Basic blocks of converters

References

1. Marcelo Godoy Simdes and Tiago Davi Curi Busarello , Power Electronic
Converters and Systems, 2nd Edition Volume 1 (source of illustrations)
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Step down (buck) converter

I

U, — output voltage,

E - input voltage,

E- Uo ¢ tonstor, T — turn on, off, period
‘min = on
Lmax I peak — Pe@k current of choke and switch
C> Jp Ln — Minimum inductance
orip Uorigp — ripple output voltage

simplified way of deriving equastion

of the output voltage
of the step-down converter

chalk board or separate video
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self-excited step-down controller

-7 Uy — output voltage,
JA— 210'““[1 +:ﬂ] E — input voltage,
o tontor, T — turn on, off, period
Ly 2 ILf,,, t,, I peak — Peak current of choke and switch
T Lnin — Minimum inductance
C >

Uoripp — ripple output voltage

simplified way of deriving equastion

of the output voltage of the step-up
converter

chalk board or separate video




Inverter
(buck-boost)
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1 U, — output voltage,
I, =21 —
fret TEROm |y E — input voltage,
L. > E . tonstor, T — turn on, off, period
1. I peak — Pe@k current of choke and switch
C> Lo Lnin — minimum inductance
U ovemin Uorigp — ripple output voltage

simplified way of deriving equastion

of the output voltage of the inverter

chalk board or separate video




Inverter
(discontinues mode)

E
1, <10km :TZ(I_}’)T

Output voltage can ???? Il




Step down MC34063
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MC34063 data sheet expressions
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Single-ended Primary-Inductor
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Quadratic Boost
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Flyback converter
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3rd winding allows release the energy in the
choke when there is no load
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Primary current

T Secondary+ 3rd Winding

Forword converter
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forward converter
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Primary current + secondary (negative)

T
Total magnetic flux

Forward converter

choke:
only primary is conducting transformer:
both primary and secondary are
conducting simultaneously;
magnetic flux of both cancel out (almost)

Foreword converter

« In foreword converters:

« Energy is ,,transformed” (is not stored in
magnetic field)

» Magnetization current is small

« Instead of choke a smaller transformer is
used

« In symmetrical (push-pull, half-bridge,
full-bridge, foreword converters average
magnetization current is zero !
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Forward converter
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Two swich forward converter
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Full-bridge converter

— Full-bridge converter (phase controll)
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PFC - peak current modulation
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Hybrid PFC wth BOOST

%1 Hybrid PFC with BOOST+SEPIC
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Converters - problems to overcome

High frequency (10-200kHz-2MHz) and short
switching times (10-200ns):

« fast diodes and transistors

« distortions - noises

« voltage spikes

eparasitic capacitances (resonances)

eskin effect

Additional reference:
1. Pressman, Switching Power Supply Design 3/e, Mcgraw-Hill Education Ltd.
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Symbol Upy | cwria
m | e M 1Al Al [ .
Na002 ERERED 1 23 25 3500 15| Diodapre
IN4007T R ERE 1 23 s 000 [
BAISS w0 | s | 13 1 18 20 S0 | 124V | Sobka prostownicsa
INa1a8 EHNEIEE o1 s | 4 08 Snybka
praclyerana
INS819 W | m | o4 1 12 25 B W
BAT4 30 w0 | o3 |oee | 1 02 5 5
DSEPIZA | 1200 | 100 | 27 | 15 E) )
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U@} [ t R
Symbol v %t @rtma | o |
1N4002 (prostownicza 100V) 0.9 1 0.5 3500 50
1N4007 (prostownicza 1kV) | 0.9 1 05 5000 50
BA159 (szybka 1kV) 13 1 0.47 500 5
1N4148 j 1 0.1 0.55 4 25nA
1N5819 (Shottky 1A) 0.4 1 0.2 B 1000
BAT43 (Shottky 0.2A) 03 02 0.25 5 100
DT06S60 (SiC zero trr) 17 6 0.4 000 !! 100
LED IR 0.9
LEDRGYO 13+16
LED Blue & White 3.6

Advantages:

« High efficiency

» Small dimensions

Drawbacks:

» Worse line and load regulation
« Interferences

* More expensive

Capacitive converters (charge pump) - for self
studies (n.ICL7660)

Test problems

« Sketch a simplified model of a converter
and derive the formula for the output
voltage for: - a step-down converter
(buck) - a step-up converter (boost) - an
inverter (buck-boost).

« List the advantages and disadvantages of
DC-DC converters.
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