ECSE 210: Circuit Analysis
Lecture #28:

Passive Filter Networks



Passive Filter Networks

Filters are designed to pass signals in a given frequency
range and reject or attenuate signals outside that range.

- “Pass” frequency range is called “passband”.
- “Reject” frequency range is called the “rejection band”

=» There are four common passive filter types:

1. Low-pass: designed to pass low frequencies and
reject high frequencies.

2. High-pass: designed to pass high frequencies and
reject low frequencies.

3. Band-pass: designed to pass frequencies within a
specific band and reject all others.

4. Band-reject: designed to reject frequencies within a
specific band are reject all others.



Low-Pass Filter

Ideal response: Pass all frequencies up to a cut-off w,,
but reject all frequencies above it.
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Low Pass Filter Example
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Circuit has a single real pole: p=-w
—> First order filter.



Example Low-Pass Filter

- First order filter: H(s) = “
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High-Pass Filter

|deal response: Pass all frequencies above a cut-off w,,
but reject all frequencies below it.
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High-Pass Filter Example
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Circuit has a single real pole p=-0,
and a single zero at the origin

- First order filter.



Example Low-Pass Filter

- First order filter.
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Band-Pass Filter

|ldeal response: Pass all frequencies within a specific
band (frequency range), but reject all other frequencies.
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Band-Pass Filter Example
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Band-Pass Filter Example
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Response is Maximum at resonant frequenc W, =——
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The pass-band is between the two half-power frequencies.



Band-Pass Filter Example

Half-power frequencies:
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Band-Pass Filter Example

Half-power frequencies:

R
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Solving for two positive roots results in half-power or cut-
off frequencies:
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Band-Reject Filter

|deal response: Rejects all frequencies within a specific
band (frequency range), but passes all other frequencies.
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Band-Reject Filter Example
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Band-Reject Filter Example
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At o= s mm) |H(s) =0

Center frequency = resonant frequency

The rejection band is between the two half- power
frequencies.



Band-Pass Filter Example

Half-power frequencies:
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Band-Reject Filter Example

Half-power frequencies:

o0+ X4 w> =0
L
Solving for two positive roots results in half-power or cut-

off frequencies:

o = B (8 407 . (R )R + 40

R
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LOADING
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LOADIN G FOR A CAScADE

ZoA. _‘;"__3'}_,
Gb <3 H,V, \VA 12, H,_Vg_ N3
@D -l -
Ciler L filter 2
@ V3 - ’r\z \)2_
z'" * e
= Vo = Zod + Zia HV, Vol'\'asc divide

o COnwecting sReownd skoqe o first stage
hos cJAa.auﬁeA the output Vo of Hhe Cirst stage

e “he =ecownd wtage g \Oad'mﬂ Lwe Grs’f‘s‘tae-g.

Z.
o Now N3 = Hy = R,V
ZOQ.'PZLQ_
or H - -\-,é. Zia H
\"ﬂ. z 2oatZes 1

- H=HH. i<
()  Zip= e Clry large )
or @ Zor= o0 (Very swmall)

mP \MMNIMAL LOADING



