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DESIGN

Summary

A recent development for the synthesis, as well
as the analysis, of microwave filters, multiplexer,
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, linear-phase lowpass 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
locations 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. Atthe 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-
sidera bandpass filter centered around the quarter-wave
frequency of 4 GHz with the bandwidth of f2 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 line 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):

PLACEI?{P), FIL!3YN(F), LADDER(L), DIGITAL(D) OR END(E) ?~

ENTER’ TITLE

? MICRO14AVE 13QNDPGSS {LO!-4PA5S)

FILTER TYPE – LOldPASS: 1, HIGHPASS: 2!, LIN.-PHFiSiE LOMP6SS: 3, 13ANDPASS: 4 ‘? ~
LUMPED: 0, i31LINEAR DIGITAL: 1 OR MICROhJf2VE: 2 “~ ~
ENTER QUARI-ER k.IAVE FREC!UENCY IN HZ ~ 4E!3
L014ER EDGE OF THE PASSBANI) ‘IN HZ ? 2E~
PASSBAND KIND - MAX.-FLAT: Or EQUAL=PPLE: 1 ‘? 1

iJHi4T IS THE BAND EDGE LOSS IN i3H ? .05
ENTER ZS (-1,0 OR 1). FOR DEFAULT lC~R O ? Q

MONOTONIC(O) OR SPECIFIED(2) STOPBAND ‘~ &

ENTER NUMBER OF UNIT ELEMENTS
IF IMPEDANCE MATCHING, ENTER -1 ? 4

ENTER MULTIPLICITY OF TRANSMISSION-ZERO AT ZERO ~ ~

ENTER NUMBER (IF FINITE TRANSMISSION ZEROS ~ ~

ENTER INPUT TERMINATION IN OHMS ~ 50.

ENTER OUTPUT TERM1’NATION (0. INDIC~S OPEN orf SHORT) a=
IS ANALYSIS REQUIRED (Y/N) ? ~

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

I
it+++ ALL VALUES ARE IMPEDANCES +$*** Abbreviation Lumped Distributed I

1 R. . . . . . . .

2

4

5

8

12

15

. .
* *
* UE+
* *

. .
L. . . . . . . .

. .
* *
* UE*
* *

,.
* *
* UE*
* *

. .
R. . . . . . . .

. .

5.0000OOOE+OI UE Cascade Line
L Inductor Shorted Stub
c Capacitor Open Stub

3..ZEI8144GE+O1 R Termination Termination

1.4448S4S!E+01

G.r33Froo97E+oo

t.444a549E+ol

3.2!38144GE+01

5.0000OoOE+ol

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 line impedances remdin
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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1
. .

COMMAND (OR HELP): ? HELP
.

TP :

1!3 :
Rs :

I=s :
INS :

DEL :
PRI :
~R .

COM :
DUAL. :
t!E :
FILE :
FREQ :
LAT :
INCL :
NELP :
END :

TEE-TO-PI OR PI-TO-TEE CONVERSION

INTERCHRNEE BRANCHES
IMPEDANCE SC/JLING

FREQUENCY SCALING
INSERT A BRANCH
DELETE 4 ERANCH

PRINT COMPLETE PXTIJORK

NORTON (IMPEDANCE) TRANSFORMATION
COMBINE TldO BRANCHE5
GET DUAL CIRCUIT

TRANSFORM LOidPASS TO t3AND-ELIMINATION

L

5

8

11

iJRITE RESULTS ON FILE

FREQUENCY DOMAIN 6NALYSIS
lG

CONUERS1ON OF LADDER SEGMENT TO LATTICE
INCLUSION OF FLANKING CAPACITORS INTO LATTICE 17
PRINT LIST OF COt”lMANDS
LEAVE LADDER SECiPIENT

20

23

— — — —
Although the number of circuit elements are in-

creased from five to seven, the degree of the circuit
has not changed and frequency response is identical to
that of the previous network.

A second example illustrates a more complicated

design, involving a combline filter. A bandpass ripple

—

R. . . . . . . . 5.0000oOOE+O1

. .
* ‘E

* UE* 3.Z981446E+01

* *

. .

L. . . . . . . . 4.!3330433E+OI

. .
* *

* UE* Z!.0433334E+01
+ +

. .

. . . . L . . . . Z.25013Z7E+01

. .
* *

* UE* 2.0433334E+OI

* *

. .

. . . . L . . . . 4.E)330433E+01

. .
* *
* UE* 3.z$38144GE+01
* *

.
R“. . . . . . . . 5.0000OOOE+O1

— — — -.
of .1 dB is required between 1.2 and 1.8 GHz minimum.
Stopband attenuations of 20 d8 at .5 GHz and 30 dB at
2.4 GHz are also specified. An additional requirement
states that all parallel open stubs must have the samle
impedances. The user inputs of the design are shown

below. Again, the computer generated topology is re-

quested; however, this time the dual of the synthesized
circuit yields the proper initial filter configuration.

PLACER(P), FILSYN(F), LADDER(L), DIGITRL(D) 01? END(E) ~ F

ENTER TITLE

? COMELINE FILTER
FILTER TYPE - LOblPASS: i, HIGHPklSS: 2, LItd.–PHASE LOMPASS: 3, E.ANDPASiS: 4 ~’ ~
LUMPED: O, BILINEAR DIGITAL: 1 OR MICROWVE: 2 ? 2

ENTER 13U9RTER i4A(JE FREL?UENC’I’ IN HZ ? 4.SIOi?EEi -

LO1.JER EDGE OF THE PASWIAND IN HZ ? 1.2ESI
UPPER EDGE OF THE P&!i!?JBOND IN HZ ‘? ~

PASSBAND KIND - MA><.-FLOT: O, EWAL~LE: 1 ? 1

blHAT IS THE BAND EDGE 1..0SS IN DF3 ? .1
CONVENTIONAL(i), PARAMETRIC(2) OR lq~CHINLi(3) BANL)PA5S ? 1

MONOTONIC(0) OR SPECIFIED(Z) STUPBAND ? ~

ENTER NUMBER OF UNIT ELEMENTS ?’ O
ENTER FREGIUENCV-LOSS PAIR IN LOhJ~R STOPE%f$ND ? SEE 20
ENTER FREQUENCY-LOSS PAIR IN UPPER STOPBAND ~ Z.4E$),30.

ENTER INPUT TERMINATION IN OHMS ?=
ENTER OUTPUT TERMINATION (O. INDICATES OFEN OR SHOR-r) ~ GO.

IS ANALYSIS REQUIRED (’I’/N} ~ &

*+** ALL VALUES ARE IMPEDANCES +*** ++*+ ALL l.lALIJEs ARE IMpEDANCI=S ***+

t . . . . R . . . . ~.00C)OOO(>E+Ol
. .

2. L 2.i[j3G727E+O~

.
3 c.. . . . . . . . G.345G59E)E+OI

. .
4. L 1.354L185GE+03

. .
E. c 3.007G7G2E+02

*.
7 c. . . . . . . . G.345G3E19E+01

. .
8. L 2.I03G727E+02

9 :.. .R...: 5.0000OOOE+Ol

COMMAND-(OR HEL~): ? DUAL

“.. .1?....

c. . . . . . . ,
. .
. L
m

c.. . . . . . . .

. .

L. . . . . . . .
.

. L

.

c“. . . . . . . .

. .
R. . . . . . . .

. .

s.QOOijoo(]E+(jl

1. l1383!i178E+Ol

3.3397CJOEE+01

1.84503f30E+oo

8.3120134EiE+oo

3.S)3S700(5E+OI

1.1B8337BE+OI

3.0000 OOOE+Oi
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Although the circuit is synnnetrical, 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 lowers the 50 ohm load resis-
tance by a factor of Z5/Zg 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, themethod can also be applied to obtain equal
parallel inductances (shorted stubs) instead of the
parallel capacitors.

COMMAKID (UN }{ELP): ? TR,7.7EY7i2115,7,f30

LORGEST TRANSFORMATION RATIO; :3. !:)334(:)C1(?E-(2Z

IRANSFORMATIDN F!QTIO USED: i.3525424E–oi

7 L. . . . . . . . i.23043f33E-tiJl

a. L 1.55:3232E+!U1

Q . . ..L . . . . J.0U93708E+Q1

— . — — —
Analysis can be performed to obtain the frequency

response and group delay of circuits at two different

1evels. 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.

**+**+* COMPUTED PERFORMANCE

&“REQUENCV TRAN.SD. LOSS PHfiSE
IN HZ

i,Qoo(jOE+OH

~ . l)(j(j(>(]~i’(j~

3.C)C)OCICIE+C18

4 .0001:) oE+QE1
5.()(.I(3QOE+(’J8

13.QQcj(jLIE+{:lfj
7.lQQQi][J&+os

H.cwoO~JE+ot3
$1. QQO(jOE+Clf3
I . (jc]QQQE+OSl

1 ,IQQOOE+09

1.2C)OOQE+03
1.3000iJE+09

i.4QoQoE+Q9
1 .5(? O(:1(:IE*(>!3

l.G(j(j(jf)Ew:)g

1.7QQOQE+Q$J

1.8QOOOE+O$I
l.Wj(jfjOE+O$j

2. tj(j OQtjE+(>S

2. I(:)(>Q(:)E+Q9
2.J(:)Q(>{>E+Q9

2!.3CIOOCIE+OE!

2!.400QQE+O:I
~ 5c)QQQE+clEl.!..
2’.GQOOOE+Q3

2.700QQE+Q9
Z.&j(jQ!20E+Q3

2. W:)OQOE+C)9
S.0,>QQQE+Q3

IN DE IN DEGREES

i

i

,

1

3

,.,
J

G

7

3

R. . . . . . . .

.

c. . . . . . . .

. .

L. . . . . . . .

. i

. .
L. . . . . . . .

.,.. c....

L

L. . . . . . . .

c. . . . . . . .
. .

R. . . . . . . .

s.0000QOOE+O1

1. 1883!3’7EIE+O11

G.5014044E+01

!3.99865ZGE+01

1 .525Qa55E+02

1.1883E178E+Ol

9.398E52GE+Q1

13.5Q14044E’+Oi

1.lS83E1713E+Ol

5.(jooOQOOE+Ol

— —
Analyzing the second f~ter struct= shows th~

both the Dassband and stopband s~ecifications have
been satisfied.

-,

DELAV
Ill SECONDS

S).8G711E-11

1.Q33Q4E-10

1.11E73E’-IO

1.Z4S153E-10

1.452SJOE-10
1.7EG64E-10
:.;G8QBE-IQ

3. 11725E--IO
?.GS403E–lCI
7.43$37QE-10

1,.0BISJ8E--OS!

1.0G422E-09
3.G0720K-10

3.057(3GE-10

3.!3Z47GE-10

3.01289E-IC)
L,Q:431E-QS

~.50844E-QSl

1.480ZGE-09

7.50G47E--1Q

I..1GOOEE-10
:.G9713E–lQ
1.$33455E-1O
1.48032E–10
1.lf34zlE-lo
1.78E1EIE-11
3.25171E-11

7. IG704E-11
$.z~74(jE-1~

7.GIOZ7E–11

13LITPUT IMPEDANCE
RE9L IFlfiGINtiRV

1.4513GE-03 1.53483E+O0

G.272’83E-03 3.1Z!030E+O0

1.611OWS-OZ 4.81400E+Q0

3.47Z35E-02 G.!389G3E+Q0
?.0474QE-02 EI,s5z14E+o0

1.4’3oElEE-Ql 1.14FiGGE+Ql
~.(j.44QgE-Ql 1.48204E+01
7.1Z:T58E-Q1 1.EJ4774E+01
1.!3GG31E+QQ 2.G7093E+OI
7.1GE179E+C)0 3.9G$lElQE+CJi
3.7Q3G!5E+(:)1 !5.7GO01E+01

G.43530E+Qi 9.68435E+CM

4.C15020E+QI 7.GG475E–Q1

3.8947QE+Ql !5.52617E+Q0

4.S1734E+Q1 3.4E13EJ5E+Q0

4.78EW3E+01 -1.00G50E+01

4.09245E+01 -B,85519E+QQ

G.7G354E+Ql ~.cIl~G~E+(]o

3.49Q5JGE+I.J1 -8.S)33E?9E+01
2.3G37rEtQo -4.Elclf340E+Ql

3.73Q8EIE-01 -3.354EIGE+Q3
8.EIE13E9E-02 –2.G41GsE+Ql
2.134087E--Q2 -2.19SGIE+Q1
G.8G401E--O3 -1.f38E174E+Ql
3.Z!5658E-03 -1.G5S84E+Q1

1.Z7480E-(J3 -1.4703i3E+Ql

3.2!2!011E-04 -1.317EIEE+CJI
z.ZQG03E-Q4 -1.18933E+Oi

9.SZO18E_.(J5 -1.07843E+Q1
4. 1ZBEJ3E-03 –8.81140E-00
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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 less than .02 d8
loss (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:

,k++* ALL ‘.JfiLUES ARE IMPEDANCES ***F

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,

1.

2.

3.

4.
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