Technical note series:

What is a filter ‘pole’?
Is a filter ‘order’ the same as ‘pole’?
Why is an 8 pole filter better than a 2 pole filter?

These are questions we are often asked when discussing filter performance, particularly when
comparing a dedicated electronic filter such as those produced by Kemo against a signal conditioning
unit which has ‘built in’ filters.

First up the question of ‘Order’ or ‘Pole’ and What is a pole: For most general-purpose high or low
pass filters, the term order and pole can be considered the same and they fundamentally describe
the roll off or attenuation rate of the filter. For the purposes of this introduction we will not step
further into the more complex world for now, that is for a later date.

Next ‘Why is an 8 pole better than a 2 pole’: The reality is, in more generic terms, why is a high
number of poles better than a small number of poles?

There are quite a few different types of filter response, many developed by historic scientists and
engineers such as Stephen Butterworth who described his Butterworth filter in his 1930 paper
entitled "On the Theory of Filter Amplifiers. Others were developed by Friedrich Bessel, Wilhelm
Cauer, Yegor Zolotarev and others. Each filter type has different characteristics which relate to the
pass band (smoothness, phase) and the cut off frequency impact, however they all have one thing in
common, that is the rate of attenuation or the effective rejection of frequency content.

A higher number of poles results in a steeper roll-off in the filter's frequency response, meaning the
filter provides greater attenuation in the stopband and a narrower transition region between the
passband and stopband. The result of this greater attenuation is better rejection of unwanted
frequencies.

To visualise we can use Stephen Butterworth’s own historic graph from his 1930 paper. In this we
can see the impact on attenuation from an increasing number of poles.

His plot of the frequency response of 2-, 4-, 6-, 8-
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Actual plot taken from Butterworth’s 1930 paper showing
different versions of his filter design



If we consider the fundamental meaning of the number of poles having a direct relationship with the
level of frequency rejection, we can see that it is an important fact to consider when signal filtering
of noise or other unwanted frequency content.

In general terms ‘built in’ filters that feature in some signal conditioning systems are typically 2 pole
which means the attenuation will be very poor. In applications where noise or frequency rejection is
known to be a requirement a signal conditioning amplifier with higher 8 pole filters should be
considered, as per Kemo’s range of filter products
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