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APPLICATION NOTE 10
LADDER CRYSTAL BANDPASS FILTER
1. Introduction

Very narrow band crystal filters can be implemented in ladder form, and S/FILSYN can of
course, do this easily enough. The resulting ladders must, however, be modified so that the
proper three- element branches are formed and they have the proper minimum capacitance ratios.
This has been possible as long as the crystals were in the shunt branch, i.e. represented
transmission zeros below the passband. With the recent introduction of other three-element
branches, we can now handle the cases, where the crystals are in the series branches, i.e.
implement transmission zeros above the passband.

This application note demonstrates the use of these new branches and the corresponding XCH
command, that converts them from one form to the other.

2. Lower sideband filter

Again the method is illustrated by an example. This is a single-sideband bandpass filter with
pass- band from 2 MHz to 2.003MHz and we need to suppress everything from 600 Hz above the
pass- band by at least 60 dB. Terminations tentatively selected to be 1 kohms and the initial
S/FILSYN session is as follows:

C:>sfilsyn

* % K K % S/FILSYN * kK ok x
RELEASE 3.2 VERSION 1 4/1/94

** ROOT SEGMENT **

Copyright (C) 1983-1995 Dr. George Szentirmai.
All Rights Reserved.

READ TRANSFER FUNCTION DATA FROM FILE? (Y/N)

> n

SMAIN: S, PLACER: P OR END: E

> p

ENTER TITLE. IF NO MORE DESIGN, ENTER: END

> lower sideband ladder crystal filter

FILTER KIND - LUMPED: 0, BILINEAR DIGITAL: 1 OR MICROWAVE: 2

> 0

FILTER TYPE - LOWPASS: 1, HIGHPASS: 2, BANDPASS: 4
> 4

ENTER LOWER PASSBAND EDGE IN HZ

> 2M

ENTER UPPER PASSBAND EDGE IN HZ

> 2.003M

PASSBAND - MAX.FLAT: 0, OR EQUAL RIPPLE: 1

> 1

ENTER BAND EDGE LOSS IN DB

> .1

ENTER NO. OF BREAKPOINTS IN LOWER STOPBAND (AT LEAST 1)
> 1

ENTER 1 BREAKPOINTS IN HZ AND THE LOSS BELOW THEM IN DB IN PAIRS
> 1.99M 35 ! Program needs at least one
ENTER NO. OF BREAKPOINTS IN UPPER STOPBAND (AT LEAST 1)
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> 1

ENTER 1 BREAKPOINTS IN HZ AND THE LOSS ABOVE THEM IN DB IN PAIRS
> 2.0036M 60

ENTER NO. OF FIXED ZEROS (NOT MORE THAN 10)

>0

BANDPASS - CONVENTIONAL: 1 OR PARAMETRIC: 2

> 1

ENTER MULTIPLICITY OF ZERO AT ZERO

> 3 ! This yields shunt inductros at both ends

ENTER MULTIPLICITY OF ZERO AT INFINITY

> 1

IF YOU WISH TO SPECIFY THEM, ENTER NO.'S OF MOVABLE ZEROS IN LOWER
AND/OR UPPER STOPBAND(S). OTHERWISE ENTER ZERO (S)

> 0 3 ! This is based on previous run

ENTER 3 MULTIPLICITIES, ALL ON ONE LINE (DEFAULT: ALL 1'S)
>

WISH TO ENTER GUESSES FOR ZEROS? (Y/N)

> n

ENTER INPUT TERMINATION IN OHMS

> 1k

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 1k

ENTER VALUE OF AVERAGE Q. IF NO PREDISTORTION, ENTER O.
> 0

As indicated in the above input, a breakpoint is needed in the lower stopband, but is immaterial,
and we selected some arbitrary values. Also the parameters, in particular, the multiplicity of
trans- mission zero at zero, were selected such, that the resulting structure will have shunt
inductors at both ends, which will be useful for the practical implementation of the filter.

The pole-placer runs uneventfully and the last results are (after further optimization):

ITERATION NO. 1

TRANSMISSION ZEROS MULTIPLICITY

2.0057120E+06 1
2.0040440E+06 1
2.0036400E+06 1
FMIN (HZ) AMIN (DB) DMIN (DB)
1.9900E+06 52.2869 17.2869
2.0088E+06 61.3627 1.3627
2.0046E+06 61.3627 1.3627
2.0038E+06 61.3627 1.3627
2.0036E+06 61.3627 1.3627
OPTIMIZE: 1, PROCEED WITH DESIGN: 2, MODIFY: 3 OR RESTART: 4
> 2

**%* S/FILSYN *** FILTER PROGRAM

lower sideband ladder crystal filter
BAND-PASS FILTER
EQUAL RIPPLE PASS BAND

BANDEDGE LOSS = .100000 DB.
LOWER PASSBAND EDGE FREQUENCY = 2.000000 MHz
UPPER PASSBAND EDGE FREQUENCY = 2.003000 MHz

SPECIFIED STOP BAND
MULTIPLICITY OF ZERO AT ZERO =
MULTIPLICITY OF ZERO AT INFINITY
NUMBER OF FINITE TRANSMISSION ZERO PAIRS
OVERALL FILTER DEGREE = 1
TRANSMISSION ZEROS

O Wk W

REAL PART IMAGINARY PART
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0.0000000D+00 2.0057118D+06
0.0000000D+00 2.0040441D+06
0.0000000D+00 2.0036396D+06
INPUT TERMINATION = 1.000000 kohm
OUTPUT TERMINATION = 1.000000 kohm
REQUESTED TERMINATION RATIO = 1.0000000D+00
COMMAND:
> syn
REALIZATION - ACTIVE: A, PASSIVE: P, DIGITAL: D, NO SYNTHESIS: E
> p
WISH TO SEE IMMITTANCE POLYNOMIALS? (Y/N)
> n

EXISTING POLYNOMIALS ARE: ES OS ED
ENTER FILE NAME

> test

FOR SYNTHESIS, TYPE "END" TO EXIT TO DOS
THEN CALL PROGRAM "PASSIVE"

COMMAND:
> y end
***% S/FILSYN *** SIGNING OFF ***

Next we enter the PASSIVE segment and perform the ladder synthesis, again uneventfully, using
the computer-generated structure:

C:>passive

* % K K % S/FILSYN * kK kX
RELEASE 3.2 VERSION 1 4/1/94

** PASSIVE/MICROWAVE SEGMENT **

Copyright (C) 1983-1995 Dr. George Szentirmai.
All Rights Reserved.

SYNTHESIS: S, ANALYSIS: A OR END: E

> s

ENTER FILE NAME

> test

LATTICE: L, COMPUTER CONFIG.: C, INPUT SIDE: IN, OUTPUT SIDE: OUT OR END: END
> c

WISH TO SEE INTERMEDIATE RESULTS? (Y/N)

> n

** EVEN NUMBERED BRANCHES ARE SERIES, ODD ONES SHUNT **

lower sideband ladder crystal filter

1 R 1.000000 kohm
3 L 105.165263 nH
5 C 60.108802 nF
1
6 L C 1.137266 uH RES.FREQUENCY
- 5.536576 nF 2.005712 MHz
7 C 19.812618 pF
1
8 L C 6.921032 uH RES.FREQUENCY
- 911.286339 pF 2.004044 MHz
9 C 1.545965 pF
[
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10 L C 24.890366 uH RES.FREQUENCY
- 253.495209 pF 2.003640 MHz

12 é 343.014366 fF

13 C 413.533893 pF

15 L 15.279036 uH

17 R 145.285958 kohm

Converting this into a crystal ladder, the first step is to split C12, such that one part of it, together
with branch 10, forms a crystal with a specified capacitance ratio. We selected this ratio
arbitrarily to be 150, hence one part of C12 must be the value of C10 divided by 150, i.e.
1.689968 pF:

COMMAND :

> spl 12 1.68996806p
12 C 1.689968 pF

|

14 C 430.366184 fF
15 c 413.533893 pF
17 L 15.279036 uH
19 R 145.285958 kohm

Next we use the XCH command, to convert branches 10 and 12 into the other form, more appro-
priate for crystals. Note that the two branches forming the new three-element branch must be
next to each other.

COMMAND :
> xch 10
—h
| © 567.525237 mH
C | 1.678776 pF RES. FREQUENCY
10 | ¢ 11.191841 f£F 1.996994 MHz
|
14 C 430.366184 fF
15 C 413.533893 pF
17 L 15.279036 uH
19 R 145.285958 kohm

As expected, this is the right form and the capacitance ratio is 150. The next step is to shift the
remaining series capacitor C14 next to branch 8. This needs a transform command to flip the
capacitor L-section of C9 and C14 around:

COMMAND :

> tr 9 14

ENTER REQUIRED OUTPUT TERMINATION

> 0

LARGEST TRANSFORMATION RATIO: 4.7419504D-02
TRANSFORMATION RATIO USED: 4.7419504D-02
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|

11 ——Cc—

|

—h

| ©

c |

14 | ¢

| I—
15 C
17 L
19 R

26.
35.
236.

724.

.976331

.099390

911765
402652
017682

.720755

524312

.889388

pF
pF
mH
pF RES.
fF 1.
nk
nH

kohm

Next we print the circuit to see the complete structure.

lower sideband ladder crystal filter
1.000000 kohm

COMMAND :
> pri
1 R
3 L
5 .
[ —
6 L C
L1
7 .
[ —
8 L C
I
10 C
|
11 ——C—
I
—h
| ©
c |
14 | ¢
L1
15 C
17 L
19 R

105.

60.

[

19.

911.

26.
35.
236.

724.

165263

108802

.137266
.536576

812618

.921032

286339

.976331

.099390

911765
402652
017682

.720755

524312

.889388

nH
nk
uH RES.
nF 2.
pF
uH RES.
pF 2.
pF
pF
mH
pF RES.
fF 1.
nk
nH

kohm
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FREQUENCY
996994 MHz

FREQUENCY
005712 MHz

FREQUENCY
004044 MHz

FREQUENCY
996994 MHz

Exactly the same set of steps can be repeated two more times, resulting in the following circuit:
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lower sideband ladder crystal filter

1 R 1.000000 kohm
3 L 105.165263 nH
5 C 60.108802 nF
1
| © 25.930797 mH
C | 36.666066 pF RES. FREQUENCY
6 | ¢ 244.440440 fF 1.999059 MHz
|
10 C 59.244416 pF
|
11 ——C— 153.820089 pF
|
—h
| © 2.618077 mH
C | 363.764504 pF RES. FREQUENCY
14 | ¢ 2.425097 pF 1.997397 MHz
|
15 ——C— 427.920850 pF
|
—h
| © 446.477709 uH
C | 2.133920 nF RES. FREQUENCY
18 | ¢ 14.226136 pF 1.996994 MHz
L
19 C 525.649805 nF
21 L 12.020169 nH
23 R 114.297898 ohm

We are close to the final circuit, all three crystal branches are in the proper form and they all have
a capacitance ratio of 150. For the final touch-up, we will use the remaining series capacitance
C10, to make all crystal inductances equal. In order to do this, we can use the special form of the
TR command:

COMMAND :
> tr -6 -14
ENTER SERIAL NO.'S OF BRANCHES TO BE USED

> 10 11
LARGEST TRANSFORMATION RATIO: 1.2933837D+01
TRANSFORMATION RATIO USED: 9.9045221D+00
9 C 40.419603 pF
10 C 18.824812 pF
11 C 2.687029 pF
[
| © 25.930797 mH
c | 36.727113 pF RES. FREQUENCY
14 | ¢ 244.847421 fF 1.997397 MHz
|
15 ——C— 43.204593 pF
|
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18

19

-

21

23

o

53.

119.

.422148
.449099
.436327

071698

054025

.132066

mH
pF
pF
nk

nH

kohm
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RES. FREQUENCY
1.996994 MHz

After converting the capacitive pi to a tee, we can repeat this step, followed by one more TR
command to make the two terminations equal, and we have the final circuit as shown below:

lower sideband ladder crystal filter

1 R
3 L
5 .
6 C
7 .
| —
| ©
c |
8 | ¢
|
9 ——Cc—
|
—h
| ©
c |
10 | ¢
|
12 C
|
13 ——Cc—
|
—h
| ©
c |
14 | ¢
|
16 C
17 C
19 L
21 R
COMMAND :

> res 3 5

RESONANT FREQUENCY

COMMAND :
> res 17 19

RESONANT FREQUENCY
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1.

105.

59.

882.

601.

118.

83.

60.

105.

000000

165263

568988

230017

.390820

.906264
.398912
.622659

.452121

.906264
.804162
.625361

950341

438519

.906264
.902612
.626017

317171

080668

165263

.000000

.010823

.002242

kohm
nH

nk

pF

nk

mH

pF

pF

mH
pF
pF
pF

pF

mH

pF

pF
nk
nH

kohm

MHz

MHz

RES. FREQUENCY
1.999059 MHz

RES. FREQUENCY
1.997397 MHz

RES. FREQUENCY
1.996994 MHz
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This circuit is now in the right form, contains three crystals in the series branches, with all crystal

inductances equal and their resonant frequencies very close to each other.

The resonant frequencies of the parallel resonators at the end are also computed for our informa-
tion. These inductors may now be used to adjust the inside/outside impedance levels to any

The computed performance of this circuit is shown below:

value, as well as to adapt to any crystal impedance we may be able to obtain.
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Notes:
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