Crystal-Ladder-Filter design

Crystal-Ladder-Filter have...
- very highQ
- very narrow band

However, they...

- good only for a few kHz bandwidth
- only bandpass or bandstop

- not 50Q

- crystal true replacement values (characteristics) are unknown

- need to select crystals
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Cs: motional capacitance
Ls: motional inductance

Rs: series loss resistance
Rp: “holder” capacitance

Cp measured with LCR meter: 5.3pF
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https://www.giangrandi.org/electronics/crystalfilters/xtaltest.html
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SIGLENT UNCAL 02-05-2021 10:29:53 B
Ref 0dBm Att 20 dB > M2 9.016267 MHz -77.42 dB
o

-

Log
10dB

Free
LgPwr
Cont

-100. .
Start 8975 MHz Center 9 MHz Stop 9.025 MHz
RBW 300 Hz  VBW 300 Hz Span 50 kHz SWT 6.741s
o Marker Table X
Marker Type Trace Readout X Axis Ampt
1 Normal A Frequency 8.997467 MHz -1.16 dB
2 Normal A Frequency 9.016267 MHz 77.42 dB
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Select Marker >
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Local

Crystal parallel resonance frequency: fp = | 9016253

| MHz

Crystal series resonance frequency (10 pF): £1 = |9.Uﬂ282?

| MHz

Crystal series resonance frequency (27 pF): £, = |9.UGUDE}3

| MHz

Crystal series resonance frequency (no capacitor): f;3 = |8.99T38?

| MHz

Actual (measured) C1 capacitance: Cy = | 10

| pF

Actual (measured) C2 capacitance: C; = |2?

| pF

Calculate

Crystal series capacitance: C, = |2ﬂ.34? | fF
Crystal senies mnductance: L, = | 15.379 |IIJH
Crystal parallel capacitance: CP = | 4852 | pF




Selecting matching crystals to +- 50 Hz
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colpitts oscillator with 2N3904

+12V

C1: 100 pF ceramic disc or
silver mica

GSJ_
A1 (o) C2: 680 pF ceramic disc or

silver mica
C3: 01 uF ceramic disc
C1 C4 C4: 001 uF ceramic disc

= I % 1€ Q1: 2N3904

XTAL Y oy R RI1:220K

F2: 1K




To the bench...
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Dishal filter calculator and results

5H Crystal Ladder Filter Calculator "DISHAL" Vers. 2.0.5.2 HF Tools by DIGEV - X  SIGLENT UNCAL 02-05-2021 10:56:29 = Marker
SaveWindow Cohn QFR(G3UUR) Xtal Table LC-Match Cs2Cp Colours Info Help § ooRef 0dBm At 20dB > M1A2 - 228kHz  0.01dB
- og ? T MZ | 89976 MHz -16.99 dB
Select either Lm or Cr of xtal
" Lm 203 (E | 9000 | 48 | 2.38 | 1 8 10 Calculate 10 dB Select Marker >
& Cm = Senes Freq. fs [kHz]  Cp[pF] B3db [kHz] FE ripple #of stals  Display Freg B -10.0 1
Brax=10.816kHz [0.3dbl  [2.14]  SpanlkHzl LOG->Lin
Xtal Parameters 0db Select Trace
Lm= 1540491 mH fs=  9000.000 kHz Free 20.0 s Tclo
Cm = 203 fF  fp=  9019.011 kHz || g4 LgPwr
Filter Parameters Cont -30.0 Normal
Type: Chebychev PB-Ripple: 1db -20db
Impedance [Dhm]: 122.7 # of Xtals: 8 400
Center Frequency [kHz]: 9001416 -30db Delta
Bw [ 6db): 242kHz BWw(E0dbp  3.75kHz 500 298 kHz
Bw [20db): 2B0kHz Bw ([80dbp  4.79kHz || -40db
By [40db): 305kHz  BWw (100db)  G.28kHz
S0k A 60.0 Fixed | 4
Coupling [Shunt) Capacitances [pF] b
Ck12= 1033 Ck56= - 60db 00
Ck23= 1235 Ck67=  — off
Ck34= 127.2 Ck78= 70dn
Ck45-  128.0 800
i Relative To
Tuning [Serieg] Capacitances [pFl -B0db =
equiv. Freq Offset [Hz -90.0
Csl= 1235 B51 -90dkb Marker Table
Cs3= 548.6 142 H -100.0! - : .
Cs4= 4750 164 -100db ST f 9;’] T T Start 8.995 MHz Center 9 MHz Stop 9.005 MHz =
(Bet= SR kRE m == z TRz RBW 100 Hz  VBW 100 Hz Span 10 kHz SWT 202225 Local
Csb= Ulimate Attenuation = -224.3 db
Cs7= . Show Table

............ [Symmetry Asis) digey

- additional tuning needed
- impedance matching
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