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A New Approach for High Efficiency Buck-Boost DC/DC Converters Using Series Compensation

Jun-ichi Ttoh®, member, Takashi Fujii*, student member

This paper proposes a novel concept for non-isolated buck-boost DC/DC converter and control method. The proposed concept

uses a series connection converter that only regulates the differential voltage between the input and output voltage.

As a result,

the power converter capacity is decreased. Moreover, the proposed circuit has advantages such as improved efficiency and

losses reduction.

The fundamental operation, control method, and design method of the proposed circuit are described in this paper. In addition,

the validity of the proposed circuit is confirmed by carrying out simulations and experiments.
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Fig. 1. Power flow diagrams.

Load
7
=z Converter Vion | | CONverter
chnv Vau[
Load
Z

in

Tvoul

(a) Conventional topology. (b) Proposed topology.
B2 [l A Rk

Fig. 2. Construction of the conventional and proposed circuit.
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Fig. 4. Proposed circuit 1 using fly-back converter.
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Fig. 5. Simulation results of the proposed circuit 1.
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Fig. 6. Proposed circuit 2 using a inverting converter.
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Fig. 7. Simulation results of the proposed circuit 2.
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Table 1. Specifications of the proposed circuit.

Input voltage V;,[V] 6~18
Output voltage V,,[V] 12
Output power P,,,[W] 5~30
Switching frequency f;,[kHz] 100
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Table 2.  Simulation conditions.

Input voltage Vin[V] 10 1t 2 [Onr;ng]r esistance of FET 12
Output voltage Vout[V] 12 gg:g?;;i] Voltage drop of 0.5
Output power Pout[W] 14 L{pH] 22
Switching frequency f;,,[kHz] 100 C{uF] 1000
([i(f:[t{?]l changeover voltage 1 Cur, Col4F] 470
ACR integration time[ms] 0.375 5;31?31%]6 propotional 2.0
AVR integration time[ms] 3.75 ﬁ;gfgi? integration 0.72
ACR proportional gain[pu] 0.22

AVR proportional gain[pu] 4.03

(b) H-bridge circuit
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Fig. 8. Proposed control diagram.
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Fig. 9. Voltage waveforms with the PI control only.
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Table 3. Circuit parameter.

Lo 40pH L. 44pH
Lo 40uH Ce 470pF
Proposed
Np 3 circuit 2 Ca | 470uF
Proposed N 3 Le 22uH
circuit 1 Co 470uF Ce 1000pF
Co 470uF Conventional 220pH
Le 22uH circuit C 1000uF
C: | 1000uF
—1
MM L
L2 L st | Vi [Load
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Fig. 11. Configuration of a conventional circuit.
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Fig. 12.  Efficiency characteristics for the input voltage
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