Power Electronics
5. DC-DC Converters

Dr inz. Dariusz Janiszewski
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Step-up Converter — Boost
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Block Diagram of DC-DC Converters

» Functional block diagram
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Stepping Down a DC Voltage — Idea

» A simple approach that shows the evolution
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Pulse-Width Modulation
in DC-DC Converters
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Step-Down DC-DC Converter

— buck converter

» Pulsating input to the low-pass filter
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Step-Down DC-DC Converter
Waveforms

» Steady state; inductor current flows continuously




Step-Down DC-DC Converter: Waveforms at
the boundary of Cont./Discont. Conduction

» Critical current below which inductor current becomes discontinuous

Irg = I, V4 = Constant




Step-Down DC-DC Converter:
Discontinuous Conduction Mode

» Steady state; inductor current discontinuous —— owoass
filter
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Step-Down DC-DC Converter: Limits of
Cont. /Discont. Conduction

» Output voltage Is kept constant
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Step-Down Conv.: Output Voltage Ripple

» ESR Is assumed to be zero
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Step-Up DC-DC Converter
— Boost Converter

» Output voltage must be greater than the input
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Step-Up DC-DC Converter Wavetforms
Continuous current conduction mode
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Step-Up DC-DC Converter: Limits of

Cont. /Discont. Conduction e
» The output voltage is held constant — LL = Cl RS v
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Step-Up DC-DC Converter:
Discont. Conduction Mode

» Occurs at light loads
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Step-Up DC-DC Converter:

Limits of Cont./Discont. Conduction

» The output voltage is held constant
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Step-Up DC-DC Converter

Output Ripple

» ESR Is assumed to be zero
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Step-Up DC-DC Converter:
Effect of Parasitics

» The duty-ratio is generally limited before the parasitic effects
become significant

; N . — v, .
- | l Va J—4e r=p
+ + o - c RS v, ll
G / ‘[ - / ~~
- l y 7 d \ (Dtgzi{?c
\“/epl':ments)
\
\
v, _ 1 “
V, 1-D \
|
L.,

0 1.0

19



Step-Down /Up DC-DC Converter
Buck-boost Converter

» The output voltage can be higher or lower than the input voltage
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Step-Down /Up DC-DC Converter
Waveforms

» Continuation conduction mode ‘¢

id

o 0

+ l
] iL
Vd + - A
i
vL C Vo R
. :
iD

(-V,p)

| a-DiT
) sy t.,ﬁ)""|

21



Step-Down /Up DC-DC Converter
Limits of Cont./Discont. Conduction

» The output voltage is held constant
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Step-Down /Up DC-DC Converter:
Discontinuous Conduction Mode

» This occurs at light loads
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Step-Up DC-DC Converter

Limits of Cont./Discont. Conduction

» The output voltage is held constant
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Step-Up DC-DC Converter
Output Voltage Ripple

» ESR Is assumed to be zero
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Cuk DC-DC Converter

» The output voltage can be higher or lower than the input voltage
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Cuk DC-DC Converter | w1
Wavetorms

» The capacitor voltage ¥ (Ver = Vo)
on

IS assumed constant 0 -t
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Cuk DC-DC Converter
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Cuk DC-DC Converter
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Cuk converter with coupled inductor
for reducing the inductor currents ripple

VCI VL1
> YYY o  FlI= o o YYNM - 4 on Va
i L p i, 1 I 0 -t
L] Cl 2 -
3 oft
= Vi = ¥o T B Vg—Vea = —Vo)—
VL2
A Ve -V,
| | )\ + on Ver = Vo)
0 = ¢
off
(- Vo) —
o/‘;ﬁ _\ iLl
i; f‘Y:’Y'\ ” B A
Iy 1 (i) M
T
I
_-_ Fin ._lE A D T Vour O * s o 4
ir2
+ — — b S E— — — —
_IILz
0 -}
e O ]
32 1-DyT, (= ton)



Isolated Cuk converter
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Isolated Cuk converter (2)
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[solated Cuk convert
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Homework!!!
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SEPIC
(Single-Ended Primary Inductance Converter)
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SEPIC Converter

Limits of Cont./Discont.
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Isolated version of the SEPIC converter
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Zeta (Inverse SEPIC) DC-DC Converter
(Kazimierczuk /Barbi)
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ZETA Converter
Limits of Cont./Discont. Conduction
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Isolated ZETA Converter
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Forward Converters

» High frequency transformers
With multiple outputs

+ Reset
[g— Circuit
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I()llf

+ Vi —

» Buck converter with input filter

Forward Converter
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Forward Converter

iLin + Vi — S Iout
YV Y
M a1 -
+ iCin + _l +
I/m -;— Cin - Wi x D C = R Vout
S
+
1yl
Vou
_(L ) ’
+
A Ne §

50




Forward Converter
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Forward Converter
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Multiple output forward converter
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Two transistor forward converter
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Flyback converter

» one of the oldest converters, Hertz effect
» Buck-boost

» Isolation ,not transformer”
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Flyback
buck-boost
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Flyback
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Flyback
Wavetorm CCM
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Flyback
Waveform DCM
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Flyback
with realed transformer
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Two transistor flyback
» Input voltage very high
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Two transistor flyback
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Equivalent Circuits in DC-DC Converters

replacing inductors and capacitors by current and voltage sources, respectively
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Reversing the Power Flow in DC-DC Conv.

» For power flow from right to left, the input current direction should
also reverse
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Homework

» Przesledzi¢ obwody mocy znalezionych w sieci
zasllaczy
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