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SIDO boost converter power stage
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Switching loss

Switching loss

when the switch 1s turned ON/OFF,
The switch transistor suffers from an electrical loss.

OFF ON OFF
Its expression 1s given as follows:
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Switching method for the switching loss reduction.
ZVS mean... . .
Use the between the inductor and the capacitor.

[ Vsw=GND ] » Switch ON & OFF! Py reduction
\_ J \_ J

OFF ON OFF

Vsw gradually raises

by resonance between
the inductor and the capacitor.
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SISO Boost Converter with ZVS-PWM Control
4 )
SISO:Single Inductor Single Output
g J

GUNMA UNIVERSITY TAKAI-LAB /\/ —> —> /\/



SISO Boost Converter with ZVS-PWM Control

Power Stage

PWM

oost Converter
S-PWM Control

SISO Boost Converter

Only add the resonance capacitor Cr!
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/ZVS-PWM SIS0 Boost Converter Power stage

PWM
NN~

simulation result of SISO Boost Converter
with ZVS-PWM control in steady-state.
Its operation can distribute 1n 4 states.
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Terminal voltage Vs,=0V.

I1 1s increased at the rate of Vin/L.
C: 1s charged to V, during this period.
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State? |4 Vo
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 PWM:Lo MI1:OFF D:OFF

11 1s supplied to output by C..

0 _ Vsw drastically increases

due to current supply to C..

o / Finally, Vs increases to Vot+Vs
until diode 1s turned ON.
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State3 sz VO
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Vin Cin‘ ‘ CO RO
rState3\ 4
. J PWM:Lo M1:OFF D:ON

Vaw 1S VotVi, Diode 1s turned ON,
and resonance stops.

I flows through diode from Vip.

I decreases at the rate of (Vin-Vo)/L.
0 - Finally, /1 1s turned to the opposite direction flow at ts.
In this period, Vs maintains to Vot Vr.
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I1. 1s negative, Diode is turned OFF,
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and resonance starts again.
Vsw gradually decreases due to I; supply.
When Vs, reaches at 0V,

then M1 1s turned ON and state returns to Statel.
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The mput and output voltage condition
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The mput and output voltage condition
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() = (Vin — Vo)1) - simu The minimum of V() = OV
Vsw(t) =V, - coswt 4+ Vi, (1 — cos wt)[ Cosp~ ~—
| 1 > v, +2v, <0V
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The input and output voltage condition!
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Conventional SIDO Boost Converter

SIDO Boost Converter
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Conventional SIDO Boost Converter

. SIDO Boost Converter - Timing Chart
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Conventional SIDO Boost Converter
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Conventional SIDO Boost Converter

. SIDO Boost Converter
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Simulation Circuit (SIDO)
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* the output voltage ripples of Vo1 and V2 are under 10mVy.,
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Operation waveforms of SIDO boost converter with ZVS-PWM control
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Comparison of Switching Loss (SISO)

Simulation Circuit
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Measured waveforms of the SISO boost
converter with ZVS-PWM control

GUNMA UNIVERSITY TAKAI-LAB /\/ —> :@—0 —> /\/



P
Operation principle

-_—

DC Full DC Full DC Full DC Full /d
5.00 V/div 5.00 V/div 2.00 A/div 5.00 V/div 2us ]-V
10:1 10:1 10A:1V 10:1

Measured waveforms of the SISO boost
converter with ZVS-PWM control
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| Summary ]

® We have proposed a SIDO boost converter with ZVS-PWM control
for small size and high efficiency.

® We have shown condition of Zero Voltage Switching(V.=2Viy).

® ZVS can reduce 78% of switching loss on simulation( ).

® ZVS can reduce 84.2% of switching loss on implementation( ).

( Future works ]

. J
e We implement SIDO boost converter with ZVS-PWM control.

® The measurement of characteristics of ZVS-PWM control( ,SIDO).
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Thank you for listening.
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