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Backgrounds

Three-Level Converter

☺ The voltage stress of the power 

switch is half of the input voltage.

In order to reduce 
the voltage stress of 
the switches
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- The voltage stress of 
the switches is the half 
of the input voltage;

- It is attractive for high 
voltage and high power 
dc/dc conversions

Vin

D1

D2

A
B

Cd2

Q3

Q4

D3

D4

Tr

DR1

DR2

Q1

Q2

Cd1
Lf

Cf

RLd

Vo

+

-

C

D
Vin

D1

A
B

Cd2 Q2 D2

Tr

DR1

DR2

Q1
Cd1

Lf

Cf

RLd

Vo

+

-

C

D

Derivation of Half-Bridge TL Converter



2012-12-10 6

Motivation

Extend the derivation of  Half-Bridge Three-Level 

converter to all the DC-DC converters 

To reduce the voltage stress 

of the switches.
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TL Switch Cells
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Derivation of Buck TL Converter
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A Family of TL Converters

Buck
Boost

Buck/Boost Cuk

Sepic Zeta
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A Family of TL Converters

Forward Flyback

Push-Pull
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Full-Bridge

Half-Bridge

A Family of TL Converters
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Output Waveform
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Problems of Buck TL Converter
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Combined Buck TL Converter
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Improved TL Converters
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Simplified Forward TL Converter
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Output Filter Inductance

The output inductance 
of Buck TL converter 

reduces to 1/4 of
that of Basic Buck 
converter
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Output Filter Capacitor
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Divided Capacitor Voltage Sharing
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Experimental Results
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ZVZCS PWM Hybrid Full-Bridge TL Converter
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Main Circuit and Key Waveforms
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The Secondary Rectified Voltage
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Parameters for Prototype Converter

-Vin=530VDC (rectified and filtered 
from 3 phase 380VAC/50Hz)

-Vo = 54 VDC;
- Io = 50 A;
- Q1(D1&C1) - Q4(D4&C4): IRF460;
- Q5 and Q6: CT60AM-20;
- D5 - D8: DSEI30-06A;
- Rectifier diode: MEK95-06 DA;
- Ratio of windings : K=19:3;
- Leakage inductance Llk=6uH; 
- Blocking capacitor: Cb=1uF; 
- Output filter inductance Lf=6uH; 
- Output filter capacitor Cf=6600uF; 
- Switching frequency: fs=50kHz.
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Experimental Results
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Conversion Efficiency
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Conversion Efficiency
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Several ZVZCS Hybrid FB TL Converters
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Availability of Three-Level Voltage Waveforms
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In order to achieve three-level 
voltage waveform, 
1) there should be two divided 
capacitors. 
2) The two divided capacitors 
could power the load 
simultaneously or alternatively. 

vAB = Vin, Vin/2 and 0
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Possibility of Three-Level Voltage Waveforms
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Possibility of Three-Level Voltage Waveforms
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Possibility of Three-Level Voltage Waveforms
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Conclusions

1. Three-Level Converters
- A-TLSC and C-TLSC are extracted;
- A family of TL converters are proposed;
- The non-isolated TL converters are improved;
- Forward TL converter is further simplified;
- A hybrid FB TL converter are proposed.

2. The advantages of the TL converters
- Reduction of the voltage stress of the switches;
- some TL converters obtain TL waveform, which can  

significantly reduce the filter. 

3. Method to ensure the voltage sharing of the divided capacitors
is proposed.
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Thanks for your attention!

Q/A


