Another Compensator Design Example
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Power stage parameters
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Buck Averaged Small-Signal Model
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(including PWM gain):
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Uncompensated loop gain T,
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Tu(S) - Hsense( 1/ VM) Gvd(S)

Plot magnitude and phase responses of 7 (s) to plan how to design G (s)
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Magnitude and phase Bode plots of T,
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Magnitude and phase Bode plots of T,

Exact magnitude and

vd*Hsense*(1/VM)
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Lead (PD) compensator design

=100 kHz
1. Choose: fc | s f
0=¢, =53° Gl a,
2. Compute:
1,10 10f.

. I —sin () — 33 kHz -

f=f . | P
| +sin (6) 0 D45 Tdecade N

fop o/ Lesin(0) =300 kHz e |
e | — sin [H} f

3. Find G_, to position the crossover frequency:

2 2
Tw[QJ G, Iy G, =L(QJ J: _ 54551548
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Magnitude Magnitude
of 7,atf, of G, atf,
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Lead (PD) compensator summary

(1+ s] G, =545-515dB
G.(s)=G, ~ = : f. =33kHz
LHJJ [H;j £, =300 kiz
pl p2
- AN f.=100kHz (=1/10 of )
Lead HF pole
compensator

High-frequency gain of the lead compensator: G, f,,/f, = 49 (34 dB)

Added high-frequency pole: f,, =1MHz (=f, = f. in this example)

Sr

Practical implementation would require an op-amp with a gain
bandwidth product of at least 49*f , =49 MHz
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Loop gain with lead (PD) compensator
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Add lag (Pl) compensator

G(s)=G, *(1 + “—f]

Improves low-
frequency loop gain
and regulation

— 20 dB /decade

| G|l

Integrator at low frequencies

G,
fy
10f, 0°
LG,
_90° + 45" /decade
f,110
!

Choose 10f, <f. so that phase margin stays approximately the same: f, = 8 kHz

Keep the same cross-over frequency: G, =G,, =G, =545 —>15dB
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Adding PI Compensator
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Complete analog PID compensator: summary
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!

Crossover frequency: f, =100kHz (=1/10 of /)

Phase margin:

@, =53°



Magnitude and phase Bode plots of T
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Verification: exact loop gain magnitude
and phase responses (MATLAB)

[ap] epnyubew

[6op] aseyd
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Verification of closed-loop responses

Closed-loop reference-to-output response

Closed-loop transfer function from ©¢_ to o(s) is:

(s) _ 1T
Frﬂ,{j‘] gm D T His) 1+ Tis)
Closed-loop output impedance
(%) _ Z,.5)
£ (8 | P =0 T 1+ T(s)

=1l
Ve

and step-load transient response
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Construction of closed-loop T/(1+T) response
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Closed-loop reference-to-output response

Reference-to-output response

[ap] (L+1)/L1
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Small-signal step-reterence response

10 mV step
(1.79 Vto 1.8 V)
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Small-signal step-reference response
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Output impedance

Synchronous buck open-loop output impedance

|
I;e/\' fZYZS'U\ Zout (S) — (Resr +_Cj H (RL +SL)
’ Re.S'I" 5 S
Zout
e[ =1puH
e C=200 puF
* R, =0.8 mQ
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Open-loop output impedance: algebra on the graph
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Construction of 1/(1+7T)

80dB-

60dB .

40dB- T~

/
/
S

20dB- N

0dB pe= ,)-\

-20dB- \ Ng
] /,—N: \\
; L~

i

10 Hz 100 Hz 1 KHz 10 KHz 100 KHz 1 MHz
ECEN5797



Construction of closed-loop output impedance
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Closed-loop output impedance Z,, -1
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Step-load transient responses
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2.5-5 A step-load
transient



Step-load transient responses
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