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EE 456

Buck-Boost Regulator Design
Discontinuous Mode Operation

Define useful units for Electrical Engineering
W=o0hm

kW= 1000-ohm MW= 1000000-0hm

F=farad pF=10 Y farad nF=10%farad  nF=10°%farad mF:=F10°
ms=.001-sec  minute=60-sec hour=60-minute  AmpHour=1-amp-1-hour ms=.001-ms
_ vt KV=1000volt mA= 2P AL _ watt
1000 1000 1000000 1000
_g h _1o farad
my=126-10 &Y eo=885410 2L ceeem®  c=(310)% 1
m m sec
nH=1-10°-henry mH =10 8-henry kHz=1000-Hz  MHz=1000000-Hz
rad_per_sec=2-p-Hz
cup=8-l_oz tabl espoonsizl-fl_oz Thsp=tablespoon Vt = .0258-volt
1
teaspoon E§ ‘Thsp tsp=teaspoon
% := i
100

Specify Input Voltage V p := 5-volt

Specify Switching Frequency F g:= 20-kHz

Specify Output Voltage V = -12-volt

1
T S= F_ T sS= 50-ns
S
Specify the Max output Current
I g:=1-amp

Find Ton and Toff
T off =1ns T on =1ns
Given

Ton _‘ Vo ‘

Totft VD
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T on +T Off=0'8'T S

-
on .

T =find(T on. T off) T on =28.235°n% T off =11.765¢ns
Ol

Find the range of Inductors that will operate in discontinuous mode

For Discontinuous Mode, We need L less than L =30.727-nH

FInd the inductor Value

2 2
VD 'Ton

L = L =16.609-mH
2-‘ Y O‘-| oTs

FInd the peak current

T
|2=VDT I2=85°amp

Now choose the capacitor

Energy dissipated per cycle Eo:= ‘ Vo ‘-I oTs Eo= 6-10 4sjoule

Specify the ripple desired. V cr=200mV

Initial Guess C := 1000:-n¥
Given
E-C-/V +V 2-&.(;. v N2=E
5C(VoltVer -5 Vo =Eo
C:=find(C)
C =2.498-mF
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Choose the next standard value C := 3300-nF

Calculate the ripple with the chosen capacitor.
Given

1 1
7S Vol*Ver/ -3¢ Vol Eq

Choose the filter
capacitor using the

gggrﬁg {F\Qtrtt%%gm component of the ripple comes from the capacitor ESR
Specify the ripple due to the ESR V cRr=20:mV
ESRiz - ESR =2.353-10 2:W

For all electrolytic caps, assume that ESR*C=80ns

C:= 80_rrs C =33999.99969-nt
ESR

Choose the next size std capacitor  C := 47000-nfF

Summary
L =16.609-nH | , =8.5-.amp
T on =28.235-ms T off =11.765-n5
V p =5-volt V o =-12-volt I o =1eamp
C =4.7-10%nF V R =20-mV
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* C:\NAU\CLASS\EGR488\SPICE\BUCK BST\BUCK_BST.SCH

Date/Time run: 10/22/95 15:56:53 Temperature: 27.0

(A) C:\NAU\CLASS\EGR488\SPICE\BUCK_BST\BUCK_BST.DAT
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* C:\NAU\CLASS\EGR488\SPICE\BUCK_BST\BUCK_BST.SCH

Date/Time run: 10/22/95 14:38:43

Temperature: 27.0
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