EE 456

Buck Regulator Design - Continuous Mode Operation

Problem 1 of HW # 2 - Compare calculations of RMS current of the capacitor.

Define useful units for Electrical Engineering

ns=10 % .sec

Specify Input Voltage V p :=24-volt Specify Output Voltage V , :=7-volt

Specify Switching Frequency F g:=20-kHz

= 1 = 50e
T S .—F— T s= 50°ns
S
Vo
Find on time assuming continuous mode operation.  t 5, ::V_-T S t o = 145833
D

Specify the Max output Curren| 4 :=3-amp

Design the buck regulator so that it operates in the continuous mode for currents down to 10% of the max

current. . —a
| o _min =014 | o _min =0.3amp
Find L so that the buck regulator operates in continuous mode for the min output current

_Vbp-Vo

L:=
2

 on L =413.194nH

o_min

Choose the next size std. inductor L :=390-nH

With chosen inductor, find min current for continuous operation

_Vbp—Vo

| o= - -
0 _min oL

1 on | o min = 317:842:mA



For the Max output current, find I1 and 12

|1::|0 |2::|0
Given
> 0

P -VD_VO-t

277 L on
I

::Find(l 1,I2) | =3318amp |4 =2682:anp

)

| 2~ | 1:635684°|TA

For the Min output current, find 11 and 12

1 =1 min 2 =1 min
Given
| 2_-|— | 1_-| -
> o_min
Vp-Vo
l 2 - l 1_=f't on
Iy
- ::Find(ll ,I2) I, =0636amp |, =0amp
P — . —

| 2_— I 1_ =635.684°mA

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 g :=20-mV

v
ERi=__ "R EGR=0031W

(12-19)
For all electrolytic caps, assume that ESR*C=80ns

c.=80ms C = 2542.735°nF

ESR

Choose the next size std capacitor C:=3300:-nF



Calculate the new ESR with the chosen capacitor

ESR ::80_(';“ ESR = 0.024°W

Find the ripple due to the capacitor:

VRC:—— VRC:1204°IT]V

Find the ripple due to the ESR

VRr=(I2=11) ER V gR = 15411°-mV

Calculate the RMS ripple current for the capacitor.

Assume a triangular waveform with a 50% duty cycle - Worst case.

oI
A=_2 1 A =0318-amp
2
I(t) :=L-t
Ts
4
Ts
K
2
s = = I(t)%dt
S|40-sec
I g = 0.184amp

Repeat the same calculation with a non 50% duty cycle

2:A 2:A
|1(t) =-A 4 — ot |2(t) =A—-—— —

Lon (T st on)



1 Lon Ts=ton
g = |— 1 (t)%dt+ POR
S \/0sec 0

| g = 0.184 chargeti me !

Summary

Inductor
L =0.39=mH Peak Current Rating |, =function-amp Avg Current Raiting | 5 =3-amp

Capacitor
C=3310%nF RMS Ripple Current Rating |, =0.184-amp
Regulator Specs

Maximim Current | j =3-amp Period T g=30°ns Switching Frequency F g =20"kHz

Switch on time t on =14.583n% Output Voltage V g =7°volt Input Voltage ~ V p =24-volt

Currents I 5 =function-amp I'1 =function=amp lo—11="mA



EE 456

Buck Regulator Design - Continuous Mode Operation

Design with minimum input voltage

Define useful units for Electrical Engineering

ns=10 % .sec

Specify Input Voltage V p :=12-volt Specify Output Voltage V , :=7-volt

Specify Switching Frequency F g:=20-kHz

=1 — (e
T S .—F— T s= 50:ns
S
Vo
Find on time assuming continuous mode operation.  t 5, ::V_-T s t o =29.167°ns
D

Specify the Max output Current | :=3-amp

Design the buck regulator so that it operates in the continuous mode for currents down to 10% of the max

current. — - 03
| o _min =014 | o _min =0.3amp
Find L so that the buck regulator operates in continuous mode for the min output current

_Vbp-Vo

L:=
2

t on L = 243.056°nH

o_min

Choose the next size std. inductor L :=390-nH

With chosen inductor, find min current for continuous operation

_Vbp—Vo

| o= - -
0 _min oL

ton o_min = 186.966°mA



For the Max output current, find I1 and 12

|1::|0 |2::|0
Given
2 (0]
o1 -VD_VO-t
2 1 L on
I
=Find(1 1,1 ) | 5=3187.amp |4 =2813amp
)

For the Min output current, find 11 and 12

1 =1 min 2 =1 min
Given
| 2_-|— | 1_-| -
> 0_min
Vp-Vo
Iy -1 1_=f't on
Iy
~|=Find(14 1) |5 =0374:amp |4 =0amp
I 5 -~ = -~

| 2_— I 1_ =373.932°mA

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 g :=20-mV

v
ERi=__ "R EGR=0053W

(12-19)
For all electrolytic caps, assume that ESR*C=80ns
_80ns

C=—— C = 1495.7265°nF
ESR

Choose the next size std capacitor C:=3300:-nF



Calculate the new ESR with the chosen capacitor

ESR ::80_(';“ ESR = 0.024°W

Find the ripple due to the capacitor:

V RC _— Vv RC =0.708-mV

Find the ripple due to the ESR

VRr=(I2=11) ER V RR = 9.065*mv

Calculate the RMS ripple current for the capacitor.

Assume a triangular waveform with a 50% duty cycle - Worst case.

| 5—1
A= 271 A =0.187-amp
2
I(t) :=L-t
Ts
4
Ts
4 4
2
' s . I(t)"dt
S|40-sec

I' g = 0.108=amp



Summary

Inductor
L =0.39=mH Peak Current Rating |,=3187-amp  Avg Current Raiting | 5 =3~amp

Capacitor
C=3310%nF RMS Ripple Current Rating | ;5 =0.108-amp
Regulator Specs

Maximim Current | j =3-amp Period T g=30°ns Switching Frequency F g =20"kHz

Switch on time t on =29.167°n% Output Voltage V g =7°volt Input Voltage ~ V p =12-volt

Currents I 5 =3187-amp I 4 =2.813-amp I 5—11=373.932°mA



EE 456

Buck Regulator Design - Continuous Mode Operation

Design with maximum input voltage

Define useful units for Electrical Engineering

ns=10 % .sec

Specify Input Voltage V p :=24-volt Specify Output Voltage V , :=7-volt

Specify Switching Frequency F g:=20-kHz

= 1 = 50e
T S .—F— T s= 50°ns
S
Vo
Find on time assuming continuous mode operation.  t 5, ::V_-T S t o = 145833
D

Specify the Max output Currenl 4 :=3-amp

Design the buck regulator so that it operates in the continuous mode for currents down to 10% of the max

current. — - 03
| o _min =014 | o _min =0.3amp
Find L so that the buck regulator operates in continuous mode for the min output current

_Vbp-Vo

L:=
2

Ton L =413.1%-nH

o_min

Choose the next size std. inductor L :=390-nH

With chosen inductor, find min current for continuous operation

_Vbp—Vo

| o= - -
0 _min oL

1 on | o min = 317:842:mA



For the Max output current, find I1 and 12

|1::|0 |2::|0
Given
> 0

P -VD_VO-t

277 L on
I

::Find(l 1,I2) | =3318amp |4 =2682:anp

)

| 2~ | 1:635684°|TA

For the Min output current, find 11 and 12

1 =1 min 2 =1 min
Given
| 2_-|— | 1_-| -
> o_min
Vp-Vo
l2 ~1y =——"1on
Iy
- ::Find(ll ,I2) I, =0636amp |, =0amp
P — . —

| 2_— I 1_ =635.684°mA

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 g :=20-mV

v
ERi=___ " ER=003LW

(12-19)
For all electrolytic caps, assume that ESR*C=80ns
_80ns

C=—— C =2542.735°nF
ESR

Choose the next size std capacitor C:=3300:-nF



Calculate the new ESR with the chosen capacitor

ESR ::80_(';“ ESR = 0.024°W

Find the ripple due to the capacitor:

VRC:—— VRC:1204°IT]V

Find the ripple due to the ESR

VRr=(I2=11) ER V gR = 15411°-mV

Calculate the RMS ripple current for the capacitor.

Assume a triangular waveform with a 50% duty cycle - Worst case.

o |
A=_2 1 A =0318-amp
2
I(t) :=L-t
Ts
4
Ts
K
2
s = | == I(t)2dt
S|40-sec

I g = 0.184amp



Summary

Inductor
L =0.39=mH Peak Current Rating |,=3318amp  Avg Current Raiting | 5 =3-amp

Capacitor
C=3310%nF RMS Ripple Current Rating | . =0.184-amp
Regulator Specs

Maximim Current | j =3-amp Period T g=30°ns Switching Frequency F g =20"kHz

Switch on time t on =14.583n% Output Voltage V g =7°volt Input Voltage ~ V p =24-volt

Currents I 5 =3318-amp I 4 =2.682-amp I 5—11=635.684"mA



frequency=20k
amplitude=5

0
PRAE SA N Period
45 VA o 2|p qlS usa \; ¢
= 2| 7408
D 1 34cLk Qpe
CLR
10000 7404 { 7474
Double Pulse Suppression Circuit
1C=0
l1ls1
vd 0 ) Vo
? I Sx L1 ?
o 5NN :
N
L v Ic=0 .
e D1 R1
DC:lZ Dbreak 390u {7/3}
0
° IC=0 cl °
- 3300u
0
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* D\ TRansf er\ HW EE456 HW2 - Buck. sch
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4 usA Period

PRE 1 0
45 U4A 5 5_,L UsA O\ 5
Error [>—0 Q 2| 7408 '
D 1 2 3 CLK Qled

Ramp 10000 7404 1] 7474

frequency=20k

amplitude=5
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frequency=20k
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