8-pole 10MHz SSB Ladder Crystal Filter
Jack Hardcastle 8 Norwood Grove, Rainford, St Helens, WA11 8AT

Since completing the 4-pole filter published in Siammer 2011 edition of Sprat | have purchaseatehtof
20 crystals from Club Sales and my measuremertteegroperties of this much larger sample haveezhuge to
revise my figure for their motional capacitancear this filter | have used a figure of 17.983ftRis being the
average for those crystals which were actually liséd assembly. If you are unable to measurstabyparameters
yourself | would suggest the adoption of 18fFRaagod ball-park figure for these crystals. Evigrour own crystals
are a little removed from this figure be reassuhed ladder crystal filters are very tolerant epdrtures from the
theoretical ideal. The worst that can happen isttimbandwidth and centre frequency will depdittia from their
design value. In any case because of the finité &l orystals you will need to allow for some ‘gstitage’ of the pass
bandwidth. For example, in my own filter the measuBdb bandwidth was 2317hz rather than the spdc480hz.
This is typical of what you may expect. Similattlge ripple may also depart from the number you vegéréng for.

My input to the ‘Dishal’ design program was adduls:
Cm=17.983fF Fs=10001.992kHz Cp=4.7pF BW=2.48KRipple=0.45dB
as you can see in the illustration below.
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For clarity the calculated component values areaitgad below.

Coupling capacitors C12=92.3pF C23=114.5pF C38=8pF C45=119.7pF
Series capacitors Cs1=114.5pF no Cs2 Cs3=414.3pF Cs4=357.6pF
Impedance Z=150 ohms.

It was not that | actually ‘wanted’ a ripple of 8dB; it was simply the result of interacting wittetprogram while
progressively increasing the ripple value and tedwvidth, until the calculated values for impedaacd coupling
capacitors were all readily achievable using otdydard value components.



The calculated values for the series capacitorsfar@her less importance because they will adide be
selected during the tuning process. This allowstety to be used which are higher, or lower indeewy than the
average Fs used in the calculation. For instatioe calculated value for Cs4 was 357.6pF butitred Yalue
required was just over 1000pF (actually 330 ancb6860 parallel). This is due to the series resoraridhe crystal
being so much higher than the others in this gringeed, if it had been much higher | could haveétiuoh this
capacitor altogether. By careful selection of cépas and crystals | was able to tune each mesheofilter so that
all were within a spread of 24hz.

However, if you are making your first filter andean a hurry to see some results, you can forgeindividual

tuning stage. So long as you have selected tings8ats which are nearest to each other in frequguost fit
capacitors made-up from standard values and clheckeéquency response. With any luck it will beqgse; at least
for your first project. As | said earlier, ladddtdrs are very tolerant of deviations from theatlenuch more so than
lattice filter designs. Later-on you will very likefeel as | did and go back to do some fine tuning
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Theoretical 92.3pF 114.5pF 118.8pF 119.7pF 118.8pF 114.50F  92.3pF
Actual 22410  100+15 100+182 120 100+182 100+15  82+10

This is the circuit of the 8-pole filter showinglcalated values for the capacitors. Also shownthee nearest
standard values which were actually used for thupliog capacitors. These were selected from steoigua
capacitance bridge. It was found to be easy tasphirs of capacitors within 1-2pF of the desivatlie.



Here is the measured frequency response of théeSfifier.
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The markers show that the bandwidth is 2475h®%dB-and 4151hz at -60dB; thus the 6:60 dB ratib.7:1 . The
stop band rejection is better than 80dB, but stee keow | improved this figure to more than 90dBs®included
here is an expanded trace of the pass band. Tiwgssihat while the ripple is very close to the dasipecification of
0.45dB there is an unavoidable droop at each ditteegpass band which is due to the finite Q ofdhestals.

When the above figures are compared with the spatiin you can see that the pass-band is smaberiequired
and the stop-band is wider. Experience will show ljow much to allow for the pass bandwidth redurctiden you
put this figure into the program; but in the caéthe stop band you must add more crystals at ¢éisegd stage if you
want to improve the rate of cut-off. The ultimatep band attenuation is a function of layout seréening as well
as the number of crystals. This latter factor shibwe in my own prototype measurements becausesdbthal lack
of any screening in my breadboard layout. Quitepsénscreening increased the rejection by 10dB gqordued this
was possible by inserting baking foil as a temposareen. Radiation from your test leads cannatdggected
either. Mine needed the baking foil treatment ®vent them acting as antennas. More permanenigamaents will
have to wait until time is available and | have éeywressing domestic needs !



The Dishal program provides a tabular output offteguency response as an alternative to the gslapivn
previously. | find this to be a valuable additiofetility because it allows a ready comparison leetmthe measured
results and the theoretical response.

—Select either Lm or Cm of xtal
L i | 10001.992 | 47 | 248 | 45 | 8 | 10 Calculate |
= Series Freq. fz [kHz]  Cp[pF] B3db [kHz] FE ripple # of stal:  Display Freg .
Brmax=10.321 kHz 10..3dbl  [2.14]  Span [kHzl D=0
— Xtal P t - =
attCdb fLow(kHz fHi(kHz fretikHz BwlkHz
Lm= 14.08008 mH fs= 10001.992 kHz D = = e ¢ 2=
Cm=  17.983 fF fp= 10021.108 kH: -1 10002.300 10004.738 — 2.439
— Filter P. b -2 10002.286 10004.748 = 2.462
: -3 10002.276 10004.756 = 2.480
Type: Chebychev [ PB-Ripple: .45db -6 10002.250 10004.775 — 2.525
Imped Ohm]: 150.0 | 1 of Xtals: 8
mpedance [Ohm] ooas -10  10002.218 10004 .800 — 2.582
Center Frequency [kHz]: 10003.516 15  10002.174  10004.833 -— 2.659
-20  10002.122 10004.870 = 2.748
B[ Gdbl 252kHz BW ([B0db}  4.03kHz 5% 10002.063 10004 . 013 - S ETo
B/ [20db) 275kHz BW ([80db} 518 kHz —gg %ggg%- g%; %gggg 5 g% — %-ESE
B [ 40db): 325 kHz  BW [100db]: E.83 kHz 40 10001: 320 10005 079 N 3: 250
-45  10001.730  10005.147 = 3.417
—Coupling [5hunt] Capacitances [pF] =50 10001, 615 10005, 221 - 3.603
-55  10001.495  10005.303 = 3.808
Ck12= 923 Ck56= -60  10001.357 10005.3291 = 4.034
a L -65  10001.204  10005.487 = 4.283
koo 1145 B -70  10001.034  10005.590 = 4.556
Ck34= 1188 Ck78= -75  10000.846  10005.700 -— 4.855
e IR -80  10000.637 10005.819 = 5.182
- -85  10000.406 10005.946 = 5.540
- - - -50  10000.149%  10006.081 = 5.932
- Tuning (Series) Capacitances [pF1 -5 3000, 864 10006.224 = 6,360
equiv. Freq, Dffset (Hz -100 5990, 546  10006.376 = 6.830
Csl= 1145 £25 . .
Csae 1143 o Ultimate attenuation = 218.44 dhb
o - 6db 7 60db shape factor = 1.5%8
Csd= 3576 214 |
Csh= -5.00 kHz fm = 10003.516 kHz +5.00 kHz
Csb= Ultimate Attenuation = -218.4 db
Cs7= — Close Table
[ Mesh frequency = 10003.604 kHz ) difiew




Computer Circuit Simulation

It is interesting to see how computers can usavsoé to produce an accurate forecast of the frexyuersponse by
building into the model circuit losses to be expdan practical components. This simulation ofaegign was made
by DJ6EV using the ARRL ‘Amateur Radio Designertkage which was marketed some years ago. Unfoelynat
this is no longer available, but many alternativas be found in an Internet search. Free triali@essare also out
there.
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The top graph shows the frequency response dfea filade of perfect, loss-free, crystals whileltveer response
shows the result of incorporating typical real-woctystals having a Q of 100,000. Even such higddityucrystals
have sufficient loss to cause the rounding of tiges of the pass band in the prototype filter shiovthe previous
diagram.

Filter design software
The ‘Dishal’ ladder crystal filter design programitten by Horst Steder DJ6EV is available from Warrington

Radio Club web-site at www.warc.org.uk. You wilhdi this, and our crystal filters articles, in tiRrdjects’ section
of the site.




