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EE 456

Buck Regulator Design - Continuous Mode
Operation

Define useful units for Electrical Engineering

ns= 10'6-sec

Specify Input Voltage V p := 15-volt Specify Output Voltage V g := 5-volt

Specify Switching Frequency F g:= 20-kHz

1
T S = F_ T S =50-ns
S
Vo
Find on time assuming continuous mode operation. ton = V—-T S t on =16.667-ns
D

Specify the Max output Current! 4 := 1-amp

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

I =011, I =0.1-amp

o_min’ o_min

Find L so that the buck regulator operates in continuous mode for the min output current
Vp-Vo

=
on
2 0_min

L =833.333-nH

Choose the next size std. inductor L := 1000-nmH

With chosen inductor, find min current for continuous operation

VD‘Vo

| T —
o_min oL on

I =83.333-mA

o_min
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For the Max output current, find 11 and 12

|1:=|O |2:=|O
Given
|2+|1_
7 o
Vp-Vo

!
1.
[ ] =find(1 1,1 5) | ,=1.083-amp |4 =0.917-amp

I - 11 =166.667-mA

For the Min output current, find 11 and 12

1 =1g min 12 =1g min
Given
I 2 + 1 1
—T—=| o_min
Vp-Vo
I L ton
Iy
— _ . / —_ —_—
lE find(11 .15 ) |5 =0.167-amp |, =0-amp
2 _ - _

5 - 17 =166.667-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 gR:= 10-mV

\%
ESR := i ESR =0.06-W

1

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

c..8om C =1.333-10%nF
ESR

Choose the next size std capacitor ~ C := 2200-nF
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Calculate the new ESR with the chosen capacitor

ESR := 80Tm ESR = 0.036-W

Find the ripple due to the capacitor:

\Y RCE———=—— \Y RC =0.473-mV

FInd the ripple due to the ESR

Calculate the RMS ripple current for the capacitor.

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

| 51
A = 22 - A =0.083-amp
I(t) :=L-t
Ts
\ 4
Ts
4
4 2
s = |7 (1) dt
S|J/0-sec
I ymg = 0.048-amp
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Summary

Inductor
L =1.mH Peak Current Rating |, =1.083-amp  Avg Current Raiting | 5 =1-amp

Capacitor
C=22-10%nF RMS Ripple Current Rating | ;g =0.048-amp

Regulator Specs

Maximim Current | 5 =1-amp Period T g=50-n8 Switching Frequency F g =20°kHz

Switch on time t on = 16.667-ns Output Voltage V o =5-volt Input Voltage ~ V p =15-volt

Currents I » =1.083-amp I 1 =0917-amp I 5-11=166.667-mA
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@
Add Double Pulse Suppression

* Set a flip-flop at the beginning of a PWM
cycle.

* Negative edge from comparator clears the
flip-flop.

* Attempt to use as few components as
possible.

~Advanced PSpice Workshop — June 7-9, 2000
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Attributes Of The Set Signal (V1)

Lot bt v i

Name Yalue

[REFDES — - | [_Severw |
period=50u Chenge Di
rise_timastn 2 Displey
fall_time=1n
Pulse_width=5u I
initial_voltage=5
Pulsad_voltage=0
delsy_tima=0 a

# Include Ngrchangeable Atributes E

M Include System-dafined Attributas

@
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Double Pulse Suppression Circuit

IC=0
W | w
L1 W
Y l
(o]
im .
1C=0
"L Ri
5
+ 1]
d Y
IC=0 2900U
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* D:\NAUNCLASS\egrd456\SPICE\BUCK\CONTZ.SCH

Date/Time run: 06/19/100 09:49:15

Temperature: 27.0

(B} CONTZ.dat

(27.70383201m,4.998785496)

Date: June 19, 2000

Time: ow"mm"m.o
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* D:\NAU\NCLASS\egr456\SPICE\BUCK\CONT2.SCH

N N

Date/Time run: 06/19/100 09:49:15 Temperature: 27.0
{B) CONT2.dat

m.w<_| ||||||| ..l...u...r||||||||||||||||||I||1||I||1||||I|||III|||||I||I||I|||-||||||||‘-.......|||||I|||||I|_

1 " b - N " |

5.2V 4 "

| |

5.1v- X

X Zoom in of output voltage ripple "

| _

5.0V- !

| _

| |

4.9V - _
| |
| __

4.8V~ |
b.oQH<+ llllllllllllll - - - - - - - - - - - TT- - -= T~~~ -~ T~ - T To T T T - - - - Tt Tm T T I |+
8ms 12ms léms 20ms 24ms 28ms 32ms

o Vi{Vo}
Time
Date: June 19, 2000 Page 1 Time: 09:59:44

\
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o
Qo * D:\NAUACLASS\egr456\SPICE\BUCK\CONT2.SCH
Date/Time run: 06/19/100 09:49:15 Temperature: 27.0

(B) CONT2Z2.dat
I A i ittt
5.02V - . !
_ ’ |
| |
5.00V -
4.98V . _
f Ripple at the start.of the run. |
p.w.M.clT IIIIIIII - - - - - - - - =~ L |- - -"- - - - -~ b T - - - - —- - -~ B e r-——=-"—>"=—=°—= l_
9.3ms 9.6ms 10.0ms 10.4ms 10.8ms 11.2ms 11.6ms 12.0ms 12.4ms 12.8ms

o V{Vo) .

Time

Date: June 19, 2000 Page 1 Time: 10:00:30

N N N
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* D:\NAU\CLASS\egrd456\SPICE\BUCK\CONT2 .SCH
Date/Time run: 06/19/100 09:49:15 Temperature: 27.0

{B) CONT2.dat
m.on<fw|||--------iiz.;-||||||||||--|-|||----|||||||||||||||||||||||-r-||||||||||--|||---||||||||||||J
5.02V- - - . .. C e e e e e e e e e e, !

”_ Ripple in steady state, m
m.ooqlm ..... e e e e e e e e e e e e e e e e e e m
%%gé};i}\g}
4,98V -« - - o o oo e, "
| ’ _
| . _
4,97V +------ R q-m—m e — - Fm——m - - pmm e e R G- ----- 4
27.8ms 28.5ms 29 . 0ms 29.5ms 30.0ms 30.5ms 31.0ms
o V{Vo} -
Time

Date: June 19, 2000 Page 1 Time: 10:00:47

N ( N
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* D:\NAU\CLASS\egrd456\SPICE\BUCK\CONTZ.SCH
Date/Time run: 06/19/100 09:49:15 Temperature:; 27.0

(D) CONT2.dat

Date: June 19, 2000 Page 1 Time: 10:01:33

\ L \
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* D:\NAU\CLASS\egr456\SPICE\BUCK\CONTZ2.SCH

Date/Time run: 06/19/100 09:49:15

Temperature: 27.0

{D) CONT2.dat
- T - L \
1 |
4.998v 1
" _
SEL>> Output Voltage - Note slight oscillation. !
T B & .
o Vi{Vo}
leblj ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| il
1.0A- |
_ . Inductor current ripple .in steady state. _
0.BA+-—+----------- F--——- === t-— - - - — - === - - - F-————————-- T--—————-——-- q--—--= .
29 ._%6ms 30.20ms 30.40ms 30.60ms 30.80ms 31.00ms 31.20nms 31.40ms

o I{Ll) :
Time i
Date: June 19, 2000 Page 1 Time: 10:03:36

N

L
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* D:\NAUACLASS\egrd456\SPICE\BUCK\CONT2.SCH
Date/Time run;: 06/19/100 09:45:15 Temperature: 27.0

(D} CONT2.dat
1L — - - - oo o L.
' {30.72057790m, 1.121636391) . ) . ; '
o . (31.17093180m,1.073266387)
H.HOOWL” ..... . . . . . . .o . . . . . . . . . . . . . . . m
_ "
| _
H.ooo.ﬂlu : !
0.900A - _
| {31.20003531m,900.68173409m)
.75003531m, 946.76852226m) . : : Ripple =-173 mA |
! Ripple = 175 maA |
" Inductor current ripple in steady state. "
0.800A 3oy oo oo tootooto oo bo-toonoioozon e booioooooooo e 1
30.68ms 30.80ms 30.90ms 31.00ms 31.10ms . 31.20ms 31.29ms

o I(L1) :

Pime

Date: June 12, 2000 _ Page 1 Time: 10:07:03

N ( N

Copyright 2000 Marc E. Herniter



Double Pulse Suppression Circuit

IC=0
vd A_uo St
Vo
o _._n_n_ Sx L1 4 o
. 7YYL
+ © im
— v D1 1C=0 *L A
—— »
DC=15 Dbreak 2 10
0
i =
C=0
o
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* D:\NAUACLASS\egr456\5PICE\BUCK\CONT2.5CH

Date/Time run: 06/19/100 10:07:36

Temperature: 27.0

(C} CONTZ2.dat

.boma osHHmﬂm = 0.5 A

’ "(37.03782537m, 4.
|
|
|
|
|

- - - - - - T-TT-T T T~ - - - - - - - - === r-——-—>"—7=——=—~—= r---—"-"--=---=-- B l*
20ms 25ms 30ms 35ms 40ms
Time
Date: June 19, 2000 Page 1 Time: 10:10:42
N \ N
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* D:\NAU\CLASS\egr456\SPICE\BUCK\CONT2.SCH

Date/Time run: 06/19/100 10:07:36 Temperature:; 27.0
(C} CONT2.dat

A ot

m.modf_ ..... -

_ _

5,10~ - v v e . -

Zoom in of output voltage ripple in steady state.

5.00V =
4,90V~ i - - i - - . . i - - - - : . . . ~
T E oo DR, U Ao ] 1
34.74ms 36.00ms 37.00ms 38.00ms 39.00ns
o V{Vo} :
Time
Date: June 19, 2000 Page 1 Time: 10:11:26

N

C

;

\
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* D:\NAU\CLASS\egr456\SPICE\BUCK\CONT2.SCH

Date/Time run: 06/19/100 10:07:36

Temperature: 27.0

(E) CONTZ2.dat

Output ¢0Hnmmm

Inductor, Current

Date: June 19, 2000

N

Time: 10:12:15

.
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* D:\NAUACLASS\egr456\SPICE\BUCK\CONT2.SCH
Date/Time run: 06/19/100 10:07:36

Temperature: 27.0

(E) CONT2.dat

(37.52464290m, 854 .26408052m)

| |
-0.0A |
| (37.64998540m,119.60610002m) |
SEL>>, Ripple = 734 mA |
|O.m»+ IIIIIIIIIIIIIII r-—-r——~>"~"~"~>~"=>"=-"=-"=-"=—"=7===°=7=77 - - - - - - - - ----T-TT---=-~-== T~ ~—~"—"~""~"~"~"~"~"~"~-"°~-"=—"—===77 - --" - - - - - - - T-T—-~-~-=—= l_
36.6ms 37.0ms 37.5ms 38.0ms 38.5ms 38.9ms

o I(L1l}

Time

Date: June 19, 2000 Page 1 Time; 10:13:39

L

\
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* D:\NAU\CLASS\egr456\SPICE\BUCK\CONT2.SCH
Date/Time run: 06/19/100 10:07:36

Temperature: 27.0

o V(Ramp)
4. 085714286V - - - - - - m oo oo s o oo o o e e oo 1

o V{Period)

(E) CONT2.dat

PWM Output

" Inductor Current

1. A454545455A T~~~ =~ =~ =~ - mm e ...

O<i ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

SEL>>,
-0.636363636A+--------------- e —— - - e e S i 4
37.6ms 37.7ms 37.8ms 37.9%ms . 38.0ms 38.1ms
o I{L1) :
Time
Date: June 19, 2000 Page 1 Time: 10:15:19
N N \
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