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Air Filters
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Oil Filters



Light Filters




Microwave
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Rock Filters
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Virus Filters




Coffee Filters




What are

Filters?

According to Merriam-Webster — “a device
or material for suppressing or minimizing
waves or oscillations of certain frequencies
(as of electricity, light, or sound)”

Amateur radio operators know that Filters
are used in many areas of electronics. One
of the main areas where they are used is
within the radio frequency or RF domain.

RF filters are used to remove or accept
signals that fall in certain areas of the radio
spectrum.



Basic types of

RF Filters

There are four types of filter that can be defined.
- Low Pass Filter

- High Pass Filter

- Band Pass Filter

- Band Reject Filter

Each different type rejects or accepts signals in a
different way, and by using the correct type of RF
filter it is possible to accept the required signals
and reject those that are not wanted.
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Low pass filter

As the name indicates the low pass
filter is a form of filter that only allows

through the lower frequencies.
Typically it is nominally flat until the
cut-off point, and then it rolls off. Cut-off

frequency

Frequency




Response

High pass filter

The high pass filter is in many ways the
inverse of the low pass filter. It only

allows signals through that are higher
than the cut-off frequency. Above this
point it is nominally flat, and below
the RF filter cut-off frequency the
response falls away at a rate
determined by the order of the filter.

Cut-off
frequency

Frequency



Band pass filter

The band pass RF filter only allows
through signals within certain

frequencies. Above and below the cut-
off frequencies, the signals will be
attenuated and within the accepted
band of radio frequencies, signals will
be passed through.
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Band reject filter

The band reject filter is the opposite of
a band pass filter, as it rejects signals

within a certain RF band. This form of
RF filter is often used to remove
unwanted signals that are know to
exist in a system.

Response

Reject
bandwidth

Frequency



Characteristics

of RF Filters

A filter allows signals through in what is termed the
pass band. This is the band of frequencies below the
cut off frequency for the filter.

The cut off frequency of the filter is defined as the
point at which the output level from the filter falls to
50% (-3 dB) of the in band level, assuming a constant
input level. The cut off frequency is sometimes
referred to as the half power or -3 dB frequency.

The stop band of the filter is essentially the band of
frequencies that is rejected by the filter. It is taken as
starting at the point where the filter reaches its
required level of rejection.



Important Filter
Specifications

RF filters, along with all filters have a
variety of different specifications which
relate to their performance.

stopband
attenuation
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T S pass 4 stopband
stopband transition

bands



RF Filters

Classifications

Constant-k: The constant-k filter has the advantage of it
being very easy to calculate values for the different
components.

Chebysheuv: This filter provides fast roll off after the cut off
frequency is reached.

Butterworth Filter: This type of filter provides the
maximum in band flatness, although it provides a lower
stop-band attenuation than a Chebyshev filter.

Bessel: This filter provides the optimum in-band phase
response and therefore also provides the best step
response.

Elliptic: This filter, also known as the Cauer filter has
significant levels of in band and out of band ripple.



Low Pass Filter

A Low Pass Filter is a circuit that can be designed to modify,
reshape or reject all unwanted high frequencies of an electrical

signal and accept or pass only those signals wanted by the
circuit designer.

Resistar, R

First RC Stage Second RC Stage

. Corner
Gain (dB) Frequency

 —— ,
( PassBand fe StopBand )

Calculated
-+— -3dB

Slope =
-20dB/Decade

fe@nd  fo(ish Log (f/fc)




High Pass Filter

A High Pass Filter is the exact opposite to the low pass filter
circuit as the two components have been interchanged with the
filters output signal now being taken from across the resistor.

Capacitor, C

Resistor, R

Second Stage

Gain (dB) = 20 log ‘(?T‘f

Frequency
Response

Frequency (Hz)




1st-order filter

Also called “poles”

1st Order Butterworth Highpass
Cutoff Frequency = 1.600 kHz

RS
50.00 O

L1 RL
2.400 mH*=> 50.00 O

rf-tools.com | Apr 16, 2020
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3rd Order Butterworth Highpass
Cutoff Frequency = 1.600 kHz

RS c2
50.00 Q 1.000 uF
I
I
L1 L3 RL
5.100 mH =< 5.100 mH == 50.00 O

rf-tools.com | Apr 16, 2020

3rd-order filter

Also called “poles”

Insertion Loss and Return Loss

521 (dB)

-40

Phase and Group Delay S-Parameters

&R+ -POMBS B

TR T TS N TS T T T N S ST T T N TN T T TS O T I A B T

LN R B B S S L e B s e S I B B S B B |

L e e LI I e e o N M N RN RRNRRNERRRRIRRISRMINIL IR I

1K
Frequency (Hz)

=

&

-20

-25

-30

-35

-40

(ap) L1S



5th-order filter

Also called “poles”

5th Order Butterworth Highpass
Cutoff Frequency = 1.600 kHz

RS cz c4
50.00 O 1.200 uF 1.200 uF

|| Il

11 I
L1 L3 L5 RL
8.200mH =< 2.400mH < 8.200 mH=>50.00 O
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/th-order filter

Also called “poles”

7th Order Butterworth Highpass
Cutoff Frequency = 1.600 kHz

RS c2 c4
50.00 Q 1.600 uF 1.000 uF

Cé
1.600 uF

|| |1

1 I
L1 L3
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|1
Al
L5 L7
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Band Pass Filter

Passive Band Pass Filters can be made by connecting together a
low pass filter with a high pass filter.

Bandwidth -20dB/Decade
»

E‘ +20dBDecade

Frequency (Hz)




CW

SSB

Filter Uses Duplexers

Triplexers

Repeaters




CW Filter

Typically 300 Hz or 500 Hz.




CW Filter

IC-7300 Spectrum Scope.

cwWw —— 'FI2
VFOA 1

/7.010.05

SPECTRUM SCOPE FIX Grid 2.5k/10dB
7.030

e ik —4

/.010 7.015 7.020 7.025

EDGE HOLD CENT/FIX EXPD/SET




SSB Filter

Typically 1.8 kHz, 2.4 kHz or up to 3
kHz.




FIL2 so 12:05
VFOA 3

3.9/73.00

SSB Filter

Setting the filter specifications.

4.000

BW




COMMON

ME)
Aren’t they the same?

MFJ-916B

Duplexer

1.3~225 MHz 350~540 MHz
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Triplexers




Triplexers

Response Curve

S-Parameters (dB)




Repeaters

Cavity Filters




Repeaters o \
Cavity Response Curve \ /
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Filter Design

Software

Circuit Design




Filter Design

This is the hard way.

JEB "n..n-ﬂ q.

Figure 4. Admittance inverter coupled bandpass filter.

Koo = 0 (51
Fig)
Where:
2
Fig) 18)

tan (8) [ cot (6) + 8 csc” {6) ]
Whare # is the electrical length of the
rasonator in radians.

If fringing capacitance beyond the
nearest neighbor resonator is neglected,
it is possible to describe TEM mode
propagation along the structure in terms
of two orthogonal modes designated as
even and odd. They have different
characteristic impedances which are
intimately related to the total static
capacitances of the rods to ground when
in one or the other moade. The total static
capacitances are related to the mutual
capacit between st ive rods
C,, and the self-capacitance C_ of each
rod (2). Figure 3 shows that the total
capacitance measured between one rod
and ground when the rods are driven in
the odd mode is (2):

C.=¢C, +4C, o

Total capacitance d b 1
one rod and ground when the rods are
driven in the even mode is:

C,=C 8

From equations 7 and B:
T i @)

MNow, adjusted coupling coefficients can
be related (equation 5) to these capaci-
tances via:

Ky = — Cm (10)
=g v ec

To obtain the spacing, Cristal's (2)
graphs are used to interpolate the
desired C,, & C, for given spacing.
Alternatively, a less accurate method
can be used. This involves replacing the
round rods with infinitesimal line charges
located at the center of each cylinder
using the method of images. It gives a
correct asymptotic form to the solutions
of the actual round rod problems in the
even and odd mode. The following are
the equations per Cristal's second-order
correction.

Figure 5. Shorted stub resonator.

LR L I I PR IR (1
e '“[' (zcm ) ]*

2 X (- 1)In tanh [(mi2}CTo)] |

P 1 (nia)gfb) 1 _fam \
— e I 2T —in|1
€. 2 |vi@er 2 l (zcm) ]+ (12)
2% Intanh {(m)w2)C)] |
_ 13y  electrical length & (1). Note that negative
it G g4 (3)  dmitances wil be absorbed into adja-
cent resonator admittances. Loading
capacitors are calculated from:
1
Equivalent Circuit C= WZian @ {14}

In order to simulate the response of
such a filter, an equivalent circult is
needed. This is done by Matthaei's (1)
generalized bandpass filter using admit-
tance inverters, For this model, the
resonators are shorted transmission
lines (90 degrees) that are lpaded with
lumped capacitors. J (or admittance)
inverters are formed from stubs of

Series shorted stub admittances are
calculated from:

Ko (15)
ZF(8)
An input admittance inverter which de-

termines the series coupling capacitor
to extarnal circuits is obtained from (1):

el =



Filter Properties 7th Order Elliptic Lowpass
Cutoff Frequency = 100.00 MHz

. . Response Type Passband Ripple = 0.1 dB; Stopband Attenuation = 50.0 dB
I e r e S I g I l Lowpass - Elliptic - L2 L4 L6
98.93 nH 64.52 nH 68.41 nH
Topology Order RS
50.00 Q
Shunt First - 7 - c2 Cc4 o]
. . 5.307 pF 26.99 pF 19.49 pF
LC Filters Design Tool - Calculate LC o - - e S
filters circuit values with low-pass, TR rre I I I 1* '
high-pass, band-pass, or band-stop b stopband fools com | Apr 16, 2020
Ripple (dB) Atten. (dB)
response.
0.10 50.00
Input Output Insertion Loss and Return Loss Phase and Group Delay S-Parameters
Imped. [s} Imped [s) -
peaanee () Impesanee® $R+w-POEIE B
50 50 0 0
Additional Settings
Component Values 101 5
Exact hd
-20 : -10
-30 : -15

https://rf-tools.com/Ic-filter/



https://rf-tools.com/lc-filter/

Circuit Design

LTspice - is a high performance SPICE
simulation software, schematic capture
and waveform viewer with
enhancements and models for easing
the simulation of analog circuits.
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Questions?

Thank youl!




Links

Filter Design

https://rf-tools.com/lc-filter/

Circuit Design

https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator. html#



https://rf-tools.com/lc-filter/
https://www.analog.com/en/design-center/design-tools-and-calculators/ltspice-simulator.html

