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Type III Compensator Design

For more information on appropriate 
analog Type III compensator design rules 
and best practices, please refer to class

23094 PC2: Fundamentals of Switch-
Mode Power Supply Control
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Digital Compensator 
Design Path

Then the s-Domain transfer function 

of this prototype filter is mapped 

into the z-domain

Ordering z along the delay line

then gives us the linear difference 

equation in time domain

𝐻𝑐(𝑠)

=
𝜔𝑃0

𝑠

𝑠
𝜔𝑍1

+ 1
𝑠
𝜔𝑍2

+ 1

𝑠
𝜔𝑃1

+ 1
𝑠
𝜔𝑃2

+ 1

𝑢𝑛 = 𝐴1𝑢𝑛−1 + 𝐴2𝑢𝑛−2 + 𝐴3𝑢𝑛−3 + 𝐵0𝑒𝑛 + 𝐵1𝑒𝑛−1 + 𝐵2𝑒𝑛−2 + 𝐵3𝑒𝑛−3

z-Transform

First we select a well fitting, known 

prototype-filter transfer function

(here type III lead-lag compensator)

𝑠 ⇒
2

𝑇𝑠

1 − 𝑧−1

1 + 𝑧−1

𝑯𝑪[𝑧] =
𝑦[𝑧]

𝑥[𝑧]
=

𝐵3 𝑧
−3 + 𝐵2 𝑧

−2 + 𝐵1 𝑧
−1 + 𝐵0

−𝐴3 𝑧
−3 − 𝐴2 𝑧

−2 − 𝐴1 𝑧
−1 + 1

Coefficient Equations

Bi-linear-Transform

The BLT gives us 

equations for the 

filter coefficients
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z - Planes - Plane

Digital Filter Design
- The Bilinear Transform (BLT) -

𝐻𝑐(𝑠) = 𝐻(𝑧)
𝑠=𝛼

1−𝑧−1

1+𝑧−1

Laplace-Transform of 

the prototype filter

Desired Filter

Bilinear Transform (BLT)

where  = 2/TS

Im(s) Im(z)

Re(s) Re(z)

1

- 

+ 

- 

+ 

Frequency warping 

using

ties in the sampling 

frequency

𝑧 = 𝑒−𝑗𝜔
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Digital Filter Design

-

- 

+ 

𝐻𝐷(𝜔) = 𝐻(𝑒−𝑗𝜔) = ቚ𝐻𝑐(𝑠)
𝑠=𝛼

1−𝑧−1

1+𝑧−1

𝐻𝐷(𝜔) = 𝐻𝐴 𝛼 tan
𝜔

2

𝛼 tan
𝜔

2

By considering the sampling 

frequency of the digital filter, we 

now can prove, that the digital 

frequency response of the 

desired filter matches the 

frequency response of the 

analog prototype filter

This is important as this is the 

prove that we can map an infinite

frequency space from - to  onto 

a digital frequency space bounded 

between – and 





 determines the 
effective frequency 

range limit which can 
be covered by our real-
world z-domain system
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Bilinear Transform
System

X(s) Y(s)H(s)
Feedback Control

𝑯(𝒔) =
𝒀(𝒔)

𝑿(𝒔)

𝒀 𝒔 = 𝑯(𝒔) × 𝑿(𝒔)

System

X(z) Y(z)H(z)
Feedback Control

𝑯(𝒛) =
𝒀(𝒛)

𝑿(𝒛)

𝒀 𝒛 = 𝑯(𝒛) × 𝑿(𝒛)

𝑠 ⇒
2

𝑇𝑠

1 − 𝑧−1

1 + 𝑧−1

• Tustin or Trapezoidal

• It converts an analog transfer 

function in s domain into an 

equivalent digital transfer function 

in z domain

• It is an approximation (!!!)

• The lower the cross over frequency 

with respect to your sampling 

frequency the better the 

approximation

• For conservative design fX ≤ fS / 10

All we need to do is to replace s

operators in H(s) with:

Where TS = sampling interval = 1/fS



© 2019 Microchip Technology Incorporated. All Rights Reserved. 23095 PC3 Slide 6

This term now needs to be factorized to get us to the desired polynomial form

Designing a 3P3Z Controller

𝐻𝑐(𝑠) =
𝜔𝑃0

𝑠

𝑠
𝜔𝑍1

+ 1
𝑠
𝜔𝑍2

+ 1

𝑠
𝜔𝑃1

+ 1
𝑠
𝜔𝑃2

+ 1

𝑠 ⇒
2

𝑇𝑠

1 − 𝑧−1

1 + 𝑧−1

Type III lead-lag 

compensator

with

𝐻
2 1 −

1
𝑧

𝑇
1
𝑧 + 1

=

𝑇𝛚𝐏0

2 1 −
1
𝑧

𝑇𝛚𝐙𝟏
1
𝑧 + 1

+ 1
2 1 −

1
𝑧

𝑇𝛚𝐙𝟐
1
𝑧 + 1

+ 1
1
𝑧 + 1

2
2 1 −

1
𝑧

𝑇𝛚𝐏𝟏
1
𝑧 + 1

+ 1
2 1 −

1
𝑧

𝑇𝛚𝐏𝟐
1
𝑧 + 1

+ 1 1 −
1
𝑧

We get:



© 2019 Microchip Technology Incorporated. All Rights Reserved. 23095 PC3 Slide 7

Designing a 3P3Z Controller

Luckily symbolic equation solvers like Mathematica/WolframAlpha 

Online, Maple, Reduce, Maxima, etc… can help (!!!)

… and this is when things start to get a bit messy for a while …
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𝐻𝐶[𝑧] =
𝐵3 𝑧

−3 + 𝐵2 𝑧
−2 + 𝐵1 𝑧

−1 + 𝐵0
−𝐴3 𝑧

−3 − 𝐴2 𝑧
−2 − 𝐴1 𝑧

−1 + 1

Designing a 3P3Z Controller

𝜔𝑍1𝜔𝑍2 2𝑇2𝜔𝑃1 + 4𝑇 𝜔𝑃2 + 4𝑇𝜔𝑃1 + 8 𝑧3+

𝜔𝑍1𝜔𝑍2 2𝑇2𝜔𝑃1 − 4𝑇 𝜔𝑃2 − 4𝑇𝜔𝑃1 − 24 𝑧2+

𝜔𝑍1𝜔𝑍2 −2𝑇2𝜔𝑃1 − 4𝑇 𝜔𝑃2 − 4𝑇𝜔𝑃1 + 24 𝑧1+

𝜔𝑍1𝜔𝑍2 4𝑇 − 2𝑇2𝜔𝑃1 𝜔𝑃2 + 4𝑇𝜔𝑃1 − 8 𝑧0

𝜔𝑃0𝜔𝑃1𝜔𝑃2 𝑇3𝜔𝑍1 + 2𝑇2 𝜔𝑍2 + 2𝑇2𝜔𝑍1 + 4𝑇 𝑧3+

𝜔𝑃0𝜔𝑃1𝜔𝑃2 3𝑇3𝜔𝑍1 + 2𝑇2 𝜔𝑍2 + 2𝑇2𝜔𝑍1 − 4𝑇 𝑧2 +

𝜔𝑃0𝜔𝑃1𝜔𝑃2 3𝑇3𝜔𝑍1 − 2𝑇2 𝜔𝑍2 − 2𝑇2𝜔𝑍1 − 4𝑇 𝑧1+

𝜔𝑃0𝜔𝑃1𝜔𝑃2( 𝑇
3𝜔𝑍1 − 2𝑇2 𝜔𝑍2 − 2𝑇2𝜔𝑍1 + 4𝑇) 𝑧0

𝐻𝐶[𝑧] =

After factorizing the term, we now start to see the finish line…
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𝐻𝐶[𝑧] =
𝐵3 𝑧

−3 + 𝐵2 𝑧
−2 + 𝐵1 𝑧

−1 + 𝐵0
−𝐴3 𝑧

−3 − 𝐴2 𝑧
−2 − 𝐴1 𝑧

−1 + 1
n →-4 -3 -2 -1   0  1  2   3  4

0  3

-1  2

-2  1

-3  0

Problem #1:

Relocating the 

delay line.

This term is 

pointing “into the 

future”.

Therefore the entire 

term needs to be 

shifted three ticks 

“into the past” 

Designing a 3P3Z Controller

It is almost in the right form, leaving us with two remaining problems to 

solve…

𝜔𝑍1𝜔𝑍2 2𝑇2𝜔𝑃1 + 4𝑇 𝜔𝑃2 + 4𝑇𝜔𝑃1 + 8 𝑧3+

𝜔𝑍1𝜔𝑍2 2𝑇2𝜔𝑃1 − 4𝑇 𝜔𝑃2 − 4𝑇𝜔𝑃1 − 24 𝑧2+

𝜔𝑍1𝜔𝑍2 −2𝑇2𝜔𝑃1 − 4𝑇 𝜔𝑃2 − 4𝑇𝜔𝑃1 + 24 𝑧1+

𝜔𝑍1𝜔𝑍2 4𝑇 − 2𝑇2𝜔𝑃1 𝜔𝑃2 + 4𝑇𝜔𝑃1 − 8 𝑧0

𝜔𝑃0𝜔𝑃1𝜔𝑃2 𝑇3𝜔𝑍1 + 2𝑇2 𝜔𝑍2 + 2𝑇2𝜔𝑍1 + 4𝑇 𝑧3+

𝜔𝑃0𝜔𝑃1𝜔𝑃2 3𝑇3𝜔𝑍1 + 2𝑇2 𝜔𝑍2 + 2𝑇2𝜔𝑍1 − 4𝑇 𝑧2 +

𝜔𝑃0𝜔𝑃1𝜔𝑃2 3𝑇3𝜔𝑍1 − 2𝑇2 𝜔𝑍2 − 2𝑇2𝜔𝑍1 − 4𝑇 𝑧1+

𝜔𝑃0𝜔𝑃1𝜔𝑃2( 𝑇
3𝜔𝑍1 − 2𝑇2 𝜔𝑍2 − 2𝑇2𝜔𝑍1 + 4𝑇) 𝑧0

𝐻𝐶[𝑧] =
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𝐻𝐶[𝑧] =
𝐵3 𝑧

−3 + 𝐵2 𝑧
−2 + 𝐵1 𝑧

−1 + 𝐵0
−𝐴3 𝑧

−3 − 𝐴2 𝑧
−2 − 𝐴1 𝑧

−1 + 1
n →-4 -3 -2 -1   0  1  2   3  4

Designing a 3P3Z Controller
Step 1:

Moving delay line by 3-clicks “into the past” synchronizes equation and 

our target transfer function form

𝜔𝑍1𝜔𝑍2 2𝑇2𝜔𝑃1 + 4𝑇 𝜔𝑃2 + 4𝑇𝜔𝑃1 + 8 𝑧0+

𝜔𝑍1𝜔𝑍2 2𝑇2𝜔𝑃1 − 4𝑇 𝜔𝑃2 − 4𝑇𝜔𝑃1 − 24 𝑧−1+

𝜔𝑍1𝜔𝑍2 −2𝑇2𝜔𝑃1 − 4𝑇 𝜔𝑃2 − 4𝑇𝜔𝑃1 + 24 𝑧−2+

𝜔𝑍1𝜔𝑍2 4𝑇 − 2𝑇2𝜔𝑃1 𝜔𝑃2 + 4𝑇𝜔𝑃1 − 8 𝑧−3

𝜔𝑃0𝜔𝑃1𝜔𝑃2 𝑇3𝜔𝑍1 + 2𝑇2 𝜔𝑍2 + 2𝑇2𝜔𝑍1 + 4𝑇 𝑧0+

𝜔𝑃0𝜔𝑃1𝜔𝑃2 3𝑇3𝜔𝑍1 + 2𝑇2 𝜔𝑍2 + 2𝑇2𝜔𝑍1 − 4𝑇 𝑧−1 +

𝜔𝑃0𝜔𝑃1𝜔𝑃2 3𝑇3𝜔𝑍1 − 2𝑇2 𝜔𝑍2 − 2𝑇2𝜔𝑍1 − 4𝑇 𝑧−2+

𝜔𝑃0𝜔𝑃1𝜔𝑃2( 𝑇
3𝜔𝑍1 − 2𝑇2 𝜔𝑍2 − 2𝑇2𝜔𝑍1 + 4𝑇) 𝑧−3

𝐻𝐶[𝑧] =

B3 = 

B2 = 

B1 = 

B0 = 

A3 = 

A2 = 

A1 = 

A0 = 

0  3

-1  2

-2  1

-3  0
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𝐻𝐶[𝑧] =
𝐵3 𝑧

−3 + 𝐵2 𝑧
−2 + 𝐵1 𝑧

−1 + 𝐵0
−𝐴3 𝑧

−3 − 𝐴2 𝑧
−2 − 𝐴1 𝑧

−1 + 1

Designing a 3P3Z Controller
Step 2:

The entire term needs to be normalized to make coefficient A0 = 1

𝜔𝑍1𝜔𝑍2 2𝑇2𝜔𝑃1 + 4𝑇 𝜔𝑃2 + 4𝑇𝜔𝑃1 + 8 𝑧0+

𝜔𝑍1𝜔𝑍2 2𝑇2𝜔𝑃1 − 4𝑇 𝜔𝑃2 − 4𝑇𝜔𝑃1 − 24 𝑧−1+

𝜔𝑍1𝜔𝑍2 −2𝑇2𝜔𝑃1 − 4𝑇 𝜔𝑃2 − 4𝑇𝜔𝑃1 + 24 𝑧−2+

𝜔𝑍1𝜔𝑍2 4𝑇 − 2𝑇2𝜔𝑃1 𝜔𝑃2 + 4𝑇𝜔𝑃1 − 8 𝑧−3

𝜔𝑃0𝜔𝑃1𝜔𝑃2 𝑇3𝜔𝑍1 + 2𝑇2 𝜔𝑍2 + 2𝑇2𝜔𝑍1 + 4𝑇 𝑧0+

𝜔𝑃0𝜔𝑃1𝜔𝑃2 3𝑇3𝜔𝑍1 + 2𝑇2 𝜔𝑍2 + 2𝑇2𝜔𝑍1 − 4𝑇 𝑧−1 +

𝜔𝑃0𝜔𝑃1𝜔𝑃2 3𝑇3𝜔𝑍1 − 2𝑇2 𝜔𝑍2 − 2𝑇2𝜔𝑍1 − 4𝑇 𝑧−2+

𝜔𝑃0𝜔𝑃1𝜔𝑃2( 𝑇
3𝜔𝑍1 − 2𝑇2 𝜔𝑍2 − 2𝑇2𝜔𝑍1 + 4𝑇) 𝑧−3B3 = 

B2 = 

B1 = 

B0 = 

A3 = 

A2 = 

A1 = 

A0 = 

Problem #2:

Coefficient A0 

needs to become 

const. 1,

which it is clearly 

not
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Designing a 3P3Z Controller
Step 2:

The entire term needs to be normalized to make coefficient A0 = 1

So we perform the following multiplication

and we get…

𝐻𝐶 𝑧 ×

1

𝜔𝑍1𝜔𝑍2 2𝑇2𝜔𝑃1 + 4𝑇 𝜔𝑃2 + 4𝑇𝜔𝑃1 + 8

−
1

𝜔𝑍1𝜔𝑍2 2𝑇2𝜔𝑃1 + 4𝑇 𝜔𝑃2 + 4𝑇𝜔𝑃1 + 8
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Designing a 3P3Z Controller

1 𝑧0+

B3 = 

B2 = 

B1 = 

B0 = 

A3 = 

A2 = 

A1 = 

A0 = 

𝑇𝜔𝑃0𝜔𝑃1𝜔𝑃2 𝑇𝜔𝑍1 + 2 𝑇𝜔𝑍2 + 2

2 𝑇𝜔𝑃1 + 2 𝑇𝜔𝑃2 + 2 𝜔𝑍1𝜔𝑍2
𝑧0+

𝑇𝜔𝑃0𝜔𝑃1𝜔𝑃2 −4+3𝑇2𝜔𝑍1𝜔𝑍2+2𝑇 𝜔𝑍1+𝜔𝑍2

2 𝑇𝜔𝑃1+2 𝑇𝜔𝑃2+2 𝜔𝑍1𝜔𝑍2
𝑧−1 +

𝑇𝜔𝑃0𝜔𝑃1𝜔𝑃2 −4+3𝑇2𝜔𝑍1𝜔𝑍2−2𝑇 𝜔𝑍1+𝜔𝑍2

2𝜔𝑍1𝜔𝑍2 𝑇𝜔𝑃1+2 𝑇𝜔𝑃2+2
𝑧−2 +

𝑇𝜔𝑃0𝜔𝑃1𝜔𝑃2 𝑇𝜔𝑍1 − 2 𝑇𝜔𝑍2 − 2

2 𝑇𝜔𝑃1 + 2 𝑇𝜔𝑃2 + 2 𝜔𝑍1𝜔𝑍2
𝑧−3

−
−12 + 𝑇2𝜔𝑃1𝜔𝑃2 − 2𝑇 𝜔𝑃1 + 𝜔𝑃2

𝑇𝜔𝑃1 + 2 𝑇𝜔𝑃2 + 2
𝑧−1+

−12 + 𝑇2𝜔𝑃1𝜔𝑃2 + 2𝑇(𝜔𝑃1 + 𝜔𝑃2)

𝑇𝜔𝑃1 + 2 𝑇𝜔𝑃2 + 2
𝑧−2+

𝑇𝜔𝑃1 − 2 𝑇𝜔𝑃2 − 2

𝑇𝜔𝑃1 + 2 𝑇𝜔𝑃2 + 2
𝑧−3

CHECKLIST

Delay-Line correct?

A0 = 1 ?

Sign of A-Coefficients 

correct?

That’s it !!!
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Designing a 3P3Z Controller

Now we’ve got a 100% generic compensator equation which can 
be set up by applying common s-domain design rules and 

techniques!

with

𝐻[𝑧] =
𝑦[𝑧]

𝑥[𝑧]
=

𝐵3 𝑧
−3 + 𝐵2 𝑧

−2 + 𝐵1 𝑧
−1 + 𝐵0

−𝐴3 𝑧
−3 − 𝐴2 𝑧

−2 − 𝐴1 𝑧
−1 + 1

𝐴1 = −
−12 + 𝑇𝑆

2𝜔𝑃1𝜔𝑃2 − 2𝑇𝑆(𝜔𝑃1 + 𝜔𝑃2)

2 + 𝑇𝑆𝜔𝑃1 2 + 𝑇𝑆𝜔𝑃2

𝐴2 =
−12 + 𝑇𝑆

2𝜔𝑃1𝜔𝑃2 + 2𝑇𝑆(𝜔𝑃1 + 𝜔𝑃2)

2 + 𝑇𝑆𝜔𝑃1 2 + 𝑇𝑆𝜔𝑃2

𝐴3 =
−2 + 𝑇𝑆𝜔𝑃1 −2+ 𝑇𝑆𝜔𝑃2

2 + 𝑇𝑆𝜔𝑃1 2 + 𝑇𝑆𝜔𝑃2

𝐵0 =
𝑇𝑆𝜔𝑃0𝜔𝑃1𝜔𝑃2 2 + 𝑇𝑆𝜔𝑍1 2 + 𝑇𝑆𝜔𝑍2

2𝜔𝑍1𝜔𝑍2 2 + 𝑇𝑆𝜔𝑃1 2 + 𝑇𝑆𝜔𝑃2

𝐵1 =
𝑇𝑆𝜔𝑃0𝜔𝑃1𝜔𝑃2 −4 + 3𝑇𝑆

2𝜔𝑍1𝜔𝑍2 + 2𝑇𝑆 𝜔𝑍1 + 𝜔𝑍2

2𝜔𝑍1𝜔𝑍2 2 + 𝑇𝑆𝜔𝑃1 2 + 𝑇𝑆𝜔𝑃2

𝐵2 =
𝑇𝑆𝜔𝑃0𝜔𝑃1𝜔𝑃2 −4 + 3𝑇𝑆

2𝜔𝑍1𝜔𝑍2 − 2𝑇𝑆 𝜔𝑍1 + 𝜔𝑍2

2𝜔𝑍1𝜔𝑍2 2 + 𝑇𝑆𝜔𝑃1 2 + 𝑇𝑆𝜔𝑃2

𝐵3 =
𝑇𝑆𝜔𝑃0𝜔𝑃1𝜔𝑃2 −2 + 𝑇𝑆𝜔𝑍1 −2 + 𝑇𝑆𝜔𝑍2

2𝜔𝑍1𝜔𝑍2 2 + 𝑇𝑆𝜔𝑃1 2 + 𝑇𝑆𝜔𝑃2
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Enrolling the z-Transfer 
Function on the Delay Line

𝑦[𝑧]

𝑥[𝑧]
=
𝐵3𝑧

−3 + 𝐵2𝑧
−2 + 𝐵1𝑧

−1 + 𝐵0
−𝐴3𝑧

−3 − 𝐴2𝑧
−2 − 𝐴1𝑧

−1 + 1

𝑥 𝑧 × 𝐵3𝑧
−3 + 𝐵2𝑧

−2 + 𝐵1𝑧
−1 + 𝐵0 = 𝑦[𝑧] × −𝐴3𝑧

−3 − 𝐴2𝑧
−2 − 𝐴1𝑧

−1 + 1

𝐵3𝑥𝑛−3 + 𝐵2𝑥𝑛−2 + 𝐵1𝑥𝑛−1 + 𝐵0𝑥𝑛 = −𝐴3𝑦𝑛−3 − 𝐴2𝑦𝑛−2 − 𝐴1𝑦𝑛−1 + 1𝑦𝑛

Here is our next control 

output!

𝑦𝑛 = +𝐴3𝑦𝑛−3 + 𝐴2𝑦𝑛−2 + 𝐴1𝑦𝑛−1 + 𝐵3𝑥𝑛−3 + 𝐵2𝑥𝑛−2 + 𝐵1𝑥𝑛−1 + 𝐵0𝑥𝑛

This LDE 

can now run on the DSP core

most efficiently
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New Degree of Control 
Flexibility

Type III

–

EA

+

REF

C2

C3

R2

Output 

Voltage

Feedback

R1
C1

Ra

Rb EA 

Output

𝐻𝑐(𝑠) =
𝜔𝑃0

𝑠

𝑠
𝜔𝑍1

+ 1
𝑠
𝜔𝑍2

+ 1

𝑠
𝜔𝑃1

+ 1
𝑠
𝜔𝑃2

+ 1

Type II

–

EA

+

REF

C2

C3

R2

Output 

Voltage

Feedback

Ra

Rb EA 

Output

𝐻𝑐(𝑠) =
𝜔𝑃0

𝑠

𝑠
𝜔𝑍1

+ 1

𝑠
𝜔𝑃1

+ 1

Type IV

𝐻𝑐(𝑠) =
𝜔𝑃0

𝑠

𝑠
𝜔𝑍1

+ 1
𝑠
𝜔𝑍2

+ 1
𝑠
𝜔𝑍𝟑

+ 1

𝑠
𝜔𝑃1

+ 1
𝑠
𝜔𝑃2

+ 1
𝑠
𝜔𝑃𝟑

+ 1

Type XII

𝐻𝑐(𝑠) =
𝜔𝑃0

𝑠

𝑠
𝜔𝑍1

+ 1
𝑠
𝜔𝑍2

+ 1
𝑠
𝜔𝑍𝟑

+ 1
𝑠
𝜔𝑍𝟒

+ 1
𝑠
𝜔𝑍𝟓

+ 1
𝑠
𝜔𝑍𝟔

+ 1
𝑠
𝜔𝑍𝟕

+ 1
𝑠
𝜔𝑍𝟖

+ 1
𝑠
𝜔𝑍𝟗

+ 1
𝑠

𝜔𝑍𝟏𝟎
+ 1

𝑠
𝜔𝑍𝟏𝟏

+ 1

𝑠
𝜔𝑃1

+ 1
𝑠
𝜔𝑃2

+ 1
𝑠
𝜔𝑃𝟑

+ 1
𝑠
𝜔𝑃𝟒

+ 1
𝑠
𝜔𝑃𝟓

+ 1
𝑠
𝜔𝑃𝟔

+ 1
𝑠
𝜔𝑃𝟕

+ 1
𝑠
𝜔𝑃𝟖

+ 1
𝑠
𝜔𝑃𝟗

+ 1
𝑠

𝜔𝑃𝟏𝟎
+ 1

𝑠
𝜔𝑃𝟏𝟏

+ 1
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Digital Type III Controller
– Basic Implementation –

• This is the block diagram of the common, fully 
generic 3p3z compensator we just designed

• Its output is normalized to provide a PWM duty 
cycle, phase-shift, switching period, reference 
current, amplitude modulation factor, etc.

REF

Voltage / Average

Current Feedback

– Z-1

PWM

ADC

Z-1

X X

X X

B0 B1 XB2

A3 A2

Accumulator

Z-1 Z-1

U(n)

NORM

NORM

Z-1

XB3

XA1

Z-1

IOCTRL PWM Output

Z0
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Digital Control Loop 
Implementation

Coefficients Variables

Accumulator

Coefficient B0

Coefficient B1

Coefficient B2

Coefficient A1

Coefficient A2

e(n)

e(n-1)

e(n-2)

u(n-1)

u(n-2)

Y-RAM X-RAM

MAC –Unit Instructions: 7

from RAMfrom Flash 

or RAM

Error 

History

Controller 

History

u(n) = + B2 e(n-2)+ B1 e(n-1)+ B0 e(n)+ A2 u(n-2)A1 u(n-1)

Linear difference equation of the digital type III (3p3z) compensator

Coefficient B3 e(n-3)

Coefficient A3 u(n-3)

+ A3 u(n-3) + B3 e(n-3)


