Solutions
ECE 320
HW #11
Due Monday, April 25th at 5pm

1. (10 pts) In a buck-boost converter, consider all components to be ideal. Let V;, be
8-40V, V,=15V (regulated), f;=20kHz, and C=470uF. Calculate L,;, that will keep the
converter operating in continuous-conduction mode if Py = 2W.

Vinmin = 8V Viemax = 4V Vo= 15V fgi= 20kHz Cy = 470pF
. — . — . — 1 —
Pomin = 2W Pimin = 2W Tgi= — = 500s
S
P .
ly= —n l, = 0.133A
VO

Use the equation for Duty Cycle of a buck-boost converter to find the range of D. Note that the
minimum duty cycle occurs when the input voltage is a maximum.

Vo v

0
Dmin: Vgt Vi Dmin = 0273 Drmex : Vg v Dmax = 0-652
Since the average value of the inductor current is
a Pinmin _ the sum of the output current (constant) and the
linmin = Vinmax linmin = 0.05A input current, the inductor current will be a
minimum when the average input current is a
minimum.

To get the minimum average current through the inductor, that happens when |, is at a minimum

ILmin®= 1o * linmin I min = 0-183A
Aiy = 20 min Ai| =0367A
V.
Inmax
L min = A—iLDDminErS L iy = 1.488H

Use this inductor value to check for continuous conduction mode.

. 1 Vinmax . o .
iLmin:="Lmin~ EBTmmian iLmin=0A This is the boundary condition.
min
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To check the other value of inductance that you could calculate:

Pinmin
0 v

|LmaX =1

inmin
Al max = 20 max

\Y

inmin
Lother = A maxJ s
Lmax
V. .
. — 1_Yinmin
ILcheck = Lmax ~ _EL DmaxT's
other
V.
. . 1_"inmax
ILcheck2 == Lmin ~ EEL Dmin{s
other
. . 1 Vinmin
Ay~ ILmax'z L DmaxTs
min

I max = 0-383A

Al max = 0.767A

Yes, this is smaller, but will it work
=0.34ImH over the entire range of duty
cycles?

I-other

so this works as expected, but then
when you use L., with the

minimum duty cycle condition:

ILcheck = 0A

Puts the converter into DCM at

iLcheckZ =-0.618A
minimum duty cycle.

iLmin = 0-296A This is the boundary condition.
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2. (12 pts Extra Credit) In a buck-boost converter, V;,=12V, V =15V, | ,=250mA, L=150pH,
C=470pF, and f,=20kHz.

Vi = 12V Vg=15V  1gp:=250mA  L,:=150uH  C,:= 470uF  fq=20(kHz
(a) Calculate AV, (peak-peak) Tg=500hks
Vo
D,=———  D,=0556
Vo * Vin

First need to find log to see if we're in continuous conduction mode.

Slo] 2
l = 1-D | \p = 493.8nA
oB 2, [Q 2) oB
|02 < IoB so the converter is in discontinuous condution mode

Now that we know the converter is in discontinuous conduction mode, can solve for the actual duty
cycle using the equation from Lecture #39

When the duty cycle is at a minimum, lo will be a max

TV
loBmax = loBmax = 2-°A
2L,
VvV |
0 02
Ddcm = V_ | Ddcm =0.395
in oBmax

To find the AV, need to look at the current through the diode. There will only be current through
the diode when the switch is open (t.;). This will be the same as the value of the current through

the inductor at that time. When the switch changes from ton to toff, the current throught inductor
will be at it's peak at that time.

\VA

- o : _Vin _ _
| peak = AL = IDmax 'Dmax -~ L_ZDDdcmErs 'Dmax = 1.581A

The current through the inductor will decay at a slope of -V /L
-V
—° 10052
S

slpneg = " slpneg =

Next, plot this characteristic along with the average output current.

3/5



Find the equation of the line of the diode current while the switch is off

y=mx+Db
iDmax = SlpnegDDdcmErs +b  b=ipmax Slpneg[IDdcmErs b = 3.558A
. o 0-b
find out when iy=0 tg = tg = 35.5760}Ls
slpneg

ID(t) = ]0 if 0< Ddcmljs

(3Pneg®* b) if DgemTs<t<(to)

0 otherwise

in(®

0 510 © 1x107° 1.5x10 ° 2x10° ° 2,510 ° 3x10 ° 3.5x10 ° 4x10 ° 45x10 ° 5x10 °

t

Find out at what time the diode current is equal to the output current

lop = b
t2 = g t2 = 33076mLS At = to - t2 = ZSELS
pneg
_ 1 _ -6
AQy = lgpgemTs + (Ts ~ to) Top + U AQ,=886x10 C

. 1, _ -6
As acheck:  AQcpeck = E[Q'Dmax - I02) [Qtz - DdcmErs) AQcheck =886x 10 ~C
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From here, we can solve for the AV

AV, = — AV, = 1885V

(b) Calculate the rms value of the ripple current through the diode.

Ts
. 1 : 2 .
iDrms = T—# ip(t) dt iDrms = 0-513A
S-0

2 2

iD_rippIe_rms:: iDrms o2 iD_ripp|e_rms= 0.448A

(c) Derive the expression for AV (peak-peak) in a discontinuous-conduction mode in
terms of the circuit parameters.

Just take one of your equations for AQ and simplify it to where it only uses circuit parameter.

122y ) oLy
oIl - +
TV, 2V,
AV =

0_expression -~ c,

As a check:

Avo_expr&esion =18.85mV Same as above, so expression must be right.

(d) If 1, is now equal to 0.5* 5, calculate AV, (peak-peak)

1
=—=0
onew "~ oB

| T - Ionewmm'z +|onewm2
onewr s TV 2V

I I = 246.914 mA

onew

SO0

AV =
0_new C,

AV = 18.66mV

0_new
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