LIFTING CW

OUT OF

THE NOISE

DESIGN FOR A CW FILTER WHICH AVOIDS

THE NEED FOR HIGH-Q RESONANT CIRCUITS -5
WHICH CAN IMPAIR INTELLIGIBILITY THROUGH
RINGING. IT'S A PHASE-SHIFT CIRCUIT
BASED ON 074 OPERATIONAL AMPLIFIERS

BY DAVID DAVIES, C.ENG. IEHE l-‘-lYI(T

A majority of cw enthusiasts will, at one time or

. another, l:mrnmzdemda.udm_cﬁl‘lﬂsalnmd-

to extracting weak signals: from 'd noisy
background or, as a means towards eliminating a
strong interfering signal, Over the years [iterally
dozens of designs have d in the amateur
press offering versions of bandpass filters, notch
filters, ‘clippers’ and ‘limmiters’, not to mention
spatial effect filters. Some of these devices can
make a worthwhile contribution to reception
but, in my experience, none has quite lived up to
expectations. For ¢, Darrow passband
filters have a tendency to ‘ring’ giving a quite
uenatural quality to the received signal. On the
other hand, some designs can sound as
if the s:gnal were emanating from the bottom of

a well. Then there are varsions that require
adjustments during reception which is, at best,
inconvenient and, at worst, can mean that by the
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time the adjusnnent is optimised the contact is

lost or conditions have changed.
After building a number of conventional
filters of on¢ Kind.or another, sometimes with
results, I pursued the idea of a

_ pointing
hrwhmhmuldemactthewantndmgnalfmm

a noisy background without changing its
essential quality or destroying the intangible but
nevertheless real, sense of contact that cw
operators have with the signal environment. The
objective was 1o avoid highly resonant elements
and yet achieve a narrow steep-sided passband,

PHASE SHIFT FILTER
A block diagram of the design finally adopted is
shown in Fig 1. Each of the elements IC1 to IC8
is a low Q (Q is approximately 2) urity gain
passband flter centred at 815Hz. At the centre
frequency each clement produces a phase shift
of 180°. At all other the phase shift
will be greater or less than 180°. The design
discriminates against frequencies which are not
phase uhi!ted premely_ 180° through each
glement — ie except 315Hz.
Consider, first, an incoming signal of 815Hz,
At the output of IC1 the signal will be phase
shifted 180° and, after passing through IC2 a
further 180° change,

out of phase. At the same time, poin
4 6 and 8 will show replicas in-phase with the
incoming signal. At IC9 the 180° out of phase
component from IC1 and the in-phase
component, from IC8 are additively combined
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producing an output equal to twice thu
amplitude of the inputs.

A signal at 815Hz, is, therefore, passed
through the filter virtually unmodified. At fre-
quencies other than 815Hz the situation 'is,
however, very different. For example, a signal at
700Hz wall have a phase shift of some 170°
through each element and the output of each
element will differ from its I, as

2% Jk ik

FIG 2. HOW THE CHOSEN 120HZ BANDWIDTH LOOKS IN PRACTICE

indicated in Fig 1. At 1C9 the inpuis are again

additively combined but, because of the phase
difference, parﬁal—:mllaﬂpn takes place. The
degree nf cancellation 1s nt upor the
relative phase difference at the inputs to IC3,
when two signals are in-phase, but remembering
that one will be inverted at ICH9, total
cancellation will take place.

In ice, total cancellation will take place
when the two signals are not only in-phase but
also have equal amplitudes. To accommodate
minor vartaticns in gain due {0 component
tolerances RV2 is provided as a ‘balancing’
capacitor, C10, preserves the DC
conditions to the inputs of 1IC9.

. The width of the d is dependant upon
the number of eclements in the chain. The more
elements the greater the phase change, at the
end of the , for a given change in frequency
away from 8§ Hz. In principle, the passband
could be reduced to a few Hertz, but a rea-
sonable compromise of some 120Hz was

. Fig 2 shows the overall response of the
filter using cight elements; the passband is
extremely steep and narrow owing to the rapidly
changing phase between the outputs of IC1 and
IC8 with any deviation from 815Hz. Also, total
canceliation when the two contributions pass

through their in-phase condition can be seen.

. This latter feature is helpful in eliminating an

interfering sgnui close to the wnnted station.
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FIG 1, PHASE CHANGE AT EACH ELEMENT RELATIVE TO THE INPUT SIGNAL AT BISHZ AND 700HZ ~ ~ - ]
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A centre frequr.n:y of Elﬂ-lz was chosen for
twu reasons. First, it lies within thé: optimum
audible range for cw recéption. Second — and
this was the deciding factor — the
determining components have standard easily
obtainable values. Some constroctors may wish
to experiment with ‘an alternative centre fre-

quency, in which case the important pmrudm
for each filter element are:

f= 1

2zC

el

R, + R,
RiR: Ry

Q=aR3 C10*

A@m}- R,

C =C=C
R=MI}

C=yFd
f=Hz

The first step is to choose a reasonable value
for C and R3 then proceed by substitution; a
once tedious process but now delightfully easy
using a calculator. g

The output stage is just about the simplest
that could be demed. to drive low mpedance
(8Q2) headphones. The writer has a particular
preference for low impedance, ‘high fidelity’,
headphones whith have the advantage of
revealing background noise and other spurious
effects which are better eliminated at source
rather than disguised by lesser quality
headphones. However, if medium to high
impedance headphones are preferred then the
alternartive uul:put stage shown in Fig 3 may be
used.

CONSTRUCTION

The complete circuit diagram is shown i in Fig 3.

It is important that the frequency determining
components (R1 R2 R3 and C1-C2) in each of -
the filter elements are close tolerance items, In
the prototype the capacitors were five per cent
polystyrene types and-the resistors one per cent
metal film. Apart from this consideration there
are no sensitive component values and the
layout is not critical. The original was built on a
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R1 (B Off} cureeceimnnsan 47k 1%
R2 a ........... 10k 1%
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FT1 oo " Miniature of/p transformer 6.6:1

RFC oo eeeres . 2mH choke
1= [ . DPDT loggle switch
Misc: Melal Box, Strip Board, Jack Plugs & Sockets. J

piece of board measuring approximately
160 by lsﬂtgpmilhmﬂrﬁ using individual 741
operational amplifiers. During the development

operational amplifiers, types
071 and 081 were tried, largely to determine if
there would be anyvdifference in the audible
noise. In the event, there was no difference.
With re rdtuumsu,wrl:hnuinl:utandmlng
high fidelity headphones it is just possible 1o
discern enough noise to decide thet the filter is
switched on.

The final version was built using type 074
operational amplifiers, this is the ‘quad’ version
of the 071. However, the use of quads or singles
is a matter for individual preference, as is the
use of snnku; or direct soldering. If the
comstructor is not very expetienced then
individual, socketed, IC's is probably the best
approach. The cost difference is slight and,
certainly, layout and su'bsugur.ntchwkmgwuulli
be very much easier.

If the filter is to be used in conjunction with a
transmitter when strong rf fields can be
expected, these, if allowed to enter the filter
chain, can produce extremely unpicasant audi-
ble :ffects especially if the operator is using
headphones! The rf choke (RFC) and sundry
by-pass capacitors help towards avoiding this
siteation but if strong rf flelds are going to be
present, then it is essential that the filter be

- housed in a shielded enclosure.

'Ihemiuiatmeuutputn'anzfmmerin'tha out-
put stage was salvaged from a defunct transistor
radio purchased for 10p at a car boor sale.

Similar transformers can be purchased from a

number of stockists, being referred to as “output’
transformers,

CHECKING

A performance check on the completed unit is
best carried out an audio oscillator and an
oscilloscope. With an input of 815Hz the output
of each stage is checked for 180° phase change,
and the filtering action observed at other fre-
quencies. If an oscillator and oscilloscope are
not available it issu that the filter is built
using sockets and individual uperatmnal
amplifiers. Checking is then performed using

output stage as a signal tracer. For enmple._.
provide an input from the station receiver, insert

"IC1, and probe pin six with the input of the

““‘F“t stage, a slight degree of filtering should
be heard, If all seems well insert IC2 and repeat
the procedure, following with IC3; and so on
down the chain. Thegmnuf:achjtage:s
essentially unity, so the signal e will
remain the same at each stage and only the
filtering will become more pronounced as each
ICIII:]msertud g

itially, the balancing control, RV2, sho:
be set to mid-travel. When checking is complete
and the is observed to be similar to
Fig 2, Rvz2 may be adjusted to improve the
depth of the nulls. This will require a com-
promise, as a given setting of RVZ will not be
possible to achieve total cancellation at both
nulls. In my experience adjusting the balance
control to give cancellation at the lower fre-
quency null offered the best operating
advantage,

In use, thupreset RV1, is adjusted so that,
while listening 1o a carefully L'ul:led signal, the
amplitude is the same for either position of the
switch 81, _

CONCLUSION tio filter
This aid to cw reception offers an au

having a narrow steep-sided passband Wﬂhﬂ}“
noticeable ringing or other objectionabl®
effects. The filter is capable of retrieving ﬂsﬂ
from a poisy background when, without 5
filter, the signal may be virtually inaudible.
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