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Abstract. In view of the low power of traditional DC-DC converters, a
DC-DC converter with a kilowatt power is designed. The input signal's
frequency is 1 kHz and the duty cycle is 5%. The PWM signal controls the
high-speed conduction or cut-off of the switch tube. The input DC voltage
is 36V, and the output voltage is twice as high as the input voltage. The
output power is greater than 1 KW; the circuit conversion efficiency is
87.21%.

1 Introduction

At present, DC-DC converter mainly works on a low-power voltage doubling, voltage
inversion and other aspects. The mainstream applications are the battery-powered mobile
phones, digital cameras and other fields to drive LED backlight which should be provided
with appropriate power [1-3]. Another very extensive application is EEPROM and flash
memory to provide read and write power, the memory of the power rail is generally 1.8 V,
3.3V, as read needs +5 V and erase needs +12 V, that’s why we integrate the DC-DC
converter into the IC for single-supply operation [4-7].

For the current charge pump applications, the main problem is the difficulty to achieve
high-power, high-voltage applications, as high-power aspects of inductive switching DC-
DC converter occupies an absolute advantage [8-11]. But the charge pump has the
advantages of small volume, high efficiency, low quiescent current and low minimum
operating voltage, so it is more important to design and manufacture a high-power charge
pump [12, 13]. In this paper, the circuit is designed and produced by MATLAB simulation
software. The output power of the charge pump is more than 1 KW and the conversion
efficiency is 87.21% by PWM signal controlling the switch while charging and discharging
the capacitor.

2 DC-DC converter design

2.1 DC-DC converter twice the boost principle

The principle of the DC-DC converter double boost shown in Figure 1(a), using capacitor
charge and discharge to achieve an output voltage that is twice the input voltage. First,
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close the S7, S2, and S3 switches, and the capacitors C/ and C2 (called C/ and C2 for the
pump capacitance) are charged in parallel. The DC power supply charges the capacitor
almost instantaneously. Then, S7, S2 and S3 are turned on while the other set of switches §4
and S5 are closed, and C/ and C2 are in series to provide power for C3 (called the load
capacitance).

Under ideal conditions, the two pump capacitors are connected in parallel to a power
supply in order to charge until voltage is 36 V. The next stage is to connect the capacitors in
series in order to charge it till 72 V, in order to achieve a double boost through doubling the
input voltage.

2.2 Design of MATLAB simulation circuit

As shown in the following circuit diagram, MATLAB software has been used to design and
simulate the circuit. The power supply is a DC power supply and is set to + 36 V. Switch
can be used as a general-purpose switch, respectively, for each switch input phase reversed
PWM control signal. A PWM control signal having a duty ratio of 5% is inputted for S/, S2
and S3, and a PWM control signal having a duty ratio of 95% is inputted to S4 and S5, with
a delay of 0.000005 second from the previous signal, to realize controlling the two sets of
switches at the same time. The control signal diagram is shown in Figure 1(b).
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Fig. 1. (a) DC-DC converter twice the boost principle, (b) Input PWM control signal.

These two processes complete one charge and discharge process, the whole process is
completed in a PWM cycle. The capacitor charging formula is as follows:

V=", -{kexp[—;—cﬂ 0

Where, V, means the voltage across the capacitor for time t, V', means the voltage after the
capacitor is fully charged, R is the load resistance value and C is the charging capacitance
value, which is calculated by the formulas:

t=2RC,V, =086V, ()
t=3RC,V,=0,95V, (€))
t=4RC,V, =098V, (4)
t=5RC,V,=0,99V, , )
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Visibly, after SRC time of the charge, the capacitor is almost full charge. Discharge
formula is as follows:

V=7, ~exp(— R’—Cj ©)

When the time 7 tends to infinity, the voltage is reduced to zero. The charge of the load
capacitance is required to be charged more than the pump capacitance with respect to the
charging process, so that a PWM control signal having a duty of 5% is inputted to S, S2
and S3, and a control inverting signal is inputted to S4 and S5. As the capacitor charge and
discharge processes are nonlinear, processes needs to be repeated in order to achieve the
accumulation of charge, that is, to achieve the capacitor's charging.
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Fig. 2. (a) Output voltage waveform before filtering, (b) Filtered ripple waveform.

The capacitance of each pump capacitor is 250 V, 2200 pF and 0.01 ¢, which is
equivalent to 250 V, 550 uF and 0.0025 q. The internal resistance of shunt capacitor is
reduced, which can greatly reduce the loss of the circuit. Maxwell load capacitors were
selected at 2.7 V, 350 F, 0.1 o super capacitor, the two capacitors in series, making it
increase in the voltage across the capacitor.

In order to test the output power of the load capacitance, load resistance is added to the
load capacitance's circuit. Testing the value of voltage and the current on the branch of the
load resistance circuit can provide the output power of the load capacitance.

After the simulation test, it has been observed that the output voltage ripple is large and
in order to obtain an ideal DC voltage, a filter is added to the load capacitance of the output
voltage. The filter inductance value is selected at 3.3 mH. A very large inductor value will
increase the circuit resistance, and thus increase losses. The ripple factor after filtering is
0.35 V, the ripple coefficient is reduced to 0.62%, and the ripple factor satisfying the circuit
design requirement is less than 1%. Before and after the effect of filtering comparison chart
is shown in Figure 2(a) and Figure 2(b).

3 Results and analysis

Figure 3 shows the simulation results where the input frequency is1 kHz, duty cycle is 5%
of the PWM signal. From the simulation results, it can be seen, that the final output voltage
is 62.79 V and the output current value is 20.93 A. The output power is P = Ul =
62.79 - 20.93 = 1314.19 W, to achieve the purpose of designing the circuit. The circuit is a
two-fold boost circuit, the ideal output voltage of 72 V, because of the presence of internal
resistance, there is a certain loss, so conversion efficiency # = 62.79 / 72 - 100% = 87.21%,
higher than the traditional charge pump conversion efficiency.
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Fig. 3. MATLAB simulation results.

4 Conclusions

In order to solve the problems of current charge pump, the simulation of the software is
carried out by MATLAB. The output voltage of the charge pump circuit is twice as large as
the input voltage and the output power of the circuit is more than 1 KW by selecting the
components and designing the circuit. This paper is based on the advantages of DC-DC
converter, the design of lower cost, higher output power, higher conversion efficiency of the
charge pump, breaking the traditional charge pump low power limitations.
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