Example Design of Buck Compensator
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Plotting Uncompensated Loop Gain
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Chapter 9: Controller design
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LTSpice Simulation — AC, Uncompensated

.paramVg=28 V=15 R=3 D =.536
.paramVref=5 H=1/3 Vm=4

lib myParts.lib .param L = 50u C = 500u
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Transient Simulation, Uncompensated

.paramVg =28 V=15 R=3 D =.536

+fib switch.ib paramVref=5 H=1/3 Vm =4
n I(Iloadl) ib myParts.lib .param L = 50u C = 500u
110mA ; i i i i .tran 0 20m 3m
Jc V(out) = 15 I(L1) = 5 V(vc) = {D*Vm}
e e e S e e
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Ringing Frequency

110mA

I(Tload1)

BEmMA— - A S S S O S

OmA
10.515V

10.499V-

10.482V T T T 1 —
8.1ms 84ms 8.7/ms 9.0ms 9.3ms 9.6ms

Cursar 1

 — 1 1
9.9ms 10.2ms 10.5ms| W out)

Harz: I 9.4837638ms Wert: I 10510181

Cursar 2
"ot

Harz: I 10.029359ms Wert: I 10509753

Dhiff [Curgors - Curzorl ]
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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
— Increase ¢, to 76° (Q=0.5)
— Increase IIT,ll to «

* Note: Book Chooses f. =5 kHz and ¢,,=52° (Q=0.5)




Pl Design
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Pl Simulation

paramVg=28 V=15 R=3 D=.536
-Mag(V(vx)/V(d)) ) ) .paramVref =5 H=1/3 Vm = 4
o R EEEEE RIREEEEE R .lib myParts.lib .param L = 50u C = 500u
.acdec 1000 1 1Meg
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PD Design

1 —sin {0
=1 \/1+sm%8§

_ 1 + sin (8)
=1 1—s1n(8)

GCO =

N~
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PID Simulation

50dB— i
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lib myParts.lib
.acdec 1000 1 1Meg

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

L10mA I(Tload1)

SSMA-- o e e e A —

OmA: E
15.0012V . . . V(out) . . .
15.0004v *********** ************** ************** ************ ******
14,9996V - e B L S . - —
14.9988V—- - e oo oo oo oo e e e
14.9980V=y---o oo N P e T ] .paramVg =28 V=15 R=3 D= .536
14.9972v--- - PR . . A froe froe b [ -ib switch.lib .paramVref =5 H=1/3 Vm = 4
' ' ' ' ' ' ' ' lib myParts.lib .param L = 50u C = 500u
14.9964V T T T T T T .tran 0 20m 3m
Oms 6ms 8ms 10ms 12ms 14ms 16ms Jic V(out) = 15 I(L1) = 5 V(vc) = {D*Vm}

out
i} Tload1

T

v T{C} Ry PULSE(0 .1 45m)
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Switching Simulation

110mA I(Iloadl)
55mA-
OmA:
15.0024V V(out)
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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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Complete Compensator

52dB Mag(v(vc)”mv)) T
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Compensator Realization
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