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Abstract: A novel AC to DC charge pump with high performance is presented. Due to the pMOS structure and threshold

voltage canceling technology,the efficiency and the output voltage are greatly improved. Test results show that the output

voltage and power efficiency are improved by 125% and 104% respectively at 13. 56MHz for a 1V sinusoidal input com-

pared to the traditional MOS diodes structure.
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1 Introduction

A typical AC to DC charge pump (CP) is com-
prised of a capacitor-diode network. MOSFET diodes
are often employed in CMOS technology-"' . There are
two drawbacks in this circuit:the output voltage satu-
rates as stages increase due to the body effect and it is
difficult to achieve high efficiency.

This paper presents a novel all pMOS charge
pump that eliminates the threshold voltage loss of the
MOS diode. Furthermore, a threshold voltage cance-
ling technology is employed to further improve the
output voltage and power efficiency. The proposed
charge pump employs only standard MOS transistors
and capacitors is a superior solution when low thresh-
old or zero threshold transistors are not available.

2 Analysis of all pMOS CP circuit

Figure 1 shows the traditional charge pump,
which employs nMOS diodes. When a sinusoid signal
is applied at V;, ,DC voltages will be generated on the
capacitors and the voltage will rise stage by stage.
Thus,compared to the amplitude of the input,a much
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Figure 2 shows the proposed charge pump and
Figure 3 show the structure of a CP cell. M1 is the
charge transfer transistor. Two auxiliary MOSFETs,
MZ and M3, are introduced to update the body voltage
of M1, In this way.the body of M1 is always con-
nected to the higher voltage of V;, and V,,.In other
words, the threshold voltage of M1 is a constant
(V) since its body is always connected to the
source.

An analytical expression for the charge pump
output voltage is given below''’,

Vou = nAV = n( Vi — Vi) @)
where n is the number of CP stages, V,, is the output
voltage.and V, is the amplitude of the input. V., is
the voltage drop on the charge transfer transistors.
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Fig.2 Structure of proposed CP
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Fig.3 Charge pump cell

For the charge pump in Fig. 1,we have

V arop :VZIDS/B+ Vo (2)
where Vi = Voo + (/126 | + Vs =/ 12¢:]) 1is the
threshold voltage of the MOS diode. = 4, Co is the
technical transmit parameter,and Ips is the current of
the MOS diode.

For the proposed charge pump shown in Fig. 3,a
voltage of Vo, (without body effect) is generated be-
tween the source and gate of M4,in other words,on C

as M4 is biased with a very small current.

Thus, M1 turns on at the moment when Vi, > V.
since Vs is more than V. For the proposed charge
pump,the V., can be expressed as,

Vawop 22+/21ps/B (3)

If Ins is a very small current or transistors of
large size are applied, the voltage drop can be rather
small and a much higher voltage without saturation
can acquired at the output.

The charge pump conversion efficiency is defined
as

U:Pout/Pinzl_Ploss/Pin €Y
where P, . P.,..and P, are the input power, output
power,and circuit power loss,respectively.

The voltage drop and current of every stage of
the charge pump is time variable. It is difficult to ac-
quire an accurate mathematical expression for the
power loss and it is also unnecessary. The power loss
of every stage can be approximated as
V arop Lot (3
where I,,, and I, are the average current and output
current, respectively. For the proposed charge pump,
thanks to its much lower voltage drop (close to zero) ,

Ploss.stage =~ Vdrop Iavg, =

the efficiency is greatly improved with the same out-
put current.

3 Simulation and test results

3.1 Simulation results

Figures 4 and 5 show the simulation results com-
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Fig.4 Output voltage (a) & efficiency (b) versus stages

paring the MOS charge pump'"’ with the proposed all-
pMOS charge pump. All the simulations are carried
out at 13. 56MHz with SMIC 0. 18um RF technology.
The load is a resistor of 100k() parallels with a capaci-
tor of 60pF to stabilize the voltage.

For a constant input of 1V, the results of output
voltage and efficiency versus stages are given in
Fig. 4. The output voltage of the proposed charge
pump rises almost linearly while the efficiency stays
above 50% . The proposed structure is even more at-
tractive for large stage numbers. However, large bias
resistors need to be employed as the voltage rises
stage by stage,increasing the area occupied dramatic-
ally. A few stages will meet the needs of most cases.
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Fig.6 Layout of traditional CP and proposed CP

For charge pumps with 6 stages, the results for
the output voltage and efficiency versus input ampli-
tude are given in Fig. 5. The proposed structure is suit-
able for low-input applications. It generates higher
output voltage and achieves better power efficiency.

3.2 Test results

To verify the simulation, two charge pumps of 6
stages are implemented in SMIC 0.18um 1P6M
mixed-mode CMOS technology,as shown in Fig. 6,

The area of the proposed CP is 600pm by 600,m,
which occupies about 30% more than the traditional
CP. The test results for output voltage and efficiency
versus input amplitude are shown in Table.1.

The output voltage is very close to the simulation
results in Fig. 6. The efficiency of both charge pumps
is not as high as the simulation and the results may be
not accurate due to the test conditions. However, the
proposed CP achieves much better performance than

Table 1 Output voltage & efficiency versus input voltage

Input Output of Output of  Efficiency of  Efficiency of

v traditional CP proposed CP traditional CP  proposed CP
/V /V /% /%
0.7 0.65 2.0 14 34
0.8 1.0 2.6 17 37
0.9 1.3 3.1 17 36
1.0 1.6 3.6 21 43
1.1 1.9 4.2 26 38
1.2 2.2 4.6 27 40
1.3 2.5 5.1 29 39

the traditional one.

4 Conclusion

A high efficiency AC to DC charge pump has
been designed for RFID applications based on
0.18pm CMOS technology. Simulation and testing re-
sults show that this circuit generates higher voltage
than the conventional CP structure with the same
stage number. Furthermore, the power efficiency is
greatly improved, which makes it attractive for low-
voltage and low-power applications.
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