Introduction

Flltera and comblners are essential components of many
brosdcasting antenna systems. They are used for selec-
ting frequencles, suppressing disturbing emissions and
notae sldebands, avalding interference products, combd-
ning aeveral channels Into one commaon anenna with
bows boas and for separating channels. In certain cases,
separate antenna diagrams for Individes] chanmnels can
a3 be generated.

Selection of parameters

Acoonding to thelr use as elements of a sysiem, filters are
canstructed &5 teo-port nebeorks and are matched 1o the
impedance of the other systemn elements {e.g. tranamitter,
recalver, anbenna or connecting cables) st both the input

and the output
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Flg. 1: Filter with connections

Frequency response

The attenuation usually depends on the freguency used.
Thi= relatonship s shown graphically by the following
dizgram of & typlcal attsnuatlon curve for & filter:

A plot of the attenuation W5 frequency shows the typical
filter curve. The attenuation |s the logarthmic ratlo bet-
ween input power and transmitied power.
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Fig. 2: Freguency response of & filter tuned to freguency
fy with Insartion loss &4 stop bend atenuation az

atthe frequency of f; — A f and with bandwidth b at
5 dB.
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Flg. 3: Frequency respanse of 2-way combiner with inger-
tlon losses of 3, and &, at the frequendes f; and 15

Mateching

Aa & mesaurement of how & filler [= matched the retum
boas ap, which ks the logasithmic relationship between the

inpurt and reflected power, Is displayed.
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Fig. 4: Reeturn boss of a 2-pole bandpass filter tuned 1o the
frequency f, and with pass band bandwidth d.

The return keas ap, reflection cosfiiclent rand VSWR fac-
tors are 8l related acearding 1o the following formulas:
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Filters

Where used In brosdeasting ayatems, filiers are nomally
st up &5 & combinstion of several 3 M resonstors. The O
factor of the resonstons |s wery important with regard to
the electrical data and ks influenced by the shape and
vodume of the filler 23 well &s by the conductivity of the
material wsed.

The selectivity of the filtiers wsed for combliners has &
decisbse Influence on the mindmum specing required bet-
ween the transmitters 1o be connected Into one comman
antenna. If the freguency spacing is namow then the fil-
tera must aimilary be bened In & very nennow way. But this
will cause &n Increzse in the inserion loas (see fig. 5)
resulting in the fillers becoming hot. This problem can be
gvodded If filters of greater volume are used which have a
relatively lower Inserion loas.
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Fig. & Examples of two different uning possibllites for &
bandpass filter. Marmowser bundng will result in
higher insartlon keas.

Directional couplers

Adirectional ecupler i3 & reciprecal four-port constructlon,
wherelby two of the ports.ane [solated from each ather.
For exxample, the power enbering port 1 (see fig. 6} |s split
up 1o pors 2 and 3, wheress port 4 |s lsolated. The powsr
fed Inbo the other ports k= similardy aplit.
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Fig. & Directional coupler with tvo coupled lnes.
If every port |s tesminated with & reflection-ree load, then
the following formaulss apply:
Coupling atlenuation
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If the cowpding range of a transmisslon-ling coupler iz A4
&t the center frequency f, then the coupling attznuation
owar a freguency range of fy' f; = 2 Is almost indepandent
of the frequency. For exarmple, with a 3-dB directional
coupler there ks a divergence of £0.4 dE and phase diffe-
rence of 807 occurs between the signals &t porta 2 and 3,
which |= aleo almast Independent of the frequency.
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Fig- ¥: Coupling attenuation for 3-d8 trensmission-dine
coupler of A length.

Combinars

Combiners are a combination of frequency-selecting
componens (e.g. filters, stretchlines) with nodes and
cannacting elements (g.9. direcional cowplera, star-
podnis). In high quality combiners bandpasa filkera are
uaad in preference to stop band filters.

Starpoint combiners

Siarpaint combiners for n channels consist of o band-
pass filters wilth outputs that are connected to 8 commaon
|

The individual bandpasses are tuned 1o the reapective
frequenciea. Since the bandpass filters are mismatched
otskde thelr pass bands (with Inductve coupling the
impedance almost approaches a short-clrcuit) the impe-
dance can be transformed up to wery high levels by sel-
ecting the appropriate length for the connecting cables
betwesn the filkers and the starpoint. This means that for
evary Input the trensformad Impedances of all the ather
inpuis are very high at the starpolnt which produces &
wery low paraliel koad at the antenna owtput.

e paing

Bandpacs

Channel 1 S onbar Channe 4
i A A

I

Charnel 1 Channal 2 Channel 3 Charnel &

il s E
| [

:|_

Flg- 8: Starpodnt combiner for 4 channets



Directional filter combinar

Directional fiter combiners are a cormbinatlon of filers
and 326 couplera. One madule canstats of tao band-
pass filbera, two 3-dB and a boad (=== fig. 8).
Onie input B8 namrowband (MB), correapanding 1o the
band-pasa curve of the band-pass filter. The other Input
Iz broadband {BE), cormesponding to the operating range
of the 3-dB coupler.

Compared 1o other types of combdnera that can be produ-
cad &t lass expense, dirsctonal filters offer & nurnber of
useful advantages:

— Simple set-wp of muliple cambiners thraugh cazcading
severel modules

— Wery high isolation betwaen the namowband Inputs of a
cascade

— Broadband matching at all inputs

— Ezay exiension of exdsting comblners by adding new
miodules.

Function of module

The signad fed Into the narrowband Input (MB) |= =plit Ints
two halves by the 3-dB coupler {1}, both of which pazs
thrawgh one of the band-paas fiers to the 3-d8 coupler
[2) and are then added In eqeal phase at k3 output due o

the 3-dB coupler's functon. At the broadband input (BE)
the two parlal slgnals are anil-phase and therefore prac-

tically no algnal appears at this port. The broadhand Input
Iz [salzted from the narrowband Input by the directonal
coupder, but this also depends on the band-pass filters
belng identcally funed.

The freqguency of a slgnal fed inlo the broadband Input
(BB lles within the stop band of the band-paas filkers.
The signzl s split into two halwes by the 3-dB coupler (2}
and reflected completely by the band-pass filters and pro-
caeds 1o the owput &fter co-phase addion. The nemow-
band input i3 ksolated from the broadband Input by the
directlonsl coupler, 23 deacibed above, but there |s addl-
tional Isolatlon dus to the stop band atenuation of the
bend-pasa fillera.
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Fig. @: Dlagram of a directlonal flkar

Cascading of modules

Muliiple comblners are easly s=t up by using several
modules with the culput of each moduls f=eding the
broadband Input of the next madule. The numbsr of
chennels posalble in & given frequancy band |2 limitad
only by the minlmuem apacing between the algnals. But
practical Bmitzllon can alao afse becauss the Inserion
lozs for each additonsl module Incresses by 0.05-0.1d8
and can as3ums Intoderable values. The power rating of
the 3-dB coupler st the output stao can Bmit the number
of channels In practice.
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Flg. 10: Dizgram of a directlonal filter comblner with four
riodulel



