FILTER
FACTS

comprehensive catalog

and fillad with valuable inlormation. By reading
FILTER FACTS, you will gain a good general
understanding of LG Filters and soma of thed
applications. This should also help when you
have o need for special or custom filler designs.
Allen Avionics Engineering and Sales Staff will
be glad to answer any quostions thal you may
have regarding our filter producs.

An LC Filter may be delined as a passive de-
vice conaisting of capacitors and inducions in a
particular array such thal a group of specified
frequencies pass with vory little attenuation while
the undesired frequencies are attenuatod.

The four most common typas of LG Filters

(Lowpass, Highpass, Bandpass, Band Reject)
are described in the lollowing llustrations.,

The ideal filter would be a device that exhibits
no attenuation in the passband and infinite al-
tenuation lo all other frequencies. Howeovor, a
filter with these characlenstics cannol be man-
ulactured. Allen Avlonics uses state-of-the-art
computer aided design and filter modaling 1o
produce the highest quality LC Fillers available.

The amplitude response of a filter from its
passband to its reject band is defined by its
shape factor. In this , tho Lowpass and
Highpass Fillers have their shape factors ex-
pressed as the ratio of the 2008 and 4048 ire-
guencies o thal of the 3dB frequaency.

For example: a Lowpass Filter with ils cuboll at
1MHz and its 20dB point at1.G0MHz has a ratio of
1.6 at 20dB. This can be found by dividing the
20dB frequency by the 3dB frequency |.o.
(1.6MHz/1.0MHz) = 1.6

When a Highpass Filter is usad, tha ratio is ex-
pressed as a number less than one. The cutod
ratios of Lowpass and Highpass lilters (hal Allen
Mwionics can manufactuie are listed in the tabu-
lated ligtings for Lowpass and Highpass fitters
starting on page 14.
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The shape tactors lor the Bandpass Filters listed on
pages 22-25 and the Band Reject Filters on page 25
can be determined by divicing the frequency dif-
terence between the 20dB paints or the 4048 points
{rejection bandwidth) by the ifrequency differanca
batwaan the 34B poinis (passband). The specified
upper and iower 3, 20 or 40dB points shouid be
geometrically symmefrical fo the cenler frequency.
The relationship of the band edges (F1 & F2) to the
center frequency (Fg) in a filter that has geometric
symmetry s defined as Fo = VFyxFg.

The Linear Phase Flat Delay Bandpass Filters on
page 26 through 28 have arithmetric symmatry to
the center frequency. This type of symmaetry is

defined by Fg = ¥4(F,+ Fz) This type of fitter will atways have at least
one half of the passband on aithar side of the center frequency.

In this filter catalog, all the lowpass and bandpass shape factors will
result in a number greater than ona, while the shape factors in the

highpass and band reject filters will be less than cne. In all cases,
however, the shape facior improves as the number approaches one.

As the shape factor requirement for & particular filer approaches
one, the necessary number and quality factor of its capacitors and
inductors increases. Exlensive experience and knowledge of compo-
rients, along with the ultimate in computer aided design and computer
controlled test equipment, are required 1o manulaciure LC Filters that
exhibit these very low shape factors. Allen Avionics oflers a widerange
of shape factors for each of the Lowpass, Highpass, Bandpass and
Band Raeject type of lilter. By taking advantage of the tables of shape
factors for each filter type, you can pick just the right amount of filtering
to do your job. Buying maone filler than you nead can cost a lot.

The characteristics thai the Lowpass, Highpass, Bandpass or Band
Reject Filters exhibit are determined by the type of design as well as
the number ol elements. The Bulterworth, Chebyshev, Elliptical,
Bessel, Gaussian and the Transitional Gaussian are the bast known
and most useful designs that are currently used in the filter indusiry
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FIGURE-A TYPICAL LOWPASS

Amplitude and delay response of typical Lowpass Filter. Noto the rapsd change
inthe delay response as the cut-of frequency (30B) is approached. If this type of
delay distortion |3 unacceptabie, see figure C or 0.
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FIGURE-C TYPICAL ELLIPTIC LOWPASS

Amplitede and delay responae of typical Eliptic Lowpass Filter. Nota the rapid
change in the delay esponse as the cul-off frequency (3dB) is approached. Alsa
nobe the lange ripples in reject band, Tha minimum attenuation in the et band
can be controllad by the filter design and can be specified whan ordering custom
designs.
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FIGURE-B LOWPASS WITH PHASE PLOT

Amplitude and phase response of Iypical Lowpass Filter [same flllar as i A)
Note that the phase deviation from a strasght ane 1S Bquivakent io e varnalion in
delay in plot &
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FIGURE-D DELAY EQUALIZED LOWPASS

Amplilude and delay response of NTSC Delay Equalized Lowpass Filter. The
above dlusirates the excellent delay response of this filler over B1% of its
passband. Also node the wery rapid attenuation that the fifter exhibits afier o
meaches ils 308 cul-of requency

The Butterworth design is characterized by a ripple-iree passband
as well as a smooth stop band. Increased attenuation |5 achieved as
the frequencies get further from the passband. For a given shape
lactor, this design requires mone componants than the Chebyshev or
Elliptic types but the required guality factor of its components is not as
high. When a Butterworth filler is specified for a filter application, the
additional sections needed to meet a given shape factor will increase
over other filter types and can result in increased siza and cost.

T

The Chebyshev design is charactenzed by a predetermined
amount of passband ripple. The stop band exhibits smooth roll-off and
infinite attenuation is approached as the frequency increases, This
design requires less components than the Butterworth o realize a
given shape factor. Reductions in cost and size can be realized with
this type of filter over tha Butterwarth even though the quality facior
demanded of its components is much greater. (See Fig. A and B.)
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FIGURE-E
BESSEL FILTER

Mote the exceptional delay flainess that exiends weil
quency. The rlatively poor enenuation characieristics of this fiter is the panaity
for this axcaptional delay responss.
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AMPLITUDE & DELAY RESPONSE OF A
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FIGURE-F TYPICAL TRANSITIONAL QAUSSIAN LOWPASS

Ampilitude and delay rsponse of typical Transitional Gaussian Lowpass Filter.
| Mote the shamer cut-off of this filter along with increasad dalay dstortion. This
fiker s a good compromise between the Bassel and the standard lowpass for

, both ampiitude and delay.

The Elliptic design is also noted for a predstermined amount of
passband ripple along with ripple in the stop band, Sea fig.C. Whils
this design requires lass componeants than tha Buttarworth or
Chebyshev to realize a given shape factor, the quality factor required of
ite componamts i much higher than that of other filter types. This
resulis in a reduced useful frequency range and can increase cost,
Using this fiitar type, Allen Avionics has been able to achieve stop
band ratios of less than 1,012 at 40dB. For example, & lowpass filter
:‘IEIITEIEHMBWMMW a110,000Hz would héve its 40dB point &l

} z.

The amplitude, deley and phase responss of the Bassel and Gaus-
sian degigns are very similar to asch othar Both filter typas have
excellent flat dalay charactaristics in the passband when they ane used
for lowpass or namow band bandpass. In the wide band bandpass,
special designs must ba used to koap the delay Hatover the passband.
Thair shape factors are sxtramaly poor (2 to 1 at 13dB) and for this
reason their usefulness is somewhat limited. If better shape factors are

riesded with constant delay distortion in the passband, delay equal-
ized fitters have 10 be used. The Bessel filters am represented by
curves A, Band C on the Linaar Phase Lowpass page of this catalog. A
much mone desirable and uselul design is the Transitional Gaussian,
Curves D.EandF are representative of these types of Linear Phese
Lowpass Filters.Linear Phase Filters of this type are extramely popular
bacausa of their cost/parformance ratio,

The communicationg industry has a high demand for Linear Phasa
Flat Dalay Bandpass Filters, Allen Avionics has developed a serles of
synthesizad bandpass daslgns which have excaptional flat dalay char
acterstics. The advantage of this design over that of a delay equalized
bandpass filter is that |! utilizes lese componants. Thie resubts in
aconomy, reliability and generally smaller sizes, Because of our com-
puter modeling capabilities, las! deliveries (aboul one week) are
achieved. They are available with center requencies ranging from
1KHz to BOMHz and bandwidths from 2% to 50%. Filters of this type
are tabulated on pages 26 and 27 of this catalog.
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Many LC Filter designs thal involve extremely
sharp cut-olfs cannot be synthesized. With this
in mind, Allen Avionics ulilizes a special com-
puter aided design program thai transforms this
type of filter into a flat delay device: By utiizing the
proper delay sections, il is practical n many
<ases 1o achieve a delay llalness of less than 3% ol
he nominal delay cver the passband. A group of
these very unusual Sharp Cul-ofl Lowpass Delay
Equalized Filters are ollered by Allen Avionics on

Four shape factors are offeted in this series. Each one is designed to
oiler the best in cul-off and delay flatness,

Atter learming about the ditferent types of filters, you nave to know
the important infarmation that has to be specified when you order a
custom filter. Allen Avionics provides an easy 10 use, step by step filter
orcer specification form with our catalog that will guide you in the
design of a custom filter. The larm covers all the filter types and allows
wou to match your needs with our products. All the paramaters like cut-
alf, shape factor. impedance, size and terminalion type are easily

Lontinued pages 16 and 17. These filtlers have never been  defined. If your requirements cannol be met with the ofder ferm and
e tabulated by anyone before and their excallent spec-  the standard filter tabulations on the Hiltar catalog pages, our technical
ifications make them very desirable for use as Anti-  sales statl 1s ready 1o assist you
Aliasing filters in A /D or DA digital systems
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FIGURE-G TYPICAL HIGHPASS

Amplitude and delay response of typical Highpass Filter. Note the sharp cut-alf
with the accomparsed dalay plol. This filber can be delay equalized over a
specified part of its banrdwidth
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FIGURE-l DELAY EQUALIZED EANDPASS

Amplitude and delay response of Delay Equalized Bandpass Filter Mole the
imgproved delay response over most of the passband. It s genarally vary costly
and impractical to exiend the delay flainess o the 3dB points. If this is requined,
soe Figures J or K
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FIGURE-K TRANSITIONAL GAUSSIAN LINEAR PHASE
BANDPASS FILTER

Amplitude and delgy response of Transitional Gawssian Bandpass. Mole that the
amipliiuce and delay response are compromisad dua to tha increase in rall-oM
with thas type of filter. This hiler 5 a good choice when one can tolerata soma
delay digtortion Trom the 3dB to BoB bandwidih
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FIGURE-H TYPICAL BANDPASS

Amphtude and delay responss of typscal Bandpass Filler: The delay plot ghows a
rapad change in delay as the frequencies approach the edges of the passband. i
impraved delay response s requined, then see Figures | J or K
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FIGURE-J GAUSSIAN LINEAR PHASE BANDPASS FILTER
Amplitude and deday response of Lmear Phagse Bandpass Fiter Allen Avionics
syithasized Linsar Phase Flat Delay Fillers are exiramely popular and display
outsianding delay charaenislics night o the 3dB bandwidihs
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FIGURE-L TYPICAL BAND REJECT FILTER
Amplitude and delay msponse of a Band Feject Filer Nobe the high delay
distoran gt the notch-band edges whaema he amphiude response falls off 308




