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EE 456

Boost Regulator Design - Continuous Mode Operation

ms=10 -sec
Specify Input Voltage V p := 5-volt Specify Output Voltage V g := 50-volt

Specify Switching Frequency F g:= 20-kHz

1

T == T sS= 50-ns
Fs
Specify the Assumed Efficiency Eff := 90 %
Specify the Max output Current
. 10-waitt
The output Power is Pout'= ——
Eff
. P out
The output current is lg=— I o =0.222-amp
Vo
Find Ton and Toff
T off = 1-ns T on= 1-nms
Given
T on_V o~ VD
Ts Vo
TontToff=Ts
Ton )
= Find(T o5, T o) T gn =45°n8 T off =5°ns
T off
T
D=_2 D =90+%
Ts
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Find the range of Inductors that will operate in continuous mode

Specify the minimum current we want the supply to operate in the continuous mode

min "~ 10

VpT on
2:

min

For Continuous Mode, We need L greater than L =506.25-nH

Choose the Inductor L:=1mH

Find the Min and max inductor currents

I 1:=1amp I 5:=1-amp

Given

| 1+ | 2_ | 0

2 1-D
PPV
1772 D L
1
| = Find<l 1.l 2> | | =2.335-amp | 5 =2.11.amp
2
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Choose the filter capacitor using Ripple voltage due to ESR and
capacitor change in charge.

Specify the ripple voltage V cRr=20:mV

v
ESR := ﬁ ESR =8.566-10 >-W
1

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

80-ns 3
C = C =9.339-10"-nf
ESR ESR ESR

Choose the capacitor using the ripple voltage due to the change in charge

I 5T

o

VCcRrR

on
Cq.=

C 4 =500-nF

Choose Choose a standard cap value greater than both calculations

C := 10000-nF

Calculate the Capacitor RMS Ripple Current

l1+1
1t12
o= 5 | =2.2220amp
Ton TS
Lo | 2dt+ N —1,)2dt
ms*= T2 0 o x>
S|Jo-sec T

on

I ymg =0.667-amp
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Summary

L =1-10%-nH | 5 =2.11.amp | 1 =2.335.amp S =2.222.amp
T on =45°ns T off =5e°ns

V p =5evolt V , =50-volt I o =0.222.amp

C =1-10%nF V cr =20-mV | rms = 0.667-amp

Cap Voltage = V  =50-volt
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EE 456

Boost Regulator Design - Discontinuous Mode
Operation

-6
Specify Output Voltage V g = 50-volt nS-10 ~-sec
Specify Input Voltage V p = 5volt
Specify Switching Frequency Fg = 20-kHz
1
Tg=— _5
Fg Tg=510 ".sec

Specify the Max Output Power and Efficiency P 5= 10-watt  Eff - 90-%

Calculated the power for the design

P
out
P design ~ - P design = 11111 -walt

Calculate the output current

P design
| out = v | out =0.222-amp
0
Find Ton and Toff
T off = 1-sec T on = 1-sec
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Given

Ton Vo‘VD

Toff VD

fon find T on. T off
= 1A 1 ons I off
T off '
T .. =36.n8 _
on T off =4-nB

Find the range of Inductors that will operate in discontinuous mode

L. \ D'T on.V D
2 out v 0
For Discontinuous Mode, We need L less than L =40.5-nH

FInd the inductor Value

2
VD 'Ton

T2V Tgl Out'<T on * T off) L =32.4.nH

Choose a standard size inductor L = 30-nH
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FInd the peak current

T
on
|2:=VD'T I2:6oamp

Choose the filter capacitor.

Assume that the major component of the ripple comes from the capacitor ESR

Specify the ripple due to the ESR V RR = 05volt

VRR

ESR -
12

ESR =0.00833-W

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

-6
c.8010 "= - 96.10%nF
ESR
Choose the next size std capacitor C = 10000-n¥
80-10 °-sec
ESR- ———

Calculate the new ESR with the chosen capacitor

ESR =8-10 °.W
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Calculate the Capacitor RMS Ripple Current
.

l | o =3.am
X= X p
Ton Ts
| ! | o2 d | 1 )°d
ms = |3 out dt+ < out ~ x> t
S|Jo-sec T
\ on
| yms = 1.482.amp
Summary
L =30-nH | 2 =6-amp
TOﬂ =36-n5 Toff:4oI’TS
V p =5-volt V o =50-volt | out = 0-222-amp

C=110".nF  V pg =50.mV

Cap Voltage V 5 =50-volt
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Date/Time run: 09/10/95 22:18:57

* C:\NAU\CLASS\EGR488\SPICE\BOOST\CONT2.SCH

Temperature: 27.0

sov

60V

40V

(A) CONT2.DAT

(90.890m,47.745)

Date: September 10, 1995

C

Page 2

Time: 22:56:45

Af 3
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* C:\NAU\CLASS\EGR488\SPICE\BOOST\CONT2.SCH
Date/Time run: 09/10/95 22:18:57 Temperature: 27.0

{C} C:\RAU\CLASS\EGR488\SPICE\BOOST\CONTZ.DAT
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1 ]
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Date: September 10, 1995 Page 1 Time: 22:58:46

L _ L N
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* C:\NAU\CLASS\EGR489\SPICE\BOOST\CONT2.SCH

Date/Time run: 09/10/95 22:18:57

Temperature: 27.0

(B) CONTZ.DAT
20V - m oo oo m e e e e ——eemm——-—oo -
1 ﬁww.mwoa‘ “ﬁomm.ﬂv ]
" pd "
| o ]
| ¥
| ]
! / |
! (99.6[76m, 14} 424) !
1 |
L] 1
] 1
_ (99.7q0m, 484 .8 45m) .
SEL>>! e “
v+ . 1 Ve L N SO
a V(Period)
10A—------ R R e —e—eemee—eas e e ET T TP T PR ~
! {99.727m,7.9153) '
" ’ ] ) . . . ] |
]
i . . . . . '
1 1
1 [}
1 1
i . f . . . N \
1 ]
1 ]
- L] - - - - -
] ]
] 1
] 1
(1} YC T TEpays SN SUpEPRYS I, WY JUpIE— S S S Uy . Sy ———— - SE S S S,
o I(L1)
I T T -
“ (99.739m,47.744) "
_ :
1 . -
1 1
1 1
| ]
1 ]
1 1
1 1
_ i . i i . . . "
“ (99°77m, 47.727) :
1 1
47.725V L---——- r-————=------ r--=--------- ro----------= Frm= e r--—--—-——==- Fo-—-———————- Fo—-—===s==- -
99.65ms 99, 70ms 99.7 99.80ms 99.85ms 99.9%0ms 99.95ms
o V{Vo}
Time
Date: September 10, 1995 Page 1 Time: 22:56:17
5 e
C N C
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Date/Time run:

* C:\NAU\CLASS\EGR488\SPICE\BOOST\CONT2.SCH
09/11/95 06:42:24

Temperature: 27.0

40v

20v

R e i g N

(A} C:\NAU\CLASS\EGR488\SPICE\BOOST\CONT2.DAT

-

Date: September 11, 1995 Page 1

(

Time: 07:22:47
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13%

* C:\NAU\CLASS\EGR488\SPICE\BOOST\CONT2.SCH
Date/Time run: 09/11/95 06:42:24 Temperature: 27.0

(A) C:\NAU\CLASS\EGR488\SPICE\BOOST\CONT2.DAT

1)y g T e -
(97.700m, 15.000)

{97.401m,(7.3939)
.§40m, 4.]4849)

———mm—mm——qm -

SEL>>!

oV —— _— - _— _— - .- _— _—

o V(Period)

48.000V

47.922V L--emme e e e e T R R R et L Aemme e e e L L -
97.231ms 97.400ms 97.600ms * 97.800ms 98.000ms 98.181ms
a V{Vo)
Time
Date: September 11, 19595 Page 1 Time: 07:31:38

( C .
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