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Summary

A recent development for the synthesis, as well
as the analysis, of microwave filters, multiplexers,
and impedance matching circuits is described in this
paper. The new program offers interactive design of
filter networks constructed by commensurate transmis-
sion line stubs and unit elements. Lowpass, highpass,
bandpass, 1inear-phase Towpass and band-reject filters
can be specified with maximally flat or equal-ripple
passband, having monotonic, equal-minimum or arbitrary
stopband specifications. If finite transmission zero
Tocations are not known, the program can compute them
by an optimization procedure. Circuit topology may
also be specified by the user, or the program can
generate it internally. At the command level, all the
known network manipulations (Norton Transformations,
Kuroda Identities including Levy's Extension, etc.)
are readily available; additional unit elements may
be inserted at the source or the load side to increase

the complexity of an existing network. Filter size
may be specified by its degree or by the appropriate
stopband specifications.

To demonstrate a typical design procedure, con-
sider a bandpass filter centered around the quarter-wave
frequency of 4 GHz with the bandwidth of #2 GHz and a
passband ripple of .05 dB. The network should have
four unit elements and a single transmission zero at
DC; input and output terminations are 50 ohms. The
computer generated structure will be requested. The
filter will be realized in microstrip form; therefore,
the 1ine impedances should be kept in the 20-100 ohm
range.

Since the quarter-wave frequency is at the center
of the passband, the filter is described as a highpass
structure as follows (underlined portions indicate
user inputs):

FLACER(P), FILSYN(F), LADDER(L), DIGITAL(D) OR END(E} ¥ F

ENTER TITLE

T MICROWAVE BANDPASSE (LOWPASS)

FILTER TYPE - LOWPASS: 1, HIGHPASE! 2, LIN.-PHASE LOWPASS. 5, BANDPASSD 4 7 2

LUMPEDL O, BILINEAR DIGITALI
ENTER QUARTER WAVE FREGUENCY

1 OR MICROWAVED 2
IN HZ 7 4E8

=
R

LOWER EDGE OF THE PABSBAND IN HZ 7 ZEB

PASSBAND KIND — MAX.-FLATI O,
WHAT 15 THE BAND EDGE LOSS IN DB 7

MONOTONIC(O) OR SPECIFIED(2) STOPBAND
ENTER NUMBER OF UNIT ELEMENTS
IF IMPEDANCE MATCHING, ENTER -1 7 4

ENTER MULTIPLICITY OF TRANSMISSION ZERO

EQUAL-RIPPLE!:
L Q5
ENTER &6 (-1,0 OR 1). FOR DEFAULT ENTER

?

1?1

?Q

%}
2
=

AT ZERO 7 1

ENTER NUMBER OF FINITE TRANSMISSION ZEROS * O

ENTER
ENTER OUTPUT TERMINATION (0.
IS ANALYSIS REQUIRED (Y/N) ? N

INPUT TERMINATION IN OHMS * 350.

The resultant circuit as generated by the pro-
gram is shown next:

###¥ ALL VALUES ARE IMPEDANCES s##%x

1 seaaRunss 5.0000000E+01
#* #

2 # U E # 3.298144GE+01
#* #
* *

4 # UE # 1.4448549E+01
#* *

S Y R 6.8390027E+00
#* 3#*

8 # U E # 1.4448549E+01
3#* ¥*
» s

12 # UE # 3.2881446E+01
3# 3

15 PR L S 9.0000000E+01

INDICATES OPEN OR SHORT) =

30 .
—

Circuit ETement Summary
Abbreviation Lumped Distributed
UE Cascade Line
L Inductor Shorted Stub
C Capacitor Open Stub
R Termination Termination

The requested 50 ohm terminations have been
achieved but the three elements at the center of the
filter have very low impedances that cannot be con-
veniently realized. At this point, the impedances
may be manipulated by two consecutive highpass Kuroda
transformations after which the 1ine impedances remain
between 20 and 50 ohms. The available network trans-
formation commands and the resultant final filter
circuit are shown on the following page.
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###% ALL VALUES ARE IMPEDANCES ###

1 veesR.... 5.0000000E+01
COMMAND (OR HELP): 7 HELP * *
z # U E # 3.2981446E+01
TP * TEE~-TO-PI OR PI-TO~TEE CONVERSION * #
IB : INTERCHANGE BRANCHES .
RS ¢ IMPEDANCE SCALING 5 .evelanns 4.9330433E+01
FS . FREQUENCY SCALING . .
INS * INSERT A BRANCH % %
DEL : DELETE A BRANCH 8 % UE # ».0433334E+01
PRI ! PRINT COMPLETE nwITWORK % #
TR * NORTON (IMPEDANCE) TRANSFORMATION . .
CoM : COMBINE TWO BRANCHES 11 eeeilanns 2.2501327E+01
DUAL @ GET DUAL CIRCUIT i )
BE : TRANSFORM LOWPASS TO BAND-ELIMINATION * #
FILE : WRITE RESULTS ON FILE 18 * UE # 2. 0433334E+01
FREGR . FREQGUENCY DOMAIN ANALYSIS % #
LAT : CONVERSION OF LADDER SEGMENT TO LATTICE . .
INCL : INCLUSION OF FLANKING CAPACITORS INTO LATTICE 17 R 4.9330433E+01
HELP I PRINT LIST OF COMMANDS )
END : LEAVE LADDER SEGMENT ; .
20 # U E * 3.2981446GE+01
# 3*
23 R 5.0000000E+01
Although the number of circuit elements are in- of .1 dB 1is required between 1.2 and 1.8 GHz minimum.
creased from five to seven, the degree of the circuit Stopband attenuations of 20 dB at .5 GHz and 30 dB at
has not changed and frequency response is identical to 2.4 GHz are also specified. An additional requirement
that of the previous network. states that all parallel open stubs must have the same
impedances. The user inputs of the design are shown
A second example illustrates a more complicated below. Again, the computer generated topology is re-

design, involving a combline filter. A bandpass ripple quested; however, this time the dual of the synthesized
circuit yields the proper initial filter configuration.

PLACER(P), FILSYN(F), LADDER(L), DIGLTAL(D) OR END(E} * F

ENTER TITLE s

? COMBLINE FILTER

FILTER TYPE - LOWPASS: 1, HIGHPASS: 2, LIN.-PHASE LOWPASS: 3, RANDPASS: 4 ™ 4
LUMPED: O, BILINEAR DIGITAL: 1 OR MICROWAVE: 2 7 2 -
ENTER GUARTER WAVE FRERUENCY IN HZ 7 4.909E9 -

LOWER EDGE OF THE PASSBAND IN HZ 7 1,2E9

UPPER EDGE OF THE PASSBAND IN HZ ? 1.BED

PASSBAND KIND - MAX.~-FLAT: 0, EQUAL-RIPPLE: 1 7 1

WHAT IS THE BAND EDGE LOSS IN DB 7 .1 -

CONVENTIONAL (1), PARAMETRIC(Z) OR MATCHING(3) BANDPASS ? 1

MONOTONIC(O) DR SPECIFIED(Z) STOPBAND 7 & -
ENTER NUMBER OF UNIT ELEMENTS 7 O

ENTER FRERUENCY-LOSS PAIR IN LOWER STOPBAND 7
ENTER FREQUENCY-LOSS PAIR IN UPPER STOPBAND
ENTER INPUT TERMINATION IN OHMS ? SO

ENTER OUTPUT TERMINATION (0. INDICATES OPEN OR SHORT) * Do,
IS ANALYSIS REQUIRED (Y/N) * N

-3
tafea

E8 20

###¥ ALL VALUES ARE IMPEDANCES #### *#4% ALL VALUES ARE IMPEDANCES ###%
i wenalRuunn F0000000E+01 1 vewalRaauu FL.0000000E+01
2 : L 2 103B727E+02 3 :...C...: 1.18838978E+01
3 veiiCunns B.3456599E+01 ‘. L 3.9397008E+01
4 : L 1.3549856E+03 3 :...C...: 1.8450380E+00
B : & 3.007676B2E+02 7 :...L...: 8.3120649E+00
7 :...C...: 6.345B599E+01 g : L 3.9387006E+01
8 : L 2.103B8727E+02 g :...C...: 1.1883978E+01
g :...R...: 5. 0000000E+01 i1 :..‘R...: T.0000000E+01

COMMAND (OR HELP). 7 DUAL
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Although the circuit is symmetrical, the capaci-
tive stubs are not all the same. However, the
impedances can be equalized by two consecutive Norton
transformations between element pairs of 7-8 and 4-7.
The first transformation Towers the 50 ohm load resis-
tance by a factor of 25/2g to 7.76 ohm, and the second

one brings it up to 50 ohms. Now, all the parallel
open stubs have the same impedances (11.88 ohm). If
desired, the method can also be applied to obtain equal
parallel inductances (shorted stubs) instead of the
parallel capacitors.

COMMAND (OR HELPY D 7

LARGEST TRANSFORMATION RATION 3.0084000E-02

TRANSFORMATION MATIO USEDI 1.35285424E-01
7 R 1.23045383E+01

a . L

TR, 7.762712113,7,8

1.85003332E+01

3 [ 1.0083708E+01

i1 S S 1.84050380E+00

13 eeneRuaen 776071 21E+00

Analysis can be performed to obtain the frequency
response and group delay of circuits at two different
Jevels. The first one is from the transfer function
during the approximation phase and the second is
directly from the circuit. The effect of finite Q
can also be included and the synthesis may be pre-
distored.

#aud ALL VALUES ARE IMPEDANCES ##3#3%

—

Analyzing

1 areslRuuaw

3 PR N

W

~

10 .

i1 S

13 R M

been satisfied.

wafede COMPUTED PERFORMANCE #¥¥#34%%

FREGUENCY TRANSD . LOSS PHAGE

IN HZ IN DB IN DEGREES
1.00000E+0B 39.383708 273.316471
ZL00000E+OB 33.012433 277.141948
3.00000E+08 Z28.940734 ZBO.989B88E3
4. 00000E+08 Z0.643388 I283.240889
S OU000E+GE 22.B34707  290,0733586
5. GOOOUE+TS 19.6389028  285.832831
7L O0CRUEFGE 16.548739  303,021883

5. 00000E+08 13.161389 312.573528
8.00000E+08 9.385668 326.278373
1. GO0COE+0ND 5.286859 347.6802077

1.10000E+08 1.874928 ZG.BLIEBO8

L20000E+09 100000 GO.832106
1.30000E+08 . 048427 8% .231408
1L AG000E+0S LOB0803 124,.7553830
1.30000E4+08 SOQTO2G 154,4817851
1 BOOOGE+GY L047733  186.086236
1.70000E+09 084483 220.,141334
1. B0000E+(G9 LIO0000  264.470488
1.90000E+0Y 3.386354 3723.048337
2L00000E+08 10 2800683 2.,171736
2 1l0000E+0S 16.841408 22.273315

CaRmQO0OE+0Y
2.30000E+09
240000E+09
2.30000E+09
2 BOCOOE+0OY
TL7O000E+0S

22.311116
L7.523814
32.074017
36.293837
40.2731073
44.084110

34.,301483
42.508470
48.592116
33.3835498
37.223828
BO.4664306

2.80000E+09 47.772031 (63.239837
2L 80000E+03 $31.380140 B5.637142
B.00000E+CD 54.943378 B7.795868

DELAY
IN SECONDS

9.86711E~11
L. 03304E-10
1.11873k~10
1.248933E~10
1.45290E-10
1.76664E-10
2.06808BE-10
311725810
4,.685403E~-10
7.43970E~10
1.08198E-08
1.0B6422E-08
8.6BQ720E~-10
8.05766E-10
8.52476E~10
G.0128B8E~10
1.02431E8-08
1.50B44E~09
1.48026E~09
7. G0B47E-10
4., 1B00BE~10
2.697189E-10
1.938455E-10
1.48032E~10
1.18421E~-10
9.78616E~11
8.29171E-11
7.16704E~11
G.289740E~11
F.BlO0Z7E-11
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ouTPUT
REAL

1.4313BE-03
6.27283E-03
1.81109E~02
3.AT7233E~0Z
7.04740E-02
1.4308BE-01
3.04400E-01
7. 120538E-01
1.86B31E+0O0
7. 18979E+00
3. 7036BE+01
B.43530E+01
4,0B000E+01
3.88470E+01
4.81734E+G1
4.78B6BB3E+01
4.,08245E£+01
G.7B354E+01
3.48096E+01
2. 3B37TE+00
3.79088E-01
8.993689E~-02
2.64087E-02
8.86401E-03
3.25858E~03
1.274B0E~03
3.22011E~04
2.20B03E~-04
9.532018E~05
4.1058893E-00

[

J.0000000E+CL
1.188387BE+01
B.3014044E+01
9.9986326E+01
1.3250855E+02
1.1883978E+01
9.9986526E+01
B.5014044E+01
1.1883978E+01

3.0000000E+01

EE; second f??%er structure shows that
both the passband and stopband specifications have

IMPEDANCE

IMAGINARY

1.353483E+00
3.12030E+00
4.,81400E+00
B.6BIBIE+OO
B.85214E+00
1.146B6BE+01
1.48204E+01
1.94774E+01
2.B70893E+01
3.96380E+QL
5.76001E+G1
89.68435E+00
7.868478E-01
B.32617E+00
3.49995E+00
-1 .00850E+01
-8.85519E+00
2.01962E+00
~8.935389E+01
—~4,80840E+01
~3.33496E+01
~-2.64168E+01
~2.19961E+01
~1.88874E+01
~1.635B4E+01
~1.,47036E+01
~1.3179BE+01
~-1.18933E+01
-1.07843E+01
-9.61148E+0C



Amonth other features, the program is capable of
matching resistive terminations in several different
ways. One of the most useful circuits of this type
matches resistances by quarter-wave transmission lines.
To illustrate the simplicity of the use of the program,
let us request the matching of 20 ohms to 75 ohms in
the band from 2 GHz to 8 GHz with Tess than .02 dB
Toss (better than 1.1454 VSWR). The program then indi-
cates that using the band center (5 GHz) as quarter-
wave frequency, we need 5 unit elements which will
yield a match better than .0103 dB (1.1023 VSWR) and
the resulting structure is shown below:

#aad ALl YALUES ARE IMPEDANLCES ###x

1 PR - 7L EOOQOOOE+G]
i3 3
3 U E G.3508470E+01
+#*
"
e = U E # S5.22B9708E+01
e b3
# #
7 * U E 4 O.8728833E+0G1
k3
" #*
2] ¥ U E % 2.BRE7IBZE+D]
% #
#
11 # U E ¥ CL0B8974533E+01

H#

13 P ZL0000000E+Q]

The analysis (not shown) of this matching network
indicates perfect agreement with the results above.

Additional capabilities include functional input
in terms of Richard's transformed variable, parametric
bandpass filter type, plotting of frequency response,
delay and pole zero pattern.

The program has been used by several organizations
and universities during the past two months. Upcoming
modifications will include physical realization and
layout considerations.
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