ABSTRACT

150 MHz is one of the major frequencybandsof observationfor
GMRT. Thebandallotedfor the radioastronomicapurposds from 152— 155MHz
with a centerfrequencyof 153 MHz. Eventhoughthe alloted bandwidthis only
3 MHz, observationis generallydone with a centerfrequencyof 150 MHz with
bandwidth of 6 MHz. This is for increasing the sensitivity.

Observationsat 150 MHz are severelyaffectedby strongman-made
interferencesearbyfrequencybandof observationsHowever,with the broadband
coverageof the existing systemmany interferencesomesinto picture. The major
interfering signals are MARR (Multi Access Rural Radio) system, T.V.
Transmission,F.M. Radio, police wireless and civil aviation communication.
Thereforeit is essentiato separatdhe desiredsignal from undesiredsignals.The
processof separatiorof desiredsignals/informationgrom that of undesiredoneis
called “Filtering” and the circuit which performs this filtering is called as “Filter”.
And this separationis done by filters. Filters are one of the most important
componentaisedin the instrumentsin Radio Astronomy. They are usedto select
certain frequencychannelsfor observationor to minimize unwantedman-made
radio interferences.

Theobjectiveof the projectis notonly to replacethe existingBPFwith
HPF-LPF combinationfor betterrejectionat stop frequencybut also to suppress
majorinterferencegalling in the desiredrequencybandby incorporatingnotchesat
interferencefrequenciesfalling in the desiredband. The project involves mass
productionof LPF,HPFand notchfilter tunningof the samefor desiredresponse,
implementit in Front-endbox, testingof the FEB in lab andtheninstall the FEB
and test at ABR.
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Chapter 1

INTRODUCTION

1.1 Brief Introduction Of GMRT

Radio Astronomyis a part of observationaAstronomy.lIt is the study
of of planets,stars,galaxiesand otherastronomicabbjectsusing radio wavesthey
emit. Radio astronomyis the study of celestial phenomenaby measuringthe
characteristicsof radio waves emitted by physical processeswhich occur in
extraterrestrialenvironments.Becauseradio waves are much longer than light
waves, radio astronomy requires large antennas such as GMRT.

Giant Meter wave Radio Telescope(GMRT) is a projectrun by the
National Center for Radio Astrophysics (NCRA) under Tata Institute of
FundamentalResearch(TIFR) INDIA. It is one of the largestradio telescope
observatoryin the world operatingat meter-wavelengthsGMRT is situated at
Khodad80km North of Pune.lt has30 fully steerablegiantparabolicdishesof 45m
diameter each, spread over distance of about 25km.

The Main objective of GMRT is to study interestingpphenomenon
which can be observedat meter wavelength.The location of antennasand their
numberwas optimizedto meetthe principal astrophysicabbjectiveswhich require
sensitivityat high angularresolutionaswell asability to imageradio emissionfrom
lessfused extendedregions.Fourteenof the thirty dishesare locatedmoreor less
randomlyin a compactcentralarrayin theregionof aboutl sqkm. The remaining
sixteenantennasare spreadout along the 3 armsof an approximately'Y'-shaped
configuration over a much larger region. Currently GMRT operatesin four
frequencybandscenteredat 233, 327, 610 and 1420 MHz. At all thesefeedsthe
dual polarization outputs are available.

1.2 Scope Of Work

Scope of my project is

== To mass produce the filter units for 12 number of antennas.

== Tuning each individual filter for the desired performance.

== Assembling in the 150 FEB.

== Testing and certification of the FEB in the lab for field installation.
= |nstallation of FEB on antennas, testing at ABR.

= And Documentation of test reports.

- Also thermal cycling of Notch filter unit
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1.3 Introduction To Interferences At 150 MHz

Observationsat 150 MHz are severelyaffectedby strong man-made
interferencesiearbyfrequencybandof observationsWith the broadbandcoverage
of the existingsystemmanyinterferencesomesinto picture.The major interfering
signalsare MARR (Multi AccessRural Radio) system,T.V. Transmission F.M.
Radio, police wireless and civil aviation communication.

+ Major Interferences Summary :-

The majorsourcesof interferencawithin this band areaslisted below.
Theseare referredfrom the report RFI REJECTIONFILTER AT 150 MHz by
Mr. Vinod Toshniwal under the guidance of Mr. Ajitkumar B

1. MARR(Multi Access Rural Radio)121,127,132.3,137.8 &144.3 MHz

2. Pager 146 MHz

3. Police wireless 159.5,163,164.3 MHz

4. T.V. Communication Picture Audio
a. Channel 5 175.5MHz 180.75 MHz
b. Channel 6 182.25 MHz 187.25 MHz
c. Channel 7 189.25 MHz 194.75 MHz

Thusfrom the abovetable and the plot presentedn the reportof Mr.
Vinod, major interferences frequencies of concern are :-

a. 101 MHz : Pune FM Radio.

b. 130 MHz : Aeronautical Radio-navigation.

c. 146.6 MHz : Pager.

d. 159 MHz : Police wireless.

e. 163 MHz : Rural Police.

f. 175.25 MHz : Pune TV video.

g. 180.75 MHz : Pune TV audio.

1.3 Filter Basics

Real world signals contain both wanted and unwanted signals /
informations.Thereforeit is essentiato separatehe two. The procesf separation
of wantedsignals/ informationsfrom that of unwantedoneis called“Filtering” and
the circuit which performs this filtering is called as “Filter”.

1.3.1Filter Classification:-

Filters canbe classifiedon the basisof the type of components/devices
used, the bandof frequencieghey select,and the natureof the transferfunction
which tries to approximate the ideal characteristics.

Dependingupon the passbandand stop band locations filters are
basically divided into four types as:-

1. Low-pass
2. High-pass
3. Band-pass
4. Bandstop
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Ideal Filter :-

An idealfilter is the one,which transmitsfrequenciesn its passband
without attenuatiorand phaseshift , while not allowing any signal componentsn
the stop-bando getthroughi. e. Stopbandattenuatioras infinity .Also idealfilter
has a sharp transition.

Real World (Non-Ideal) Filters :-

Ideal filters are not realizable. In order to approximate the “Brick wall”
frequencyresponseof the ideal filter we haveto usesomeapproximationsThese
approximationsare nothing but mathematicatransferfunctionswhich approximate
theideal behavior Dependingupontransferfunction responsef the bestamplitude
or phasefilters canbe classifiedinto two basiccategories Amplitude Filters and
Phase Filters.

Amplitude filters are designedfor the bestamplituderesponsdor a
given situation. e. g. Zero ripple is in passband the amplitude response.

The classification of amplitude filter is as follow :-

1. Butterworth :-

Butterworthfilters arecharacterizedby the fact thatit hasno ripple in
the passbanar stopbandandhasmonotonicallydecreasingpassbandT hesefilters
are all-pole filters

2. Chebyshev :-

The Chebyshevesponsas characterizedy the presenceof ripple in
the passbandand no ripple in the stop band. The ripple can be controlledandis
directly proportionalto the SWR andReflectioncoefficient. The cutoff frequencyis
specifiedat an attenuationequalto passbandipple. The Chebyshewesponses
moreselectivethanButterworhresponset the expensef insertionlossandgreater
group delay.

3. Elliptic :-

The Elliptic responses characterizedy the presencef ripple in both
passbandas well in stop band. The Elliptic responseis more selective than
Chebyshev but exhibit more group delay variation in the passband.

Phase filters are designedfor desiredphaseresponsesuchas linear
phasewith frequency throughoutthe filter passband.Besselfilter is the best
exampleof this. It is a (Bessel) linear phasefilter providing very little delay
distortion (constantgroup delay) in the passbandThey show no overshootin
responseo the stepinput. Howeverfrequencyresponses muchlessselectivethan
otherfilters types.This restrictsthe useof thesefilters wheretransientpropertiesare
the major consideration.

1.3.2 Selecting The Right Analog Filter :-

Choosingthe correctfilter for a particularapplicationrequiresdefining
propertiesof the incoming signal that the filter must remove, as well as the
propertieghatit mustretain.In mostsituationsthereis someoverlapbetweerthese
two areas, demanding a degree of compromise.

Time Domain Waveform Presentation :-
Filters for suchapplicationsmust havea linear phaseresponsean the
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passband,and must not introduce ringing or overshoot. To Preservesignal
waveform while removing undesiredcomponents,thdilter must also passmany
harmonicsof the incoming signal'sbasefrequency.“Noise” componentghat the
filter removesmust be at substantiallyhigher frequenciesthan these necessary
harmonics. Bessel filter works best in these cases.

High Selectivity in the Frequency Domain :-

Situationswhere removal of undesiredcomponentss the overriding
concernand somedistortion in the time domain of the signal'sshapeis of less
importancegenerallyrequiresharperoll-off filters with Butterworthor Chebyshev
or elliptic transferfunctions. e. g. Spectrumanalysisis only concernedto the
amplitude of input frequency components.

CompromiseFilters:-

Although linear phase filters preservecritical information, many
applicationsalso require rapid transition-bandroll-off. A balancebetweenthese
mutually exclusiverequirementsan often be achievedby phase-derivedypesand
amplitude-compensated versions of phase filters.
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Chapter 2

FRONT-END SYSTEM

2.1 Existing 150 MHz Front-End Receiver System

The existing systemof front-end receiver gets it's input from two
orthogonal pairs of folded thick dipoles at a spacing of approximately half
wavelengthplacedin a quadformationover a planereflector. This arrangements
called “Boxing Ring “ arrangementTwo pairs of dipolesoneto receivevertical
polarizedsignal (V) and anotherto receive horizontally polarizedsignal (H) are
used.

Thelinearly polarizedsignalsV andH arethenconvertednto circular
polarizationviz CH1 and CH2 or LCP andRCP usingQHDC. The signalis then
amplified by LNAs which arehavinga gain of 32 dB anda bandwidthin excesof
100 MHz.

Thesignalis bandlimited by a Bandpasdilters placedimmediateafter
LNA with a center frequency of 150 MHz with bandwidth of +/- 16 MHz.

The signalis thenamplified by postamplifier. Thereafterthe signalis
modulatedwith Walsh function using phaseswitching to reduce the effect of
coupling between the two channels.

Rf on/off facility is provided for connectingand disconnectinga
channelby meansof RF switch. The front end box output signalis sentto the
commonbox, which incorporateshand-selectorsolar attenuator swap switch and
broadband amplifier for further amplification.

2.2 Necessity Of Up gradation In Front-End System

Thefilter presentn the existing Front-Endsystemis a bandpasdilter
asmentionedaboveand haveasymmetricandgradualroll-off (especiallyon higher
frequencysides)characteristicavhich is insufficient to block out of band strong
interferencesThesestrongout of bandinterfering signalsmay beatwith inbandas
well as with out of band signalsin the mixer stage and produce many inter-
modulationproducts(IMD), which may fall inside the desiredfrequencyband of
observationThereforein orderto providelargerejectionfor the out of bandsignals
we needto havemaximumattenuationn stopbandwith very sharproll-off for the
filter. This canbe achievedby combiningan elliptic LPF in serieswith an elliptic
HPF to produce a sharp cut-off bandpass filter.
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2.3 Modified 150 MHz Front-End System

2.3.1 Reason Of Selection Of LPF And HPF Combination

The main reasons for selecting LPF and HPF combination instead of
BPF are asfollow :-

Individual tuning of the filter makes it possible to adjust the response
characteristics without affecting the individual response of the another filter. Thus
tuning becomes very easy. Also by adjusting the transition band of the filters on
lower as well as upper side of frequencies individually, it is easy to make a filter
symmetric around the center frequency. Thus filter response symmetry can be
achieved. This response symmetry results in the symmetry in group-delay, which
ultimately results in simplified group-delay equalizer design. For large bandwidth it
is preferable to have LPF and HPF combined as BPF.

2.3.2 Modified 150 MHz Front-End Receiver

To suppress strong in band interfering signals notch filter has to be
incorporated. The interfering signals for which notch is to be put is based on the
strength of the signal and as well the location of the interfering signals which may
again produce third order IMD falling inside the desired frequency band.

Vi vl H1 H2
R S L ----------------- | 150 MHz FRONT—END RECEIVER |

COMBINER COMBINER ‘

CONTROL,LINES

QUADRATURE
HYBRID

NOISE GEN

LOW NOILSE
AMPLIFIERS

SECOND |
RF AMPIL
i

&

PHASE
SWITCH

Fig. 2.1 150MHz Front-End Receiver Block diagram.
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The modificationis doneonly by replacingthe Bandpasdilter in the
existingfront end systemby LPF+HPFand Notch Filter combinationas shownin
fig. above ,with all the other blocks untouched.

2.2.3 Notch Frequency Selection

The notch frequenciesare decidedon the basis of the information
availablereggardingthe interferencesources( Ref. Sectionl1.2) and the RFI data
acquiredby Mr. S. Joardamsinghis RFI monitoringinstrument.Thelocationof the
notchwas fixed at 133.35,146.6,159 MHz, which falls in the desiredfrequency
band.

hd RFIDATA ANALYSIS TOOL (GMRT-TIFR)

File{F) Tools{T) Socket(S8)

M East
B Vest

M North

-114.00
130.00

REW 30,00 khz T 0.00 dB AYG 20.00

Current sample point = 61759950
| T ISpeed(ns)

omw ww aew | oam (NEEW

-109,06 98.39 -108, -109.56 Uni t{dB/div)

‘A% @Q @ %\Q\ | 2 Uniled1 - -l- aliter ]l aliter | ORFIDATA| @ iy g
Fig. 2.2 RFI Detection And Analysis Tool Plot

Thusthe selectedhotchfrequenciesl 33.35,146.6and 159 MHz along
with oneout-bandsignal175MHz producethird orderIMDs , of which somefall in
the required frequency band as given below:

For f1 = 133.35 MHz and f2 = 146.6 MHz, then IMD's are

1. 2xf2 - f1=2x146.6 - 133.35

=159.89 MHz which falls within desired freq. Band.
2. 2xfl - f2 =2x133.35 - 146.6
= 120 MHz & this doesn't fall within desired one.

Similarly for f1 = 146.6 MHz and 159 MHz these are
1. 2xf2 - f1=2x159 -146.6
=171.4 MHz & this doesn't fall within desired one.
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2. 2xfl - 2 = 2x146.6 - 159
= 134.2 MHz which falls within desired freq. Band.
And for f1 = 159 MHz and 175 MHz these are
1. 2xf2 - f1=2x175 -159

=191 MHz & this doesn't fall within desired one.
2. 2xfl -f2=2x159 - 175
= 143 MHz which falls within desired freq. Band.
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Chapter 3

NOTCH FILTER DESIGN

3.1 Specifications :-

Center Frequency = 150 MHz
3dB Band-width = 4 MHz

Stop band Attenuation = 25 dB
Stop band Band-width = 500 kHz
Insertion loss <1 dB

Passband ripple = 0.1 dB

I/P andO/P impedance = 50 ohms

NoohkwdE

Filter Type Selection :-

Chebyshev Full Transformed Elliptic filter of T-section type.
It is usedto get very narrow stop band band-widthat a particular
frequency as well as sharp roll-off.

3.2 Interleaving Technigue

3.2.1 Practical Filter Design Difficulties :-

Thefilter is designedusingEagle-waréeGENESY Ssoftware.The main
concernis to realizethe componentvalues.The filter doesn'thave all realizable
elements ,especially series branch inductors have value of few hundred
picohenry(pH) and shunt branch capacitor having value of few hundred
femtofarad(fF).

To make these element realizable a technique is used called
“Interleaving Technique”.With this techniquea notchis embeddedn the LPF to
realizeunrealizableslementwithout changingthe characteristicef filter in the band
of interest. The realization is done by using “Dipole Transform”

3.2.2 Solution To Practical Filter Design Difficulty :-

“ Interleaving Technique :-

> Why to use interl eaving techni que?
-> Usually numeric design of bandstop filter with the given

specificatioas RF frequencies can't be built as a practical lumped

elementffilter becaus®f their extremeelementspread. e.ratio of
max. elementvalue to the min. elementvalue is very high.
The secondreasonis that very low valuesof inductorsusually
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have very poor Q at RF frequenciesif built. So to reducethe
extremeelementspread and makenumericalvaluesof elements
to the practical values “Interleaving Technique” is used.

> What is interleaving technique?
-> Interleavingis the techniqueof reducingthe elementspreadby

embeddinga notchin the anotherfilter passband Thefilter may
be LPF / HPF / BPF depending upon the requirement and

accordinglythe dipole transformchangesThetechniquen which
two laddersof the samesize are interleavedby combiningthe
correspondinghuntbranchesan parallel,and seriesbranchesn

series as shownfily. 3.1 respectively.
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Fig. 3.1 of Interleaving tech.

» What is dipole transfornf
-> When series as well as shunt branches of LPF and NF are

combinedthento gettherealizableelementvaluesandto reduce

inductancespreadwve haveto apply transformdo seriesaswell as
to shuntbrancheswhich makesthe series/shunbranchelements

realizable.The shuntcircuit and seriescircuit transformsare
shown irfig.3.2.

13 = & i
L'|

D=B+(C F=0]1+
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Figure  Shat circait

Figure Series ciwcuit

Fig. 3.2 Dipole Transformation Circuit Diagram with Formulas
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3.3 Numerical NF (Bandstop Filter) Design

Numerically designedBandstopfilter, with above specificationsis
shown in fig. 3.3 below. The filter is designedusing Eagle-ware GENESYS
Software.

Ry Eg e x p
INPUT > L———@ ° ® s 2)ouTpUT
—{— "
c1 } 3

L2

—Q

0

Where values of components are as follows :-
L1,L3 =0.507 nH
C1,C3=2.22 kpF
L2 =4.99 uH
C2=0.225 pF

Fig. 3.3 Numerically Designed Bandstop Filter

Soit's obviousthatthe numericallycalculatedvaluesarenot practically
possibleandthedesignis totally inflexible .Let'sseethe seriesarminductorshaving
values< 1nHwhichis verydifficult to constructusinglumpedcomponents: it also
havea drawbackthat if constructsuchan inductorit's Q-factorwill be very very
poor. Also the shuntbranchcapacitorhasvery small and inductor hasvery large
value.

The mostimportantthing is the elementspreadn this designthe total
inductor spread and capacitor spread are as follows

Inductor spread = (4.99 uH) / (0.507 nH) =9842  -------- Q)

Capacitor spread = (2.22 kpF) / (0.225 pF) = 9867 --------- (2)

This elementspreads too largeandneedto be optimized.This canbe
done using a process called Interleaving. With this technique the notch is
embeddedn the LPF and then using dipole transform elementspreadcan be
minimized. For this a LPF has to be designed in order to optimize the spread.
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3.4 Practical NF Filter Realization

3.4.1 Optimizing Element Spread :-
If y=inductance spread , and
X = band-edge frequency of the LPF

Then y is a function of x as Y = f(x).

To evaluatethis functionfor a givenband-edgdrequency x , beginby
finding the low passelementvaluesfor choservalueof x. Bandstopelementvalues
arefixed, so incorporate low passelementvaluesinto the designto optimizethe
design. Then perform the dipole transformationas shownin abovefig.3.1 and
fig.3.2 . Finally calculate the element spread thus obtained i. e. the function value.

If this proceduras performedseveraltimesto plot the smoothcurve,it
will becomeapparenthatit hasa definite minimum. The band-edgdrequencythat
produces this minimum is the optimal value for the practical filter.

3.4.2InterleavingNF And LPF :-

' 8w !

WRUT L —————4 . - N +——pouTPuT
L+ s
' i ASIEE L - L-tizam | ( !

11 |

3] Gz
By —
GasBpb |

c3

Fig. 3.4 Interleaved Bandstop and LPF

Where, L1,L2 =0.507 nH

C1,C2 =2.22 kpF

L2 =4.99 uF

C2 =0.225 pF

With the simulation of abovecircuit and making the valuesof LPF
elementsvariablethe flat responseaup to requiredfrequencyrangecan be obtained
andthen predictthat this is the LPF which producesdefinite minimum. The LPF
obtained from above method is as showfigr8.5 given below.

LT L=
k=11 3B3rH L= 11 IB3H
;1;}'_ T o WH",Q

=1

o I

Fig. 3.5 Circuit Diag. OF LPF

14/51



The specifications of the LPF are as given below :-
Specifications:-
1. Filter Type =Butterworth
2. Order =3
3. 3 dB cut-off frequency = 1 GHz

Now the combinedfilter as describedin interleavingtechniqueis as
shown in abovéig. 3.4.

3.4.3Dipole TransformTo Interleaved-ilter :-

Now applydipoletransformto thefilter in orderto find out the element
values, as follows.

Series Dipole Transform:-

Fromthe fig.3.2 (1) of seriesdipole Transformcomponentvaluesare
calculated as :-

Where B = 11.393 nH
A= 0.507 nH
C= 2.22 kpF
1. D =B(1+B/A)
=11.393 nH (1 + 11.393 nH / 0.507 nH)
= 267.7 nH
2. F=A+B
= 0.507 nH + 11.393 nH
= 11.9nH
3. E=C/(1+B/A)?

=2.22 kpF / (1 + 11.393 nH / 0.507 nH)?
= 4.024 pF

Shunt Dipole Transform:-

From the fig.3.2 (2)of shuntdipole transform componentvaluesare
calculated as :-

Where B = 0.225 pF
A =499 uF
C=4.9pF
1.D=C+B
= 4.9 pF + 0.225 pF
5.125 pF
C(1+C/B)
4.9 pF (1 +4.9 pF/0.225 pF)
111.6 pF
A/ (1+ C/B)?
499 uF / (1 + 4.9 pF /0.225 pF)?
9.62 nH

The transformed circuit using these values is as shoWwg.86.
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Fig. 3.6 REAL Bandstop filter

It is apparent from the following figures that the element spread has
reduced drastically after using the interleaving technique.

Inductor spread = 267.7nH/9.62nH = 27.83 ---------- 3

Capacitor spread = 111.6 pF/4.024 pF =27.73  ---------- 4

Thus the Interleaving technique is used to realize a practically
unrealizable Bandstop filter.

Following diagram shows the step by step implementation of realizable

Bandstop filter.

a
L=D.S
L

[+ i *
L=11 @K L= 11380 rH Ei=
A i cz
i & a2k
J
(3]
Ic-osnr +

LPF + Numerical Bandstop filter = Interleaved Bandstop Filter
Fig. 3.7 Interleaving Technique Used For Bandstop Filter

NOTE :- Hereall smulated results of filtersarewith element Q-factor of 100.
If Q of individual element isincreased then theregection of the
bandstop filter will increase accordingly.
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3.5 Simulation Results :-

3.5.1 Simulated Filter Response Of Numerically Designed Notch Filter
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Fig. 3.8 Circuit Diagram Of Numerically Designed Bandstop Filter
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Fig. 3.9 Numerically Designed Bandstop Filter Response
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3.5.2 Simulated Filter Response Of LPF Used For Interleaving :-
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Fig. 3.10 LPF Circuit Diagram
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Fig. 3.11 LPF Filter Response

18/51

1600

r-20

24

+-28

+-32

+-36

1 -40
2000

[Li=slaa



3.5.3 Simulated Filter Response Of Interleaved Notch Filter :-
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Fig. 3.12 Realizable Bandstop Filter
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Fig. 3.13 Realizable Bandstop Filter Response
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3.6 Practical Bandstop Filter Response :-
3.6.1 Rejection at 150 MHz :-
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3.6.2 Delay Characteristics Of Bandstop Filter :-
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3.6.3 Phase Characteristics Of Bandstop Filter :-
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3.6.4 VSWR Format Of Bandstop Filter :-

l:Reflection SHR 8.2 7 Ret 1.2358

Measl:Mkr3 Z200.408 MHz
1.6B1@

v L
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3.6.5. Response Of Bandstop Filter From 10 MHz to 2 GHz :-
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3.7 Thermal Cycling Of Band-stop Filter :-

The purposeof thermalcycling of thebandstogdilter is for
analyzingvariationin notchrejectionvaluesaswell asfrequencydrift of the notch
frequencyw.r.t temperature.

Initially notchesare adjustedat the desiredfrequenciesof 133.35,
146.6 and 159 MHz. The rejection valuesat different notch frequenciesat room
temperatures are recorded as

133.35 MHz ----- -29.937 dB
146.6 MHz =~ ----- -28.402 dB
159.0 MHz = ----- -38.391 dB

Then the tuned filter is kept in environmentalchamberfor thermal
cycling. The temperaturewvas varied from as cool as 15°C to as hot as 55°C &
readingdor notchrejectionaretakenafter every5°C changein temperaturevith a
settling time of around %2 hours.

First the temperatureis increasedfrom room temperatureto 55°C
(HEAT-1 Cycle) & thenagainreducedupto 15°C(COOL-1Cycle)in stepsof 5°C.
At every 5°C change in temperaturenotch rejections for 3 different notch
frequencies are recorded.

This proceduras repeated timesto getthreesetsof thermalcyclesas
HEAT-1/2/3 and COOL-1/2/3.

Temperature |Attenuation in dB Cycle

in °C 133.35 MHz |146.6 MHz 159 MHz

27 -29.94 -28.4 -38.39

35.9 -13.2 -21.4 -33.29

39 -10.42 -19.26 -27.67 HEAT-1
48.9 -7.4 -16.72 -21.78

50.5 -6.94 -16.27 -20.71

57.1 -5.91 -15.38 -18.65

Temperature |Attenuation in dB Cycle

in °C 133.35 MHz |146.6 MHz 159 MHz

a7 -6.38 -16.13 -18.8

a7 -6.91 -17.06 -19.13

40 -8.11 -18.95 -17.8 CooL-1
35.5 -12.02 -26.88 -22.6

29.6 -17.3 -29.72 -24.36

26.8 -31.03 -23.36 -26.53

22.8 -17.73 -19.72 -29.62

18 -13.38 -17 -34.89
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Temperature |Attenuation in dB Cycle

in °C 133.35 MHz |146.6 MHz 159 MHz

275 -16.63 -19.63 -41.54

33.7 -21.64 -28.15 -31.62

38.3 -14.21 -28.34 -27.43 HEAT-2
42.2 -11.02 -22.85 -24.7

48 -8.96 -19.84 -22.79

55 -6.99 -17.16 -20.42

Temperature |Attenuation in dB Cycle

in °C 133.35 MHz [146.6 MHz 159 MHz

47.9 -1.27 -17.98 -20.2

44.1 -8.39 -20.32 -20.77

35.6 -12.83 -31.54 -23.08

30.5 -20.51 -23.95 -25.44

27.6 -18.76 -18.19 -31.32 COOL-2
25.6 -16.09 -16.71 -34.04

21.3 -13.11 -14.97 -45.37

18.2 -11.48 -12.53 -34.76

14.6 -13.17 -9.9 -26.37

Temperature | Attenuation in dB Cycle

in °C 133.35MHz |146.6 MHz 159 MHz

225 -12.56 -15.59 -48.51

26.6 -15.09 -18.74 -37.23

29 -16.22 -19.57 -37.5 HEAT-3
35 -21.04 -25.85 -31.57

40 -14.43 -31.13 -27.48

46 -9.51 -21.05 -22.88

52.3 -7.38 -17.88 -20.55

26/51




Temperature | Attenuation in dB Cycle

in °C 133.35 MHz [146.6 MHz 159 MHz

48 -7.62 -18.55 -20.34

44 -8.29 -20.18 -20.63

40.3 -9.68 -23.47 -21.38

35.5 -14.08 -31.59 -23.57

29.2 -18.62 -17.75 -31.29 COOL-3
26.4 -16.86 -16.81 -32.21

21.7 -12.71 -14.32 -43.22

17.3 -11.64 -12.96 -38.62

Temperature |Attenuation in dB Cycle

in °C 133.35 MHz |146.6 MHz 159 MHz

29 -14.63 -16.98 -37.78 HEAT-4

Variation of notchrejectionw.r.t. Temp.wasrecordedand plottedin
environmentachamberestfor 3 differentnotchestunedat frequenciesas 133.35
MHz, 146.6 MHz & 159 MHz.

Inference from plots of Notch filter Thermal cycling :-

From the notchfilter thermalcycling curvesplottedin MATLAB, as
shownbelow, thereis no notchdrift from tunednotchfrequency butonly variation
is in the notchrejectionwith variationin temperatures observecdat extremehigher
and lower temperature.

Plots show somesort of repeatability,especiallyfor 146.6 MHz and
159 MHz and for 133.35 the notch it is not that much repeatable.

Also thereis definitely variationof notchrejectionw.r.t. Temperature.
For 146.6 and 159 MHz and from temperaturevariation from 15°C to 40°C
rejectionis in the acceptableange.Only thereis a abruptchangein rejectionfor
133.35 MHz notch in the above mentioned temp. range.
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Fig. 3.14 Notch Filter Thermal Cycling Curves
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Chapter 4

LOW-PASS FILTER DESIGN

4.1 Low-pass Filter Design procedure :-

1. List out the specificationslike type of filter,cutoff frequency,i/p
impedance,stop-band frequency,stop-band attenuation etc.

2. Estimate the order for the given type of filter by standard procedure.

3. Designa normalizedLPF filter having cutoff frequencyof 1Hz, and
input and output impedance of 1 ohm.

4. Then frequencyscaleas well impedancescalethe abovedesigned
filter components by appropriate inductor and capacitor formulas
like for capacitor
C'=C/(FSF*2)

And for inductor

L'=L*Z/FSF
Where FSF is Frequency scaling factor given as
FSF = 2**f , . — cutoff frequency

4.2 Low-pass Filter Specifications :-

. Minimum inductor elliptic.

. Cauer-chebyshev Normal.

. 3 dB cutoff at a frequency of 163MHz.

. Input & Output impedance is 50 ohms.

. Stop band frequency is 175MHz.

. Stop band attenuation minimum = 40 dB.

OO, WN R

4.3 Order Estimation :-

From cutoff frequencyand stop bandfrequencythe steepness$actor
(As) for LPF can be calculated as follows
A= /1, where {-— stop band frequency
and  §- cut-off frequency

As=175/163
=1.0736
Steepness factor & = sin'(1/A)
= sin(1/1.0736) = 68.66
With Amin = 40 dB and As <= 1.0736,choosereflection coefficient
Ro = 20% which corresponds to VSWR = 1.5, the worst case pass-band VSWR.
Ro=(VSWR-1)/(VSWR + 1)
So VSWR =(Ro + 1)/ (Ro -1)
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=1.2/0.8
=15 The worst case VSWR.
And passband ripplesRis related to reflection coefficient Ro as
Rus = -10 log (1-(R©)
Therefore Rs = -10 log (1-(0.2) =0.1773 dB
Thus Ro = 20% corresponds to A(Ro) = 13.9 dB
Therefore total attenuation is As + A(Ro) =40 +13.9

=53.9dB
Now from the curve for estimatingthe order of the elliptic function
filter design* at an As = 1.0736 a filter order n = 7 provides required attenuation.
Therefore n = 7 is the required order.
Return Loss is given as

RL =20 log (1/R)
= 20 log (1/0.2) = -13.979 dB

> Expected Filter Response Properties :

1. VSWR =15

2. Return Loss =-13.979 dB

3. Stop Band Attenuation = -40 dB
4. Passband ripple =0.1773 dB

4.4 NormalizedLPF Design:-

This is the proceduran which first LPF componentsre found out for
the cutoff frequencyof 1Hz,whicharetabulatedn the standardormatin the Arthur
williams * Electronic Filter Design Handbook”.

Now we have steepnesdactor As = 1.0736 from which we can
calculate the angle of steepness @ =sin 1 (1/ Asin= ( 1/ 1.0736)

= 68.66°

Take @ = 66° asa compromisebetweenattenuationand steepness,
with priority to attenuation. So for the given @ the attenuation is 41.1 dB.

So the LPF can be expressed as

CnRo@= (C72066°),

where C — Cauer filter
n — order
Ro — reflection coefficient
@ -—Steepness angle
Now from thesespecificationsof LPF the normalizedvaluesof the
filter elementsaretakenfrom Arthur Williams book for normalizedLPF component
values for elliptic filter design and shown in the diagram below:-
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L1 L2 L3
L=1138 H L=0.573 H L=0672 H

17 9 >——| : ' }—« (@)
C2 Ch
X C=0.256 F oy C=0881F L
:I:c:=1 13F C=138F C=1.085 F Icm:l 744
a i » .

Fig.—-- Normalised LPF Circuit Diagram

Fig. 4.1 Normalized LPF Circuit Diagram

4.5 Frequency And Impedance Scaling :-

Now this normalizedfilter is havingcutoff frequencyof 1Hz, therefore
to frequencyscalethe given filter to the requiredcutoff frequency,multiply filter
filter elementsby a frequencyscalingfactor (FSF), as mentionedin abovedesign
procedure. For this circuit it is

FSF=2* *163MHz

= 0.10242* 10%°
and impedancd scaling factor is Z = 50.
Therefore for capacitor C' = C / ( FSF * Z)
Therefore actual circuit capacitor values become as

C1'=1.13/(0.10242* 10° *50)  C4' = 27.89 pF

= 22 pF C5' =21.38 pF
C2' = 4.997 pF C6 = 19.35 pF
C3' = 26.56 pF C7' =13.94 pF

Also same way for Inductor L' =L * 50 / FSF
Therefore the actual circuit inductor values become as
L1'=1.138 *50/0.10242* 10t°

= 55.56 nH
L2 =27.98 nH
L3 =32.817 nH

With the aboveimpedanceand frequencyscaling,the actualLPF with
the given specificationanbe synthesizedThe circuit diagramis asshown below.
Also which seriesbranchparallelresonansectionproduceszeroat whatfrequency
is shown in fig. :-

*Curve for estimatindfilter orderis givenin Arthur williams “ electronicFilter DesignHandbook”on Pg.No.
2.80 and fig. No. 2.86
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L1 L2 L3
L=55.56 nH L=27 58 nH L=32817 nH

vy (2
(=" ] E
e C="4 987 pF | 3 C="29 265 pF 1 s 1 e
—— =22 pF —— C=2B 56 pF ——C=2138 pF ——C=13.94 pF
[ L] 0 0
Zero at infinity ideally Zero at 175MHz Zero at 195MHz

PractZero at 2950MH 2

Fig.—--- Frequency Scaled LPF Circuit Diagram

Fig. 4.2 Frequency Scaled LPF Circuit Diagram

This is the theoreticalfilter design as per the specifications.This
doesn'tmeetthe desiredspecificationsthereforecomponentsere tunedusing the
simulationsoftware“Eagle ware”.Thefinal filter circuit with simulationsoftwareis
as shown below:-

L1 Lz Lz
L=5556 nH L=27. 38 nH L=32.817 nH

I_/_W\_Iq Id_rW\_I I—fw\—la
a4 _4 - | E '}[2]

£

L 1|
|
=

1 L3
>t | |
(= 4
1 C= 6 pF oy CetIaTspF cs C=iaomepF -—
C= 15638 pF C="20.81 pF C= 3782 pF C= "4 138 pF
Zero at infinity ideally
Practz 2t 2OEMNH 2z Fero at 1 7T5MHz Lero at 195MHz
Fig. ---- Tuned LPF Component Yalues Circuit Diag.
LPF150.Response
g = : = : g o
m :;B’_,..—-ﬁ'—"— 3"';94.8 MHz, -0.138 B
P e TR > 133 o | 1 1 ! I &l o
H -4
" 11 &
a1 § % | | i | 1 ! {1 =
— o
T - fles
- = 1 | o
30 =
=
40
s
= | - _— i 4 L] -
140 2 204 236 268 300
Freg (MHzZ)
- DE[S21] -- DE[S11]

Fig. 4.3 Simulated Filter Response of LPF on Eagleware after Tuning
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Chapter 5

HIGH-PASS FILTER DESIGN
5.1 HPF Filter Design Procedure :-

1. List out the specificationslike type of filter,cutoff frequency,i/p
impedance,stop-band frequency,stop-band attenuation etc.

2. Estimate the order for the given type of filter by standard procedure.

3. Designa normalizedLPF filter having cutoff frequencyof 1Hz, and
input and output impedance of 1 ohm.

4. Replacecapacitorby inductorandinductorby capacitorin the circuit
and invert the values found out for the normalized LPF.

5. Then scalethe circuit for and impedancescalethe abovedesigned
filler componentsby using following formulas for components
scaling
for capacitor
C'=C/(FSF*2)
for inductor

L'=L*Z/FSF
Where FSF is Frequency scaling factor given as
FSF = 2* *fc , fc — cutoff frequency

5.2 High-pass Filter Specifications :-

. Minimum inductor elliptic.

. Cauer-chebyshev Normal.

. 3 dB cutoff at a frequency of 120MHz.

. Input & Output impedance is 50 ohms.

. Stop band frequency is 101MHz.

. Stop band attenuation minimum = 40 dB.

OO WNE

5.3 Order Estimation :-

From cutoff frequency and stop-band frequency angle of steepness (As)
for HPF can be calculated as follows
A= 1o/ fs where {- stop band frequency
and - cut-off frequency
As=101/120
=1.188
Steepness factor is
@ = sin*(1/Ay)
= sin'(1/1.0736) = 68.66
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With Amin = 40 dB and As <= 1.188, choosereflection coefficient
Ro = 20% which corresponds to VSWR = 1.5, the worst case pass-band VSWR.

Ro = (VSWR -1)/( VSWR + 1)

Therefore VSWR = (Ro + 1)/ (Ro -1)
=1.2/08 =15 ... The worst case VSWR.
And passband ripplesRis related to reflection coefficient Ro as

Rgs = -10 log (1-(R©)
Therefore Rz =-10 log (1-(0.2) =0.1773 dB

Thus Ro = 20% corresponds to A(Ro) = 13.9 dB
Therefore total attenuation is As + A(Ro) = 40 +13.9
=53.9dB
Now from the curve for estimatingthe order of the elliptic function
filter design* at an As = 1.188 a filter order n = 7 provides required attenuation.
Therefore n = 7 is the required order.
Return Loss is given as RL = 20 log (R

= 20 log (1/0.2) = -13.979 dB

> Expected Filter Response Properties :-
1.VSWR =15
2. Return Loss =-13.979 dB
3. Stop Band Attenuation = -40 dB
4. Passband ripple = 0.1773 dB

5.4 Normalized LPF Design :-

This is the proceduran which first LPF componentsare found out for
the cutoff frequencyof 1Hz,whicharetabulatedn the standardormatin the Arthur
williams “ Electronic Filter Design Handbook”.

Now we have steepness facta=AL.0736 from which we can calculate
the angle of steepness

@=sin1(1/A =sin 1(1/1.188)

= 57.32°

Assuming @ = 57° as here there is no compromise between
attenuation, as attenuation for this @ is 527 i.e. > 40 dB and is 52.7 dB.

This normalized LPF can be expressed as

CnRo@= (C72057°),

where C — Cauer filter
n — order
Ro — reflection coefficient
@ —Steepness angle
Now for thesespecificationsof LPF, the normalizedvaluesfor the
filter elementsare chosenfrom Arthur Williams book. And are as shownin the
circuit below:-
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L1 Lz LS L7
L=1.196 H L=1581 H L=1365H L=0.29 H
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LE

L2 L

L=0.168 H L=0.351H L=0&03 H
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[} o L]
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Fig.--- Noermalised LPF For HPF Design

Fig. 5.1 Normalized LPF For HPF Design

5.5 Normalized HPF Design :-

normalized HPF can be designed from the normalized LPF by just

replacing capacitors by inductors and vice versa. The values for inductors and
capacitors are found by taking reciprocal of the corresponding capacitor and
inductor in the normalized LPF circuit. The normalized HPF filter circuit is as

shown below :-

A CE CE cCT
C=m0a8326 F C="0G32 F C="D722F C=""1124 F
I | = |- .’ | -] - I |
) 11 i )

L1 ey L3
L=0221 H L= 297 ™ L= 182 H
a4 T 10
—te. T2 —t T —_t_ CH
=T C="SA1TTF =T C="A8x F =—jJ— C="1.043 F

o 0

o

Fig.——-MNMermalised LPF Te HPF Converted Ckt.

Fig. 5.2 Normalized LPF To HPF Converted Circuit
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5.5.1 Frequency And Impedance Scaling :-

The designednormalizedfilter has a cutoff frequencyof 1Hz and
impedanceZ =1 ohm. In order to scalethe circuit for frequencyand impedance
replace capacitorsand inductors with scaled values as follows. The frequency
scaling factor (FSF) for the circuit is

FSF=2* *120MHz

= 0.075398* 10*°
and impedance scaling factor is Z = 50.

C'=C/(FSF*2)

Therefore actual circuit capacitor values become as

C1'=0.836/(0.075398* 10t° *50) C4'=30.82 pF

= 22.18 pF C5' = 19.43 pF
C2' = 156.95 pF C6 = 43.58 pF
C3' = 16.78 pF C7' =29.81 pF

Inductor L' =L *50/ FSF
Therefore the actual circuit inductor values becomes
L1'=0.821 *50/0.075398* 10*°

= 54.44 nH
L2 = 83.34 nH
L3 = 77.06 nH

With the aboveimpedanceand frequencyscaling the actual HPF is
designedor the given specificationsThe circuit diagramis as shown below, also
resonanfrequencyof eachparallelbranchseriesresonansectionthatproduceszero
at definite frequency is also shown in fig. :-

[ | c3 - cT
C=T2218 pF C="6 75 pF C="19 .45 pF C=72081 pF
(17 Ypd | | - | | - | | - | | W
’ | | ] |l | - s
L1 L2 L3
L=54 44 nH L=33 34 nH L=77 .06 nH
. Il e e CE
=—7— C=M356 95 pF —7— C=7"3082 pF —7—C=74355 pF

Zero at99MHz Zero at86.4MHz Zero atS5S4MHz

Fig.——- Frequency Scaled HPF Circuit

Fig. 5.3 Frequency Scaled HPF Circuit

Thesefinite zeros are addedto increasethe steepnesof the filter
response.This filter design doesn't meet the required specifications,therefore
componentvalueswere tuned using “Eagle ware” software.The circuit diagram
along with response for tuned component values is as shown below :-
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Zero at54 5MHz Zero at 101MHz Zero at86.5MHz

Fig. - Tuned HPF Component values Circuit Diag.
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Fig. 5.4 Simulated Filter Response of HPF on Eagleware after Tuning
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Chapter 6

FILTER TUNING

6.1 Practical Band-stop filter Tuning :-

L1 =3 L C4

|
|
!

Coma HZ4 pF + L=3&7 T Al CeslRaph T
i ke B ety
i3 5 Ls
L=113E3rH L= 11 @l

L=SDE3rH 1. Ce= 1118 pf

Fig. 6.1 Realizable Band-stop filter

Two series arms of the bandstop filter provides a null or zero at a given
frequency. So to regject a given frequency series arm should be tuned properly. Here
isatunning procedure.

1. Adjust the null at the specified frequency by one of the series arm resonant
circuit capacitor tuning say C1.

2. Then by the same way adjust null for the another series arm resonant circuit
capacitor say C4, so as to get maximum rejection at the given frequency.

3. Then capacitor C2 is the rejection adjustment capacitor for the notch,adjust it
to get optimum rejection without any insertion loss.

4. Shunt resonant circuit is tuned to adjust the cutoff frequency of the LPF in
which notch is embedded, so by tuning C3 we can improve the out of band
response of the bandstop filter.

38/51



6.2Practical Low-pass filter Tuning :-

L1 L2 L3
L=5556 rH L=27 98 nH L=32817 nH
4
(1) pgp— I - I - »—-l l-”—% (2

c2 ca I
e C="4 987 pF 1 e C="29 285 pF 1 s 1 e
——C=22pF —— =26 56 pF ——C=3138 pF ——C=1394 pF

Zero at infinity ideally Zero at 175MHz Zero at 195MHz

PractZero at 2950WH 2

Fig.--— Frequency Scaled LPF Circuit Diagram

Fig. 6.2 Frequency Scaled L PF Circuit

Target Tunning :-
3 dB cutoff frequency = 163MHz.
Maximum rejection at 175MHz.
Insertion loss > -1dB from DC to 160MHz i. e. in the pass band.
Return loss< -10 dB from DC to 160MHz . e. in the pass band.

In the low passfilter magjor tuning part is the series arm circuits, which
provide a zero/null at particular frequencies and thus provide a required degree of
steepness.

1. First seriesarm parallel resonant circuit(L1,C2) provides null at infinity. So by
adjusting this arm capacitor C2 improves rejection on higher frequency side.
Adjust this capacitor so asto get the size of side lobes minimum.

2. Second series arm parallel resonant circuit(L2,C4) provides null at 175MHz.
So adjust this arm capacitor C4 to get optimum rejection at 175MHz .

3. Third series arm parallel resonant circuit(L3,C6) provides null at a finite
frequency of 190MHz. So adjust it so asto get the cut off at 163MHz .

4. Capacitor C1 and C7 are input and output capacitors respectively. These are
used to match impedances of input and output circuit to whom they are
connected. Thus adjust them so that insertion loss and the return loss is
optimum.

5. Capacitor C3 and C5 are impedance matching capacitors in between two
series arm parallel resonant circuits to optimize insertion and return |oss.
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6.3 PracticaHigh-passFilter Tuning:-

| c3 cs cT
C="2218 pF C="E6.78 pF C="19.45 pF C=72981 pF
(1) d | | J | | » | L ] .| i % ()
il 11 | 1 | | 1] C
L1 L2 L3
L=54 44 nH L=53 34 nH L=77 .06 nH
—— T 1 C4 — TE
—r—C=MSE S pF —7— C="3082 pF —7— C="4358 pF

Zero at99MHz Zero at86.4MHz Zero at5S4MHz

Fig.--- Frequency Scaled HPF Circuit

Fig. 6.3 Frequency Scaled HPF Circuit
Target Tunning :-

3 dB cutoff frequency = 132MHz.

Maximum rejection at 101MHz.

Insertion loss > -1dBom 134 MHz to infinity i. e. in the pass band.

Return loss < -10 dB from 132 MHz to infinitye. In the pass band.
In the high passfilter major tuning part is the the shuntarm series

resonantircuits,whichprovidea null/zeroat a finite frequenciesandthusprovidea
required degree of steepness.

1.

First shunt arm seriesresonantcircuit(L1,C2) provides null/zero at finite
frequency

of 46.6MHz . It providesa finite steepnesdo the high passfilter in it's
transition band. Here this arm componentvalues are kept fixed to provide
finite frequency null at 46.6MHz only.

. Secondshuntarm seriesresonantircuit(L2,C4) providesnull/zeroat a finite

frequency of 101MHz . So by adjusting capacitor C4 provides desired
rejectionat 101MHz . So optimize it to get good rejection at the specified
frequency.

. Third shuntarm seriesresonantcircuit(L3,C6) providesnull/zeroat DC to

improve rejectionon lower frequencyside. This arm componentvaluesare
alsokeptfixed asit doesn'taffectthefilter responsen the desiredfrequency
range,but is necessary to improve rejection on lower frequency side.

. CapacitorC1 and C7 areinput and output capacitorgespectively.Theseare

usedfor input outputimpedancematching,thus reducinginsertionloss and
return loss.

. CapacitoiC3 andC5 areimpedanceanatchingcapacitorsn betweerntwo shunt

arm series resonant circuit to optimize the return loss and insertion loss .
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+ LPF And HPF Practical Response :-

1 Transmission Leg Mag 18.8 dB/ Ref @.28 48 C

Measl:Mkrl 132,008 MHz
-3.80AdR

__//
o
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+ LPF And HPF Out Of Band Response :-

P1iTransmission Log Mag 1B.@ dB/ Ref @.B@ dB

Measl:MkrB L6, 387 MHZ
-A0.4594R

42/51



+ LPF +HPF+NF Combined Response :-

P1iTransmission Log Mag 1B.0@ dBE/ Ref B.B@ dB C

Measl:MkrB 159.08P MHz
-14. 48441
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» Notch Filter Attenuation Summary :-

S. No. |Filter No. Antenna No. |Attenuation In dB
133.35 MHz |146.6 MHz |159 MHz

1 B34/01 C-04 -28.98 -29.23 -28.64
2 B34/02 C-09 -30.87 -26.81 -34.56
3 B34/03 W-01 -19.18 -21.79 -25.63
4 B34/04 C-08 -28.53 -22.62 -28.88
5 B34/05 C-11 -18.24 -24.69 -33.95
6 B34/06 C-03 -18.33 -26.46 -25.28
7 B34/07 C-02 -22.98 -22 -34.68
8 B34/08 W-05 -28.24 -31.32 -40.81
9 B34/09 S-04 -23.51 -28.98 -32.83
10 B34/10 S-01 -18.59 -21.58 -24.87
11 B34/11 - -26.57 -31.9 -47.99
12 B34/12 E-02 -29.46 -33.25 -46.14
13 B34/13 E-04 -27.33 -28.19 -37.42

Notch Filters are implemented in six central square antennas and two
in each arm antennas along with LPF and HPF combination. The above table gives
summery of notch filter attenuation at various notch frequencies and filter unit no.
implemented in which antenna.
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Chapter 7

CONCLUSION

7.1 Conclusion :-

The project of implementation of modified filter bank in twelve
antennas is completed successfully. Filter units are tuned,tested and implemented in
150 MHz front-end box.

LPF and HPF is having sharp roll-off characteristics ,that provide
enough attenuation for the out of band strong interferences like FM and TV
communication.

Notch filters are implemented to suppress in-band interferences and
tuned to such frequencies that have strong interferences which may saturate the
receiver or may beat with each other and produce inter-modulation products that
might be falling inside the desired band. Thus the possibility of receiver saturation
and inter-modulation products due to in-band strong interferences is avoided by
implementation of notch filter in the pass band of L PF and HPF combination.

The spectrum obtained from the antennas shows that most of the strong
in-band interferences are suppressed quiet good by notch filter. Also LPF & HPF
combination provides a very good solution to previously implemented bandpass
filter.

7.2 Future Scope :-

Filter tuning for LPF and HPF is quiet easy, but mgjor difficulty arise
while tuning notch filter, which can be overcome by minimizing the tuning range of
variable capacitors.

Also notch at each frequency is not stable from the point of view of
attenuation. Attenuation changes widely with temperature variation. This can be
overcome by using very low temperature coefficient variable capacitors.

The filter elements can also be realized by using micro-strip lines, asin
case of micro-strip line low values of capacitors and inductors can be realized easily
without any transformation as used in notch filter designing.

This filter bank provides a temporary solution to the current trends. In
future if interferences increase to more than existing and which may affect the
observation then it becomes difficult to implement so much of notches at every
required interferences. System will become bulky and also tuning work become
extensive and time consuming. So it is better way to go for digitized filter.
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Appendix I

# 150 MHz Front-End Output For Antenna - SO1:-
1. Antenna->(S-1) ,Channel- 2, FEB 106, CB 122, Solar Attn. -14dB, Noise

On/Off :-

FER 106 + (0120 eh-0 {51 Antenn
14dB sp
12145130 MAY 26, 2004 :
& 11152142 HAY 26, 2004 HER 147.0 WHz Noge off
REF -30.8 dBn  #AT @ a8 50,04 dia
PEAK O T O T T W T
LEB Ldoisihisnduinnimsgensopssisfim Qs
id : i : i : : ] |
di/ tisdssssstiiisiitntiit i s g
1T GMNERY R LR & (U e e
A47.0 MHZ
R0t ol
Harker Traoe Type Freq / Time fnplitude
i1 (A3 Freg 168,8 HHz =78.22 dBm
it (A Freg 181,86 HHz =78.81 dBm
8i (A Freg 188,08 MHz =49,11 dBa
41 (A Freq 147.8 WHz -BB.84 dBe
CENTER 169.9 MRz SPAN 190.0 MHz
$RES BM 399 kHz IVEN ¥ kHz SHP 233 misc
12146119 NAY 268, 2094
A 11:52:42 MAY 36, 1994 HER ;“.' MHz
REF -30.8 dia AT 8 a8 =78, 74 dbm
PEAK ' ' ! T
t:' """%"" v ) L ' I 1
o/ Joeeesionandinnds
. pasuiiy wibie e

A76.@ HHz
ikl P

Harker Trace Type Freq / Time fuplitude

it (A} Freg 159.8 HHx ~=4).58 dBa

2t (A} Freq 164 .8 AHx =56.39 dBs

81 (A} Freg 167 .5 HHx =66.81 dBs

i1 (A} Freg 176.8 HHx =70.74 dBs
CENTER 160.4 MRz EPAN 100.0 WAz
#RES BW 3089 kM2 $VER 3 kHz SHP 232 msee
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2. Antenna ->(S-1) ,Channel — 2, FEB 106, CB 122, Solar Attn. -14dB, Noise Off :-

FEQ 106k CRAWL  (H-Y A F Ty
thd @ GR _
12:45:49 WAY 26. 2004 poise on
A 11:62:06 NAY 26. 2004 WKR 169.0 MHz
:E:[~:|.| dBn WA @ a8 -§7.42 dia
10 : : : : : :
Y]

nniiii"""i"”' bisatdhiris
163.8 NHz

rer.an o

Harker Trace Type Freq / Time

Aaplitude

it (A Freg 160.9 MMz =65.57 dbm

21 (A) Frag 104.9 MMz =78.81 dim

3t (A} Freg 120.0 MHz =64.90 dim

41 (A) Frag 169.8 MHz =§7.42 dia
CENTER 158.8 MMz SPAH 18@.8 WKz
#RES BW 380 k2 BVBH 3 kHa SHP 333 msec

121431608 MAY 26, 2804
A 11162106 MAY 26. 2004

AER 183.8 HHz

REF =80.0 dia 44T B 4B =72.13 dBs
PEAK . ; - , .

LO8 MBI ki irsta s ioasiiPrisssestlprnisnessBiate i thetitins

18 : : : i - : '

de/

.““IHiI""”L””“.AJ”_“;_"_“J
183.8 NHz

=72.18 dés

........ =Rt

Freq /7 Tise

Trpe

Anplltude

Rarker Trace
11 (A Freq 160.9 MHz -65.E7 l=|
21 (A Freq i76.9 MHz -73.01 dBa
1 (A) Freq 184.3 MHz  -76.41 dBm
41 (A) Freq 189.9 MMz -72.13 dBm
CEN ' Hz SPAH 180.8 MHz
#RES BN 2380 kHz #VBH 3 kHz SWF 333 weec
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3. Antenna ->(S-1) ,Channel — 1, FEB 106, CB 122, Solar Attn. -14dB, Noise ON :

FEB 106 + c3 21 CH -4 Y_Q—:L ﬁnt:nnn}
L4 dfy s8A A

12:48:88 MAY 26, 2084 . MHowse o

A4 11:EBi4E MAY 26, 2084 MKR 1E4.8 MHz

REF -38.8 dBm AAT B dB ~583.42 dBa

PEAK - - = — . 1 . -

LIS Bttt st vi it .o B e,

ie .

d.{ ................

_-“.‘3‘""";""""L"""“L””_nl. i ;
64.8 AHz Criva o Mias “ae

Harker Trace Typw Freq 7 Time Hlplitu.'

T (A) Freq 158.8 AHz ~-67. g dbm

T (A) Freq 1 i. RHz ~-72. dem

g2 (A) Frea 199.8 MHz -64. dBm
42 CA) Fres 164,80 AHz -63.42 dBw vy
CEHTER 158.8 MH=x EPAN 188.8 MHz
SRES BW 388 kHx SVEM 3 kHE SWP 333 msec

12:41:62 MAY 26. 2006

A 11:58145 MAY 26. 2004 MER 183.8 MHz

REF -38.8 dBm #AT @ 48 -61.89 dba

.........................

Marker Trace Type Freq / Time fmplltude

11 (M) Freq 167 .3 MHz ~G@.44 dBm

21 (A) Freq 176.8 MHz -69.28 dBm

34 ¢A) Freq 181.5 HHz ~6@.@84 dBm

41 CA) Freq 183.80 MHz <-61.89 dEm
ENTER 158.8 MHz SFAN 108.8 MMI
#RES BM 390 kHz VBN 3 kMz SHP 222 mase

(E® 106y CB L1 Ch-a {g-1 Antennal

iba® SR

12:64:22 MAY Z6. 1904

fRose |:)-‘F“-‘I J

11168424 MAY I%. 2094 HAKR 1608.8 MH=
gEf -28.8 dBm SAT @ aB -@@.7d dBm
PERAK $ : ; . . : : :

LBB . i " S-S . . "y TP
12 = 2 : 5 T
daB/ |- e

"L. LIRS - S—_Sl—

parker Trace Type Freg 7/ Tine Amplituae

T (A} Frag 158.8 MMz -78,71 dBEm

t (A) Freqg 122.82 MAz -B3. dim

T (A Frang 147 .80 MHAZ =p4, -

42 (A) Freg 16R.8 MHz -88.78 dis
NTER 168.8 MHz EFAN 100.9 MHZ
4RES BW 388 kHz BVEBN 3 kMT SWF 333 mwwc
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