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Peak Current Minimization in a Switched-Capacitor Converter Using Linear Operation

Shunsaku Nomoto, Keisuke Kusaka (Nagaoka University of Technology)

This paper proposes a current peak minimization method for a 4:1 switched-capacitor step-down converter (SCC)

using the linear operation of MOSFETs. In the proposed method, the drain-source voltage of the MOSFETs is

controlled so that the transferred charge in each operating mode is maintained while the charging and discharging

currents are shaped. As a result, current peaks are suppressed without adding passive components, such as inductors.

SCC prototypes show that the output current peak is reduced by 6.6 A compared with the conventional switching

operation, while the decrease in the average output voltage is limited to 0.56 V. In addition, harmonic analysis

demonstrates that the fourth-order harmonic component of the switching frequency is reduced by 2.2 Arms. These

results verify the effectiveness of the proposed method for reducing current harmonics in SCCs.
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Fig. 1. The 4:1 switched-capacitor step-down converter

(SCO).
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Fig. 2. The proposed control of MOSFETs.
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Fig. 3. The equivalent circuit of the 4:1 SCC.
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(b) Proposed method.

Fig. 4. Operational waveforms of the 4:1 switched-capacitor step-down converter in simulation.

>
';' 15— Vvpsi ————— Vpgo - = Vpsa
i — —— —— -
S 10f
-
1
Q
"n -
=
2 . . A
£ 2 3
& 0 1 .
Time [us]
(a) Conventional method.
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Table 1. Simulation conditions.

Input voltage Vin 48V
Road resistance R, 1.44 Q
Capacitance of dc-limk capacitors C, 470 uF
Capacitance of flying capacitor G 4.7 uF
Switching frequency fw 500 kHz
Duty d 0.25

Table 2. Experimental conditions.

Input voltage Vin 48V
Road resistance R, 120Q
Capacitance of dc-link capacitors C, 470 uF

Capacitance of flying capacitor C;  10.0uF
Switching frequency fw S0kHz
Duty d 0.25
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Fig. 5. Operational waveforms of the 4:1 switched-capacitor step-down converter in prototypes.
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Fig. 6. Harmonic analysis of output current.
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