thus, due to this merit PLL is used in wide 

applications such as FPGAs, Telecommunication Systems, 

and Frequency Synthesis for Modulation and Demodulation, 

Stable clock generation and for Clock Data Recovery. Since 

PLL is a mixed signal circuit,   designing PLL at high 

frequency become a  challenging task . 

Due to the technology advancement it is difficult 

and complex to design an analog PLL. However to generate 

a high voltage source an expensive mechanical active 

devices are used, which limits the practical implementations. 

Thus an integrated startup charge pumps are used to 

generate a high-voltage pulse and for this performance 

improvement topology and control mechanism are adapted. 

 In this paper proposed CMOS charge pump 

adopting dual transfer switch technique is used to address 

the issue of conventional CMOS charge pump circuit and 

also the foster the adaptability to modern mobile application. 

After an overview of conventional CMOS charge pumps in 

section II, the proposed charge pump is described in section 

III.  Section IV demonstrates simulated results and 

comparison and performance of the proposed charge pump 

followed by the conclusions in section V. 

II. OVERVIEW OF CONVENTIONAL CMOS CHARGE PUMPS 

A. Six-Stage Dickson Charge Pump: 

Dickson charge pumps are based on the circuit proposed by 

Dickson and it adopts diode connected n-MOS transistors as 

transfer switch. Although an n-MOS transfer switch 

provides high carrier speed, but the threshold voltage drop 

through the switch severely limits the output voltage level 

resulting in pumping gain degradation[4]. In Dickson charge 

pump two out- of- phase clock signals is used to gradually 

accumulate and push the charge forward and to increase the 

voltage level. The voltage fluctuation  at each 

pumping node (i.e., each pumping capacitor) of Dickson 

charge pump can be expressed as 

∆V = Vclk ×(Cpump/(Cpump + Cpar)) – (I0/ (f×(Cpump + Cpar)))  

(1) 
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where Vclk is that the voltage amplitude of the 

clock signals, Cpump is that the pumping condenser, Cpar 

the parasitic capacitance at every pumping node, Io is that 

the output current, and f is that the clock frequency. If Cpar 

and Io square measure sufficiently little, is massive enough, 

and Vclk is that the same as supply voltage, 

∆V≈ Vclk = Vdd                             (2) 

However to function the dickson charge pump,the 

diode-connected MOSFETs[4] needs to be turned on and 

thus ∆V must be larger than the MOSFETs’ threshold 

voltage VTH. 

For each stage pumping gain  is defined as 

Gv = ∆V- VTH                                    (3) 

 
Fig. 2: Six-Stage Dickson Charge Pump 

The inference from the dickson charge pump’s structure are 

: 

1) The charge pump cannot transfer the charge from one 

stage to next stage,because in every clock cycle there 

is a Thershold voltage drop and also the bulk 

terminals of the diode-connected MOSFETs are 

normally connected to ground(GND) ,This causes the 

Body-effect so that loss gets increased at the later 

stages[4]Thus by eliminating the Thershold voltage 

drops would allow the full charge transfer in each 

clock cycle and improve the charge pump efficiency. 

2) The equivalent drain-to-source resistance of the 

diode connected switch can be calculated by 

Req= L/(µCox(Vgs - VTH)W) (3) 

Where Vgs is the gate-source voltage,VTH is the 

threshold voltage,L is the length and W is the width Req 

causes conduction loss, which degrades pumping efficiency 

and the charge transferability. To reduce Req a wider diode-

connected switch device with a shoter channel length can be 

used,but in modern CMOS process it will increase VTH. 

3) To decrease Req and the charge sharing phenomenon 

a higher clock voltage is to used to transfer more 

charge in each clock cycle and also more effectively 

turn  on and off the switches.  

4) To achieve the constant output voltage a fewer series 

stages are needed. However, a complex clock 

generator are used for generating a higher clock 

voltage.Thus it consume more power. 

Thus the dickson charge pump has the following 

diasavantages: Charge sharing Threshold voltage 

drop,conduction loss ,increased stages and also need of the 

complex generator. 

B. WU AND CHANG’S CHARGE PUMP: 

For low voltage operation ,Wu and Chang’s charge pump   

as a modified charge pump which offer the better voltage 

gain than the Dickson charge pump.To eliminate the voltage 

loss resulted from VTH drop, static charge transfer switches 

(CTSs) refer to a type of charge pump that uses the dynamic 

feedback control is used. For low voltage application this 

charge pump offers some pumping effiency 

improvement[6].In this structure charge from the power 

source is pushed into one CTSs branch, here the 

redistridution loss occurs between the output capacitor and 

the last stage.From the last stage to the input capacitor due 

some disharging condition an non-negligible redistribution 

loss occurs. 

The conduction loss problem arises in the channel  

when the CTS is turned on.This conduction loss problem 

can be reduced by increasing the turn-on gate-source voltage 

and also by  reducing the device width.If the supply voltage 

is  low 2 x VDD it may not be sufficient to turn on. 

Meanwhile the threshold voltage can be increased by 

increasing the width of the transistor but it is not good for 

the low voltage operation. 

 
Fig. 3: Six Stage Wu And Chang’s Charge Pump 

The reverse charge sharing phenomenon cannot be 

completely eliminated when the CTSs are turned off. 

Between the adjacent node, reverse leakage occurs due to 

the shorter device length in the CTSs and to reduce this 

drawback longer channel length can be used[2]. The charge 

pumping efficiency is decreased by the redistribution of 

MOSFETs’ channel charge.Due to the diode-connected 

structure at the last stage it still suffers from the body effect 

and threshold voltage loss. 

C. SIX – STAGE TWO BRANCH CHARGE PUMP 

CIRCUIT 

To achieve high pumping efficiency, PMOS CTSs circuit 

utilizies a schematic gate control method. In the PMOS 

channel due to the lower mobility of the charge carriers it 

reduces reverse charge sharing phenomenon thus in the 

circuit NMOSs in the branch of CTSs are replaced by the 

PMOSs.A sufficient gate-source voltage is needed to turn 

ON the particular gate.As a result in the last stage the Diode 

connected NMOS is not needed.[4],[8]Linear charge pump 

cannot turn ON and OFF switches effectively if VDD is 

lower than the threshold voltage. The bulk of an NMOS can 

be connected to the source using deep n-well technology to 

avoid the body effect. 

To improve the pumping efficiency and to reduce 

the output ripples the two compensated branches have  been 

used to transfer the charges since it provides the better 

charge transferability[7]. To build the CTSs very large 

devices are not needed in order to reduce the effect on the 



Design and Analysis of Low Power CMOS Charge Pump Circuits For Phase-Locked Loop 

 (IJSRD/Vol. 3/Issue 04/2015/090) 

 

 All rights reserved by www.ijsrd.com 361 

threshold voltage caused by the device size. One of the two 

branches always provides current to keep the output voltage 

stable and hence the redistribution loss between the final 

stage and the output capacitor can be minimized. 

 
Fig. 4: Six Stage 2 Branch Charge Pump 

When the adjacent PMOS and NMOS are turned 

off the charges in those transistors are mitigated. TBCP has 

many advantages but low voltage applications are not built 

from TBCP[3]. The output ripples are reduced because the 

charges are pushed to the output by anyone of the branches 

in any time interval. To reduce conduction loss due to Req 

the higher gate source voltage and lower threshold voltage 

are used.  The MOSFETs are effective than the TBCP under 

the condition of low voltage supply, backward control and 

the body biasing. 

          Finally with standard CMOS process the two out-of-

phase clock signals are generated under low voltage supply. 

The pumping capacitor’s size should be as large as possible 

to achieve higher charge transferability at a fixed output 

voltage. When Vdd raises the body biased PMOSs charge 

pump will produce more body leakage current through the 

forward biased pn junction. This drawback comes from an 

increased on-resistance of PMOS transfer transistors as the 

output voltage becomes low. 

III. MODIFIED CMOS CROSS COUPLED CHARGE PUMP 

A. CMOS Voltage Level-Up Shifter: 

In the proposed cross-coupled charge pump circuit the level 

shifter is used essentially to match the input voltage level 

and the output voltage with main circuit to drive the circuit 

from one block to another block. In multi-voltage level 

devices multiple blocks work on different voltages. 

Therefore, level shifters are necessary when signal passes 

from one block to another block. In CMOS circuits, the 

dynamic energy is directly proportional to supply voltage 

,Higher  the supply voltage the more is energy consumption. 

Thus, the dynamic energy consumption can be reduced if we 

use low voltage supply in a circuit, without affecting its 

suitability for the desired purpose.  Figure 5 a half –latch-

based level shifter symbol is  is used in modified CMOS 

cross coupled charge pump to match the voltage levels  both 

in input and  output. 

 

Fig. 5: A Half-Latch-Based Level Shifter 

CMOS cross-coupled charge pumps uses cross-

coupled  PMOS transistors as transfer switches. A PMOS 

transfer switch has a benefit of providing the output voltage 

without threshold voltage drop. However, they have several 

issues related to reversion loss and driving capability when 

the output voltage is low, which have become important 

issues in mobile[8] applications. For example, the reversion 

loss of modern CMOS charge pumps should be minimized 

for allowing less amount of current consumed in stand-by 

mode.[12] Charge driving capability of charge pumps 

should also be enhanced as a large amount of charges need 

to be consumed in active mode. The conventional cross-

coupled charge pump has n-type precharge transistors and p-

type transfer transistors, all having a cross-coupled 

connection. Compared with Dickson charge pump, the 

cross-coupled charge pump can provide higher output 

voltage due to the elimination of voltage drop across the 

precharge and transfer transistors. 

B. Operation: 

In the Figure 6, PMOS_1 and PMOS_5 are the transfer 

transistors for the output; PMOS_3 and PMOS_6 are the 

transfer transistors for the bulk will have indirect cross 

coupled connections through resistors Resistor_1 and 

Resistor_2. During the transition periods PMOS_2 and 

PMOS_4 let PMOS_1, PMOS_5, PMOS_3 and PMOS_6 be 

turned off earlier than the precharge of associated boosting 

nodes, reducing the output loss. During these periods the 

Resistor_1 and Resistor_2 let PMOS_1, PMOS_5 PMOS_3 

and PMOS_6 be turned on later.   

 

Fig. 6: Proposed CMOS Cross Coupled Charge Pump 

boosting nodes, reducing the switching noise, thus 

the charge pump completely avoid the reversion loss.Here 

half-latch based level shifter is connected to input and 
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output of the circuits to match the voltage level  Than the 

boosting of associated boosting nodes, reducing the 

switching noise, thus the charge pump completely avoid the 

reversion loss. 

C. Advantages: 

The modified CMOS charge pump has important 

advantages as compared with the conventional charge 

pump. The proposed CMOS charge pump substantially 

reduces the reversion loss, and eliminates it completely 

when VOUT is higher than 2VDD–VTH. A complete 

elimination of the reversion loss in this case is crucial, 

as the condition implies a small loading current at the 

output, and therefore, a current flow due to reversion loss 

plays an important role in determining the power 

consumption of the charge pump. 

The amount of net charge transferred from a 

boosting node to the charge pump output per pumping cycle 

can be written as follows: 

QOUT   =  CPUMP(VBOOST –VTRANS)    (4) 

      where  CPUMP is the pumping capacitance, VBOOST is 

the boosted voltage at a boosting node (before charge 

transfer to the output), and VTRANS is the voltage at the 

boosting node after charge transfer. Then, the average 

current flowing into the output, representing the current 

drivability of a charge pump, can be written as follows: 

IAVG =  QOUT   = CPUMP(VBOOST –VTRANS)  (5) 

      The driving capability increases as V BOOST–V 

TRANS becomes larger. VTRANS, which represents the 

voltage of the boosting node after a complete charge 

transfer, is closely linked to on-resistance of a transfer 

transistor, output voltage level, and charge transfer time. 

Smaller on-resistance, lower output voltage, and longer 

charge transfer time allow lower VTRANS, resulting in 

increased driving capability. Actually, the driving strength 

of the proposed CMOS charge pump is massively enlarged 

when VOUT is lower than 2VDD–VTH, which implies the 

situation where the output consumes a large amount of 

current. This feature is achieved by using NMOS transfer 

transistors and PMOS transfer transistors connected in 

parallel for sending the boosted charge to the output. 

IV. SIMULATION RESULTS AND DISCUSSION 

The   simulated   output   of   the conventional 

CMOS charge pump circuits are shown in the Fig.7,8and 9. 

clk and clkb are the input to the circuit. And the output from 

the circuit is Vout. The graph represented in Fig.7,8 and 9 

have time scale in X-axis and voltage in Y-axis. 

 
Fig. 7: Simulated Output of Dickson Charge Pump 

 
Fig. 8: Simulated Output of Six-Stage Charge Pump 

From  the observed output figure 7 and figure 8 

show that the output voltage levels increases  than the input 

supply voltage in which it is used in system on chip to 

produce increased output voltage level . In order to attain 

high output voltage levels the CMOS charge pumps are used 

and the modified Cross coupled charge pump reduces the 

switching noice and dalay . 

 

Fig. 9: Simulated Output of WU AND CHANG’S Charge 

Pump 

Fig.10 shows the simulated output of the CMOS 

Cross-coupled charge pump. The input to the circuit is clk 

and clkb. And the output from the circuit is Vout. The graph 

represented in Fig.10 has time scale in X-axis and voltage in 

Y-axis. 

 

Fig. 10: Simulated Output of Proposed CMOS Cross 

Coupled Charge Pump 
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Table 1: Performance Comparison of the CMOS Charge 

Pump Circuits 

Table I shows the performance comparison of the 

conventional and Modified CMOS cross coupled charge 

pump.From the Table it is concluded that the modified cross 

coupled charge offers the best performance with the 

minimum supply voltage  and increased pumping efficiency 

of  96%. 

V. CONCLUSION 

A low voltage CMOS charge pump circuit module with an 

integrated two-phase clock generator has been designed in 

the existing system which as the drawbacks of reverse 

charge sharing phenomenon and switching losses, which in 

turn reduces the pumping efficiency. The proposed CMOS 

charge pump circuit adopt cross-coupled PMOS transistors 

as transfer switches. A PMOS transfer switch has a benefit 

of providing the output voltage without threshold voltage 

drop and also increases the pumping efficiency. For this 

features, dual transfer switches and transfer blocking 

switches were adopted. The proposed CMOS cross coupled 

charge pump eliminate reversion loss and improve driving 

capability. To assess the performance of charge pumps, the 

conventional and proposed charge pumps are designed in a 

130-nm CMOS process .The proposed CMOS charge pump 

area overhead is also reduced when compared with the 

conventional charge pump. So major improvements are 

found to be possible to enhance the performance of the 

proposed circuit. Finally, the area of the implemented 

ADPLL is 612.5 µm2 and the power efficiency is 8 %.In 

future the DCO block is modified for fast and effective 

locking time and also fine tunning can be achieved. so that 

the power can be further reduced, and it  is used in low 

power application. 
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