Example Design of Buck Compensator
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AC Power Stage Model
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System Block Diagram
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Plotting Uncompensated Loop Gain
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LTSpice Simulation — AC, Uncompensated

.paramVg=28 V=15 R=3 D =.536
T“'\ _ _ .param Vref =5 H=1/3 Vm =4
.lib myParts.lib .param L = 50u C = 500u
-Mag(V(vx)/V(d) .acdec 1000 1 1Meg
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e

LTSpice ac Simulations -

'.*‘ .paramVg=28 V=15 R=3 D =.536
'b ) .paramVref =5 H=1/3 Vm=4
h\‘ -lib myParts.lib .param L = 50u C = 500u
.ac dec 1000 1 1Meg

O_F *qf‘v“ )? M\‘L Vo V={V19[)*V(d)} 1 E’ ’E‘.‘}'\ il %{n} @W
{c} 0
'S va ‘t(/& dpQw\l.k’b 0 T1={v/Re(v(d

6 ) .param Vg = 26 V=15 R=3 D =.536
A fib switch.ib .param Vref =5 H =1/3 Vm =4
km Jfib myParts.ib -param L = 50u C = 500u

.tran 0 20m 3m -

M‘ \ < e V(out) = 15 I(L1) = 5.V(vc) = {%

(4]
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Model Simulation (L24)

V(out);
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X3
d | : ; A Jic V(out)=48 I(L1)=3.1A
. tran 0 {1500/202k} {800/202k} startup
lib myParts.lib
Sl

L3 R8 R10 - ] *‘N

v=V(out_avg)*(1-v({d))

P oimdant >+
Averaged, Nonlinear

.ic V(out_avg)=48 I{L3)=4A

I=I(L3)*(1-v(d))

DC Averaged Model

w
n={1/(1-D)}

B2

R4 R7

20m {2.5m*{D}}

V=48*(V(d)-{D})

\

.ac A Fpe
Op
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{0.65*{1-D}}
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C3
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A
n={1/(1-D)}

1=4*(V(d)-{D})

R5
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Jic V(out_AC_lin)=0 I(L2)=0
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Transient Simulation, Uncompensated
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Jib switch.lib
ib myParts.lib
.tran 0 20m 3m

.paramVg=28 V=15 R=3 D =.536
.paramVref=5 H=1/3 Vm =4
.param L = 50u C = 500u

Jc V(out) = 15 I(L1) = 5 V(vc) = {D*Vm}
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Ringing Frequency
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Summary: Uncompensated Behavior

* Significant steady-state error

— Need to increase low-frequency gain
* Barely stable; significant ringing

— Need to increase ¢,
e Speed: ~ok

- f.=1.8 kHz

— (BW), = 2.6 kHz

— OK for f, = 10 kHz or above
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Compensator Design

* As an example, try to

— Increase f.to 10 kHz - \if,
— Increase ¢, to 76° (Q;=0.5) —= Ne "k
— Increase IT ll to o — #« ohealy abale  ome

* Note: Book Chooses f. =5 kHz and ¢,,=52° (Q=1)




PI De i = b“hﬁ'\ L ¢ o o mot ;C

e Ge
O fe o WAE

_ ] k . e 2
iy L1, N TR gn 0
20dB 1 —19.5dB AT (=) Nof 9\‘0'"("'“" l\('
0dB ‘W ( \F oel
C:\P;(s\ = Guew S
-20dB 1 1 \ 2 OA.B
. . _a5¥® 0 kys A .
—40 dB ' dB] 0 ' (—.‘(_.g“
—900 ‘.' —
.................... - ~-180° . >
1020 f,= 1.1 kHz T = 2 W
} } " =270°
1 Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz
/ fe_womgt
ceb Ciom lo 32608 = 426 da wwue fe b lbth

3 b Yoo 2 Sl

THE UNIVERSITY OF

TENNESSEE [ §

KNOXVILLE




Pl Simulation

paramVg =28 V=15 R=3 D =.536
-Mag(V(vx)/V(d)) .paramVref =5 H=1/3 Vm=4
I : Lo R .lib myParts.lib .param L = 50u C = 500u

.acdec 1000 1 1Meg
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Pl Transient Simulation
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PD Design
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PID Simulation

50dBH T and s frobeeb b Proieded b e
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.paramVref=5 H=1/3 Vm=4
lib myParts.lib .param L = 50u C = 500u
.acdec 1000 1 1Meg
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Transient Simulation

110mA I(THoad1)
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14.9980V- 2N I A T T . .paramVg =28 V=15 R=3 D =.536
14.9972V— - e Pooeeee e P e i e foerannneeas ooeeees -lib switch.lib .param Vref =5 H=1/3 Vm = 4

. : -fib myParts.lib .param L = 50u C = 500u
14,9964V T .tran 0 20m 3m

1 1 1 1 1 1
Oms 2ms 4ms 6ms 8ms 10ms 12ms 14ms 16ms Jic V(out) = 15 I(L1) = 5 V(vc) = {D*Vm}

out
{L} Tload1

T

va) T{C} Ry PULSE(0 .1 45m)
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(1}+s/(6.28+81K))
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Switching Simulation

110mA I(Iloadl)
55mA-
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1 15.0000v-
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1 40982
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R
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2.52ms .56m:

o
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o

2.68ms

I
|
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lib switch.lib
.lib myParts.lib
.tran 0 20m 3m

Vgl

{va}

.step param Vg 16 35 2

.paramVg=28 V=15 R=3 D =.536
.paramVref=5 H=1/3 Vm=4
.param L = 50u C = 500u

.icV(out) = 15 I(L1) = 5 V(vc) = {D*Vm}

out
{L}y |

T{C} ®

Iload1

PULSE(0.155m 1n 1n 10)

N4

Laplace=0.12*42.6%(1+6.28%50/(s+1))*(1+s/(6.28%1.23k})/

1+5/(6.28*81Kk))
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