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A Novel Push-Pull Type Charge Pump
Based on Voltage Doubler for LCD Drivers

Sung Wook Choi and Kae Dal Kwack

Abstract

A novel push-pull voltage converter structure, using a switched capacitor type voltage doubler, is proposed. The circuit

is constructed with a two-stage push-pull voltage doubler that has a stable operation with small output ripple. The two-stage

voltage doubler creates the output voltage 4Vdd. The high clock signal is cross-coupled to the input of the second stage with

the opposite phase to reduce two switching transistors and capacitors. Simulation results verify that even with a reduced

number of transistor and capacitor, there is no circuit performance loss. Adding one capacitor and two switching transistors

the circuit can be changed to eight times of Vdd maker.
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1. Introduction

The charge pump DC-DC converter, representative of
power supply equipment in an integrated circuit, started
with Dickson's charge pump[1]. It has been developed in
various applications. The voltage booster using inductors
has high power conversion efficiency. Its disadvantages are
faulty operation in nearby circuits caused by magnetic ele-
ments, volume and weight problems. The charge pump vol-
tage converter is suitable for circuit areas that need a thin
composition and light-weight, such as memory and mobile
equipment. In particular, switched capacitor (SC) type DC-
DC converter is an appropriate circuit, due to its simple
structure and high voltage conversion efficiency[2][3].

2. Switched capacitor voltage doubler

With the trend on low-power, low-voltage circuit de-
sign, the switched capacitor voltage converters have be-
come mandatory in power management ICs for battery po-
wered portable applications. They have many advantages
over inductor-based switch mode power supplies. Fig. 1
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shows the most popular SC type voltage converter, voltage
doubler, and its operation. The SC type voltage doubler has
four switching transistors and two capacitors : a flying ca-
pacitor and a load capacitor [2]. This voltage doubler typi-
cally has two operational phases. First, in phase 1, switches
S1 and S4 are closed and S2 and S3 are open. In this phase,
the capacitor C1 is charged by Vdd. At the same time, Cout
is discharged through the output load. In phase 2, S1 and S4
are open and S2 and S3 are closed. In this phase, the volt-
age on Cl is discharged through Cout and the load, com-
pensating the energy lost in Cout during the first phase.
That is, the two capacitors C1 and Cout share charges dur-
ing the second phase, where the amount of charge lost from
C1 is transferred to Cout. The final voltage Vout across
Cout can be calculated using the following relation, where
Vout-prev is the voltage across Cout from the previous state.
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Fig. 1. Typical SC voltage doubler and its operation.
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Fig. 2. Simply cascaded voltage doublers.
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Fig. 3. Input added voltage doubler(IAVD).

To achieve a higher voltage gain, the voltage doubler
can be cascaded, as shown Fig. 2. The output voltage of the
previous stage becomes the power supply of the next stage.
In this case, the ideal voltage gain of the n-states voltage
doubler is 2". Another effective cascade circuit is Fig. 3.
The circuit is almost the same as in Fig. 2, but Vdd is added
to the next stage power supply. This n-stages IAVD (Input
Added Voltage Doubler) has (3 x 2™'-1) times voltage gain
(2,5, 11, 23,...) [3][4][5]-

3. Proposed circuit

Voltage loss and output ripple can be a serious problem
in the voltage converter design. Eliminating or reducing
these are important issues. The “push-pull” circuit [2] is an
effective technique to minimize voltage loss and the output
voltage ripple. The “Push-pull” circuit consists of two
charge pumps working in parallel and in opposite phases to
deliver a charge to support the output voltage. Fig. 4 shows
the structure of the push-pull voltage doubler and its opera-
tion. In this architecture, one of the pump capacitors is al-
ways delivering charge to the output. As a result, the output
ripple frequency is at twice the switching frequency. The
push-pull circuit is effective, but is critically handicapped
requiring so many switching transistors and capacitors. A

10

new type 4x charge pump is proposed to solve this problem
(Fig. 5-(b)). The proposed circuit is based on typical SC
voltage doubler. For structural and operational efficiency, it
is designed as a 4x charge pump that has the output voltage
four times that of Vdd. The second stage capacitor of this
circuit is connected to the other phase high clock as a cross-
coupled structure. This results in the circuit saving two ca-
pacitors and switching transistors, compared to the conven-
tional circuit [5]. Comparison of the structural characteris-
tics with the conventional circuit and IAVD is shown in
Table 1[6].
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Fig. 4. Push-pull voltage doubler.
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Fig. 5. Push-pull 4x charge pump.
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Table 1. Structural characteristics.

Output | Switching Cap. Output
Voltage Tr. Ripple
Conventional 4x|
push-pull 4vdd 16 6 Good
2 stage IAVD 5Vdd 10 3 Bad
Proposed type 4vdd 14 Good

4. Circuit design

Fig. 6 shows the proposed voltage converter circuit. It
consists of 14 switching transistors and 4 flying capacitors.
The ideal output voltage is 4Vdd; some modifications can
make the output voltage 8Vdd. If two transistors and one
capacitor are added to the output stage (Fig. 7), the output
voltage can be 8Vdd. If the output stage is designed as an
externally controlled circuit, this charge pump circuit is
applicable to an 8 times voltage converter, as well as to a
push-pull 4x charge pump.
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Fig. 6. Proposed voltage converter circuit.
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Fig. 7. The output stage modified to 8Vdd maker.
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Fig. 8. RC type oscillator.

clk

Fig. 9. High voltage level shifter.

The high clock made by C1 passes through the M11 to
charge C4 to 2Vdd during the first phase (Fig.6). At the
same time, C1 also pushes C3, which has been charged to
2Vdd during previous (second) phase by C2 to 4Vdd. Con-
sequently, the output supply voltage always becomes 4Vdd.
Fig. 8 shows the oscillator. The oscillation circuit is a sim-
ple RC type, and the oscillation frequency is set to 10kHz.
The high clock that can drive the switching transistors is
obtained from the output using a high voltage level shifter
(Fig. 9). Finally, the output signal of the level shifter should
pass through the buffer circuits to drive the large switching
transistors.
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5. Simulation and results

All simulation results were achieved with a high volt-
age CMOS process, under the conditions where Vdd was
2.5V and clock frequency was set to 10kHz. First, Fig. 10
shows transient characteristic of proposed circuit and Fig.
11 shows the simulation result, when the circuit is modified
to 8Vdd maker. Fig. 12 shows the comparison of three types
of DC-DC converter with 1kQ output load. In these simula-
tions, the transistor sizes of three types of circuits are the
same. IAVD and non push-pull type have serious problems
in ripple and output voltage dropping to drive the load cur-
rent (Fig. 12). Fig. 13 is a graph of various characteristics
according to the output load resistance variation. Over the
total range, the proposed circuit has a relatively steady and
stable performance.
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6. Conclusion

In this paper, a new type of push-pull voltage converter,
based on a voltage doubler for LCD drivers, was proposed.
The circuit produces as output four times Vdd. Although the
proposed circuit could save two switching transistors and
capacitors, the performance would not degenerate, but it
would be improved somewhat. The proposed circuit was
verified with simulations, using a high voltage CMOS
process. This was compared to other conventional type DC-
DC converters. The proposed circuit could be simply modi-
fied to a DC-DC converter with output voltage 8Vdd.
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