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Thermal considerations
Example
* Power to dissipate: 20W
*Qj-c=1°C/W ; O¢c-HS = 1 °C/W
* Tinct = 100 °C ; Tabm = 40 °C
« Calculate ©HS-amb (determine the heatsink)
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Improving efficiency
Example — MC34063 (onsemi)
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Improving efficiency
Example — MC34063 (onsemi)
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Figure 9. External Current Boost Con
9a. External NPN Switch

Magnetics

« Faraday’'s and Amper’s laws
« Permeability
* Inductor

» Reluctance model

= Air gap

+ Current crowding

» Inductor design
« Skin effect, proximity effect
* Losses
« Transformer

« |deal transformer

+ Real transformer

« Transformer design
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Important relationships - | ! !
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Permeability
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Inductor design
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+ Calculate Ap (
« Choose core

« Calculate n (/h
+ Calculate Ig or adjust gap
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Skin effect
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Isolated Converters
Forward and Flyback VY0 QF Q1w

+ DC current via transformer
« Forward
» Voltage transfer function
« Magnetizing inductance Skl R 0NNy r?'\“_\b 12 M NP A
» Transformer reset
« Coupled inductors Jounry I8 oA ¥y wk
* Flyback
« Voltage transfer function
« Multiple outputs
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Must make sure that the reset ends

before the next cycle

For calculations use Don-max

Reset winding
Same source

Requirement for reset:
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Implication on the input current
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Flyback converter
buck-boost derived
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Parasitic effects

Snubbers and clamps UTARS jmal\p
« Turn on and turn off effects | l | ‘ ‘ |
= Turn on - diode reverse recovery
* Turn off — dI/dT effect on transistor L_ gl % f] ( %
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« Mosfet gating J ) Wy 9 J = Q"\ — 9 <
+ Transistor protection - Clamp
« Flyback leakage problem .J‘D’UN‘.'\ c_, Q "63‘)'3
= Clamp configuration
« Component selection

« Diode protection — Snubber
« Switching snubbers and lossless (ZVS) snubber
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Half-bridge
What is the transformer voltage at off time
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Types of PWM converters
Comparison chart

Converter | Sw current Sw voltage
Buck lo Vin
Boost lo(Don/Doff) Vo
Buck-Boost | lo(Don/Doff) Vin+Vo
C'uk lin+lo Vin+Vo
SEPIC lintlo Vin+Vo
Forward lo*(n2/n1) Vin+Vrst
Flyback lo*(n2/n1)(Don/Doff) | Vin+Vo*(n1/n2)
HB 2lo *(n2/n1) Vin
FB lo *(n2/n1) Vin/2
PP lo *(n2/n1) 2Vin
: Driver
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+ What is a driver "‘mL—erq D G IR
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» Gate drive calculation b
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High-side driver
Boot-strap supply — floating capacitor
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High-side driver
Boot-strap supply — commercial product
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Boot-strap supply — commercial product
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Current sensing

* Resistive sensing
* Current transformer
* Measuring DC

* Reset

* Design

+ Hall effect
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Pulse current transformer
Reset with clamp
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Control of PWM converters ¢ psam (
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Extracting the power stage control-to-output
transfer function
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Possible phase compensation schemes
Lag network
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Lag — Lead network
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The relationship to PID compensators
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Control of switch-mode converters

Current Programmed Mode control
CPM

Problem of voltage mode control
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Design of the feedback loops
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Peak current mode
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Stability analysis of Sub-harmonic

oscillations
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Switch-Mode Power Supplies

Lesson 10:
Introduction to

Switched-Capacitor Converters

Inductor Disadvantages

* Inductors have several disadvantages:
— High cost
— Low power density
— EMI Pollution 5%
— Large size

— Discrete

Duality:
— Inductor: Volt Sec. =0
— Capacitor: Ampere Sec=0
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Basic Example (1:1)
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* The topology creates voltage balance

* Seemingly no straightforward regulation can
be done
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Charge Profile (‘Complete Charge’)
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Average Model
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Soft Switched Capacitor Average

Model V,
g B NEw foa o03m a4y a2

Load

I?qjg'ﬂ J<q /"lw-_)-un A Ry

R; — charge/discharge Ohmic loap resistance
C; — charge/discharge loop capacitance
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