AN2.1

APPLICATION NOTE 2

LINEAR-PHASE BANDPASS FILTER
1. Introduction
S/FILSYN is capable of designing linear-phase lowpass filters directly, but for linear-phase band-
pass designs in general, we need the transfer function singularities. However, in the narrow band
case (bandwidths of about 25% or less), we can use the lowpass capability and some hand calcu-
lations to obtain very satisfactory bandpass designs.
As an example, consider the following requirements. We need an equal ripple delay of 0.1 msec
in a 20 kHz wide band, centered at 200 kHz (10% bandwidth). The bandwidth-delay product is

4711, or about 12.6, hence we estimate the necessary degree to be about 12.

2. Lowpass Design

We start with an equivalent linear-phase lowpass design with the same 0.1 msec delay over a
band from 0 to 10 kHz (half the bandwidth), and specifying a 6th order design. The
delay-bandwidth product is about 6.28 and from equation G.10 in Appendix G we see, that a 6th
order section will yield about a 2%, or a 2 psec ripple. Hence the data input session goes as
follows:

C:>sfilsyn

* % K Kk 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 DATA FROM FILE: Y/N

> n
SMAIN: S, PLACER: P OR END: E
> S

ENTER TITLE

> linear phase bandpass

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

FILTER TYPE - LOWPASS: 1, HIGHPASS: 2, LIN.-PHASE LOWPASS: 3, BANDPASS: 4
> 3

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

> 1

WHAT IS THE REQUIRED ZERO FREQUENCY DELAY IN SEC

> le-4

UPPER EDGE OF THE PASSBAND IN HZ

> led

ENTER ABSOLUTE DELAY RIPPLE, OR FILTER DEGREE

> 6

STOPBAND - EQUAL MINIMA: 1 OR SPECIFIED: 2

> 2

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT INFINITY
> 6

ENTER NO. OF FINITE TRANSMISSION ZEROS

> 0

ENTER INPUT TERMINATION IN OHMS
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ENT;E OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)
ENTSI% VALUE OF AVERAGE Q. IF NO PREDISTORTION, ENTER 0.
T/>\7ISI(-)I TO USE NONHURWITZ F(S) IF POSSIBLE: Y/N

;s THE DEFAULT ALGORITHM ACCEPTABLE: Y/N

>y

We specified equal ripple delay; the printout that follows is a bit different from our usual format.
The actual calculations are iterative, and to indicate that something is happening, even though it
takes some time, we print the comment: PROCEEDING. Nevertheless, if it takes more than 15 to
30 seconds between subsequent lines, we should abort the calculations because the system may
hang.

**% S/FILSYN *** FILTER PROGRAM

linear phase bandpass
LINEAR PHASE LOW-PASS FILTER
EQUAL RIPPLE DELAY PASSBAND

LOW FREQUENCY DELAY = 100.000000 usec
UPPER PASSBAND EDGE FREQUENCY = 10.000000 kHz
PROCEEDING
PROCEEDING

AT ITERATION NO. 2 DELAY RIPPLE: 1.8283D-06 RMS ERROR: 2.4679D-03
PROCEED: 1, MORE ITERATIONS: 2, MODIFY: 3 OR QUIT: 4
> 2

PROCEEDING

AT ITERATION NO. 2 DELAY RIPPLE: 1.8056D-06 RMS ERROR: 3.1060D-04
PROCEED: 1, MORE ITERATIONS: 2, MODIFY: 3 OR QUIT: 4

> 2

PROCEEDING

PROCEEDING

AT ITERATION NO. 2 DELAY RIPPLE: 1.8045D-06 RMS ERROR: 2.0842D-04
PROCEED: 1, MORE ITERATIONS: 2, MODIFY: 3 OR QUIT: 4

> 1

DELAY RIPPLE
SPECIFIED STOP BAND

1.804502 usec

MULTIPLICITY OF ZERO AT INFINITY = 6
NUMBER OF FINITE TRANSMISSION ZERO PAIRS = 0
OVERALL FILTER DEGREE = 6

INPUT TERMINATION = 50.000000 ohm
OUTPUT TERMINATION 50.000000 ohm
REQUESTED TERMINATION RATIO 1.0000000D+00
NEAREST AVAILABLE TERMINATION RATIO = 1.0003465D+00

After a certain number of iterations, we get a line of data and the prompt (as can be seen above):

PROCEED: 1, MORE ITERATIONS: 2, MODIFY: 3 OR QUIT: 4

The data printed before contains the delay ripple that incidentally agrees very well with the
estimated one, and also the RMS value of the error of approximation to the equal ripple type of
delay function. An error of 0.003 or less represents a very good approximation, but we can force
a few more iterations if we need better results.
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The options available to us here are simple. We can terminate the design; we can use the
“modify” option to change the overall degree, if the ripple value indicated is too far from what
we need; we can force some more iterations; and finally we can accept the results and proceed
with the rest of the design.

Forcing a few more iterations that reduced the error another order of magnitude, we accepted the
results and subsequently printed the transfer function poles and zeros as the parameters needed:

COMMAND:
> prf
linear phase bandpass
FAxkxxx TRANSFER FUNCTION POLYNOMIALS *****xxx
NUMERATOR ROOTS IN RAD/SEC
REAL PART IMAGINARY PART

DENOMINATOR ROOTS IN RAD/SEC

REAL PART IMAGINARY PART
-2.0129333240033D+04 1.3029279134332D+04
-2.0129333240033D+04 -1.3029279134332D+04
-1.9158553294395D+04 3.8532600427547D+04
-1.9158553294395D+04 -3.8532600427547D+04
-1.5301420306657D+04 6.2052414256569D+04
-1.5301420306657D+04 -6.2052414256569D+04
GAIN FACTOR NEEDED FOR UNITY IN-BAND GAIN = 5.5276763D+02 DB.

The gain factor is not needed. An analysis shows an equal ripple delay of 0.1 msec average with a
1.8 psec ripple as indicated. Next we convert these singularities into the corresponding bandpass
poles.

3. Bandpass Design

This conversion is simple. We add the center frequency in radians/second (=1.25663706E6) to
the imaginary parts of the denominator roots (natural modes) obtained above and then divide
(nor- malize) the roots by the upper passband edge frequency (210 kHz) again in radians/second
(=1.319468915E6). The resulting normalized natural modes are now:

01159574480 + j .9053534265
01451842622 +j 9231783387
01525386926 + j 9425064034
01525386926 +j 9622555014
01451842622 +j 9815835660
01159574480 + j 9994084783

These may be entered directly into the program for the synthesis of the corresponding bandpass,
except that we have a choice as to where the transmission zeros should be. If we use finite zeros,
they should be placed symmetrically with respect to the band-center, if we wish to have an arith-
metically symmetrical passband. Here we use zeros at extreme frequencies only, where
arithmetic symmetry requires that the multiplicity of the zero at infinity should be about three
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times that of the zero at zero. This can be achieved exactly in our case by selecting 3 and 9 for
these multiplici- ties.

All of the above calculations are, however, unnecessary. The command SBP (shifted bandpass
transformation) is available in the SMAIN segment of the program to perform just this operation.
The procedure is as follows:

COMMAND :

>  sbp

ENTER BAND-CENTER FREQUENCY IN HZ

> 200k

ACCEPT TRANSFORMED ZEROS: 1 OR SPECIFY YOUR OWN: 2
> 1

WISH TO MAKE THIS AN ODD DEGREE PARAMETRIC? (Y/N)
> n

ENTER MULTIPLICITIES OF ZEROS AT ZERO AND
INFINITY (THEY MUST ADD UP TO 12)

> 39

*** S/FILSYN *** FILTER PROGRAM

linear phase bandpass
BAND-PASS FILTER
TRANSFER FUNCTION DENOMINATOR SPECIFIED

LOWER PASSBAND EDGE FREQUENCY = 190.000000 kHz

UPPER PASSBAND EDGE FREQUENCY = 210.000000 kHz
SPECIFIED STOP BAND

MULTIPLICITY OF ZERO AT ZERO = 3

MULTIPLICITY OF ZERO AT INFINITY

Il
Ne)

OVERALL FILTER DEGREE = 12

INPUT TERMINATION = 50.000000 ohm
OUTPUT TERMINATION = 50.000000 ohm
REQUESTED TERMINATION RATIO = 1.0000000D+00

The poles are transformed into exactly the positions we have calculated above and the zeros can
either be shifted the same way, or we may specify their new locations arbitrarily. Hee we selected
the same shift, although there are no finite zeros to be shifted. Finally, we may make the
otherwise conventional filter into a parametric bandpass, by adding a real pole, which we also
declined here.

The extreme zeros were subdivided in the ratio we need for good arithmetic symmetry. The sub-
sequent summary printout is not interesting, but an analysis (not shown) indicates a very
accurate- ly equal ripple delay with 1.8 psec ripple around a 0.1 msec average. The loss
characteristics is symmetrical with an accuracy of better than 0.001 dB.

This circuit can be synthesized in an active-RC, passive-LC or digital forms; selecting the
passive- LC form yielded the computer-generated structure shown:

linear phase bandpass

1 R 50.000000 ohm
2 L 413.749864 uH
3 C 1.535200 nF
4 L 63.562944 mH
5 C 10.234252 pF
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6 L 22.403665 H

8 C 28.637286 fF

9 C 34.815124 pF
11 L 18.115425 mH
12 L 9.917813 H
14 é 62.491652 fF
15 C 10.011511 pF
16 L 62.515758 mH
17 R 6.095991 kohm

Due to the narrow bandwidth, the values obtained are not very convenient, but this can be cor-
rected using the TR command in its various forms, which we forgo at this time. The passband
loss and delay behavior of this passive filter is shown in graphics form, using the personal
computer version of the program and its GRAPH utility, on page 6 below. The delay is very
accurately equal ripple and the loss is also very symmetrical.

4. Comments

These natural modes may also be used to design a delay line (allpass circuit) with twice the delay
(0.2 msec) in the band from 190 kHz to 210 kHz. This can be obtained by combining these
natural modes by zeros located in the corresponding right half s-plane positions. The circuit can
be real- ized either in passive LC or active RC forms. A new feature of the program, developed
for the design of delay lines, will make this step even easier. This new feature is demonstrated in
Appli- cation Note 7.

Under certain conditions we may wish to change this bandpass from a conventional to a para-
metric form, without changing the loss and phase behavior if possible. One can do this by intro-
ducing an additional real natural mode, which corresponds to appending the factor (s + a) to the
E(s) polynomial, with arbitrary positive real 'a' value. If these values are unity or greater, they
will not affect the filter performance.
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5. Parametric Design

This parametric filter is demonstrated next. Assuming that we have saved the original

linear-phase lowpass data in a file called an2.qfm, the data entry sequence, using a=1.0, is as
follows:

C:>sfilsyn
* Kk k Kk k S/FILSYN * k ok kK
RELEASE 3.2 VERSION 1 4/1/94
** ROOT SEGMENT **

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

READ DATA FROM FILE: Y/N

>
ENTER FILE NAME
>  an2

*** S/FILSYN *** FILTER PROGRAM

linear phase bandpass
LINEAR-PHASE LOW-PASS FILTER
EQUAL-RIPPLE PASS BAND

AVERAGE DELAY = 100.009183 usec
DELAY RIPPLE = 1.804502 usec
UPPER PASSBAND EDGE FREQUENCY = 10.000000 kHz
SPECIFIED STOPBAND TYPE

MULTIPLICITY OF ZERO AT INFINITY = 6
OVERALL FILTER DEGREE = 6
INPUT TERMINATION = 50.000000 ohm
OUTPUT TERMINATION = 50.000000 ohm
REQUESTED TERMINATION RATIO = 1.0000000D+00
NEAREST AVAILABLE TERMINATION RATIO = 1.0003465D+00

COMMAND :

>  sbp

ENTER BAND-CENTER FREQUENCY IN HZ

> 200k

ACCEPT TRANSFORMED ZEROS: 1 OR SPECIFY YOUR OWN: 2

>y
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WISH TO MAKE THIS AN ODD DEGREE PARAMETRIC? (Y/N)
>y

ENTER (NORMALIZED) REAL ROOT

> 1.0

ENTER MULTIPLICITIES OF ZEROS AT ZERO AND
INFINITY (THEY MUST ADD UP TO 13)

> 310

First, we recalled the linear-phase lowpass and then applied the SBP command to convert this
into a bandpass. We then accepted the conversion to parametric and entered 1.0 for the new real
pole position. Please note that only one real pole can be added, consequently the bandpass will be
para- metric and of odd degree. One could try to add two real roots to obtain an even degree
parametric filter, but there is no guarantee, that this will work. The reason is that it is the E(s)
polynomial, that will have two real roots, and that does not guarantee, that F(s) will also have
two real roots, which is the necessary condition for the filter to be even degree parametric. See
Appendix C for details.

Next the computer-generated structure:

linear phase bandpass

1 R 50.000000 ohm
2 L 263.683582 uH
3 C 2.380542 nF
4 L 22.325315 mH
5 C 28.521333 pF
6 L 4.828949 H
7 C 131.328564 fF
8 L 1.438297 kH
10 é 4.421581424D-16
11 C 197.248222 fF
13 L 3.217744 H
14 L 3.690699 kH
15 C 1.680995468D-16
16 C 7.791337159D-18
17 R 109.780317 Gohm

These element values are not convenient; therefore we show below an equivalent obtained after a
few steps of impedance transformations. We made all the inductors equal, obtained the proper
terminations and the capacitor values are also quite reasonable. The possibility of achieving this
is one of the main advantages of parametric filters.

linear phase bandpass
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The plots of calculated loss and delay characteristics show that the loss is not quite as
symmetrical as in the conventional case, however, the effect is close to a small shift of the band

center.

The plot of the loss and delay vs. frequency characteristics of this design is shown below:

Linear phase bandpass filter
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6. 3 dB bandwidth

In the linear-phase design, the normalization frequency is either related to the delay (the
maximal- ly flat delay option), or it is the constant delay bandwidth (equal-ripple delay option),
as it is in this application note.

Quite often, users are most interested in the 3 dB bandwidth and the actual passband delay is of
secondary interest. Since the 3 dB point may not be entered as a specification, the following pro-
cedure can be used to obtain a required 3 dB bandwidth.

One starts with the design just as we have done at the beginning of this application note, and use
an arbitrary delay value. If we use the 100 psec delay, of course, our results will be just as shown
on pages 1-3 above. Next we perform a frequency domain analysis to locate the 3 dB (or any
other loss) point, and in this specific case we find it to be at 4.725 kHz. A simple rescaling of the
natural modes of this lowpass may be used to change this to the required 10 kHz, if we need a 3
dB bandwidth of 20 kHz for the bandpass.The ratio we need is:

10 kHz /4.725 kHz = 2.1164
and this means that the delay of the lowpass as well as the bandpass will not be 100 psec, but
instead it will be:

100 psec /2.1164 =47.25 pysec
and similarly, the constant delay bandwidth will be increased to

10 kHz * 2.1164 = 21.164 kHz

in the lowpass case, and exactly twice this for the bandpass filter.

S/FILSYN Manual Linear phase bandpass filter



AN2.10

Note again, that this scaling operation must be done on the lowpass, before transforming them to

the bandpass, i.e. using the SBP command.

Let us illustrate the simplest way to achieve our goal without redesigning the filter. We will start
again from the stored, linear-phase lowpass, that we have already recalled once:

C:>sfilsyn
* % K K % S/FILSYN * kK kX
RELEASE 3.2 VERSION 1 4/1/94

** ROOT SEGMENT **

(C) 1983 - 1995 Dr.
All Rights Reserved.

Copyright

READ DATA FROM FILE: Y/N
>y

ENTER FILE NAME

>  an2

*** S/FILSYN *** FILTER PROGRAM
linear phase bandpass
LINEAR-PHASE LOW-PASS FILTER
EQUAL-RIPPLE PASS BAND

George Szentirmai

AVERAGE DELAY = 100.009183 wusec
DELAY RIPPLE = 1.804502 usec
UPPER PASSBAND EDGE FREQUENCY 10.000000 kHz
SPECIFIED STOPBAND TYPE

MULTIPLICITY OF ZERO AT INFINITY = 6

OVERALL FILTER DEGREE = 6

INPUT TERMINATION = 50.000000 ohm
OUTPUT TERMINATION = 50.000000 ohm
REQUESTED TERMINATION RATIO = 1.0000000D+00
NEAREST AVAILABLE TERMINATION RATIO = 1.0003465D+00

Next we locate the 3 dB point and find it at 4.72515 kHz. If we shift this lowpass to a bandpass,
that will have a 3 dB bandwidth of twice that, i.e. 9.4503 kHz. Since we need a bandpass, that
has a 3 dB bandwidth of 10%, therefore we will use 94.503 kHz as the center frequency:

COMMAND:

>  sbp

ENTER BAND-CENTER FREQUENCY IN HZ

> 94.503k ! This is 4.72515kHz * 20 i.e.
ACCEPT TRANSFORMED ZEROS:
> 1

WISH TO MAKE THIS AN ODD DEGREE PARAMETRIC?

> n

ENTER MULTIPLICITIES OF ZEROS AT ZERO AND
INFINITY (THEY MUST ADD UP TO 12)

> 39

twice this 3dB bandwidth is 10%

1 OR SPECIFY YOUR OWN: 2

(Y/N)

This, of course, is not the center frequency we need, but we will fix that later. First we proceed to

the passive synthesis and obtain the circuit itself:

linear phase bandpass

1 b—r— 50.000000 ohm
|
|
|

2 L 413.588571 uH
|

Linear phase bandpass filter
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3 C 6.837332 nF
4 L 14.568444 mH
5 C 207.525879 pF
6 L 1.080545 H
8 é 2.720996 pF
9 C 716.906966 pF
11 L 3.932380 mH
12 L 483.442479 mH
14 é 5.673759 pF
15 C 205.129409 pF
16 L 13.394698 mH
17 R 1.305503 kohm

AN2.11

Now we are in the position to correct the band center frequency, by applying a frequency scaling

with a factor of:

200/94.503 = 2.116334931

COMMAND :
> fs
ENTER FREQUENCY MULTIPLIER

> 2.116334931 ! This will make the center frequency 200 kHz

* K DONE * K

COMMAND:
> disp
*** S/FILSYN *** FILTER PROGRAM

linear phase bandpass
BAND-PASS FILTER

FUNCTIONAL INPUT WAS USED
LOWER PASSBAND EDGE FREQUENCY
UPPER PASSBAND EDGE FREQUENCY

SPECIFIED STOPBAND TYPE
MULTIPLICITY OF ZERO AT ZERO
MULTIPLICITY OF ZERO AT INFINITY
OVERALL FILTER DEGREE
INPUT TERMINATION
OUTPUT TERMINATION
REQUESTED TERMINATION RATIO

COMMAND:
> pri
linear phase bandpass

1 R 50.000000 ohm
2 L 195.426804 uH
3 C 3.230742 nF
4 L 6.883808 mH
5 C 98.059091 pF
6 L 510.573745 mH
S/FILSYN Manual

= 178.
= 221.

12

50.
50.
.0000000D+00

836651 kHz
163349 kHz

000000 ohm
000000 ohm
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8 é 1.285711 pF

9 C 338.749295 pF
11 L 1.858109 mH
12 L 228.433823 mH
14 é 2.680936 pF
15 C 96.926723 pF
16 L 6.329196 mH
17 R 1.305503 kohm

As the DISP command shows, the center frequency is now exactly 200 kHz and a frequency
analysis (shown below) confirms that the 3 dB bandwidth is exactly 10%. The element values
can naturally be adjusted as usual.
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Another possibility is to combine linear-phase passband behavior with equal-minima stopband,
yielding a design we may call quasi-elliptic filter. The lowpass design is routine, since this
combi- nation is directly available in the SMAIN segment of the program. The transformation
method used above, can be used to obtain an equivalent bandpass design as well.

As an illustrative example, we shall use the same requirements as before, but add an equal
minima type stopband requirement beginning 10 kHz from the band center. This is the only case
where the stopband and passband may touch, or even overlap, due to the fact, that we specified

the con- stant-delay passband -- not the low-loss passband.

The lowpass specification differs very slightly from the one above:

Linear phase bandpass filter
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C:>sfilsyn
* Kk k k Kk S/FILSYN * k k Kk K
RELEASE 3.2 VERSION 1 4/1/94
** ROOT SEGMENT **

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

READ DATA FROM FILE: Y/N

> n
SMAIN: S, PLACER: P OR END: E
> S

ENTER TITLE
> quasi-elliptic linear phase bandpass
FILTER KIND - LUMPED: 0, DIGITAL: 1 OR MICROWAVE: 2

> 0

FILTER TYPE - LOWPASS: 1, HIGHPASS: 2, LIN.-PHASE LOWPASS: 3, BANDPASS: 4
> 3

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

> 1

WHAT IS THE REQUIRED ZERO FREQUENCY DELAY IN SEC
> 0.1m

UPPER EDGE OF THE PASSBAND IN HZ

> 10k

ENTER ABSOLUTE DELAY RIPPLE, OR FILTER DEGREE

> 6

STOPBAND - EQUAL MINIMA: 1 OR SPECIFIED: 2

> 1 ! This is different

ENTER EDGE FREQUENCY OF UPPER STOPBAND IN HZ
> 10k ! This is also needed

ENTER INPUT TERMINATION IN OHMS

ENT;EOOUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)
ENT;EOVALUE OF AVERAGE Q. IF NO PREDISTORTION, ENTER O.
;ISE TO USE NONHURWITZ F(S) IF POSSIBLE: Y/N

;S %HE DEFAULT ALGORITHM ACCEPTABLE: Y/N

>

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

quasi-elliptic linear phase bandpass
LINEAR PHASE LOW-PASS FILTER
EQUAL RIPPLE DELAY PASSBAND

LOW FREQUENCY DELAY = 100.000000 usec
UPPER PASSBAND EDGE FREQUENCY = 10.000000 kHz
PROCEEDING
PROCEEDING

AT ITERATION NO. 2 DELAY RIPPLE: 1.8283D-06 RMS ERROR: 2.4679D-03
PROCEED: 1, MORE ITERATIONS: 2, MODIFY: 3 OR QUIT: 4
> 2

DELAY RIPPLE 1.803757 usec
EQUAL MINIMA STOP BAND WITH EDGE FREQUENCY = 10.000000 kHz

MULTIPLICITY OF ZERO AT INFINITY 2

NUMBER OF FINITE TRANSMISSION ZERO PAIRS 2

OVERALL FILTER DEGREE = 6

TRANSMISSION ZEROS

REAL PART IMAGINARY PART
0.0000000D+00 1.3527385D+04
0.0000000D+00 1.0336702D+04
INPUT TERMINATION = 600.000000 ohm
OUTPUT TERMINATION = 600.000000 ohm
REQUESTED TERMINATION RATIO = 1.0000000D+00
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NEAREST AVAILABLE TERMINATION RATIO = 1.0003465D+00

Everything is identical to what we had before, except the transmission zeros listed above. We did
not print the natural modes since they are also the same as those on page 3 of this note.

This time we have some finite transmission zeros, and we accept the shift produced by the SBP
command. The only other decision we need to make is to divide the extreme zeros up:

COMMAND:

> sbp

ENTER BAND-CENTER FREQUENCY IN HZ

> 200k

ACCEPT TRANSFORMED ZEROS: 1 OR SPECIFY YOUR OWN: 2

> 1

WISH TO MAKE THIS AN ODD DEGREE PARAMETRIC? (Y/N)

> n

ENTER MULTIPLICITIES OF ZEROS AT ZERO AND

INFINITY (THEY MUST ADD UP TO 4)

> 13

*** S/FILSYN *** FILTER PROGRAM

quasi-elliptic linear phase bandpass

BAND-PASS FILTER
TRANSFER FUNCTION DENOMINATOR SPECIFIED
LOWER PASSBAND EDGE FREQUENCY = 190.000000 kHz
UPPER PASSBAND EDGE FREQUENCY = 210.000000 kHz
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

N> W

REAL PART IMAGINARY PART

0.0000000D+00 1.8647262D+05

0.0000000D+00 1.8966330D+05

0.0000000D+00 2.1352738D+05

0.0000000D+00 2.1033670D+05
INPUT TERMINATION = 600.000000 ohm
OUTPUT TERMINATION = 600.000000 ohm
REQUESTED TERMINATION RATIO = 1.0000000D+00

We skip both the usual summary as well as the data transfer step and show only the final circuit
the computer-selected configuration yields:

quasi-elliptic linear phase bandpass

1 R 600.000000 ohm
2 L 6.152022 mH
|
4 C 108.166722 pF
5 —L—C— 1.601280 mH RES. FREQUENCY
454.928228 pF 186.472615 kHz
7 C 3.878378 nF
1
8 L C 560.377756 uH RES.FREQUENCY
- 991.407530 pF 213.527385 kHz
|
10 C 135.782402 pF
|
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11 —1—-Cc— 6.963180 mH RES. FREQUENCY
| 101.126751 pF 189.663298 kHz
I
13 ——Cc— 1.212816 nF
I
—
14 L C 22.213465 uH RES . FREQUENCY
- 25.774713 nF 210.336702 kHz
I
16 C 1.003995 nF
17 C 3.242740 nF
18 L 162.536536 uH
19 R 19.642030 ohm

The element values are reasonable and can be further improved as desired. We only wish to show
the performance characteristics of this filter. The loss and delay characteristics are displayed in
high resolution graphics in the next figure. Note that the stopbands are exactly equal minima with
46.25 dB minimum loss below 190 kHz and above 210 kHz. The delay is exactly the same as in
the first example above.
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As a final comment, we wish to point out that the specification of the 3 dB point combined with
equal-minima stopband is a more difficult problem and requires an iterative approach.

Notes:
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Notes:
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