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Figure 1. Power Switch Environment [1]
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Figure 2. Range of Operation of Silicon and Wide
Band Gap Devices
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Figure 4. IGBT with Parasitic Structure
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Figure 5. Left) Punch-through (PT) IGBT;
Right) Non-punch-through (NPT) IGBT
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Figure 6. Field Trench Stop IGBT Structure
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Figure 8. Left) The IGBT Triangle;
Right) Trade Off Relationship
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Figure 9. Examples of IGBT and Antiparallel Diode
Possible Trade Off
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Figure 11. Full-bridge Topology

IGBT Waveforms, Full Bridge, Welding Machine
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Figure 12. Waveform of a Full-bridge
Welding Machine
(The blue trace represents the collector voltage across one of
the IGBTs (100 V/div); The red is the gate voltage across the
gate driving circuit; The green trace represents the collector
current across one of the IGBTS)
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Figure 13. Half-bridge Topology

IGBT Waveforms, Half Bridge, Welding Machine
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Figure 14. Waveform of a Half-bridge
Welding Machine
(The collector voltage across one of the IGBTs appears in blue
(100 V/div) while the red trace depicts the gate voltage across
the gate driving circuit; The green curve represents the
collector current across one of the IGBT)
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Figure 15. Double Switches Forward Topology
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IGBT Waveforms, 2-SW Forward, Welding Machine
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Figure 16. Waveform of a Two-switch Forward
Welding Machine
(The blue curves is the collector voltage across one of the
IGBTs (100 V/div); the red waveform is the gate voltage across
the gate driving circuit; The green trace shows the collector
current across one of the IGBTS)
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Figure 17. Switching Waveforms for a Full-bridge
Welding Machine
(C1 collector voltage across one of the IGBTs (200 V/div);
C2 is the gate voltage across the gate driving circuit (10 V/div);
C4 collector current across one of the IGBTs (10 A/div).
Time scale 5 us/div)
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Figure 18. IGBT Losses Distribution in a Full-bridge
Welding Machine 5 kW. Nominal ac 230 V Input.
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Figure 19. System Block Diagram of Welding
Machines
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Figure 20. Resonant Half-bridge Topology for
Induction Cooking Applications
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Figure 21. Resonant Half-bridge Inverter
and its Waveforms
(The red trace shows the current into the resonant coil, L;,
The blue trace represents the voltage between point A and B;
The lower graph shows the gate signal for Ty and T»)
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Figure 23. QR Single - End Inverter
and its Associated Waveforms
(Upper graph: current into the resonant coil L, appears in the
red curve while the voltage across T4 is the purple curve.
The lower graph shows the gate signal for T1)
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Figure 24. QR Operation Mode Left) Light Load;
Center) Mid Load; Right) Heavy Load. Top) IGBT
Losses for Different Load Conditions
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Figure 25. Half-bridge — Operating Waveforms for
Positive Current Output
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Figure 26. Half-bridge — Operating Waveforms for
Negative Current Output
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Figure 28. Half-bridge Four-quadrants Operations
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Figure 29. Switching Waveforms in Motor Drive
Applications
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Figure 30. Switching Waveforms in Motor Drive
Applications
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Figure 33. Comparison between a Classical
Half-bridge and a Three-level Converter in Terms of
Voltage and Current Output
(Light blue: output current of a three-level topology;

In green, output current of a HB converter;

In black: output voltage of a three-level converter and in
purple, output voltage of an HB converter)

Figure 32. T-Type Converter

www.onsemi.j
10


http://www.onsemi.jp/

Efficiency Vs. Switching Frequency in Inverter Mode
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Figure 34. Efficiency versus Switching Frequency
in Inverter Mode. Comparison between an HB,
I-Type and T-Type [14]
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Efficiency Vs. Switching Frequency in Rectifier Mode
100

99

.

°
*

Efficiency %

@
<

.
~e

.
.

-+--HB .
.

—=Ttype
Itype

96

95

0 5 10 15 20 25 30 35 40 a5 50
Switching Frequency kHz

Figure 35. Efficiency versus Switching Frequency
in Rectifier Mode. Comparison between an HB,
I-Type and T-Type [14]
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Figure 36. Losses Distribution of a Given IGBT
Operating in the Vienna Topology, Half-bridge
and Full-bridge
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Figure 37. Losses Distribution of a Given IGBT
Operating in a T-Type Inverter in the Outer (T and
T4) and Inner (T, and T3) Position in Inverter and
Rectifier Mode
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