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Figure 2. Printed cirelllt low-pass tiffer and eqlllvalent Cireult.
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The a and the shape factor must be
considered in selecfing or designing mi
crowave filter circuits. The most obvi·
ous factor is the relative posttcn of oth
er-frequency signals compared with the
center frequency of the filter. Also, Ihe
bandwkilh musl be sufficienlto property
pass tile spectrum of the expected sig
nals without also being so wide that
other signals and excess noise signals
are also admitted. For fast «se-eme sig
nals (such as pulses or digilal signals),
a 1IIIer that Is 100 narrow (I.e. 100 high
0) will "ring" in the same manner as in
lC resonant "tank" circuits.

The passband of an ideal filter is
pertecuy 'nar' (i.e. constant attenuation)
for all frequencies between the CUI-off
frequencies. But in real filters tIlis ideal
condition is never met, so a certain rip
ple factor (see Figure l C) exists within
the passband. In high quality filters Ihe
passband ripple wil l be on the order of
0.1 dB to 0.5 dB, although in some eas
es a larger ripple (e,g. 1 dB) factor will
be acceptable,

The insertion Joss of a lilter Is the at
tenuation of signals inside the pass
band. Ideally, the insertion loss is zero,
but that Is not achievable. fn most de
signs , the better Ihe shape factor, Of the
higher the a, Ihe worse the insertion
loss. This phenomenon Is due to the
fact that such filters usually have more
elements or "poles" man lesser types,
so therefore show greater in-band loss.
Many circuit designers opt for a pe-n
ter or post-nfer amplifier to make up for
insertion loss.

The bandslop filter (BSP) is the in
verse of the bandpass filter. The enenu
ercn is greatest between the cut-off fre
quencies (see Figure 1D). At frequen
cies above and below the stopband sig 
nals are passed with minimal "insertion
ross" ettenoeuon . The purpose of a

The figure of merlt or quality factor
(''OJ of a beocoass /mer is defined as
tile ratio of center frequency to the 3-dB
bandwidth:

a -.-df.'--
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abbreviated in data sheets and specifi
cations as "BW3-dB."

The upper and lower skirts define
the sharpness of tM cut-off creecterts
tic between ee passband and the two
stopbands. This parameter is det ined
by the shape tecto; which is the rate of
the 60 dB bandwkltllto the 3-dB band
width . In terms 01 Figure 1C, the shape
teeter (SF) is:

S.F. .. F2 - F,

FH FL

at 400 MHz is 10 dB greater than the
attenuation at 200 MHz, and et 800
MHz it is 20 dB greater than the 200
MHZvalue.

The CUI-off frequency is defined as
the frequency at which the response
falls of! -3 dB from its passband reo
sponse. Because the passband re 
sponse isn't smooth, however, the aver
age attenuation value is used, and the
cut-off frequency is found at the point
where me ettenuation figure increases
three decibels (see "3 dB" point in Fig
ure 1A).

The high-pass mer (HPF) has a re
sponse curve that Is the inverse "mirror
image" of the LPF response (see Figure
lB). The attenuation Is very high below
the cut -oil frequency, and minimum
above the cut-off frequency, As was
true in the LPF case, the HPF has a
skirt or trans ition region between me
stopband and the passband.

The bandpass filter (BPF) is a com
oneuon 01 the LPF and HPF responses
in which tile respective cut-on frequen
cies are different (see Figure 1C), In the
BPF there is a high attenuation stop
band above and below lhe minimum at
tenuation passband region.

The passband bandwidth is defined
as the frequency difference between
the upper cut-ott frequency (FH ) and
lower cut-off frequency (Fd on the re
sponse curve ([FH - FL in Figure 1C).
This expression of bandwidth is usually
called the "3-dB bandwidth" and is often
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Figure 1, Filter frequency response characteristiCs.
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Frequency Selective Filters
for UHF and Up ,

A filter is a device or circuit that se
lectively discriminates against some fre
quencies, while favoring other lrequen
ces. The duster of favored frequencies
is called the passband while the reject
ed frequencies are called the stopband.
The 'mer operates by providing a large
anen uanon for stopband frequencies,
ancr a minimum attenuation (ideally ze
ro) for passband frequencies.

Thefe are four general classes 01 fil
ler that we will consider here: Jow-pass,
high-pass, bandpass and bandstop,

The low-pass filler (LPF) character
Istic (Figure 1A) shows that the filler
passes frequencies from DC or near
DC to some cut-off freqlJ€lncy (Fe)' The
attenuation increases above the cut-ott
frequency until \he maximum stopband
value Is reached. The filler skirt Is the
tranSition region between the passband
and full stopband. The steepness of the
skirt slope defines the filler quality.

The skirt slope is usually ececmec in
terms 01 decibels 01 anenuation per cc
l ave (2:1 frequency change) or per
decade (10:1 frequency change), Le.
caccreve or dB/decade. II, for exam
ple, a Iow1l<lSS finer is specified to ex
hibit a 10 dB/octave slope for a 200
MHz cut-of frequency, me attenuation



FIgUre 3. StripJine fil/flrs.

SHIELD

181

sion in F igure 3B . Th is is a form of
l ransmission line filter. and Is usually
buill inSide Of a shielded container. At
one time, one would cut metal strips
(see older editions Of The ARRL Radio
Amareur's Handbook lor e~amples) for
the resonator (shaded area), but today
an appropriale sect ion 01 printed circuit
board s~lne can be substituted.

Anott1er fonn ol slripline filter is ee
inlercligial de sign shown in Figure 4.
ThIs type 01 fitter consists aI a series aI
quarter-wavelength stripline transmis
SiOn line segments. This sort aI filler can
be used well Into the microwave regiOn
and are well suited to MMIC and hybrid
circuit designs.

Figure 5 shows several forms of
waveg uide frequency selective filters.
The ClA.(l/f frequency aI wavegulde is a
lunction of crossecucoer dimensions.
Siriarty, inducIiWI and capactive~
action is lound Ihrough the use 01 re
strictlve "Irises- in a segment aI waveg
uide. In Figure SA we see the stepped
or staircase bandpass filter. In this de
sign, critically dimensioned steps are
madlined inlo the internal surtaces 01 e
section 01 waveguide.

A cavity-type series resonant band
pass filter Is shown in FIQUf8 38. Using
a re ei lhanl resonant cavity. this filler al
lows passage 01 signals with a frequen
cy around Ihe resonant frequency. A
parallel resonanl cavity bandpass filter
Is shown in F~ure 3C. This particular
version is tunable by virtue of the vol
ume<hanging luning disk inside 01 the
cavity.

"""',",Ion

Filter CirCUits lor VHF, UHF and our
lower miuuwave bands need not be 100
complex to be effective. In some cases.
filler elements can be purchased. Digi
Key (PCB 677, Thief River Falls, MN)
sells rcec helical resonators for
VHF!UHF bands, Also, the advertisers
in this magazine are sources of some
loons 01 hiler elements and parts. FlOlll
!y. you can build 1hem }'Ol.l"Sell.

I can be contacIed at P.O. Boll 1099.
Fals ChLA"Ch, VA. III
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design a tiller lor a lower Input and/or
output impedance than is required by
the sys tem, and then provide
impedance matching networkS to re
ramali.ze the eircuL For exarrtlle. in a
so-cem system tre nner may be de
signed lor zc-cnm te rmin ation
Impedances, w ith a 50:20-ohm
Impedance ireostormanon provided al
the input and outpul terminals. The re
sultant liIter will have wider (more easify
buill) s\r1lline tracl\s.

Two Iorms Of resonant stripline band
pass filter are shown in r 'OUr8 3. The
l'IarI-wa-..eleilgth version is shown in Fig
ure 3A. and the q.Jar1er-wavelMlgth Yef-'
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through printed circuit strlpllne or (in
UHF and low microwave bands) ch ip
components. Figure 2 shows a mi
crowave sltipli!'l& implementation 01 a
lowiJaSS Iiller (HPF, BPF and BSP ee
signs use the same methods but with
diflerenl layoUts).

As miCrowave frequencies increase
the dimensiOns 01 the SlripllM coeoo
nenls gel smaller, eventually becoming
too small to either carry required load
CUiT8nlS or 10 be easily built using ordi
nary printed circuit techniques. But
s!ripline width is a function of system
~oce as wei as frequency. As a
result, microwave filter oesigoers otten

!
1

~ L

.... J21--.;:;J OUTPUT

Ii

'A'

L • 0.2808
F,~

.. .. O.lSt

Jl
INPUT

bandstop filter is 10 remove offending
signals. An eK3l'flPle Is In communica
tions systems where transmitters and
receivers on two different frequencies
are cc-cceted at the same Site. A re
ceiVer on freQuency F1 Wil have a front
end bandslOP fiber on frequency F2. I.e.
on the frequency 0 1 the cc-rocetee
eansromer.

Typical UHFIMICt"OWave Filter.

At frequencies lower than miCrOwave
bands fYlers are often designed using
1IfTll9d Induclance and capacitance (L
an:! C) collipoileots. In the mic>owave
bands implementat ion 0 1 Iil ters is

~~:r---OUT-'IN-C:;"

.,

",

Fl(Jure 4. Inter-digrraJ fifter. Figure 5. MiCroWave filters.
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