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Another Compensator Design Example
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Uncompensated loop gain Tu
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Tu(s) = Hsense(1/VM)Gvd(s)

Plot magnitude and phase responses of Tu(s) to plan how to design Gc(s)

Magnitude and phase Bode plots of Tu
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Magnitude and phase Bode plots of Tu

0

50

 [
d
b
]

Uncompensated loop gain, Tu = Gvd*Hsense*(1/VM) Exact magnitude and 
phase responses 
(MATLAB)

10
3

10
4

10
5

10
6

-100

-50

0
m

a
g
n
it
u
d
e
 

Target cross-over 
frequency
fc = fs/10 = 100 kHz

ECEN5797

10
3

10
4

10
5

10
6

-200

-100

0

frequency [Hz]

p
h
a
s
e
 [

d
e
g
]

No phase margin: 
a lead (PD) 
compensator is 
required

Lead (PD) compensator design

o
m 53  MT

kHz 100 cf1. Choose:

kHz 33 

kHz 003 

2. Compute:

3. Find Gco to position the crossover frequency:

ECEN5797

1
2

 ¸̧
¹

·
¨̈
©

§

z

p
co

c

o
uo f

f
G

f
f

T dB 1545.51
2

o ¸̧
¹

·
¨̈
©

§
 

p

z

o

c

uo
co f

f
f
f

T
G

Magnitude 
of Tu at fc

Magnitude 
of Gc at fc



ECEN4797/5797 Introduction to Power Electronics

ECEE Department, University of Colorado, Boulder

Magnitude and phase Bode plots of Tu

0

50

 [
d
b
]

Uncompensated loop gain, Tu = Gvd*Hsense*(1/VM) Exact magnitude and 
phase responses 
(MATLAB)

10
3

10
4

10
5

10
6

-100

-50

0

m
a
g
n
it
u
d
e
 

Target cross-over 
frequency
fc = fs/10 = 100 kHz

ECEN5797

10
3

10
4

10
5

10
6

-200

-100

0

frequency [Hz]

p
h
a
s
e
 [

d
e
g
]

No phase margin: 
a lead (PD) 
compensator is 
required

Lead (PD) compensator design

o
m 53  MT

kHz 100 cf1. Choose:

kHz 33 

kHz 003 

2. Compute:

3. Find Gco to position the crossover frequency:

ECEN5797

1
2

 ¸̧
¹

·
¨̈
©

§

z

p
co

c

o
uo f

f
G

f
f

T dB 1545.51
2

o ¸̧
¹

·
¨̈
©

§
 

p

z

o

c

uo
co f

f
f
f

T
G

Magnitude 
of Tu at fc

Magnitude 
of Gc at fc



ECEN4797/5797 Introduction to Power Electronics

ECEE Department, University of Colorado, Boulder

Lead (PD) compensator summary
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Lead (PD) compensator summary
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Add lag (PI) compensator

Integrator at low frequencies
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Choose 10fL < fc so that phase margin stays approximately the same: fL = 8 kHz

Keep the same cross-over frequency: dB 1545.5 o   f cmcoc GGG
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Complete analog PID compensator: summary
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Verification of closed-loop responses

Closed-loop reference-to-output response

Closed-loop output impedance 

and step-load transient response
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and step-load transient response

Construction of closed-loop T/(1+T) response
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Closed-loop reference-to-output response
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Small-signal step-reference response
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Open-loop output impedance: algebra on the graph
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Open-loop output impedance: algebra on the graph
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Construction of closed-loop output impedance
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Construction of closed-loop output impedance
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Step-load transient responses
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