CERAMIC RESONATORS

as IF filters and oscillators . . . . 1

This discussion on the characteristics of ceramic filters on

a nominal frequency of 455KHz, shows that they have a

very wide potential for applications in receivers and trans-

mitters, etc., and opens up a new field which has interesting
and exciting possibilities.

By lan Pogson

Concurrently, with the rapid deve-
lopment of solid-state devices, there
has been a parallel development of
ceramic products. These include cera-
mic capacitors of various types, and
exploitation of the piezoelectric pro-
rarties of certain ceramics. It is the
atter in which we are currently
interested.

Although the piezoelectric properties
of ceramic materials have been known
for some time, the earlier ceramics
were not a practical proposition, due
to lack of stability in terms of time,
and an unsatisfactory temperature
characteristic. Recently, lead-zirconate-
titanate ceramics have been bror#ht
to a state of devel ent where aging
and temperature characteristics have
been stabilised satisfactorily,

This has resulted in a number of

ents brought on the
m generally in the form of small
units for use as filters in IF agﬁl;l-
cations, particularly at 455KHz, The
manufacture of ceramic filters is not
as widespread as many other compon-
ents, but we have seen samples from
the United States, England and Japan.
It is the latter source with which we
are mainly concerned at present,

From Japan, two makers have come
to our notice, Murata and National,
Of the two, Murata appear to make
the wider range and, from our experi-
ence, the Murata units seem to offer
the ater scope for investigatiom.
Another important point is the fact
that the Australian distributors for
Murata filters, I.R.H, Components Pty.
Ltd., are active in the field and keep

stocks on hand.

The writer has already made use of
ceramic filters, both Murata and
National, in tunérs for the broadcast
band, described in May, August and
October, 1968. Such filters are attrac-
tive in that they are small in size,
they do not need to be aligned and
the ones most likely to be used in
simple applications, are cheaper than
IF transformers. On thé other hand,
there are some multiple ladder types
offered, which have excellent charac-
teristics, Eaﬂicularly skirt selectivity,
and which are quite expensive.

Regardin the more expensive
devices, Murata and we understand,
others, have produted units which rival
amd often can take the glace of crystal
lattice and mechanical filters, so often
used for SSB applications, In fact,

Murata catalogues two grades of such
filters, differing in the skirt shape and
thus the adjacent channel rejection.
The higher grade lists no less than 10
items, ranging from a nominal band-
width of =®17.5KHz to =1.5KHz
the other grade lists eight items, rmg-
ing from =+17.5KHz to =3KHz. It
was one of the latter group that we
used in the Wide Band Tuner, with
a nominal pass band of =9KHz at the
3dB points,

From the exroricnce thus gained,
limited though it was at this stage,
the idea naturally followed of using
such filters in solid-state communica-
tions receivers, In such a receiver, we
would otherwise use conventional IF
transformers, backed up by either a
mechanical or a crystal lattice filter,
for the reception of SSB signals,

But each time we considered using
the ceramic filters, obstacles seemed to
appear. In the case of the expensive
ceramic fllter to take the place of the
mechanical or crystal lattice filter, the
unfortunate fact emerged that the
narrowest unit offering was =15KHz
minimum, at the 6dB points. In fact,

Here is a groy,
ators about which we are writ-

ing. The case measures about
5/16in x 9/32in x 7/32in.

of the reson-

one of these units which became avail-
able, turned out to be a little over
+2KHz or more than 4KHz wide
between the 6dB points. As a ﬂfure of
2KHz to 2.5KHz is the widely pre
ferred choice for SSB, it is obvious
that the narrowest ceramic filter would
not be adequate.

When we turned our attention to
the low-cost versions of the ceramic
filters, for applications where they
would be cascaded in an IF strip, the
problem arose of tolerances on the
centre frequency, The quoted tolerance
is #2KHz on the nominal centre
frequency of 455KHz. This means
that, in the extreme case and where
we wished to use say four units in an
IF strip, the centre frequencies of the
individual units could be separated by
as much as 4KHz, Where we are likely

o

The SFD-455B resonator
consists of two “ring-dot”’
elements connected as
shown right. The cap-
acitor size determines the
band-width,

TABLE 1

Figure |

Results of tests on an SFD-455B ceramic filter unit. Top coupling,
47pF, Centre frequency initially, 454.75KHz.

10K, pin 1 to E: fc = 454.30KHz Approximately 10dB loss
10K, pin 2 to E: fc = 454.55KHz Approximately 3dB loss
47K, pin 1 to E: fc = 454.15KHz Approximately 20dB loss
47K, pin 2 to E: fc = 454.51KHz Approximately 5dB loss
27pF, pin 1 to E: fc = 453.76KHz Practically no loss
27pF, pin 2 to E: fc = 454,86KHz Practically no loss
B2pF, pin 1 to E: fec = 452.63KHz Practically no loss
82pF, pin 2 to E: fec = 454,87KHz Practically no loss
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to be looking for a band width of 4
or 5KHz, or even less, it is obvious
that such tolerances would be un-
acceptable.

Still looking for an answer to the
filter problem for SSB reception, we
investigated the availability of mecha-
nical filters and suitable crystals (FT-
241, etc.). We found that mechanical
filters were not as readily available as
we had hoped. Also, while FT241
crystals are still available in the
United States, they are not readily
available here. So we turned our
thoughts to the low-cost ceramic fil-
ters again. Would it be possible to
make use of them, in spite of the
spread in tolerances?

With nothing to lose, and the possi-
bility of something to gain, we decided
to concentrate our efforts on the Mu-
rata type SFD-455B, a S5-terminal
device. Its bandwidth can be adjusted
by different values of top capacitive
coupling, between the two elements
which go to make up the complete
unit,

Figure 1 illustrates the “works"” of
an SFD-455B assembly. It consists of
two elements, each a ceramic slab
about 3/16in square and about .015in
thick. The slab is silver-plated on op-
posite faces. On one side, the plating
covers the full surface. On the other
side, the plating is such that two
separate areas are formed, as shown.
When two of these matched e'ements
are placed back-to-back, we have the
five terminal device, type SFD-455B.
In the actual package, the two ele-
ments are held in small clips, making
the appropriate contacts and brought
out as small flat flexible leads.

To study the behaviour of the cera-
mic resonators under various condi-
tions, we set up a sweep generator on
455KHz, actually the one described in
December, 1963, A standard signal
generator was used as a marker, moni-
tored by an Advance frequency meter.

The sweep generator was fed into
the test circuit as shown in figure 2;
the output of the test circuit fed into
a detector probe which in turn. con-
nected to the vertical input of the
CRO, -

Our first test was to determine the
centre frequency of each of a number
of randomlv selected SFD-455B units.
Of five units cbecked. the centre fre-
aquencies turned out to be, 456.15KHz,
455.08KHz, 455.63KHz, 456 00KHz
and 456 63KHz. The units all come

2N5459

AAM

AToF
2 027
3 2.5mH -
LK aﬁp"‘c SFD-4558
@ 0 o
3
001
- I—

Yy

01

o—il—

.
5.6K 3
-

YYYY

-
33K
3

| ™o
hd "r‘r -

8
-

b
—i
i

b 3
BKS

Figur

This is the circuit which we used

w2

to make tests on individual reson-

ators. The circuit is straightforward and representative of current
practice.

well within the maker's tolerance of
+2KHz. The greatest separation is
represented by one on 455.08KHz and
another on 456.63KHz; this amounts
to 1.55KHz and looks promising, but
we must face the fact that other
samples could be much wider apart
than these tested.

Our next test was a check on the
band width at the 3dB points, of the
same units and with the coupling of
47pF as shown in figure 2. The band
widths turned out to be, 1.95KHz,
2.17KHz, 2.23KHz, 2.37KHz and
2.34KHz. Although there are notable
differences, they are well within the
maker's tolerances.

At this point, the vital question
arose. Could we do something to bring
all units to the same centre frequency,
or otherwise control them so that a
number of them could be used in cas-
cade? If we could do this, then the
selectivity characteristics of each unit
in the setup would be additive, pos-
sibly resulting in a good shape factor.
Also, could the band width be con-
trolled?

Our next test consisted of placing a

random selection of SFD-455B units
in the same test circuit, figure 1, as
before. Arbitrary tests were carried out
by connecting resistors and capacitors
of various values across different termi-
nals of the device. The results of this
test are shown in Table 1.

A perusal of Table 1 can be very
enlightening and indeed, very promis-
ing, It will be noted that a resistor
or a capacitor across certain terminals
changes the centre frequency quite
appreciably. The frequency shift is to
the low side in most cases, except
where a capacitor is connected from
pin 2 to earth, which results in a small
shift in the high direction. It will also
be noted that while resistors shift the
frequency, they introduce a comsider-
able insertion loss, whereas a capacitor
introduces no significant loss.

It would seem from the above that
resistors should be avoided and only
capacitors used to modify characteris-
tics, but this has turned out to be a
premature assumption, In cases where
elements in a complete system vary to
a significant extent in Q, a suitable
value of resistor can be used to advan-

An extension of the one above, this circuit was set up to test a full

set of resonators, as they may be

expected to be used under IF con-

ditions of a short-wave or communications receiver. The switching
would be more elaborate on an actual strip, compared with the token
switching shown.
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tage to correct this, More will be"said
about this later on.

Further study of Table 1 shows up
other points of interest. The higher the
value of capacitor used, the greater is
the frea:uncy change. Alternately, the
lower tah valfue mml?:n ;“the
greater the y change. 80
the amount of ;requenﬂ change, all
other things being equal, is different
when erent terminal connections
are ‘
. A further point worth mentioning,
and which is not shown in Table 1, is
the fact that frequency changes can
be achieved by connecting external
components between terminals 3 and
4, and earth but the changes are not
80 great. Also, it is possible to effect
changes by connecting between termi-
nals 2 and 3, or 1 and 4. Again, the
chamges are not so marked.

The next series of tests were more
ambitious, having been prompted by
the results given in Table 1. Another
test circuit was set up, so that a series
of tests could be ¢ which simulated
actual application in an IF strip. The
circuit is shown in figure 3.

This circuit consists of a BF115
transistor in the first stage, which
could be the mixer in an actual appli-
cation of the full system. Following
this stage is provision for checks to
be made on one or more SFD-455B
filters. Then follows an amplifier stage
in which we are using a 2N5459 field
effect transistor. Between this and the
next and similar stage is an SFD-455B
filter as the coupling medium. Another
SFD-455B is used to couple from the
second FET, to the third IF amplifier
sllga. using a BF115 transistor,

ield effect transistors were selected
for the first two amplifiers, as they
could be controlled by an easily
generated AGC voltage. The final s
uses 4 BF115, because it will not
controlled and it gives somewhat more
gain than the FETs.

It will be noticed that the two FETs
have a 2.5mH RF choke as the drain
load, instead of the more conventional
3.3K resistor, which is associated with
ceramic filters. The reason for this is
that FETs take a much higher current
than bipolar transistors, something
between 5 and 10 milliamps. This
would mean excessive voltage drop
through a 3.3K resistor and, with a
supply voltage of 12, the proposition
would not be practical. The use of an
RF choke solves the voltage drop
problem and at the same time presents
about the right source impedance for
the filter,

An important point which should be
mentioned in this circuit is the top
caP%citjve coupling used for the two
SFD-455B filters, already installed, The
coupling capacitor used is 100pF.
This results in some overcoupling, with
a slight double hump., The thinking
behind this approach is that, if we
make these circuits somewhat wider
than the widest pass band required,
most of the selectivity can be deter-
mined in the first stage; with the other
two acting only in a supplementary
oapacity.

With figure 3 ready to go, we con-
nected one SFD-455B unit between the
first BF115 and the following FET.
The top coupling capacitor used on
this occasion was 47pF, the pattern
on the CRO appearing substantially
as shown in figure 4A. Although not
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by any means perfect, it could be
more or less acceptable, By connecting
a 6.8K resistor from terminal 2 to
earth, the s band shape as shown
in figure 4B was obtained,

The single SFD-455B was then
removed to make way for a more
ambitious test. It was considered that
we may be able to connect a number
of these units in cascade, to improve
the overall pass band. Normally, ter-
minals 3 and 5 are the input, with
terminals 4 and 5 for the output. As
the units are symmetrical, ie., the
input and output impedances are equal,
it should be possible simply to connect
a number of units in series, pin 4 to 3,
etc,, and all pins 5 to earth.

On this assumption, we connected
three units together in this way. The
27pF capacitors were chosen for the
eogo coupling for each unit and the
whole assembly was then connected
into the same position as previously.
A reasonable shape was obtained, but
attempts were then made to improve
it. In this case, by connecting a 3.9K
resistor from the first pin 2 to earth
and a 3.3K resistor from the second
pin 1 to earth, we obtained a very
satisfactory tha?e

Pursuing this :gproach a little
further, we comnected together another
group of four and put them into the
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test circuit, Once again, our experience
was much the same. By connecting a
5.6K resistor from the third pin 1 to
earth, an excellent shape was again
obtained.

The commections for the three tests

just given are summarised in figures
SA, 5B and 5C respectively. At this
point, quite a number of important

observations can be made. Firstly, it
would appear that the investigations
are reasonably successful so far, The
next question is, just how successful?
This can be answered at least in part
by referring to the three photographs
from the screen of the CRO and in
somewhat more detail from the curves
shown in figure 6.

The photographs look encouraging,
but they only tell part of the story.
Just how good is the skirt selectivity?
The answer to this is “given in
curves of figure 6, Curve “A" is SKHz

wide at —6dB and 12.3KHz at
—60dB, This gives a shape factor of
246, Curve “B"” is 3.3 wide at

—6dB and 9KHz wide at —60dB, a
shape factor of 2.73. Curve "C" is
2.2 and 6.5 at the —6 and —60dB
points, giving a shape factor of 2.96.

These figures for the shape factors
could be considered as very satisfac-
tory. It may be possible to improve
upon these figures further by taking
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CONVOY TECHNOCENTRE TOPICS

Specifications, Systems, Service, Friendly Advice
First Release! NEW REVOX AMPLIFIER
80 watts R.M.S.

Swiss craftsmanship is now giving a
new value in quality for Stereo Ampli-
fiers. This exclusive unit, the REVOX
80 watt R.M.S. Amplifier, is a fitting
companion to the REVOX Tape
Recorders and Decks from the famous
Willi Studer Sound laboratories of
Zurich. For the first time in Australia
hear this superb system with top-
quality Speakers. Typical of exclusive
features is the balanced input for all
channels, it is adjustable for constant
volume on every mode. The price is
also a value breakthrough.

REVOX TAPE RECORDER AT OLD PRICES!
Hurry while they last, a CONVOY SPECIAL!

READ WHAT GEOFRY HORN
AUDIO RECORD REVIEW SAYS—

“It must be put on record that the
model 77 handles like a thoroughbred
(which it is) and used in conjunction
with an extremely good amplifier and
a pair of electrostatic loudspeakers it
was able to fool the best ears. Fven
at 31 ips., given a good tape and a
little care in setting up the levels, one
can operate the tape monitoring switch
several times in rapid succession and
then challenge any listener to tell one
whether the switch was left in the
‘TAPE’ or '‘DIRECT' condition — a
most severe test,”

HEAR NOW
FAMOUS

N\ TANNOY #

"“MONITOR GOLD"”
ONE SPEAKER
SYSTEMS—15" or 12"

Tannoy, known as a world leader in
speaker manufacture, now offers,
through Convoy, superb Monitor Gold,
dual concentric speaker systems with
entirely new crossover network for
solid state amplifiers. Constant impe-
dance characteristics; nominal impe-
dance never falls lower than 5 ohms—
others 1 ohm, Nothing better.

Famous Revox 77A.

NEW PEERLESS 3 WAY
SPEAKER SYSTEMS.
DON'T ACCEPT LESS!

Peerless 15", 12” and 10" 3 way
systems with factory crossover
module bring new quality values at
the price one would expect for twin
cone systems.

You can now own this superb
Danish system used by broadcast
monitors throughout Europe. It
has special tonal quality at low
levels yet has full brilliance at high
wattages.

Before choosing anything else than
a 3 way system hear Peerless and a
wide range of other speaker systems
on line for comparison. Wharfdale,
Leak, Poly Planar flat speakers, etc,

MAKE YOUR PURCHASE DECISIONS AT THE ONLY TECHNOCENTRE—
All leading makes of Hi-Fi Equipment on line or available, with dafa.
PROFESSIONAL HI-FI SERVICE AND MODS A SPECIALITY.

Convo

FOR SOUND SATISFACTION

TECHNOCENTRE

Hi-Fi Centre of Australia

449 Kent 5t., Sydney. 29-6475
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a little more care in adjustment, or
by adding an extra unit or two, to
those already existing. At this stage,
we have not tried to improve upon
these figures.

It will be noticed that we have taken
the curves down to the —80dB points.
While we can vouch for the accuracy
of the curves, within reasonably small
limits, down to —60dB, there may be
some greater errors at the higher
attenuation. Suffice to say, that the
overall adjacent channel attenuation is
little short of excellent.

In cases where more than one degree
of selectivity is required, blocks of
filters with selected characteristics
would be fitted between the mixer and
the first IF amplifier, with facilities
to switch from one position to the
other. As the insertion loss of these
filters imcreases with additional units
added in cascade, it may be necessary
to introduce some attenuation to the
filter with the lower insertion loss, so
that there will be no change in signal
level, when switching from ome posi-
tion to the other, This is the reason
for the voltage divider shown at the
output of the filter in figure SA.

By now, readers will be asking how
the band-width of these assemblies can
be controlled to give the wanted
characteristics. Fortunately, the answer
is simple. The overall band-width is
controlled simply by changing the
value of the top coupling capacitance
for each unit. This, of course, has to
be determined for the particular assem-
bly, together with any corrective
measures such as the use of shunt
capacitors or resistors, as mentioned
previously. It is doubtful if the band-
width could be changed, of a particular
assembly, after it has been finally
adjusted, simply by altering the top
coupling capacitors.

To sum up on the question of obtain-
ing a certain band width, it is kept
to a minimum by using a small coup-
ling capacitance, such as 27pF. Pro-
gressively wider pass bands are
achieved, within reasonable limits, by
increasing the top coupling to some-
thing of the order of 100pF.

(a) (b}
Figure 4
These curves are typical of
“before” and “after” corrective
measures are~ taken.

So far, the whole idea looks very
promising. However, in spite of all the
investigations up to this point, the ques-
tion of maker's tolerances on centre
frequency has not been fully resolved.
As a further check, we picked at ran-
dom another four new SFD-455B units
and connected them up in a similar
manner to those of figure SC without
any corrective measures.

A check on the sweep equipment
showed that although the pass band
shape was anything but correct, it
would be reasonably satisfactory if
nothing more was done about it. How-
ever, as it did leave quite a bit to
be desired, we set about taking cor-
rective measures. It transpired, after
a few minutes’ investigation, that a
3.3K resistor from the first pin 1 to



This photograph from the
CRO, corresponds with the
curve of figure 6C.

earth, was sufficient to give a good
shape. In short, and considering the
foregoing, it would seem that there is
no reason why these results could not
be closely and satisfactorily approxi-
mated,

Clearly, a case has been established
for the application of type SFD-455B
ceramic resonator units in IF circuits
where a high performance filter is re-
quired. It now becomes of interest
to compare this potential, with the
more firmly established mechanical
filter and crystal lattice filter.

Although it is not easy to be too
specific in a short space, we can at
least make some general observations.
The ceramic filters just described, com-
pare favourably with either the more
commonly used mechanical or crystal
lattice filters in available bandswidths
and shape factor. In size, the ceramic
units would normally be smaller than
equivalent mechanical or crystal filters.
Perhaps one of the greatest advant-
ages offered by the ceramic filters is
that of cost. For a given perform-
ance, we suggest that a ceramic filter
could be installed for about 20 per cent
of the cost of a mechanical filter. It
would also be much less than a crystal
filter, depending on the source of the
crystals.

We have already referred to the
apparent reduction in supplies of
mechanical filters and suitable crystals
in this country, whereas stocks of SFD-
455B ceramic resonators are readily
available at a modest price.

So much for the advantages which
ceramic filters have to offer. The ques-
tion may be asked as to whether there
are any disadvantages or, what is the
catch? There are indeed, a couple of
minor disadvantages but these can be
readily overcome in most cases. We
refer to the problem of alignment,
where a builder has only limited test
equipment in one instance and the in-
sertion loss where several units are
used for high performance.

The problem of insertion loss can
be immediately overcome simply by
adding an extra stage to the IF strip.
The answer to the alignment problem
with limited equipment, is not quite so
easv. It may be possible to use an
ordinary signal generator and a vacuum
tube voltmeter, with a detector probe.
However, we have not looked too close-
Iv into this one but we hope to have
more to say about it later om, in a
subseauent article.

Although we have spent some time
on this investigation and we have come
up with enough information to answer
a lot of questions and to give much
food for further thought, we feel that
there is so much to be learned about

This photograph of the 3-unit
filter corresponds to the curve
of figure 6B.

A broad curve, with one unit
and suitable for AM, corres-
ponds to the curve of figure 6A.

these devices and the surface has only
been scratched. Suffice to say that the
findings so far are most exciting and
the application potential could be far-

reaching. (To be continued).
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RECORD PLAYER

® Synchronous motor, belt drive.
® Heavy non-metal 12" platen.

® (4" arm with anti-skating and visc-
ous bearing damping.

® Magnetic head with patented
anti-distortion construction.

® Output 20 watts R.M.S. per chan-
nel; auxiliary ins and outs.
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PHOTOMULTIPLIER TUBES
HAMAMATSU TV CO. LID.

HIGH PERFORMANCE — LOW COST

PM TUBE RESPONSE

HTY-R106 1,600 to 6,500°A Critical Applications
HTVY-RI36 1,600 to 8,000°A Wide range spectral response
HTY-R146 1,600 to 3,200°A U.V. Range

HTVY-R196 4,000 to 12,000°A | Vis. and infrared range
HTV-R213 1,850 to 8,000°A U.V. to near IR Range
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9 Stage, side-on types, 11 pin base
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