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Introduction

This routine cal culates the required inductances and capacitances for alowpass LC butterworth filter. Itis
gpecid in that it dso Szes the components to deliver maximum power from a given source resistance to a different load
resstance. Reactive portions of the source and load must be remove subtracted the filter network, so it isusualy
desirable to choose an odd order network for maximum power transfer. Given the lowpass LC coefficients, the
network can easily be transformed into a bandpass, highpass, notch filter based on other topologies. g1/C, active RC,
etc. A butterworth filter has the following power trandfer function, where the order of thefilter isgiven by nt
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Inputs

Atten := 80dB Stop-Band Attenuation
Ripple := 1dB Maximum Passband Ripple
fp := 1kHz Passband corner frequency
fg:= 10kHz Stopband corner frequency
Rg:= 10kW Sour ce Impedance
R = 20kW Load Impedance



Order and -3dB Corner Frequency Estimation
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Function 1. Holds Atten Constant and chooses n to meet Ripple
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Required Order of Butterworth Filter for 3dB
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Function 2: Holds Ripple Congtant and chooses n to meet Atten
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Poles and Zeros

k:=1.n Index Vector for poles
We = 204
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Quadratic Sections

Quadratic center frequen
butterworth)

Quadratic Q

Quadratic Damping Fact

W (1145 1145 1.145)kHz First Order Section

1 _ 1 1
2 i .2 é . .2 u
s +(ée 2re (__)x5+1 ,fég +i><i (:lé:’é;(_) +2>zxi+]1;
re2+im2 ére2+im2g ewg Qw Eewg wou
m:= 1..f|oor6@—9
ez2g
_ 2 2 T
Wm "J Re(s,;)” + Im(s W - (1145 1145)kHz
2p
_Wm T
= = (1618 0618
Qn 2>Re(sm) Q =( )
- Rels
2= ) 2 = (0309 0809)
Wm
O n r T
w " ::|fa?:eil?@—9>—,-s 20
cail2? E e2g 2 &9 sec 20
e2g ¢ e2g [7]



Transfer Function
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phase(p) := [p - ag(p)
return p if last(p) <2
wrap -~ 0
for il 2..last(p)
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Plotting

num:= 100 Number of Points for plotting
i :=1..num Frequency Index Vector
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[¥] Images

Element Values for Different Load and Source Impedances[1]

This method assumes the inductor isthe first dement
[¥] Create Circuit

Zg= 10kwW
Z| = 20kw
Element Values for Different Load and Source Impedances[1]
This method assumes the capacitor is the first eement
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Element Values for Equal Source and Load Impedances
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Functions
butter(Atten,Ripple,fp,fs,Rs) =ln-1
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Example
X:= butter(Atten, Ripple, fp,fs, RS)

L= xpH L™ = (0812 0812)H

Ci=x)F c' = (3103 10042 3103)nF

Butterworth LC Filter Coefficients

n:=2 order of filter
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S Parameter Frequency Response

S-parameter is an abbreviation for scattering parameters. S-parameters are ameasure of the power gain of a
network. The term scattering comes from the concept of a cue ball scattering other bals as it transfers power to them
S;j isthe measure of power gain from port j to port i. Specificaly, the square root of power gain. For example, Sy,
the mogt useful S-parameter, is the measure of the ratio of output power to the available input power. Thisisan
important sentence. This sentence is used to perform hand caculations. The output power is easy to explain, it is
Vormd/R . Theavailable input power istrickier to explain. Available input power isthe maximum power that can be
delivered from a source. For a source impedance of Rs, and a source voltage of Vg, the available input power is
(Vsrmd2)2/Rs. Why, because maximum power is delivered isto aresistance of R, Thus avoltage divison of two for
the voltage, when delivering maximum available power. Thus the power gain of a network, S,;, isfound by dividing the
two powers 2*V /V* sart(Rs/R, ).

Here S-parameters for the network are caculated by finding the ABCD matrix for each eement of the
network, then multiplying dl the matrices to get an ABCD matrix for the system
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ABCD to S parameter converson with a common impedance on al ports using this expresson from

"Microwave Engineering” by Pozar.

ABCD2S{ABCD, Zo) := |A = ABCD, ,
B~ ABCD, ,
C- ABCD, ,
D- ABCD, ,
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This scattering parameter conversion routine (to convert to arbitrary source and load impedances) isgiven
"Applied RF Techniques 1" lecture notes, but isincorrect. A correct version of the routine is found on page 31 of
"Microwave Amplifiers and Oscillators" by Chrigtian Genttili.
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Sso(w) := ABCD25(ABCD(w), Z)

7 =Rg Z5:=Rg

Sw) = Sconv(Ss0(W) . 20,25, 20,21

S-parameters of ideal matching network
with actual load and source impedances.

50 Ohm S-parameters of ideal matching network.
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Plots of lossy and ided S-paramaters of the matching network verses frequency. Be careful when using these
plots, as they do not reflect the change in source and load impedance vs. frequency (for exampleif driver output
impedance is capacitive).

- Ripple
S11 vs. Frequency S12 vs. Frequency S12 vs. Frequency
0 0 0 Rippte
Q S
8 P P \
% -20 e KiHz Hz - kHz
a Atten
S
<
-40 ll 4
0.1 1 10 1C 0.1 1 10 100 0 1 2
Frequency (kHz) frequency (kHz) frequency (kHz)
S21 vs. Frequency S22 vs. Frequency
T 0 T
-1 -4 |
2 S
. _3 i i : /

20t | ) 1)) -4 | 2040 Sw)o.2/) 18
— % | 24

— \ -28

g \ -32

9 ! -36

—10 ‘ 40 —4 ~3
1104 1108 01 1-10 1-10 ( 0.1

References
[1]Microwave Electronic Circuit Technology, by Y oshihiro Konishi, Marcel Dekker Publishing, New Y ork,
1998, Filter Design Equetions: pp 199-

2]Passive and Active Filters, Theory and Implementations, by Wai-Ka Chen, John Wiley & Sons, New
York, 1986, pp. 177-184

Copyright and Trademark Notice

All software and other materidsincluded in this document are protected by copyright, and are owned or
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The routines are protected by copyright as a collective work and/or compilation, pursuant to federa copyright
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