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Filter, Attenuator, Preamplifier, Preseector --- or Barefoot?

Joseph J. Carr

Radi o ent husi asts just | ove to hang accessories on their
equi pnrent. For shortwave receivers and VHF/ UHF scanners, the
list of popular accessories on the antenna end incl udes
filters, wavetraps, attenuators, preanplifiers, and
preselectors. If you read all the hype for these products,
then you mght be tenpted to think of the story about the
“gas saving” devices sold for cars. If you put all of those
things that wll inprove the mleage on any one car, then you
woul d have to stop every fifty mles to bail the excess gas
out of your tank. And if all those weight |oss products
wor ked as advertised, then an overwei ght person ought to be
conme absolutely anorexic in two-weeks tinme by taking all of
themat once. But that’s not how the real world works. Al of
the radi o accessories nentioned above have their legitimte
uses, but not all of themare suited to any one situation
| ndeed, for many situations none of them are needed. Let’s
take a | ook at each of these classes and see when, where and
if they are needed. But first, let’'s take a | ook at the basic
function of a radio receiver.

Radi o Recei ver Functi on

A radio receiver is an electronic device that is
designed to pick up and denodul ate a desired radi o frequency
and reject all others. Both functions are inportant to the
success of the receiver

The front-end of the receiver is responsible for
selecting the particular frequency that is tuned in, and al so
for rejecting all other signals. The front-end consists of a
| ocal oscillator and mxer to convert the RF signal to an
internmedi ate frequency (IF), and sonme sort of input filtering
tolimt the range of frequencies that can be applied to the
m xer. Sone receivers also have a RF anplifier between the
input filtering and the mxer to inprove sensitivity.

The reason that input filtering is needed is that the RF
anplifier and the mxer have a limted dynamc range. The
dynam c range is a neasure of how much RF energy the circuit
can handl e before going into overload. If the circuit
over| oads, then the performance of the receiver is severely
reduced. On crowded bands, or where there are one or nore



strong | ocal stations, the dynam c range of the receiver can
qui ckly be used up

The filtering limts the frequencies that can be applied
to the receiver, thereby freeing nore of the overall dynamc
range for productive use on signals that are within the
desired band. Two types of input filtering are used: 1)
singl e-tuned variabl e frequency tuners and 2) bandpass
filters. The first category typically requires a speci al
front panel control marked Antenna or RF, or sonething
simlar to resonate the input tuning circuit. The bandpass
met hod uses a special bandpass filter, several of which may
be sel ected when changi ng bands.

Accessory Filters

Filters are frequency sel ective devices that reject sone
frequenci es and pass others. Typical configurations are:

1) Lowpass filters: pass all frequencies bel ow a cut-
of f frequency (F.) and reject all frequencies above F..

2) H gh-pass filters: Pass all frequencies above F; and
reject all frequencies bel ow F..

Not e: Low pass and high-pass filters are inverse of each
ot her .

3) Bandpass filters: These filters pass all frequencies
that are above a | ower cut-off frequency, and bel ow an upper
cut-of f frequency.

4) Bandstop filters: A bandstop filter is the inverse of
a bandpass filter. If will stop all frequencies above the
| ower cut-off frequency and bel ow t he upper cut-off
frequency. The notch filter is a narrowband bandstop filter
and is usually called a wavetrap. That filter will be
exam ned separately.

D scussion. The reason for using an accessory filter
ahead of the receiver antenna input is to limt the range of
frequencies that can be applied to the receiver. This action
is used to prevent overload of the front-end circuits.

Pro: An accessory filter can solve sone trenendous
probl ens, especially if there are strong |ocal stations or
the front-end of a particular receiver is lacking in



capability (as are many | ow cost receiver designs). No filter
is perfect at attenuating out-of-band signals (sone w |

al ways get through), but the degree of attenuation can be
very large and is usually quite significant.

Con: Al filters have an insertion loss, so will also
reduce the strength of in-band signals. This effect nmay not
be a problem however, if the ratio of the desired signal to
the undesired signal is increased significantly by using the
accessory filter

Con: The use of a filter Iimts band changi ng unl ess al
desired bands are within the passband of the filter. This
probl emcan be mtigated by using a switchable filter, or by
using a coaxial switch to select fromseveral different
filters.

Con: Most filter designs are sensitive to input and
out put inpedances. Filter circuits tend to be designed for
i npedances of 50-ohns, 75-ohns or 300-ohns, dependi ng on use.
By far, the 50-ohmversion is of use to general radio
ent husi asts, and 75-ohmis used in television receivers
(ol der sets used 300-ohm). If you m smatch the input or
out put i npedances, then you m ght produce unpredictable
results and al so cause problens with the input filtering
i nside the receiver

Recommendati ons: Use an accessory filter if there is any
formof receiver problem caused by overl oadi ng. The
over | oadi ng could be due to crowded band conditions or by a
single (or several) strong |local stations. Problens to | ook
for include: desensitization, internodulation distortion,
generation of spurious harnonics (hearing a station on its
harnmoni cs when its transmtter is clean), and splattering or
br oadeni ng of signals.

Select a filter that best matches the application. For
exanple, if you find AMBCB interference on your shortwave
recei ver, then select a high-pass filter with a cut-off
frequency between 1700 and 2500 Khz. For FM BCB interference
to VHF/ UHF scanner receivers, select the filter that matches
the band of interest:

a) If all desired frequencies are above 108 Mz, then
select a high-pass FMBCB filter with a cut-off frequency at
or above 108 Mhz;



b) If all desired frequencies are bel ow 88 Mz, then
select a lowpass FMBCB filter with a cut-off frequency at
or bel ow 88 Mhz;

c) If the desired frequencies are both above and bel ow
the 88 to 108 Mz FM BCB, then select a bandstop filter tuned
to the FM BCB (al so see Wavetrap di scussi on bel ow).

d) If you are only interested in a narrow range of
frequenci es, then use a bandpass filter. Exanples include
operation on single ham bands, Jupiter reception (18 to 25
Mhz), nonitoring the weather satellite bands between 120 and
144 Nhz, and so forth.

Vavet r aps

A wavetrap is a special case of a bandstop filter. It
not ches out one frequency, and passes all others. Series
tuned wavetraps are placed across the transmssion line, so
that it’s | ow inpedance at the resonant frequency short
circuits the undesired frequencies, while passing all others.
The parallel resonant variety is placed in series with the
transm ssion line, and uses its high i npedance at resonance
to block further transm ssion of the undesired signal.

Sonme wavetrap circuits use both series and parall el
forms. If the two wavetraps are tuned to the sane frequency,
then the attenuation at that frequency is increased. If the
two wavetraps are tuned to two different frequencies, then
the two traps will work independently of each other with
m ni mum nut ual interference.

Pro: The wavetrap has the same advantages as ot her
filters (see discussion above). It also has the added
advant age of taking out a single strong signal that is
causi ng nost of the problem For exanple, if you live close
to an AMor FM broadcast station, or a comercial |andnobile
radi o station, then you m ght experience various forns of
interference due solely to that signal. A wavetrap to notch
out the offending signal will work wonders for your reception
on ot her frequenci es.

Con: The wavetrap al so has nost of the di sadvant ages of
the other fornms of filter. In addition, they nmust be tuned to
t he frequency of the undesired signal



Recommendati ons: Use a wavetrap when there is only one
or two strong local signals that need to be reduced.

[ Note: Half wavel ength shorted transm ssion
line stubs are often used as wavetraps. ]

At t enuat or s

Attenuators are resistor circuits, or sonetines
resistor-capacitor circuits, that uniformy reduce all
frequenci es a specified anount (usually stated in decibels -
dB). A typical attenuator will work fromfrequenci es near DC
to well into the VHF or UHF regions. Fixed attenuators offer
one attenuation ratio such as 1 dB, 6 dB, 12 dB, 20 dB and so
forth. Variable attenuators are snoothly adjustable to any
attenuation ratio wthin its range. A switch sel ectable
attenuator allows you to select one or nore fixed attenuation
ratios. If nore than one ratio is selected, the overall ratio
is the sumof the individual ratios.

Di scussion. It seens counterintuitive to place a device
in series wwth the antenna that reduces signal |evels, i.e.
reduces sensitivity. Normally that woul d be the case.
However, the purpose of the attenuator is to reduce overal
sensitivity when a strong |ocal signal, or very high
anplitude signals in a busy band, overloads the front end. If
the front-end is overl oaded, then desensitization may occur.
Al ternatively, severe internodul ation distortion mght be
noted. An attenuator reduces all signals equally, and if used
correctly, will reduce the overall RF energy applied to the
recei ver front-end enough to back it out of the distortion
region of its output-Vs-input power curve.

Pro: An attenuator can renove the effects of strong
| ocal signals across the band, not at just one frequency. The
attenuator can significantly inprove the performance of a
recei ver in cases where such strong overload i s causing
probl ens. Many nodern receiver designs include a built-in
attenuator exactly for this reason.

Con: The attenuator reduces all signals equally. It is
possible that it will reduce weak signal capability of the
recei ver too nmuch. However, if the receiver is driven
severely into the distortion region of its curve, then the
attenuator may mtigate the problemrather than add to it.



Con: The attenuator produces noise of its own. This
noise is due to thermal agitation of the atons inside the
resistors. In sone cases, especially where very weak signals
(near the noise level) are being sought, the added noi se
could deteriorate performance. This is rarely a problem
however .

Reconmendation: Use a switchable or variable step
attenuator that can be switched in and out of the circuit.
When strong | ocal stations are present, connect the
attenuator in the line. herwise, leave it out. A ways use
the mninumattenuation ratio that acconplishes the job.

Preanplifiers and Presel ectors

These devices are different, but serve overl appi ng
functions so are considered together. A preanplifier is a
wi deband RF anplifier that is positioned between the receiver
and the antenna. In sone cases, the preanplifier is nounted
at the antenna and is used to overcone transm ssion |line
| osses. In other cases, it is positioned right at the
recei ver antenna input.

A preselector is a tuned circuit that passes the desired
frequencies. As the nanme inplies, a preselector pre-selects
the RF signals that will be applied to the receiver input.

The presel ector may or may not be anplified: an active
preselector is anplified, and a passive preselector is not
anplified. Sonme preselectors offer both active and passive
nodes depending on switch settings. Typical installation of a
preselector is right at the antenna termnals of the
receiver, or through a short piece of coaxial cable to permt
oper at or access.

Di scussion. Preanplifiers and anplified presel ectors
have an i nherent attraction because they appear to nake the
receiver nore sensitive. However, there are sone probl ens
t hat can cause performance of the receiver to deteriorate
when anplifiers are used ahead of the receiver antenna input.

One such problemis that the anplified signal may push
the receiver into the distortion region of its operating
curve, i.e. above its normal maxi num al | owabl e si gnal | evel
When this happens, desensitization or internodul ati on may



occur. Receiver performance is severely inpaired when this
pr obl em occurs.

An exanpl e of internodul ati on fromoverl oad was reported
in the amateur radi o press not |ong ago. An anmateur operator
working in the 2-neter ham band was told that he had a
transmtter problem because his signal appeared at multiple
spots in the band. The problemwas traced not to a “dirty”
transmtter, but rather to the fact that the receiver
operator who reported the problemwas using two cascaded 30-
dB preanmplifiers ahead of a very sensitive VHF receiver. The
transmtter was essentially “local” so produced enough signa
to drive the anplifiers or the receiver into saturation
(giving rise to internods).

Anot her potential problemis that the anplifier
i ncreases the |level of both the noise and the signal equally.
If there is no inprovenent of signal-to-noise ratio (SNR)
when the preanplifier or anplified preselector is inserted,
then there is al so nothing gained by using the device. A
you do in that case is hear the sane trash at a | ower vol une
control setting!

Rel ated to the SNR probl em above is the fact that al
anplifiers produce noise of their own. This noise is seen by
| ater stages (or the receiver) as a valid signal and
anplified right along wwth the regular signals. If the noise
| evel of the external anplifier is excessive, then the
overall SNR of the receiver is deteriorated. System noi se
figures are domnated by the first stage in a cascade chain.
|f the additional anplifier has a noise figure that is
significantly less than the noise figure of the receiver
t hen sonme i nprovenent m ght occur. Qtherwi se, there will be
either no change or a deterioration of the noise situation

Presel ectors, both active and passive, pre-tune the
signal s desired. Sonme preselectors are single-frequency
devi ces and have a tuning knob. G hers are essentially
bandpass filters that imt the incomng signals to a
specified band. In either case, sone of the problens
attributed to wi deband preanplifiers are sonewhat mtigated
by the preselection that takes place. By limting the input
frequencies allowed to enter the receiver both the natura
noi se and unwanted signals are renoved, so the receiver can
concentrate its resources on the desired signals.



Recommendations: |f the weak signal performance of a
receiver is bad on all or a major portion of the avail able
frequencies, and there are no strong | ocal signal sources
contending for attention, then use a w deband preanplifier
ahead of the receiver. The preanplifier selected should have
a noise figure lower than that of the receiver. Further, the
preanplifier gain should be as low as is needed to acconplish
the job. Using gains larger than the m ni nrum needed
acconpl i shes nothing and may deteriorate receiver
per f or mance.

Presel ectors are useful where you need help on only a
few frequenci es, or a specific band. They require tuning,
which is a problemfor sone people, but they al so provide
i nproved weak signal performance in crowded bands, or where
there is a strong | ocal out-of-band signal source preventing
reception of the weaker signals.

[ Note: Sonme preanplifiers or preselectors wll
oscillate under certain conditions. Battery
oper at ed nodel s sonetines oscillate when the
battery voltage is |ow. Wen this occurs, the
oscillating signal may be radiated fromthe
antenna attached to the anplifier, causing
illegal (and at least inpolite) interference to
near by receivers. Many a case of television
interference (TVI) has been traced to faulty TV
master antenna anplifiers!]

[ Note: H gh quality shortwave and VHF/ UHF
conmmuni cations receivers rarely require either
a preselector or preanplifier. They tend to
have sufficient sensitivity for even nost weak
signal situations. If such receivers are being
used, then it will probably work best when
runni ng “barefoot” (i.e. no accessory
anplifiers ahead of the antenna termnal). A
preanplifier or preselector tends to hel p these
recei vers only when very weak signals are being
sought, or where there is a | arge anmount of in-
band and adj acent band interference. 888Even

t hen, the performance inprovenent is
conditional on the SNR being inproved by the
addition of the anplifier.]

[ Note: Some small portable shortwave receivers
have very good sensitivity but poor dynam c



range. Most of those receivers will not accept
a preanplifier or anplified preselector wthout
creating overload problens. So avoid the
tenptation to use these accessories, even if

t he recei ver has an external antenna connection
in addition to its internal |oopstick or

t el escopi ng whi p ant enna. ]
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