Exercise 1 solution

Problem 1

Vin := 10V fyy == 125kHz C,= 100pF

D:=0.6 R = 15Q
a) Buck
SW L
Y,
Vout
Vin
D & C R
Find inductance L, for CCM:
Vo := D-Vin Vo=6V
. Vo
o R lo=04A

Output current equals to inductor average current lav.
Minimum inductance for CCM (more precisely Critical CCM) can be found the following way:

Vin - V0)-D
Al = 2-lav = 2-l0 ar = vin = Vo):-D
L-fyy
Lo (Vin — Vo)-D
min- 2-10-fg, Lmin = 24-pH
A= 9-Lmin L = 120-pH
Po := Vo-lo Po = 2.4W
Al = (Vin — Vo)-D
Lty Al=0.16A
ILav = IO
Iy = 0.4A
Iy = 10-(1 — D) —rT

For triangular waveform the RMS current :

AN, AN, Al
Lrms -= Lav — 2 | 'Lav 2 3 Iers:0-403A

ILms2 = |lLav +

ILyms2 = 0.403 A

VDmax =Vin VSWmax =Vin



b) Boost

L D
™ Vout
Vin L
sw cT RS
Find inductance L,;, for CCM:
. 1
Vo := Vin- Vo =25V
MWW 1 _ D
. VO
M R lo=1.667 A

Output current equals to diode average current Iy, ..

Minimum inductance for CCM can be found the following way:

Dpk

Dav_

/
. /
Al =215 = 2-1o Al = Vin-D Y
1-D L-fo
| . VinD(1-D)
AR 2-10-fy, Linin = 5.76-pH
A= 9 Lmin L = 28.8-uH
FRi= Vol Po = 41.667 W
Vin-D
b= Lt Al = 1.667 A
| o
N 1-D ILav =4.167A
Apaw= 10 Ipay = 1.667 A
For triangular waveform the RMS current :
Al Al AP
bws, = (lLav - ?)'(ILav + ?) + T lLrms = 4.194 A

Vbmax = VO Vswmax = VO

0



Problem 2

Buck converter: o L

Vout

Current waveform for Discontinuous Mode:

For the steady state operation the average current through the inductor L is constant and average

voltage
equals zero.
(Vin—Vo)-D  =Vo D, Dy is discharge part of the period.
Vo Don _ " \
—- (When D=1-Doy, we have "regular’ formula for Buck
Vin D ,+Dy converter)
VoD Lf_ AL
Alm f = Dm SW
Lt Vo

SW

Output current equals to the average inductor current:

AL V )
Toml , ®— :D ont D f:mR_o Ry - load resistance
< L
BT
AT 1"0. , 1 :
Rp "\‘D ontD f)
Lf_ -2
D i. SW

—
RL'-\D ontD f)



Boost converter: L

\VAw)

Vout

Vin

A

I
=
M

SwW C

Average voltage on the inductor L is zero:
Vin-D j,=(Vo- Vin)-D ¢

Input power equals to the output power (supposing the losses are neglible).

Vo2
Pin=Vin-lin av=P0ut=_
Rp

. _Al \
lin av-z~<D ontDy)

A=Vin-D on
L~fsw
Vin-D
Pin=Vin——(D  + D)
2Lf /
SW
Vit D 5
m-Daon Vo
— " /D.+D >=_
2Lf Dont+ D R
SW L

Vin-D j =(Vo- Vin)-D¢



Solving the previous set of two equations for Vo, we have:

|

Vo _l1

—=_1

Vin 2\

Flyback converter:

Average voltage on the inductor L is zero:
Vin-D on=Vo-N-D¢
2
vo?_Alg L

Pout=—=
Rp 2

St

SW

AL =

Ls’fsw

2
Voz_/\/o-Df L

s
T sw
Rp \Ls'fsw 2 Rp

Substituting in the first equation:

AN CO

)|
I

Vout



Problem 3:

Vv
Tapped boost converter:
Vl V2
N r\/r‘]%(\ D Vout
NI
* ° A
Vin
O \v  epns
v_d
n dt

Since the magnetic flux must maintain continuous, we obtain:
v

Ny + Ny nq

\Y

71_

n{+nNy

ng

Separate the operation into two sub-intervals: ON and OFF

>

ON sub-interval: VvV, |V,
ng ny D
Vi =V, YV YN > o Vout
. .
VeV ny + Ny vin
"o, C_D W ComRiZ
\%
OFF sub-interval: n, n,
D Vout
4/;\(V’I“.\F\f\
V = Vin = Vout vin
O e
— T ')

The average voltage <V> of the inductor L must be zero for every switching cycle.

nq{+n
Vin'D( lnl 2] + (Vin - Vout)(l -D)=0 Vout 1 [
=—1+D-
Vin -D
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