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Lecture outline

The Full-bridge, half-bridge and Push-Pull DC/DC converters
* The non-isolated full-bridge converter — bipolar vs unipolar switching
» The isolated full-bridge DC/DC converter
» The isolated half-bridge DC/DC converter
* The push-pull DC/DC converter
* How to select a suitable converter topology
+ Core excitation and isolation
+« Power rating and efficiency
+ Switch utilization
e Summary
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Learning outcomes

« Fourier components and total harmonic distortion (THD) for basic waveforms.

« Operating principles of the most common active components (e.g. diode, thyristor, IGBT, and MOSFET)
and passive components (e.g. capacitors, transformers and inductors).

* Operation of a pulse width modulation (PWM), the purpose of controlling the desired quantity and the need
for a controller circuit within the power electronic converter.

* Analysis of ideal DC/DC converters (e.g. buck, boost, buck-boost, flyback, the forward, the half-bridge, the
full-bridge and the push-pull converters) in CCM and DCM operation.
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H-Bridge Converter
Bipolar Switching 2
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Bipolar vs unipolar switching
Output Voltage Comparison
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Bipolar vs unipolar switching
Output current comparison

*  With the same switching frequency, PWM with unipolar switching results
in a lower RMS ripple component in the output voltage.

Bipolar: v.=0.5 Unipolar: v.=0.5

Vo =135V (-V4 to +Vy) Vo =135V (0 to +V)

Current ripple: 5.3A (RL load) Current Ripple: 1.6A (RL load)
Current ripple freq: 1kHz Current ripple freq: 2kHz
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The Isolated Full-Bridge DC/DC
Converter - ldeal Waveforms 1
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The Isolated Full-Bridge DC/DC

Converter - Ideal Waveforms 1
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The Isolated Full-Bridge DC/DC

Converter - Ideal Waveforms 2
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Isolated Full-Bridge DC/DC

Converter — Nonideal Waveforms 2

Current from the
transformer leakage
inductance

Ex.: current paths
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The Isolated Full-Bridge DC/DC

Converter - ideal Waveforms 3
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The Isolated Full-Bridge DC/DC

Converter - Ideal Waveforms 4
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Isolated Full-Bridge DC/DC

Converter — Nonideal Waveforms 4
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The Half-Bridge Converter
* The two switches from the full-bridge are replaced with two capacitors
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Half-Bridge Converter —- Waveforms 1
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Half-Bridge Converter - Waveforms 2

+ . . Ex.current paths and plots
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Half-Bridge Converter — Waveforms 3

Ex.: current paths and plots
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Half-Bridge Converter - Waveforms 4

Ex.: current paths and plots

C

Va

ton A Undeland, Power Electronics
Figure 10-14, page 317

T,and T, are

turned off

0

ENMO061 - 2017 Lecture 8 — 23/32




CHALMERS rﬁ r I

The Push-Pull Converter

* Same output stage — two switches and two primary windings
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Push-Pull Converter - Waveforms 1
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Undeland, Power Electronics
Figure 10-13, page 315
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Ex.: current paths and plots
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Push-Pull Converter - Waveforms 4

Ex.: current paths and plots

IVO t

Undeland, Power Electronics
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Isolated DC/DC Converters

transformer core excitation

* Unidirectional, AB=B,,,, (Flyback, forward) vs bidirectional, AB=2B,,,, (Push-
pull, HB, FB). AB prioratized for smaller core size or low core loss!!!

* Usually no air gap for higher mutual inductance but in flyback is necessary for
energy storage

* The core is chosen based on the Va
switching frequency and excitation type

AV

—Vy

fon
P —

T

|
|
AB A
|
|
|

Y&

bidirectional core
excitation iy

ENMO061 - 2017 Lecture 8 — 29/32

K

~t—»



CHALMERS rﬁ r I

Isolated DC/DC Converters
Power rating and efficiency

Converter Topology Typical max output power Topalogy "::","ﬁ:’:‘" Em:r:;i:"_d
Flyback 200W Flyback | K %
Forward 300w T :I:
Twao transistor forward 400W | 80
flyback a5
Push-pull S00W
Half-Bridge 1000W Maximum Drain Voltage| Average Drain Current
Full-Bridge -1000W BL o 3N
Table 1. Converter output power range
© Philips

TABLE &: SMPS TOPOLOGY SELECTION GUIDELINES

input voltage Output power

© Fairchild

© Microchip
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non-isolated DC/DC converters
Switch utilization
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o8- Stop-down for a switch utilization point of view
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»
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Undeland, Power Electronics
Figure 7 - 31, page 195
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Summary

* Show current paths for a non-isolated H-bridge converter with bipolar
and unipolar switching.

* Explain the operating principle of isolated full-bridge DC/DC converter
with and without a non-ideal transformer.

* Explain the operating principle of isolated half-bridge DC/DC converter.
* Explain the operating principle a push-pull converter.

* Compare the different DC/DC converters in terms of power rating,
efficiency, isolation and core excitation.

e Learning outcome:
++ Analysis of operation of isolated full-bridge, half-bride and the push-pull converters.
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