AN12.1
APPLICATION NOTE 12

DELAY EQUALIZATION OF DIGITAL AND MICROWAVE HIGHPASS FILTERS
1. Introduction

As opposed to analog (LC or active-RC) filters, where highpass filters may not be delay-
equalized, digital and microwave highpass filters can be, since the extent of the passband is
finite. Our version of the delay equalizer subprogram is unable to perform this function directly
at the present time. The reason for this is that the subprogram works by converting the filter to an
equivalent analog one which, of course, cannot be equalized. However, this function is still
available to the users of S/FILSYN. The problem can be easily circumvented by a simple ruse.

For digital filters, the idea is that a highpass filter can be converted into a lowpass one by
replacing every critical frequency f'by (f/2 - f), where f; is the sampling frequency. One can then
delay equalize this lowpass and finally reconvert the delay equalizer to the corresponding
highpass form by performing the same frequency shift once again. It further turns out, that this
shift corres- ponds to the very simple operation of flipping all z-plane singularities with respect to
the imaginary (vertical) z-axis, that is to say, simply changing the signs of all the real parts of the
poles and zeros. If we are using the factored form, we can simply change the signs of all the
linear terms of the quadratic factors.

2. Digital example

Consider, for example, the digital highpass filter we have designed in Section 4 (example 4.3.2).
There are several ways to delay equalize this filter. One can convert this filter to a lowpass, by
changing the signs of all linear terms in the quadratic factors of its transfer funtion, or one can
simply redesign it as a lowpass as follows:

C:>sfilsyn
* Kk Kk kK S/FILSYN * Kk Kk kK
RELEASE 3.2 VERSION 2 2/1/96

** ROOT SEGMENT **
Copyright (C) 1983 - 1996 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

> Digital lowpass

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

ENTER SAMPLING FREQUENCY IN HZ

> 10k

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

ENTER UPPER PASSBAND EDGE IN HZ

> 3k

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

ENTER BAND EDGE LOSS IN DB

> .5

ENTER NO. OF BREAKPOINTS IN UPPER STOPBAND (AT LEAST 1)
> 2

ENTER 2 BREAKPOINTS IN HZ AND THE LOSS ABOVE THEM IN DB IN PAIRS
> 4000 25 3200 50

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

> 0

ENTER MULTIPLICITY OF ZERO AT NYQUIST FREQUENCY

> 0

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

> 0

Note that while we have used the same requirements, all frequencies have been replaced by their
shifted equivalents. Subsequent transfer of this data to the DIGITAL segment yields the design:

**% S/FILSYN *** FILTER PROGRAM

Digital lowpass
LOW-PASS FILTER
DIGITAL FILTER

SAMPLING FREQUENCY = 10.000000 kHz
MAXIMALLY-FLAT PASS BAND

BANDEDGE LOSS = .500000 DB.

UPPER PASSBAND EDGE FREQUENCY = 3.000000 kHz
SPECIFIED STOPBAND TYPE

MULTIPLICITY OF ZERO AT NYQUIST FREQUEN. = 0

NUMBER OF FINITE TRANSMISSION ZEROS = 7

OVERALL FILTER DEGREE = 14

TRANSMISSION ZEROS

REAL PART IMAGINARY PART
0.0000000D+00 4.7073396D+03
0.0000000D+00 3.9931856D+03
0.0000000D+00 3.8001400D+03
0.0000000D+00 3.5785207D+03
0.0000000D+00 3.3958399D+03
0.0000000D+00 3.2707612D+03
0.0000000D+00 3.2078652D+03

**IIR** DIGITAL FILTER TRANSFER FUNCTION
Z TRANSFORM USED : BILINEAR WITH PREWARP
FILTER TYPE . LOWPASS

**** H(zZ) IN FACTORED (CASCADE) FORM ***x*
COEFFICIENTS OF Z**(-1) AND Z** (-2) PRINTED

*xk&* NUMERATOR **** MULTIPLIER = 1.3587094D-01
1.9662819D+00 1.0000000D+00
1.6129858D+00 1.0000000D+00
1.4580577D+00 1.0000000D+00
1.2539351D+00 1.0000000D+00
1.0672360D+00 1.0000000D+00
9.3114882D-01 1.0000000D+00
8.6049124D-01 1.0000000D+00

**%* DENOMINATOR ***x*
1.2314448D+00 3.9270854D-01
1.1110394D+00 4.1412564D-01
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.5646531D-01
.2567562D-01
.2596041D-01
.6544335D-01
.5668828D-01

.6089072D-01
.4002855D-01
.4495645D-01
.7076015D-01
.1745828D-01

o O 1 @ WO
O J o U1 b

We may note, that the quadratic factors are essentially identical to those of the highpass filter (see
page 4.10 above), except that the signs of all the linear terms have changed.

Next, we analyze the filter and perform a delay equalization step, using four second order
sections:

COMMAND:

> freqg

ENTER FREQ:

> 0 3k 100

ENTER FREQ:

>

CASCADE: 1, PARALLEL: 2, DIRECT: 3, LATTICE: 4 OR ALLPASS: 5
> 1

TABULATE? (Y/N)

> n

WISH TO WRITE ANALYSIS DATA ON FILE? (Y/N)

> n

PLOT - WIDE: W, NARROW: N, GRAPHICS: G OR END: E
> e

COMMAND :

> equ

NO. OF ITERATIONS? (DEFAULT IS 50)

>

ENTER NO.'S OF 2ND AND 1ST ORDER EQUALIZER SECTIONS (I,J)

> 4 0

USE ANALYSIS RESULTS: 1 OR NATURAL MODES: 2 TO CALCULATE DELAY
> 1

ENTER STARTING AND ENDING FREQUENCIES OF APPROXIMATION BAND

> 0 3k

Digital lowpass
*** S/FILSYN *** DELAY EQUALIZER PROGRAM

LEAST SQUARE ERROR APPROXIMATION - 50 ITERATIONS MAXIMUM
EQUALIZATION FREQUENCY RANGE OF 31 POINTS
0.000000D+00 HERTZ TO 3.000000D+03 HERTZ

0.000000D+00 RAD/SEC TO 1.884956D+04 RAD/SEC
EQUALIZER SECTION POLES - INITIAL VALUES

HERTZ
-7.500000D+02 +J 3.750000D+02

-7.500000D+02 +J 1.125000D+03
-7.500000D+02 +J 1.875000D+03
-7.500000D+02 +J 2.625000D+03
SYSTEM NORMALIZED FOR OPTIMIZATION BY SCALE FACTOR = 1.000D+04
ITER NO. RMS ERROR
0 6.513760D+00
1 6.188283D+00
2 5.857537D+00
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3 5.361141D+00
4 4.908377D+00
5 4.395614D+00
6 3.675199D+00
7 3.269299D+00
8 3.061635D+00
9 2.948603D+00
10 2.919123D+00
11 2.915126D+00
12 2.914650D+00
13 2.914580D+00
14 2.914569D+00
15 2.914567D+00
TABULATE RESULTS? (Y/N)
> n
WISH TO SEE DEVIATION PLOT? (Y/N)
> n

EQUALIZER SECTION POLES - FINAL VALUES

NORMALIZED
-8.998763D-02 + J 7.057286D-02
-9.457508D-02 + J 2.232481D-01
-1.069491D-01 + J 3.975771D-01
-1.285901D-01 + J 6.237462D-01

DIGITAL EQUALIZER COEFFICIENTS

NUMERATOR DENOMINATOR
-2.510032D+00 1.637568D+00 -1.532780D+00 6.106616D-01
-2.088408D+00 1.611838D+00 -1.295669D+00 6.204099D-01
-1.322445D+00 1.573493D+00 -8.404515D-01 6.355286D-01
-3.275337D-01 1.500538D+00 -2.182775D-01 6.664277D-01

Incorporating these delay sections into the lowpass, we get the final form of the filter, and an
analysis yields the overall performance shown in Fig. AN12.1 below.

INCORPORATE: 1, 3 OR END: 4

> 1

MODIFY: 2, OPTIMIZE:

*x* S/FILSYN ***
Digital lowpass
LOW-PASS FILTER
DIGITAL FILTER
SAMPLING FREQUENCY =
MAXIMALLY-FLAT PASS BAND
BANDEDGE LOSS =
UPPER PASSBAND EDGE FREQUENCY =
SPECIFIED STOPBAND TYPE

FILTER PROGRAM

10.000000 kHz

.500000 DB.
3.000000 kHz

MULTIPLICITY OF ZERO AT NYQUIST FREQUEN. = 0
NUMBER OF FINITE TRANSMISSION ZEROS = 7
OVERALL FILTER DEGREE = 14

TRANSMISSION ZEROS

REAL PART IMAGINARY PART
0.0000000D+00 4.7073396D+03
0.0000000D+00 3.9931856D+03
0.0000000D+00 3.8001400D+03
0.0000000D+00 3.5785207D+03
0.0000000D+00 3.3958399D+03
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0.0000000D+00
0.0000000D+00

3.2707612D+03
3.2078652D+03

**IIR** DIGITAL FILTER TRANSFER FUNCTION

7z TRANSFORM USED
FILTER TYPE

FRONT-END MULTIPLIER
D OR HEXADECIMAL: X

DECIMAL:
> d

BILINEAR WITH PREWARP
LOWPASS

= 2.18018874545D-02

**** CASCADE FORM ****
NUMERATOR COEFFICIENTS

AN12.5

Zx* (0) Zx* (=1) Zx* (=2)
1.000000000D+00 1.966281864D+00 1.000000000D+00
1.000000000D+00 1.612985799D+00 1.000000000D+00
1.000000000D+00 1.458057682D+00 1.000000000D+00
1.000000000D+00 1.253935096D+00 1.000000000D+00
1.000000000D+00 1.067235990D+00 1.000000000D+00
1.000000000D+00 9.311488240D-01 1.000000000D+00
1.000000000D+00 8.604912363D-01 1.000000000D+00
1.000000000D+00 -2.510031668D+00 1.637568045D+00
1.000000000D+00 -2.088407520D+00 1.611837614D+00
1.000000000D+00 -1.322444806D+00 1.573493215D+00
1.000000000D+00 -3.275336760D-01 1.500537851D+00

DENOMINATOR COEFFICIENTS

Z*x*( 0) Z*x* (=1) Zx* (=2)
1.000000000D+00 1.231444793D+00 3.927085441D-01
1.000000000D+00 1.111039430D+00 4.141256436D-01
1.000000000D+00 9.564653107D-01 4.608907157D-01
1.000000000D+00 8.256756165D-01 5.400285541D-01
1.000000000D+00 7.259604107D-01 6.449564514D-01
1.000000000D+00 6.654433493D-01 7.707601535D-01
1.000000000D+00 6.566882830D-01 9.174582816D-01
1.000000000D+00 -1.532780073D+00 6.106616473D-01
1.000000000D+00 -1.295668683D+00 6.204098918D-01
1.000000000D+00 -8.404515466D-01 6.355286382D-01
1.000000000D+00 -2.182775168D-01 6.664277074D-01
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Fig. AN12.1 Equalized lowpass filter

Finally, to get the equalized highpass, we can either add the delay equalizer sections (the last four
quadratic factors in both the numerator and denominator above, changing the signs of the linear
terms) to the original highpass, or simply enter all the above singularities into the DIGITAL
segment, again changing the signs of all linear coefficients. The resulting filter, in either case, is
shown below, followed by the results of the analysis of same displayed graphically on page
AN12.8.

highpass design

**TIIR** DIGITAL
Z TRANSFORM

FILTER TRANSFER FUNCTION
USED BILINEAR WITH PREWARP

FILTER TYPE HIGHPASS
SAMPLING FREQUENCY = 10.000000 kHz
UPPER PASSBAND EDGE FREQUENCY = 2.000000 kHz

FRONT-END MULTIPLIER = 2.18151598081D-02

*xx*x CASCADE FORM ****
NUMERATOR COEFFICIENTS

Zx* (0) Zx* (=1) Zx* (=2)
1.000000000D+00 -1.966116103D+00 1.000000000D+00
1.000000000D+00 -1.612773014D+00 1.000000000D+00
1.000000000D+00 -1.457890705D+00 1.000000000D+00
1.000000000D+00 -1.253830217D+00 1.000000000D+00
1.000000000D+00 -1.067182661D+00 1.000000000D+00
1.000000000D+00 -9.311302590D-01 1.000000000D+00
1.000000000D+00 -8.604896213D-01 1.000000000D+00
1.000000000D+00 2.510019002D+00 1.637551407D+00
1.000000000D+00 2.088395806D+00 1.611820091D+00
1.000000000D+00 1.322437573D+00 1.573474287D+00
1.000000000D+00 3.275384425D-01 1.500517425D+00

DENOMINATOR COEFFICIENTS

Zx* (1 0) Zx* (=1) Zx* (=2)
1.000000000D+00 -1.231733362D+00 3.929010454D-01
1.000000000D+00 -1.111151216D+00 4.142473750D-01
1.000000000D+00 -9.564901726D-01 4.609665477D-01
1.000000000D+00 -8.256719462D-01 5.400772960D-01
1.000000000D+00 -7.259519232D-01 6.449867067D-01
1.000000000D+00 -6.654379813D-01 7.707769353D-01
1.000000000D+00 -6.566851121D-01 9.174640240D-01
1.000000000D+00 1.532787912D+00 6.106678519D-01
1.000000000D+00 1.295675502D+00 6.204166369D-01
1.000000000D+00 8.404570594D-01 6.355362831D-01
1.000000000D+00 2.182836647D-01 6.664367793D-01

3. Microwave filter case

The case of microwave highpass filters is a bit different. First, we must realize, that while mathe-
matically, digital and microwave filters behave identically, their physical and behavioral
properties are quite different. In the case of digital filters, if the input contains a signal with
frequency fthat is greater than f/2, the output will contain a signal of frequency (f; - f) instead
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(the ‘aliasing’). In the microwave case, however, an input signal with frequency above the
quarter-wave frequency will be simply transmitted to the output and will appear there without
any transposition. Con- sequently, a microwave highpass filter is, in fact, a bandpass one with a
passband centered at the
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Fig. AN12.2 Equalized highpass filter

quarter-wave frequency, and theoretically, additional identical passbands will appear at every odd
multiples of the quarter-wave frequency.

Nevertheless, the same basic idea can be used to equalize these microwave bandpass filters.
However, the operation of shifting the highpass to a lowpass is equivalent here to replacing the
transformed singularities by their inverses. Hence, if we are given the highpass transfer function
in terms of quadratic factors, we must replace a quadratic factor:

(S*+pS+q)
by the factor:

(S*+ (p/q)S + 1/q)

Consequently, the conversion is not quite as simple as in the digital case. Furthermore, when we
have the equalizer and it is reconverted to the highpass form, one cannot simply append their
singularities to the transfer function as we did in the digital case. Nevertheless, the equalizer can
be readily designed, but as a separate network. The procedure is again best described by an
example.

4. Microwave highpass example
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For simplicity, let us design a simple highpass filter containing 5 unit elements and one zero at
zero frequency only, with a 5 Ghz quarter-wave frequency and a passband starting at 4 Ghz (i.e. a
bandpass from 4 GHZ to 6 Ghz). The session goes as follows:

C:>sfilsyn
* Kk kK Kk S/FILSYN * kK ok x
RELEASE 3.2 VERSION 2 2/1/96
** ROOT SEGMENT **

Copyright (C) 1983 - 1996 Dr. George Szentirmai.
All Rights Reserved.

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

> n

SMATIN: S, PLACER: P OR END: E

> s

ENTER TITLE

> microwave highpass

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

> 2

ENTER QUARTER WAVE FREQUENCY IN HZ

> 5g

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

> 2

LOWER EDGE OF THE PASSBAND IN HZ

> 4g

PASSBAND - MAX.-FLAT: 0, EQUAL-RIPPLE: 1, FUNCTIONAL INPUT: 2
> 1

WHAT IS THE BAND EDGE LOSS IN DB

> .05

STOPBAND - MONOTONIC: 0, EQUAL-MINIMA: 1 OR SPECIFIED: 2
> 2

ENTER NO. OF UNIT ELEMENTS

IF IMPEDANCE MATCHING, ENTER -1

> 5

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT ZERO
> 1

ENTER NO. OF FINITE TRANSMISSION ZEROS

> 0

ENTER INPUT TERMINATION IN OHMS

> 50

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)
> 50

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

Microwave highpass
HIGH-PASS FILTER

EQUAL RIPPLE PASS BAND
BANDEDGE LOSS = .050000 DB.
MAX. PASSBAND VSWR .239617
LOWER PASSBAND EDGE FREQUENCY .000000 GHz
QUARTER-WAVE FREQUENCY = .000000 GHz

SPECIFIED STOP BAND
MULTIPLICITY OF ZERO AT ZERO =
NUMBER OF UNIT ELEMENTS =
NUMBER OF FINITE TRANSMISSION ZERO PAIRS =
OVERALL FILTER DEGREE =

([l
U1 =

o O Ul

COMMAND::
> prf
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Microwave highpass

FHAHxxxxx TRANSFER FUNCTION POLYNOMIALS ******k

wWwwwwo

-1
-1

-1
-1

NUMERATOR ROOTS (NORMALIZED)

REAL PART

.000000000000E+00
.249196962329E-01
.249196962329E-01
.249196962329E-01
.249196962329E-01
.249196962329E-01

DENOMINATOR ROOTS

REAL PART

.596714250394E+00
.596714250394E+00
-5.
-5.
.208112503358E-01
.208112503358E-01

094121898817E-01
094121898817E-01

OO OO OO

IMAGINARY PART

.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00

(NORMALIZED)

IMAGINARY PART

.214972467715E-01
.214972467715E-01
.058353783433E+00
.058353783433E+00
.024889706915E-01
.024889706915E-01

ANI12.9

We printed the factored form of the transfer fuction above for later use. Next we synthesize the
filter and after some modifications to obtain convenient element values, we obtain the structure:

Microwave highpass

****x ALL VALUES ARE IMPEDANCES ****

1 R 50.
* *
4 * UE * 14
* *
7 L 1
* *
10 * UE * 4
* *
15 L 1
* *
18 * UE * 4
* *
23 L 1
* *
26 * UE * 4
* *
31 L 1
* *
34 * UE * 14.
* *
| |
S/FILSYN Manual

000000

.933870

.299237

.835577

.299237

.708451

.299237

.835577

.299237

933870

ohm

ohm

ohm

ohm

ohm

ohm

ohm

ohm

ohm

ohm
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39 b—r—] 50.000000 ohm

We wish to delay equalize this structure, and towards that objective, design the corresponding
lowpass version as follows:

C:>sfilsyn
* Kk kK Kk S/FILSYN * kK ok x
RELEASE 3.2 VERSION 2 2/1/96

** ROOT SEGMENT *x*
Copyright (C) 1983 - 1996 Dr. George Szentirmai.
All Rights Reserved.

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

> n

SMATIN: S, PLACER: P OR END: E

> s

ENTER TITLE

> microwave lowpass

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

> 2

ENTER QUARTER WAVE FREQUENCY IN HZ

> 5g

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

> 1

UPPER EDGE OF THE PASSBAND IN HZ

> 1lg

PASSBAND - MAX.-FLAT: 0, EQUAL-RIPPLE: 1, FUNCTIONAL INPUT: 2
> 1

WHAT IS THE BAND EDGE LOSS IN DB

> .05

STOPBAND - MONOTONIC: 0, EQUAL-MINIMA: 1 OR SPECIFIED: 2
> 2

ENTER NO. OF UNIT ELEMENTS

> 5

ENTER MULTIPLICITY OF TRANSMISSION ZERO AT QUARTER-WAVE FR.
> 1

ENTER NO. OF FINITE TRANSMISSION ZEROS

> 0

ENTER INPUT TERMINATION IN OHMS

> 50

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT)

> 50

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

microwave lowpass
LOW-PASS FILTER
EQUAL RIPPLE PASS BAND
BANDEDGE LOSS = .050000 DB.

MAX. PASSBAND VSWR = 1.239617

UPPER PASSBAND EDGE FREQUENCY = 1.000000 GHz

QUARTER-WAVE FREQUENCY = 5.000000 GHz
SPECIFIED STOP BAND

MULTIPLICITY OF ZERO AT QUARTER-WAVE FR. = 1

NUMBER OF UNIT ELEMENTS = 5

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
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COMMAND:
> prf

NEAREST AVAILABLE TERMINATION RATIO

microwave lowpass

FAHxxxxx TRANSFER FUNCTION POLYNOMIALS ******%
(NORMALTIZED)

wwwww

NUMERATOR ROOTS

REAL PART

.077683537175E+00
.077683537175E+00
.077683537175E+00
.077683537175E+00
.077683537175E+00

DENOMINATOR ROOTS

REAL PART

.698078859747E-01
.698078859747E-01
.692426800333E-01
.692426800333E-01
.457169423393E-01
.457169423393E-01

[eoNoNoNoNe)]

2.
-2.
7
=7.
1.
-1.

IMAGINARY PART

.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00
.000000000000E+00

(NORMALTIZED)

IMAGINARY PART
711359739731E-01
711359739731E-01

.671378800510E-01

671378800510E-01
088540454127E+00
088540454127E+00

1.2396171D+00

We can easily check that the singularities of this lowpass are exactly the inverses of the
singularities of the corresponding highpass above. Next we synthesize the filter and perform a
delay equalization step, using 2 second order sections:

S/FILSYN Manual

AN12.11

Delay equalization of digital and microwave highpass filters



AN12.12

microwave lowpass

****x ALL VALUES ARE IMPEDANCES ****

1 F—Rr—] 50.000000 ohm
! !
3 * UE * 167.404693 ohm
* *
| |
* *
5 * UE * 11.479698 ohm
* *
| |
* *
7 * UE * 300.140208 ohm
* *
| |
* *
9 * UE ~* 10.285756 ohm
* *
| |
* *
11 * UE * 278.185091 ohm
* *
13 C 19.832037 ohm
15 R 61.980855 ohm
COMMAND:
> freg
ENTER FREQ:
> 0 1g 25M
ENTER FREQ:

>
ENTER VALUE OF LOSS (DB/WAVELENGTH) AT QUARTER-WAVE FREQUENCY
LOSSLESS: ENTER ZERO

> 0

TABULATE? (Y/N)

> n

WISH TO WRITE ANALYSIS DATA ON FILE? (Y/N)

> n

PLOT - WIDE: W, NARROW: N, GRAPHICS: G OR END: E

> e

COMMAND:

> equ

NO. OF ITERATIONS? (DEFAULT IS 50)

>

ENTER NO.'S OF 2ND AND 1ST ORDER EQUALIZER SECTIONS (I,J)

> 20

USE ANALYSIS RESULTS: 1 OR NATURAL MODES: 2 TO CALCULATE DELAY
> 1

ENTER STARTING AND ENDING FREQUENCIES OF APPROXIMATION BAND

> 0 .95g

microwave lowpass
*** S/FILSYN *** DELAY EQUALIZER PROGRAM

LEAST SQUARE ERROR APPROXIMATION - 50 ITERATIONS MAXIMUM
EQUALIZATION FREQUENCY RANGE OF 38 POINTS
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2.500000D+07 HERTZ TO 9.500000D+08 HERTZ
1.570796D+08 RAD/SEC TO 5.969026D+09 RAD/SEC

IMPEDANCE LEVEL = 50.0000 OHMS
EQUALIZER SECTION POLES - INITIAL VALUES

HERTZ
-4.625000D+08 +J 2.562500D+08
-4.625000D+08 +J 7.187500D+08

SYSTEM NORMALIZED FOR OPTIMIZATION BY SCALE FACTOR = 1.000D+10

ITER NO. RMS ERROR
.384953D-01
.309690D-01
.171972D-01
.171286D-01
.171285D-01

S W RO
RN

TABULATE RESULTS? (Y/N)

> n

WISH TO SEE DEVIATION PLOT? (Y/N)
> n

EQUALIZER SECTION POLES - FINAL VALUES
NORMALIZED
-5.241844D-01 + J 2.321859D-01
-4.807232D-01 + J 7.226440D-01

This is all we need. These poles must now be inverted and the corresponding delay sections
constructed. The inversion is simple and yields the roots:

-1.59481889 +j 0.70642022
-0.63814863 +j 0.95929275

Finally, the implementation is done as follows (see Section 6.4 in the manual):

C:>passive
* K Kk kK S/FILSYN * Kk Kk kK
RELEASE 3.2 VERSION 2 2/1/96

** PASSIVE/MICROWAVE SEGMENT **
Copyright (C) 1983 - 1996 Dr. George Szentirmai.
All Rights Reserved.

SYNTHESIS: S, ANALYSIS: A OR END: E

> a

READ DATA FROM FILE? ENTER FILE NAME OR: N

> n

ENTER TITLE. IF END, ENTER: END

> Equalized highpass

ENTER QUARTER-WAVE FREQUENCY IN HZ. IF LUMPED, ENTER: O

> 5g

LOWPASS: 1, HIGHPASS: 2, BANDPASS: 4, BAND-REJECT: 5 OR DELAY EQUALIZER: ©
> 6

NO. OF ITERATIONS? (DEFAULT IS 50)

> -1
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ENTER NORMALIZATION FREQUENCY
> 4g

VALUES ARE TO BE IN NORMALIZED, TRANSFORMED UNITS

ENTER OVERALL DEGREE

> 4

ENTER 4 (COMPLEX) ROOTS, ONE REAL-IMAGINARY PAIR PER LINE.
COMPLEX CONJUGATE PAIRS NEED TO BE ENTERED ONLY ONCE

> -1.59481889 0.70642022

> -0.63814863 0.95929275

(WILL AFFECT RESULTS)

Equalized highpass

**% S/FILSYN *** DELAY EQUALIZER PROGRAM

EQUALIZER SECTION POLES - FINAL VALUES
NORMALIZED

-1.594819D+00 + J 7.064202D-01
-6.381486D-01 + J 9.592928D-01

The normalization frequency requested by the program above is the edge of the passband. The
resulting equalizer sections follow:

Equalized highpass
*x*x ALL VALUES ARE IMPEDANCES ****

1 R 1.000000 ohm
—
L 312.392871 mohm
| C 3.928039 ohm
—Cc—] 1.964020 ohm
|
—L—C+— 687.813079 mohm
| 6.684567 ohm
| C 3.928039 ohm
L 312.392871 mohm
2 L |
—
L 340.635673 mohm
| C 19.633391 ohm
—1—C -119.384201 mohm
| 1.467844 ohm
L 340.635673 mohm
4 L |
5 R 1.000000 ohm
COMMAND :
> rs 50.

** DONE **

We have rescaled this design to the proper 50 ohm impedance level. This structure cannot be
entered into the filter above, but we can certainly enter instead the filter itself into this structure,
yielding:

Equalized highpass

****x ALL VALUES ARE IMPEDANCES ****
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1 R:
—
L
| ¢
—C—|
|
T —C+—]
|
| ¢
L
2 |
—
L
| ¢
—1—C
|
L
4 |
*
7 *x U E *
* *
9 L
*
12 *x U E *
* *
15 L
* *
18 *x U E *
* *
21 L
* *
24 *x U E *
* *
27 L
*
*

30 * UE

33 R

The analysis of this filter, shown below, yields perfect agreement with our expectations.
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Fig. AN12.3 Computed performance of equalized highpass
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