RF Filters: An Overview

www.AtlantaRF.com

Atlanta RF

Services, Software & Designs



http://www.atlantarf.com/

Presentation Content: RF Filters

1. Ideal Filters vs. Actual Filters. 12.Prototype Element Values:
2. Application of RF Filters: A. Maximally-flat (Butterworth).
A. General Applications. B. Equi-Ripple (Chebyshev).
B. Specific Applications. C. Maximally—flat Time Delay.
3. Classifications of RF Filters. D. Linear Phase: 0.05 degree.
4. Technology of RF Filters. 13. A Note about Passband Ripple.
5. Transmission Media of Filters. 14.Frequency Scaling the Prototype.
6. lllustration of RF Filters. 15.Impedance Scaling the Prototype.
7. RF Filter Specifications. 16.Lowpass & Highpass Scaling.
3. The Prototype Filter 17.Bandpass & Bandstop Scaling.
10 p0|ynom|a| Approximations. 19.Summary of Steps: Filter Design.
11_Pr0t0type Lowpass Circuits. ZO.ExampIe: Butterworth LOWpaSS.
N-section
Filter
Circuit ? L
L

Atlanta RF

Feb-2015 www.AtlantaRF.com D Sevices, Software & Designs



I
ldeal Filters versus Actual Filters

A.ldeal Filter: A linear 2-port network that provides perfect transmission
of signals for frequencies in a certain passband region, infinite
attenuation for frequencies in the stopband region, and a linear phase
response in the filter’'s passband region (to reduce signal distortion).

B. Goal: The goal of an actual filter’s design is to approximate an ideal
filter's performance requirements, within acceptable tolerance, using
real circuit components: Resistors: R, inductors: L, capacitors: C,
transmission line sections, unit elements and resonating structures.

Magnitude plot for four ideal filters, along with their circuit symbols:
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» Rejects high freq. > Rejects low freq. > Rejects all other freq.  » Passes all other freq.
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Importance of RF Filters

1. Frequency spectrum allocation and frequency spectrum preservation.

RF signals consist of:
A. Desired signals at desired frequencies.
B. Undesired signals & undesired ‘noise’ at unwanted frequencies.

2. Signal interference reduction or elimination: Receiver protection.
3. Elimination of unwanted harmonics & intermodulation products
generated from nonlinear devices, like:

A. Frequency multipliers,
. Band Frequency (GHz)
B. Frequency mixers, Designation 0 100
C. Power amplifiers. L — G, | i
4. Signal processing & S_| ;- : i
t h : C_ E 4 GHz _.‘__.-:--8 GHz E
spectrum shaping. ] : — G :
5. Frequency multiplexing. | * : (18 GHz :
K_| . . 26GHz
e : . ,r- L loGH
. : ' 40GHz —— : J ‘
W E ; 75 GHz
1GHz 2GHz 24GHz 5GHz 10GHz 28 GHz 77 GHz
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General Application of RF Filters

1. Receivers: Filters the incoming signal right after reception to remove
external ‘white noise’ and external undesirable & interfering signals,
thereby avoiding nonlinear operation of the Receiver’'s Low Noise
Amplifier and/or causing the Receiver to detect & process an
unwanted signal.

2. Transmitters: Filters suppress much of the transmitter-generated
harmonic frequencies, wide-band noise, intermodulation distortion
(IMD) products, and out-of-band conversion frequencies.

3. Communication systems: The various frequency channels are very
close, thus requiring bandpass filters with very narrow bandwidth &
high out-of-band skirt attenuation/rejection.

4. Diplexers: Filters which provide high isolation (loss) between transmit
signal frequencies and receive signal frequencies.

5. Multiplexers: Filters which separate or combine signal frequencies to
different signal channels: Frequency channelization.

6. In detector circuits, frequency mixers and frequency multiplier
applications, filters are used to attenuate/block unwanted high
frequency intermodulation products. Atlanta RF
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Specific Applications of RF Filters

1. Communication Systems:

A. Terrestrial Microwave Links: Receiver protection Filters, Transmitter
Filters, Channel-dropping Filters, Transmitter harmonic frequency
rejection Filters, Local Oscillator Filters, Mixer’s image-frequency
rejection Filters.

B. Satellite Systems:

1) Spacecraft/Satellite: Front-end Receive Filters, Input multiplexer

channelization Filters, Output multiplexer channelization Filters, Transmitter
harmonic frequency rejection Filters.

2) Earth Stations : LNA’s transmit reject Filters, High Power Amplifier’s
harmonic frequency reject Filters, Up Converter & Down Converter Filters.
2. Mobile and Cellular Systems :
A. Base Station Receive protection Filters.
B. Base Station Transmitter Filters.
C. Subscriber’s hand set Diplexer Filters.
D. Satellite Mobile Applications:

1) Aeronautical Transmit/Receive Systems.
2) Maritime Satellite Terminals.
3) Land Mobile Satellite Terminals.

3. RADAR Systems: Active & Passive.
F45-2|6|1i9h RF Pontlerté’pplications: Various & many. Atlanta RF
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RF Filter Applications: Example

Transmit and Receive (Tx & Rx) Communication System

Radiated
RF Signal Rx Bandpass Filter:
Suppresses the Power Amplifier’s ISF B?ndpass FIILer' |
harmonic distortion & limits the séJIggt:S;;??::ia/Sp(;egggsmixer
LNA input. ) )
Antenna P image frequency RF signals.
Y
[ —— —— —— —— —— —— 1
Amplifier | Bandpass Filier | Bandpass Fitter | RX RF Filter X RX IF Filtor
~ . T i~ To Low Frequenc
o iy ~ — —— q y
—~ —~— ~— ™~ Signal Processing
-— a—— a—— a—— a—— -——— P LNA . . :t Local OSCillatOI'
(Low Noise Amplifier) —~ Filter

Duplexer \
Tx Bandpass Filter:

LO Bandpass Filter:

S_upprgsses harmonic _ Suppresses frequency

distortion from the Rx Bandpass Filter: _ harmonic RF signals

Power Amplifier. Increases RF selectivity & Local Oscillator generated inside Local
suppresses LO leakages. Oscillator (LO).
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RF Filter Classification

Electric Filters

Passive Filters Active Filters
|
I I I |
Lumped Components Distributed Components LC Ladder Biquads
LC RC | | Component
Transmission Line With Resonators Simulation
With Resonators
Interdigital _
Dielectric
Resonators
SAWs Crystal
Comb
Line
Coupled
Piezo-Electric] Resonators
Coupled
Line Atlanta RF
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Filter

Classification of RF Filters

LPF | |HPF BﬁBPS

Filters are classified according to the following parameters:
A. Frequency selection:

1) Lowpass Filter: Low insertion loss below a specified cut-off frequency: f..

2) Highpass Filter: Low insertion loss above a specified cut-off frequency: f..

3) Bandpass Filter: Low insertion loss across a specified frequency band.

4) Bandstop Filter: High insertion loss across a specified frequency band.

B. Amplitude response :

1) Equi-ripple passband amplitude response: Chebyshev.

2) Maximally-flat passband amplitude response: Butterworth.

3) Elliptic (Cauer), Bessel, Linear Phase, Gaussian, Pascal, etc.

C. Technology: Lumped, dielectric, planar, combline, waveguide, SAW, etc.
D. Frequency bandwidth: Narrow band (BW < 5%) or broad band (BW > 25%).
E. Reflection-type Filter or absorbing-type Filter:

1) The majority of filters achieve out-of-band frequency attenuation by
reflection, which results in high insertion loss to those signal frequencies
and, also, results in very high Voltage Standing Wave Ration (VSWR).

2) A small class of filters achieve out-of-band frequency attenuation by
absorption of specified out-of-band signal frequencies.

Atlanta RF
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Technology & Application of RF Filters

Technology Combline  Combline  Combline = Combline Dielectric
Dielectric Dielectric Dielectric Dielectric Planar
Helical HTS HTS Planar Waveguide
Planar Planar Planar Waveguide
SAW SAW Waveguide
Waveguide Waveguide

Application Cellular PCS Satcom Satcom LMDS
Satcom Satcom Link Satcom

MMDS

Acronyms for ‘Technology’ of Filters:
1. SAW: Surface Acoustic Wave.
2. HTS: High Temperature Superconductive.
Acronyms for ‘Application’ of Filters:
1. PCS: Personal Communication System.
2. MMDS: Multichannel Multipoint Distribution Service.
3. LMDS: Local Multipoint Distribution Service.

4. Satcom: Satellite Communication. Atl anta RF
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Common Transmission Media of RF Filters

o 100 — Lumped

= R Planar: Printed circuit &

'_cgj 10— suspended substrate Filters.

= _

C

3 Coaxial Filters

© 1.0 Dielectric \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

b= Resonator W ide Fil

§ ﬁ fiiv| aveguide Filters
0.1
0.01 < > > > > >< > > >r

P-band | L-band| S-band | C-band [ X-band |K-band Q—band| V-band| W-band
250 MHz 1 GHz 2 GHz 4 GHz 8 GHz 20 GHz 33 GHz 50 GHz 75 GHz

Frequency Band Designation
As technology improves, the transmission media of filters can extend across broader frequencies.

Atlanta RF
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Features of Transmission Media for RF Filters

Transmission
Line Media

(Construction) range (GHz)

Useful
Frequency

Range
(Ohms)

Impedance

Cross-

Sectional
Dimensions

Quality
Factor
(Loss)

RF
Power
Rating

Active

Device
Mounting

Potential
for Low-
Cost
Production

Rectangular <300 100 to 500 [ Moderate High High Easy Poor
Waveqguide to large
Coaxial Line <50 10 to 120 Moderate | Moderate | Moderate Fair Poor
Stripline <10 10to 120 Moderate Low Low Fair Good
Microstrip <100 10to 120 Small Low Low Easy Good
Suspended <150 20 to 150 Small Moderate Low Easy Fair
Stripline
Finline <100 20 to 400 Moderate | Moderate Low Easy Fair
Slotline <60 60 to 200 Small Low Low Fair Good
Coplanar <60 40 to 150 Small Low Low Fair Good
Waveqguide
Image guide <300 30to 30 Moderate High Low Poor Good
Dielectric Line <300 20to 50 Moderate High Low Poor Fair
Technology Unloaded Q
Microstrip, Stripline & Coplanar 100 to 600

Coaxial cavity & Combline

1000 to 6000

Rectangular Waveguide

4000 to 15000

Dielectric Resonator

5000 to 50000

Feb-2015 www.AtlantaRF.com
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...
lllustration of planar TEM Bandpass Filters

1. Edge-coupled Band Pass Filter: Input
A. Distributed transmission-line bandpass filter. —
B. Uses quarter wavelength long coupled lines.
C. Prone to spurious amplitude response at
higher frequencies.

2. Combline Band Pass Filter:

A. Physically compact bandpass filter.
B. Uses quarter-wave transmission line |nput
resonators that are capacitively coupled. Output

C. Good skirt rejection at higher frequencies.

3. Hairpin Band Pass Filter:
A. Similar to the edge-coupled bandpass
filter, but is considerably shorter. — —

o _ Input Output
4. Interdigital Band Pass Filter:
A. Physically compact bandpass filter.
B. Good skirt rejection at high frequencies. Output
C. Short-circuited transmission lines that take . —
the structure of interlaced fingers. Input

Atlanta RF
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lllustration of some RF Bandpass Filters

8-pole Helical Filter  4-pole Dielectric-loaded  4-pole Combline Bandpass Filter
Coaxial Bandpass Filter

3-pole Parallel Edge-Coupled Stripline Bandpass Filter

5-pole Hairpin Bandpass Filter
 Feb-2015 = www.AtlantaRF.com iz
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lllustration of some RF Lowpass Filters

iground Iug 5 turn 1/4 " diameter #18 gauge wire coils Td

Coaxial Lowpass Filter

D ter

7 pf

Suspended stripline band-pass filter Distributed Microstrip Lowpass Filter
consisting of low-pass filter (left side) Atl t R F
and a high-pass filter (right side). anta
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RF Filter Specifications

Factors that drive hardware design

1. Amplitude/magnitude response versus frequency characteristics:
A. Frequency specifications: f; , f, and bandwidth (BW = f,;, — fi,,)-
1) For Lowpass & Highpass Filters: Cut-off frequency (f.).
2) For Bandpass & Bandstop Filters: Center frequency (f,) & bandwidth.

B. Passband insertion loss & passband amplitude ripple: L, ; Return Loss.
1) Passband frequency: Frequency range where filter passes all frequencies.
2) Ripple: Difference between max and min of amplitude response in passband.
3) Quality factor: Higher Q - lower passband insertion loss.
4) Input & output impedances: Z;, & Z; -
C. Out-of-band frequency (stopband) amplitude skirt rejection/attenuation.
D. Spurious out-of-band frequency response, including higher-order modes.
2. Phase characteristics across passband frequency:
A. Passband group delay variation: Affects Inter-symbol interference.
3. RF power handling requirement:
A. Continuous Wave (CW) RF power & peak RF power.
B. Multipactor effects & voltage breakdown.
4. Volume (size & shape) and mass/weight; In & out electrical connectors.
5. Environmental: Temperature, pressure, humidity, shock, vibration, etc.

6. Cost to manufacture and time to deliver.
Atlanta RF
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Filters: Passband Amplitude Response

There are four main filter classes with passband amplitude response that
approximate the ideal filter’s frequency response:
1. Butterworth Filter: Maximally-flat passband amplitude.
2. Chebyshev Filter: Equi-ripple passband amplitude response.
A. Inverted Chebyshev amplitude response: Chebyshev Type 2.
3. Bessel Filter: Maximally-flat time delay response.
4. Elliptic-function (Cauer) amplitude response.

Amplitude profiles vs Frequency of popular Lowpass Filters

IL, dB IL, dB IL, dB
/ ) A
m M m N _\NL_
© © ©
c c c
o =) 02
T © ©
> > >
c c c
2 2 ' 2 |
= Zr —A——I—Lar zr TN T Lar
[ [
] 5 1 >
0 0 f freq 0 f. freq
Butterworth Filter Chebyshev Filter Elliptic Filter
(Maximally-flat passband) (Equi-Ripple passband) Atl an ta R I:
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Insertion Loss, dB

Insertion Loss versus Frequency of several types

of N =7 Pole Lowpass Filters: f, = 1,000 MHz
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The Prototype Filter

A. A Prototype filter is an electronic filter design that serves as a template
to produce a modified filter design for a particular application. The
prototype filter is an example of a filter’'s design from which the desired
filter can be scaled or transformed.

B. Filters are required to operate at many different frequencies,
bandwidths and impedances. The utility of a prototype filter comes from
the property that all these other filters can be derived from it by applying
a scaling factor to the components of the prototype filter. Thus, the filter
design need only be carried out once in full, with other filters being
obtained by simply applying a scaling factor.

C.Especially useful is the ability to transform from one frequency
passband response to another: Lowpass response, Highpass response,
Bandpass response and Bandstop response.

D.The prototype filter is most often expressed as a lowpass filter with a
cutoff (or ‘corner’) frequency: w.' = 1 radian/sec and a characteristic
Impedance setto R'=1 Ohm. The desired filter is derived from this
prototype lowpass filter by frequency scaling & impedance Sca”T%F

Atlanta
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Filter Synthesis: Insertion Loss Method

A. The insertion loss method enables a systematic way to design and
synthesize a filter with various frequency responses.

B. The insertion loss method also enables a filter’'s performance to be
improved in a straightforward manner, at the expense of a ‘higher
order’ or more complex filter.

C. Arational polynomial function: |H(w)| Is used to approximate the
ideal filter’s transfer function, but in amplitude only: A(w) or |S,,(®)].

D. Phase information is totally ignored when using the insertion loss
method to synthesize the filter. Ignoring phase simplifies the actual
synthesis method.

E. An L-C network is then derived that will produce this approximated
amplitude response.

F. The attenuation: A(m) can be cast into a power attenuation ratio,
called the Power Loss Ratio: P, 5, which is related to A(w)?.

G. Modern filter synthesis can optimize a filter’s electrical circuit to
meet both magnitude and phase requirements.

Atlanta RF
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Filter Approximation Polynomials
Insertion Loss Method for Filter Synthesis

A. Every physically realizable filter circuit has a transfer function that
IS a rational polynomial ins (= o +jw).

B. We want to determine the classes of rational polynomials that
approximate the “ldeal” lowpass filter response. Note: A Lowpass
filter's design can be used to derive a Highpass filter, a Bandpass
filter or a Bandstop filter.

C.Four well known rational polynomial approximation functions that

approach the ideal ‘brick wall’ filter’s response are:
1. Butterworth (1930): Britain’s Steven Butterworth, 1885 — 1958.
2. Chebyshev (1854): Russia’s Pafnuty Chebyshev, 1821 — 1894.
3. Elliptic (1930): Germany’s Wilhelm Cauer, 1900 — 1945.
4. Bessel (1824): Germany’s Friedrich Wilhelm Bessel, 1784 — 1846.

Atlanta RF
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Filter Classifications by Response Type
Insertion Loss Method for Filter Synthesis

Popular characteristic polynomials used to define the insertion loss of an
N-section lowpass prototype filter are:

1. Butterworth or Maximally-flat passband amplitude response:
P =1+ (0/o,) 2"

2. Chebyshev or equal-ripple passband amplitude response:
P.r=1+¢2? C?,(0/®,), where C2, = Chebyshev cosine polynomial.

3. Inverse Chebyshev maximally-flat passband & equal-ripple stopband
response: P g = 1+1/ [e? C? (w/®,)].

4. Elliptic function or Quasi-elliptic function response (equal-ripple in both
pass band and stopband): P ; = 1+ &2 U? (o/®,).

5. Bessel-Thompson function response (Maximally-flat passband
Phase/Group Delay).

Insertion Loss = 10log,,(P, r)

Atlanta RF
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Prototype Low Pass Filter Ladder Circuits
Insertion Loss Method for Filter Synthesis

The prototype filter is a lowpass filter with a normalized cut-off
frequency of w’, =1 radian/second and 1 ohm terminations at both the
Input/source: g, and output/load: g,,,, . Shown below are two N-section

L-C ladder circuits for Lowpass filter prototypes and their electrical
circuit element definitions:

Identical
Dual
R.=0,=1Q
s =% L,=g, L,=g, Circuits L1=0; L3=03 L5=0s

W—— D —— ----- WO --
J:01:91 J:03:93 J: Cs5=0s = f% ¢ %go +C2 92 +C4 94 R=One =

(a) Prototype Lowpass Filter (b) Prototype Lowpass Filter
with series inductor input: L;. with shunt capacitor input: C;.
where:

N = Order of the filter = Number of reactive elements in the filter.
0o = Generator’s source resistance or generator ‘s source conductance.
g; = Inductance for series inductors or capacitance for shunt capacitors.

On+1 = LOad resistance if g, is a shunt capacitor or
load conductance if gy is a series inductor. Atl anta R F
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Lowpass Filter Prototype Circuit Element Values
Maximally-flat passband amplitude Butterworth Filter

When a Butterworth polynomial is
) . : Butterworth lowpass prototype
used to define the insertion loss of : . :
: . . filter circuit element values:
an N-section lowpass filter, its Series R = R = 7
. _ _ eres R, =R, =2,
power loss ratio is: . 80 = 8u+1 = 1 {Shu ot G, =G,=1/7,
P —1+¢2 (ﬂj i _
LR( Butterworth) = o o = 25ir {(ZI 1)71 i2123..n
_ 2N
where:
£ =1 for a -3dB cutoff point.
n = Order of the filter. IL, dB

@, = Cutoff frequency, radians/sec.

Calculate the number of sections: N
needed in a Butterworth filter as:

log,(104/1° — 1)

Attenuation, dB

n >
2 Ioglo(oo1 / O)C)
where: ‘A’ is the attenuation in dB at some Butterworth Filter
out-of-band frequency: @, (o, > @, ). Atlanta RF
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Attenuation versus Normalized Frequency
for an N-section Butterworth Filter
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Attenuation versus Normalized Frequency
for an N-section Butterworth Filter
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Lowpass Filter Prototype Circuit Element Values
Maximally-flat passband amplitude Butterworth Filter

Prototype

Elements:| 91 02 O3 J4 Js J6 g7 Js J9 J10 Ou

Order:N| C; L, Cs L, Cs Le C, Lg Co L1o
L 2 BUUUUTER00000 g = Inductance for series inductors.
2 Ladeal | dadazs | LE00I0 | Capacitance for shunt capacitors. —
3 1.00000 | 2.00000 | 1.00000 | 1.00000 ! ! B
4 0.76537 | 1.84776 | 1.84776 | 0.76537 | 1.00000 _ (2i—1)n L
5 0.61803 | 1.61803 | 2.00000 | 1.61803 | 0.61803 | 1.00000 gj =2sin “on |L
6 0.51764 | 1.41421 | 1.93185 | 1.93185 | 1.41421 | 0.51764 | 1.00000
7 0.44504 | 1.24698 | 1.80194 | 2.00000 | 1.80194 | 1.24698 | 0.44504 | 1.00000
8 0.39018 | 1.11114 | 1.66294 | 1.96157 | 1.96157 | 1.66294 | 1.11114 | 0.39018 | 1.00000
9 0.34730 | 1.00000 | 1.53209 | 1.87939 | 2.00000 | 1.87939 | 1.53209 | 1.00000 | 0.34730 | 1.00000
10 0.31287 | 0.90798 | 1.41421 | 1.78201 | 1.97538 | 1.97538 | 1.78201 | 1.41421 | 0.90798 | 0.31287 | 1.00000

L1 C> L3 Cy Ls Ce L7 Cs Lo Cio
R, =g, = 1Q L,=g, L,=0, w’. = 1lradian/sec L,=g,; L;=0; Ls=05

g % o1 1
C’\g/\,\,\/\;]— Ci=0: —|— C3 =03 C5 =05 e ¢ 90= -|— C,=0, —|— C4=04 R.=Oni = 1Q
Dual
Load resistance if g, is a shunt capacitor .\Q.Circuits 9o = Source resistance.
On+1 = Load conductance if g, is a series inductor. 0 | Source conductance.
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Lowpass Filter Prototype Circuit Element Values
Equi-ripple passband amplitude Chebyshev Filter

When a Chebyshev polynomial is
used to define the insertion loss of
an N-section lowpass prototype
filter, its power loss ratio is:

2~2| O
I:)LR(Chebyshev) =1+e"Cy £_]

Wc
where:
Cy : Chebyshev polynomial of order N.

@, : Cutoff frequency, radians/sec.
P r oscillates between 1 & 1+&2.

Calculate the number of sections
needed in a Chebyshev filter as:

N Cosh—l\/(10A/10_1)/(10Lat’/10_1)
>

cosh1(£L)
®c

Chebyshev lowpass prototype circuit
element values:
28.1 . . 4ai_1ai

Jo=1;0,=—";0k
Y bi_10i1

1 for n odd
Ine1 = cothz(gj for n even

L : B
where: B =In(coth—2— © v =sinh(—
p=In(coth-=57) & v (o)

ai:sin{(Zi_l)n}; i=12,...N
2N

bi:y2+sin2[lﬁn} - i=12....N

N :Order of the filter.
L,, : Maximum passband ripple, dB.

where: ‘A’ is the attenuation in dB at some

out-of-band frequency: w; (@, > @, ).
28
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Attenuation, dB

-
Attenuation versus Normalized Frequency for an
N-section Chebyshev Filter: 0.01dB passband ripple
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Attenuation, dB

-
Attenuation versus Normalized Frequency for an
N-section Chebyshev Filter: 0.01dB passband ripple
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Lowpass Prototype Circuit Element Values
0.01 dB equi-ripple passband amplitude Chebyshev Filter

Passband Ripple: L,, = 0.01 dB; Passband Return Loss > 26dB

On+1 = {

Feb-2015

www.AtlantaRF.com

Dual
Load resistance if g, is a shunt capacitor .\Q.Circuits

Load conductance if g, is a series inductor.

%0

Prototype
Elements: 01 02 O3 04 Os J6 g7 Os O9 d10 Ju
Order : N C, L, Cs L4 Cs Le C, Lg Co L10
1 0.09611 | 1.00000 .
g = Inductance for series inductors.
Z OeAchlD | D200 | L B0iEE, | Capacitance for shunt capacitors. —
3 0.62941 | 0.97047 | 0.62941 | 1.00000
4 0.71309 | 1.20050 | 1.32156 | 0.64777 | 1.10084
5 0.75655 | 1.30504 | 1.57755 | 1.30504 | 0.75655 | 1.00000
6 0.78157 | 1.36011 | 1.68989 | 1.53509 | 1.49727 | 0.70997 | 1.10084
7 0.79716 | 1.39251 | 1.74833 | 1.63316 | 1.74833 | 1.39251 | 0.79716 | 1.00000
8 0.80749 | 1.41317 | 1.78263 | 1.68335 | 1.85311 | 1.61933 | 1.55568 | 0.73352 | 1.10084
9 0.81467 | 1.42714 | 1.80454 | 1.71254 | 1.90595 | 1.71254 | 1.80454 | 1.42714 | 0.81467 | 1.00000
10 0.81986 | 1.43703 | 1.81944 | 1.73111 | 1.93638 | 1.75900 | 1.90568 | 1.65277 | 1.58195 | 0.74476 | 1.10084
L1 C, L3 Ca Ls Ce L7 Cs Lo Cio
R, =g, = 1Q L,=g, L,=0, .= lradian/sec L,=g,; L;=0; Ls=05
C = On+1 J_ J_
-|— 1701 —|—C3 O3 C5 =0s 90— -|—C2 92 —|—C4 94 R.=0Oni = 1Q

Source resistance.
Source conductance.
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Attenuation versus Normalized Frequency for an
N-section Chebyshev Filter: 0.04dB passband ripple
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-
Attenuation versus Normalized Frequency for an
N-section Chebyshev Filter: 0.04dB passband ripple

Attenuation, dB
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Lowpass Prototype Circuit Element Values
0.04 dB equi-ripple passband amplitude Chebyshev Filter

Passband Ripple: L,, = 0.04 dB; Passband Return Loss > 20dB

Enr:r:?gfi 91 92 93 94 g5 J6 g7 Os Qo J1o Ju
Order : N Ci L, Cs L, Cs Le C, Lg Co Lo Cu
1 it R 0000 __Inductance for series inductors.
2 LIS || Ca5e72S | Loallof 9i = Capacitance for shunt capacitors. —
3 0.83768 | 1.09767 | 0.83768 | 1.00000
4 0.91772 | 1.28897 | 1.56222 | 0.75720 | 1.21199
5 0.95791 | 1.37043 | 1.78785 | 1.37043 | 0.95791 | 1.00000
6 0.98063 | 1.41214 | 1.88083 | 1.55185 | 1.71150 | 0.80911 | 1.21199
7 0.99466 | 1.43632 | 1.92790 | 1.62455 | 1.92790 | 1.43632 | 0.99466 | 1.00000
8 1.00389 | 1.45160 | 1.95513 | 1.66075 | 2.01282 | 1.61315 | 1.75933 | 0.82830 | 1.21199
9 1.01028 | 1.46188 | 1.97239 | 1.68152 | 2.05451 | 1.68152 | 1.97239 | 1.46188 | 1.01028 | 1.00000
10 1.01489 | 1.46914 | 1.98406 | 1.69462 | 2.07819 | 1.71469 | 2.05387 | 1.63703 | 1.78058 | 0.83737 | 1.21199
L1 C, L3 Cs Ls Cs L7 Cs Lo Cio L1
Rs=go=10 L,=g, L,=g, =1 radian/sec L,=0, L5=0; Ls=0s

C%NM (1) W7 ----- ﬂ’m J_ (1) J_ o—-----
C,=0, 03 =g C5 =Us e 0o= C,=9, —=C,=0,  R,=gu,=10
1 L } ¢ TTTT g

Dual
Load resistance if g, is a shunt capacitor .\Q,Circuits 9o = Source resistance.
Un+1 = Load conductance if g, is a series inductor. 0 = 7 source conductance.
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Attenuation versus Normalized Frequency for an
N-section Chebyshev Filter: 0.1dB passband ripple
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Attenuation, dB

-
Attenuation versus Normalized Frequency for an
N-section Chebyshev Filter: 0.1dB passband ripple
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Lowpass Prototype Circuit Element Values
0.1 dB equi-ripple passband amplitude Chebyshev Filter

Passband Ripple: L, = 0.1 dB; Passband Return Loss > 16dB

E{;’;";ﬁfﬁ 01 02 03 J4 Os J6 g7 Os Jo Jd1o Ju1
Order : N Cl L2 C3 L4 C5 L6 C7 L8 Cg LlO
1 0.30552 | 1.00000 __ Inductance for series inductors.  —
2 isne) WEZEID |0t gi = Capacitance for shunt capacitors. —
3 1.03201 | 1.14745 | 1.03201 | 1.00000
4 1.10923 | 1.30617 | 1.77083 | 0.81818 | 1.35574
5 1.14726 | 1.37117 | 1.97544 | 1.37117 | 1.14726 | 1.00000
6 1.16855 | 1.40391 | 2.05663 | 1.51698 | 1.90333 | 0.86193 | 1.35574
7 1.18162 | 1.42273 | 2.09707 | 1.57325 | 2.09707 | 1.42273 | 1.18162 | 1.00000
8 1.19019 | 1.43457 | 2.12029 | 1.60084 | 2.17033 | 1.56394 | 1.94491 | 0.87789 | 1.35574
9 1.19611 | 1.44252 | 2.13494 | 1.61655 | 2.20574 | 1.61655 | 2.13494 | 1.44252 | 1.19611 | 1.00000
10 1.20036 | 1.44811 | 2.14482 | 1.62641 | 2.22569 | 1.64168 | 2.20499 | 1.58203 | 1.96326 | 0.88539 | 1.35574
L1 C> Ls Ca Ls Ce L7 Cs Lo Cio
Rs =0 =10 L.=9, L4=0, = 1 radian/sec L1=0; L3=03 Ls=0s

C%NM (1) W7 ----- ﬂ’m J_ (1) J_ o—-----
C,=0, 03 =g C5 =Us e 0o= C,=9, —=C,=0,  R,=gu,=10
1 L } ¢ TTTT g

Dual
Load resistance if g, is a shunt capacitor .\Q,Circuits 9o = Source resistance.
Un+1 = Load conductance if g, is a series inductor. 0 = 7 source conductance.
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Attenuation versus Normalized Frequency for an

N-section Chebyshev Filter: 0.5dB passband ripple
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Attenuation, dB

-
Attenuation versus Normalized Frequency for an
N-section Chebyshev Filter: 0.5dB passband ripple
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Lowpass Prototype Circuit Element Values
0.5 dB equi-ripple passband amplitude Chebyshev Filter

Passband Ripple: L,, = 0.5 dB ; Passband Return Loss > 9.6dB

Efgr:?etzf; 91 92 93 94 Os J6 g7 Os Qo J10 J11
Order : N Ci1 L, Cs L, Cs Le C, Lg Co Lo
1 0.69930 | 1.00000 ] .
2 |1.40380 | 0.70709 | 1.98533 gi = Igducmnce fofr Serr']es LTI,
3 1.59720 | 1.09649 | 1.59720 | 1.00000 apacitance for shunt capacitors.
4 1.67122 | 1.19230 | 2.36710 | 0.84179 | 1.98533
5 1.70669 | 1.22933 | 2.54179 | 1.22933 | 1.70669 | 1.00000
6 1.72628 | 1.24756 | 2.60731 | 1.31329 | 2.47681 | 0.86952 | 1.98533
7 1.73821 | 1.25792 | 2.63923 | 1.34395 | 2.63923 | 1.25792 | 1.73821 | 1.00000
8 1.74599 | 1.26439 | 2.65735 | 1.35864 | 2.69735 | 1.33850 | 2.51022 | 0.87945 | 1.98533
9 1.75135 | 1.26871 | 2.66872 | 1.36692 | 2.72483 | 1.36692 | 2.66872 | 1.26871 | 1.75135 | 1.00000
10 1.75520 | 1.27175 | 2.67635 | 1.37208 | 2.74014 | 1.38020 | 2.72403 | 1.34807 | 2.52484 | 0.88409 | 1.98533
Ly Cs L3 Cs Ls Ce L7 Cs Lo Cio
R, =g, = 1Q L,=0, L,=0, w’. = 1lradian/sec L,=0g, L;=0, Ls=05

g % o1 1
C’%AA,LT C1=0: —|— Cs =03 C5 =05 . ¢ 90— -|— C,=0, —|— C4=0, R =gy = 10Q
Dual
Load resistance if g, is a shunt capacitor .\Q.Circuits 9o = Source resistance.
On+1 = Load conductance if g, is a series inductor. 0 | Source conductance.
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Attenuation, dB

Attenuation versus Normalized Frequency
for N-section Bessel Filters
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Lowpass Prototype Circuit Element Values
Maximally-flat Time Delay Bessel Filter

Prototype
Elements:| 91 92 g3 J4 Os O6 g7 Os Jo J10 Ou1
Order : N C, L, Cs L4 Cs Le C, Lg Co L0
1 2.00000 | 1.00000
2 0.57550 | 2.14806 | 1.00000 g . Inductance for series inductors. ]
= : ) B
3 0.33742 | 0.97051 | 2.20341 | 1.00000 Capacitance for shunt capacitors.
4 0.23342 | 0.67252 | 1.08152 | 2.24038 | 1.00000
5 0.17432 | 0.50724 | 0.80401 | 1.11103 | 2.25822 | 1.00000
6 0.13649 | 0.40019 | 0.63916 | 0.85379 | 1.11264 | 2.26452 | 1.00000
7 0.11056 | 0.32589 | 0.52489 | 0.70201 | 0.86903 | 1.10516 | 2.26590 | 1.00000
8 0.09191 | 0.27191 | 0.44092 | 0.59357 | 0.73026 | 0.86950 | 1.09556 | 2.26561 | 1.00000
9 0.07797 | 0.23129 | 0.37699 | 0.51078 | 0.63060 | 0.74073 | 0.86387 | 1.08628 | 2.26488 | 1.00000
10 0.06716 | 0.20001 | 0.32707 | 0.44544 | 0.55282 | 0.64934 | 0.74202 | 0.85607 | 1.07809 | 2.26413 | 1.00000
L1 Cs L3 Ca Ls Ce L7 Cs Lo Cio
R, =g, = 1Q L,=g, L,=0, w’. = 1lradian/sec L,=g,; L;=0; Ls=05

g % o1 1
C’%AA,LT C1=0: —|— Cs =03 C5 =05 . ¢ 90— -|— C,=0, —|— C4=0, R =gy = 10Q
Dual
Load resistance if g, is a shunt capacitor .\Q.Circuits 9o = Source resistance.
On+1 = Load conductance if g, is a series inductor. 0 | Source conductance.
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Lowpass Prototype Circuit Element Values
Linear Phase Filter with equi-ripple passband phase error of 0.05°

SRS g | g2 | g3 | 9 | o5 | 9 | 97 | 98 | 9o J1o0 o
Order : N Ci ) Cs L4 Cs Le C, Lg Co Lo
1 2.00000 | 1.00000
> 0.64800 | 2.10850 | 1.00000 ~_ Inductance for series inductors. ]
3 | 0.43280 | 1.04270 | 2.25420 | 1.00000 Ji = Capacitance for shunt capacitors. —
4 0.33630 | 0.79630 | 1.14280 | 2.24590 | 1.00000
5 0.27510 | 0.65410 | 0.88920 | 1.10340 | 2.28730 | 1.00000
6 0.23740 | 0.56620 | 0.75780 | 0.87600 | 1.11630 | 2.24480 | 1.00000
7 0.20850 | 0.49990 | 0.66530 | 0.75210 | 0.87490 | 1.06710 | 2.28450 | 1.00000
8 0.18910 | 0.45430 | 0.60310 | 0.67500 | 0.75900 | 0.84270 | 1.09010 | 2.24150 | 1.00000
9 0.17180 | 0.41460 | 0.54980 | 0.61320 | 0.67740 | 0.72520 | 0.84500 | 1.04470 | 2.28340 | 1.00000
10 | 0.16010 | 0.38670 | 0.51250 | 0.57020 | 0.62430 | 0.65570 | 0.73190 | 0.81780 | 1.07670 | 2.23870 | 1.00000
L1 C, L3 Cs Ls Cs L7 Cs Lo Cio
R, =g, = 1Q L,=0, L,=0, w’. = 1lradian/sec L,=0g, L;=0, Ls=05

g % o1 1
C’%AA,LT C1=0: —|— Cs =03 C5 =05 . ¢ 90— -|— C,=0, —|— C4=0, R =gy = 10Q
Dual
Load resistance if g, is a shunt capacitor .\Q.Circuits 9o = Source resistance.
On+1 = Load conductance if g, is a series inductor. 0 | Source conductance.

Feb-2015 L R e a3 Services, Software & Designs




Comparison of some Lowpass Prototype
Circuit Element Values vs. Response Type

boments| 91 | @ | G | 9 | 9 | g | 9o | o

Filter's Response: Order : N Ci Lo Cs L4 Cs Le Cs
Butterworth 3 1.00000 | 2.00000 | 1.00000 | 1.00000
0.01dB Chebyshev 3 0.62941 | 0.97047 | 0.62941 | 1.00000
0.05dB Chebyshev 3 1.59720 | 1.09649 | 1.59720 | 1.00000
0.05° Linear Phase 3 0.43280 | 1.04270 | 2.25420 | 1.00000
Bessel Filter 3 0.33742 | 0.97051 | 2.20341 | 1.00000
Butterworth 5 0.61803 | 1.61803 | 2.00000 | 1.61803 | 0.61803 | 1.00000
0.01dB Chebyshev 5 0.75655 | 1.30504 | 1.57755 | 1.30504 | 0.75655 | 1.00000
0.05dB Chebyshev 5 1.70669 | 1.22933 | 2.54179 | 1.22933 | 1.70669 | 1.00000
0.05° Linear Phase 5 0.27510 | 0.65410 | 0.88920 | 1.10340 | 2.28730 | 1.00000
Bessel Filter 5 0.17432 | 0.50724 | 0.80401 | 1.11103 | 2.25822 | 1.00000
Butterworth 7 0.44504 | 1.24698 | 1.80194 | 2.00000 | 1.80194 | 1.24698 | 0.44504 | 1.00000
0.01dB Chebyshev 7 0.79716 | 1.39251 | 1.74833 | 1.63316 | 1.74833 | 1.39251 | 0.79716 | 1.00000
0.05dB Chebyshev 7 1.73821 | 1.25792 | 2.63923 | 1.34395 | 2.63923 | 1.25792 | 1.73821 | 1.00000
0.05° Linear Phase 7 0.20850 | 0.49990 | 0.66530 | 0.75210 | 0.87490 | 1.06710 | 2.28450 | 1.00000
Bessel Filter 7 0.11056 | 0.32589 | 0.52489 | 0.70201 | 0.86903 | 1.10516 | 2.26590 | 1.00000

L, C2 Ls C4 Ls Cg L,

For R(source) = R(load) = g, = g,+1 =1 Ohm ; w, = 1 radian/second.
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A Note about Passband Amplitude Ripple

Filters synthesized using the Insertion Loss
Method produce a passband VSWR that is
related to the passband’s amplitude ripple:

1. The passband’s amplitude ripple is directly

related to the filter’s input/output VSWR as:

VSWR = 2L

As such, a higher passband amplitude ripple

produces a higher passband VSWR, as shown

in the table. Often, higher passband VSWR can

adversely effect the performance in communi-

cation systems and, therefore, it seems ‘silly’ to

publish any filter's design whose ripple exceeds

L.. > 0.5dB passband ripple.
A P PP Butterworthﬁ

www.AtlantaRF.com

Passband | Reflection | Return
Ripple, | Coefficient | Loss, | VSWR
Lar, dB r dB

0.001 0.0151734 | 36.38 | 1.03
0.005 0.0339209 | 29.39 | 1.07
0.010 0.0479576 | 26.38 | 1.10
0.020 0.0677834 | 23.38 | 1.15
0.030 0.0829696 | 21.62 | 1.18
0.040 0.0957500 | 20.38 | 1.21
0.050 0.1069902 | 19.41 | 1.24
0.060 0.1171346 | 18.63 | 1.27
0.070 0.1264472 | 17.96 | 1.29
0.080 0.1351002 | 17.39 | 1.31
0.090 0.1432132 | 16.88 | 1.33
0.100 0.1508734 | 16.43 | 1.36
0.250 0.2365145 | 12.52 | 1.62
0.500 0.3297712 | 9.64 1.98
0.750 0.3982523 | 8.00 2.32
1.000 0.4535105 | 6.87 2.66
2.000 0.6074888 | 4.33 4.10
3.000 | 0.7062668 | 3.02 |(5.8])

SN—~"
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...
Frequency Scaling the Prototype Lowpass Filter

1. The basis for frequency normalization of filters is:
A. A prototype filter’s response can be scaled (shifted) to a different frequency

range by dividing the reactive elements: L & C, by a frequency scale factor.
B. The frequency scale factor is the ratio of the desired filter’s reference
frequency to the prototype filter's reference frequency (often »’, = 1 rad/sec):

Desired Frequency
Existing Frequency

Frequency Scale Factor =

C. The cutoff frequency: f, is selected as the desired frequency for lowpass &
highpass filters, while the center frequency: f, and fractional bandwidth is
selected as the desired frequency factor for bandpass & bandstop filters.

2. Bandpass & Bandstop Filters: It is sometimes desirable to compute two
geometrically related frequencies that correspond to a given bandwidth.
When given the center frequency: f, and the bandwidth: BW, the lower
cutoff frequency: f;, and upper cutoff frequency: f, are computed as:

."II BW : . BW I."I 732 ) 7
f1=-\.-'( ) +1— = fﬁ\s(B;") +fa+%
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...
Frequency Mapping the Lowpass Prototype

The Insertion Loss Method for Filter Synthesis

Frequency mapping the lowpass prototype filter into the desired filter type:

Frequency mapping Frequency mapping Frequency mapping Frequency mapping
to a lowpass filter: to a highpass filter: to a bandpass filter: to a bandstop filter:
@ -1 Wy [ ® BW (0 o)
O < — e 2 ® ¢ — Sehat | Y P 0
C()C (DC BW O‘)O ® (DO 0)0 ()]
w. = Cutoff frequency wq = Center frequency; BW = Bandwidth = w, — @,

Electrical circuit components realized after frequency mapping:

::’;;':::2 Low-pass | High-pass Bandpass Bandstop
1 L
. . f T —
Series Circuit ‘ L=g L i LL E BW 1 (BW)L
Components @ T O BW (BW)L w;
T myL
T
Shunt Circuit ‘ l c - l c 1Y c BW (BW)C
S =g = _ — L 27
Components T T ®, 3 o, C BW e (BW)C
2
I

FTZijieAariLea 1 \1
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Impedance Scaling the Prototype Lowpass Filter

1. The basis for impedance normalization of filters is:
A. A prototype filter’'s impedance level can be scaled to a different value by
adjusting the prototype element values using an impedance scale factor.
B. The impedance scale factor is the ratio of the desired filter’s impedance
level to the prototype filter’s impedance level (often: Z'; = 1 ohm):

Desired Impedance
Prototype Impedance

Impedance Scale Factor =

C. To impedance-transform the prototype filter:

i : - L desired = Z L
1) Multiply all resistances & inductances esired = o Lprotolype

by the impedance scale factor. & et OB
2) Divide all capacitors by the impedance Zg
scale factor. R, = Z, = Source Impedance

C. For many REF filters, the filter’s desired
impedance is often: Z,= 50 ohms.

2. Since the filter is a linear circuit, we can multiply all impedances by some
factor without changing the transfer function of the filter. This leaves the
frequency response unchanged, but impedance-scales the desired filter to
its required impedance level. Its frequency response remains as a
lowpass, highpass, bandpass or bandstop filter. Atl anta RF

Feb-2015 LB AL S T Services, Software & Designs

R, =Z,R, = Load Impedance




...
Frequency Transformation and Impedance

Scaling of Low Pass Prototype

1. Once the Lowpass Prototype Filter is designed, the cut-off
frequency: o, can be transformed to other frequencies.

2. Furthermore, the Lowpass Prototype Filter can be frequency
mapped into other filter types, such as: Highpass Filter, Bandpass
Filter, and Bandstop Filter.

3. This frequency scaling and transformation entails changing the
value and configuration of the electrical circuit elements of the
Lowpass Prototype Filter.

4. Finally, the impedance presented by the filter can also be scaled,
from unity to another impedance value, like: Z, = 50 ohms.

Filter . llgfg’;’gtasz _,| Frequency | | Impedance | | Desired Filter
Specifications Desiélg Mapping Scaling Implementation
Atlanta RF
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Lowpass & Highpass Filter Transformations
Frequency-scaling & Impedance-scaling circuit components

Frequency & Impedance
scaling to a Lowpass Filter:

Frequency & Impedance
scaling to a Highpass Filter:

1. The series inductor: g, = L, IS
transformed into a series
inductor: L with a value:

1. The series inductor: g, = L, is
transformed into a series
capacitor: C with a value:

= Zolk =
K ®¢ Lok 0

2. The shunt capacitor: g, = C, is
transformed into a shunt
capacitor: C with a value:

2. The shunt capacitor: g, = C,, is
transformed into a shunt
Inductor: L with a value:

Z,

le -
Ok O¢

- [

= 2nf. = Desired cut-off frequenc
S Imredance of e svstom o, | Atlanta RF

Impedance of the system, Ohms.
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Bandpass & Bandstop Filter Transformations
Frequency-scaling & Impedance-scaling circuit components

Frequency & Impedance
scaling to a Bandpass Filter:

1. The series inductor: g, = L, IS
transformed into a series LC
circuit with element values:

L, = Zo 9k C, - A
Awmg 0oLk

@

2. The shunt capacitor: g, = C, is
transformed into a shunt LC
circuit with element values:

c -3 L _AZ
AZgog | o0y
Center frequency:

M +wo
W == 2.0r \|aywy

Feb-2015 www.AtlantaRF.com

Frequency & Impedance
scaling to a Bandstop Filter:

1. The series inductor: g, = L, IS
transformed into a parallel LC
circuit with element values:

L Aok
K ) _@
] - 1
1 Ck -
| ®oAZo gy
2. The shunt capacitor: g, = C,, is

transformed into a series LC
circuit with element values:

- Z
4ot
o Agy
Fractional — C;( = Al
bandwidth: ZOOJO
A= ALIc:lIILGl RF

Wq
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Frequency-Scaling & Impedance-Scaling Circuit
Components of Low Pass Prototype (LPP) Filter

LPPto ! LPPto LPP to | LPP to
Lowpass i  Highpass Bandpass . Bandstop
: | : LkAZO
—@— ! —{— e | _@ %>
L= 7L . | T —
(a.) 0 K ! 1 ! L.Z, A ! H
Kk : I I
Oc ! ocLyZ, ! 0, A o, Z, ! 1
Series Component i i i oLy AZ,
Shunt Component i i i
| | | é Zo
C ‘ Ck i ZO i Ck —— AZO i (DOCkA
(9%) Zo® - oCy  ©0AZg 0oCy ! CyA
: : : QT4
Fractional bandwidth:
Center frequency: 0y, Note: The inductor always
_ P2 multiplies with Z, while the
+m — = o P o
Do = 0)12 2 or \ 1032 A g capacitor divides with Z,,.
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Electrical Circuit Configuration
Lowpass Filter & Highpass Filter after Freq. & Impedance Scaling

Ll L3 I—n-l
Y YN Y\ ___

Zoé —~C —~C4 T Cn ;Znﬂ

l
|
l
l
|
|
|

ZO L2 L4 L Z n+1

Highpass filter derived from the lowpass prototype filter.
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Electrical Circuit Configuration
Bandpass Filter & Bandstop Filter after Freq. & Impedance Scaling

R C3 L1 Cl
@ L = C, L,¢ =~ C, L, — C, § R=1

Bandstop filter derived from the prototype lowpass filter.

Atlanta RF
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Summary of Steps in Filter Design & Synthesis

The Insertion Loss Method for Filter Synthesis

Step 1: Filter Specifications
A. Filter Type: Lowpass or Highpass or Bandpass or Bandstop.

B. Frequency Response: Butterworth, Chebyshev or Bessel. Filter
C. Desired frequency of operation: f, or f, + bandwidth. Specs
D. Passband & stopband frequency range. l
E. Maximum allowed attenuation (for Equal ripple). Lowpass
Step 2: Low Pass Prototype Design Prototype
A. Minimum Insertion Loss level, Number of Filter Design
Order/Elements by using insertion loss values. |
B. _Clrcun configuration: Shunt capacitor model or Series Frequency
inductance model. Mapping
C. Draw the low-pass prototype circuit ladder diagram. I
D. Determine circuit elements’ values from the Lowpass
Prototype Table. Impedance
Step 3: Scaling and Conversion Scaling
A. Determine if any modification to the prototype table is |
required (for high pass, band pass and band stop). Desired Filter

B. Frequency scale & impedance scale prototype lowpass Implementation
circuit element values to obtain the desired filter’s reﬂ\tl anta R F

circuit element values. . . . then implement.
Feb-2015 www.AtlantaRF.com 55
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...
Example: Butterworth Lowpass Filter

1. Specifications:
A. Maximally-flat lowpass filter; f, = 2.0 GHz ; Z, = 50 Ohms.
B. Out-of-band skirt attenuation > 15 dB at 3.0 GHz.

2. Filter Design Solution:

A. Normalized frequency at 3 GHz: (w/w, — 1) = (3GHz/2GHz — 1) = 0.5.

B. Refer to graph titled: ‘Attenuation vs Normalized Frequency for N-section
Butterworth filter’. Find best curve that is above the point located at
Attenuation = 15dB when (w/w, — 1) = 0.5. Result: N = 5. Alternately, you
can calculate the number of circuit elements needed using:

log,, (1042 — 1)

2|091o(‘”1 / (Dc)

C. For N = 5 circuit elements, calculate prototype element values for Butter-
worth filter or use element values from Butterworth filter table: g,=g;=1.0,
g, =0.61803; g, =1.61803 ;9;=2.0; g, =1.61803 ; gs = 0.61803.

D. The prototype lowpass ladder circuit is shown below:
=g =10Q

n >

|—2 =0, I—4 =04 R =g = 10

Tcl i C3 N % Atlanta RF
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Example: Butterworth Lowpass Filter (cont.)

3. Frequency-scale & impedance-scale lowpass prototype filter’s circuit
elements to: f. = 2 GHz and Z, = 50 ohms:

c, = 0618 _oogapr 1,-%092_ f50X1'6189\ — 6.438nh
Ly, (50)(27t><2><10 ) (O (27t><2><10 )

Cy=—38 200 =3.183pf Ly = 2094 _ f50X1'6189\ =6.438nh
Zoo,  (50)2nx2x10° ) o, (2mx2x10°)

Cg =35 0618 . _ 4 .984pf

Zow,  (50)2nx2x10°)

4. Implement the final (desired) Butterworth Lowpass Filter:

Ry=%00 | 6438nh L4—6438nh

I

cizoseit 65 “83‘” T Atlanta RF
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Atlanta RF

Services, Software & Designs

Atlanta RF LLC was founded to provide engineering solutions, design software solutions,
and product development solutions to the high-frequency RF/microwave industry in the
areas of: Telecommunications (ground segment), Satellite (space segment) and
military/defense (RF front-ends).

Through teamwork, Atlanta RF applies our diverse technical experience to your project's
challenges with creative and innovative solutions while holding ourselves accountable fo
the results. With professionalism and commitment to our clients, Atlanta RF will be there
for you, both today and tomorrow.

Contact Atlanta RF by e-mail at:
» Atlanta RF Services : Services@AtlantaRF.com
> Atlanta RF Software : Sales@AtlantaRF.com
> Atlanta RF Designs : Designs@AtlantaRF.com

Or, contact Atlanta RF by phone at: 678-445-5544, to reach our Atlanta-area office in
Georgia, USA, and discuss our support to your current or future projects & products.
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Presentations by Atlanta RF, LLC

Download various presentations at our website: www.AtlantaRF.com :
1. Satellite: LEO, MEO & GEO.

Antennas: An Overview.

Link Budget: Getting Started.

Link Budget: Digital Modulation Part 1 (Overview & M-ASK).

Link Budget: Digital Modulation Part 2 (M-FSK).

Link Budget: Digital Modulation Part 3 (M-PSK & QAM).

Link Budget: Error Control & Detection.

Multiple Access Techniques: FDMA, TDMA and CDMA.

. Insertion Loss: Double Ridge Waveguide.

10.RF Filters: An Overview.

11.Multi-Section Symmetrical Directional Couplers.

12.Parallel Coupled Bandpass Filters.

© 0 NO Ok WD

Visit our website often as presentations are added for your viewing pleasure.
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