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Introduction
In the previous articles we covered all the basic foundation material needed to understand the
fundamentals of power supply compensator design. In this article we will discuss commonly used
compensators in power supplies. We will explain their circuits, transfer functions and their poles
and zeros.

In the majority of the cases, analog compensators for PSUs, take the form of an inverting op-amp
which is usually internal to the controller IC, plus some external capacitors and resistors. Of
course the capacitors and resistors determine the position of the poles and zeros based on the
transfer function of the op-amp circuit. Building on the material covered in the previous articles,
we are now in an ideal position to cover this topic.

One thing to remember about PSU compensators is that there is nothing scary about them. We
are simply dealing with an inverting op-amp with some impedances, just like what we studied in
our very �rst few lectures at university.

Consider the generic inverting op-amp in Figure 1.

Figure 1. Generic inverting op-amp.
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We know from university lectures that the transfer function of this circuits is:

Equation 1

Where Z1 and Z2 are usually a combination of capacitors and resistors. With this simple circuit we
can construct almost all of the compensators that are used in analog power supplies.

Type I Compensator
If I now replace Z2 with a capacitor (C = 10nF) and Z1 with a resistor, (R = 1.6kΩ) I will have created
myself a simple Type I compensator. Furthermore, by selecting the values of the capacitor and the
resistor I can control the position of any poles and zeros that this compensator has. Please note
that for simplicity of teaching we are not considering the dc reference source usually connected to
the non-inverting input and the biasing resistor usually connected between the inverting input
and ground. These two elements only a�ect the dcanalysis and do not impact the ac transfer
function of our compensator; in other words they have no impact on the position of our poles and
zeros

My transfer function therefore becomes:

Equation 2

My gain at a certain frequency f will be:

Equation 3

Equation 4

And, after taking into account the inverting action of the op-amp, the phase will be:

Equation 5

H (s) = −
Z2
Z1

H (s) = − = −
( )1

sC

R
1

sRC

H (s) = =∣∣ ∣∣ + ( )02 1
2πfRC

‾ ‾‾‾‾‾‾‾‾‾‾‾‾‾‾
√ 1

2πf1.6kΩ10nF

H (s) =∣∣ ∣∣
10kHz

f

ϕ = ta − = −n+1 Im
0

1801 901


