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Summary

A computer program for designing self-
equalized equiripple, even order filters is
presented. The program permits its operator
to attempt to meet a given set of filter
response specifications by positioning either
the imaginary axis zeros (i.e., the insertion
loss poles) or the complex plane_zeros (i.e.,
the equalization polesg of Sz}(s), or both.

ce the zeros are optimally located, the pro-
gram will first syntﬁesize a symmetric canoni-
cal, cross-coupled array filter from the two-
port, short-circuit Y-parameters. Next, the
program will convert this structure, by a
series of plane rotations of the cougling
matrix, into an assymmetric canonical configura-
tion. Both calculated and measured response
data are presented.

Introduction

Although externally group delay equalized
filters are still used in many applications (1),
self-equalized filters offer certain advantages.
First, in communication satellite applications,
for example, each filter must perform to some
minimum standard over a range of temperatures.
Typically, a filter that is used to demultiplex
one channel from the entire communication band
must be delay equalized to meet its specifica-
tions. If it is externally equalized, it will
be attached to its equalizer by way of a circu-
lator. Special care must be taken to ensure
that the filter and equalizer are at or near
the same temperature, or the center frequencies
of the two will differ emough to ruin the
performance of the combination. This may mean
that metal straps must be used to thermaily
couple the filter and equalizer. On the other
hand, a self-equalized filter can be made from
a single metal housing and will require less
effort to ensure that it will work properly
over a temperature range. Due to the fact that
the self-equalized design does not need an extra
circulator and thermal coupling straps, it will
be lighter than the equivagent externally
equalized filter, associated devices, and hard-
ware. The reduction in weight, an important
aspect for satellite applications, due to the
large number of filters used in a satellite, can
be considerable.

Other advantages to usin§ self-equalized
filters are increased reliability due to fewer
component parts, reduced volume, and ease of
tuning a single filter versus tuning two
separate devices.

A computer grogram that can be used to
design self-equalized, equiripple, even order
filters is shown in Fig. 1. is program is
written in Pascal for the Hewlett-Packard 9836
desk top computer. To conserve space, many of
the operations are simply described as
algorithms and are not fully written out; these
are enclosed in rows of asterics. A description
of this program and both calculated and measured
response data follow.
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Program Description

Certain points in the program are marked with
numbers enclosed in braces, e.g. . These loca-
tion marks will be used to aid identifying the
various parts of the program.

Between 1 and 5 , the data type
"complex” and the comglex constants, czero =
(0.0,0.0), cone = (1.0,0.0), and cj = (0.0,1.0),
are defined, the variables used in the program
are declared and dimensioned, the standard com-

lex arithmetic operations are defined, center

requency, FO, and unloaded Q of the filter are
entered. These items are assumed to be fixed
with respect to the optimization process. Next
whatever filter specigications that are to be
used are entered.

Between 5 and 18 , there is a sequence
of operations that will determine the $-parameters
of the filter in the complex domain. The band-
width of the filter (BW) the return loss (RL;
level the number of electrical resomators (N),
that is, the order of the filter. The number of
transmission zeros or finite frequency loss poles
Nte, and finally the number of equalization poles
non-j omega axis zeros of S21 (Nze) are entered.
N, Nzt, and N, are all even integers.

The imaginary axis zeros of $21 are entered
between 7 and 8. ese are the same as the
finite frequency loss poles and are assumed to
be normalized to the bandedge of the filter,
i.e., an entry of 2 is two Ealf—bandwidths from
the center of the filter. Since the filter is
assumed to be symmetric about its center fre-

uency, only N,i/2 of these zeros are entered. A
strategy for initial placement of the zeros can
be found in (2).

Between 8 and 9, the zeros used to shape the
delay response are entered. First the real and
then the imaginary part are entered. The
imaginary part is normally less than 1, i.e., the
zero is within the passband of the filter, while
the passband of the filter, while the real part
is between 0 and 1. These zeros must either occur
as pairs on the sigma axis, or as quads symmetric
about both the sigma and omega axes.

Between 10 and 11, the transformed variable
technique is used to determine the S-parameters
of the equiripple filter with the given zeros of
521 and the assumed bandwidth and return loss.
The method used is the same as in (2) except that
it has been extended to the case with zeros not
on the imaginary axis.

Between 17 and 18, the filter is analyzed
and compared to its requirements. At 18, the
designer enters whether he is satisfied with
the response. By iteratively moving the zeros,

a near optimum filter can be designed.

Between 18 and 24, the filter is synthesized
in the form of a symmetric canonical, cross-
couplings are converted by plane rotations into
the assymmetric canonical network. This structure
was introduced in (3), but only the cases N = 6
and N = 8 cases were detailed.” Between 24 and
25, the algorithm for the general even oxrder
case, where N is greater than 6, is given.
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Results

Many filters have been successfully designed
using this program. An experienced operator can
design a 10th order self-equalized filter in less
than one hour on a desk top HP9836 computer. The
slowest aspect of the program is the filter
analysis section. The optimization technique is
straight forward; the zeros of Sy] affect the
response in direct fashion that can be learned
by experimenting with the program. On the
other hand, methods that optimized the couplings
directly require careful selection and re-
selection of weighing parameters to emsure that
the program is converging to a reasonable
solution.

Fig. 2 shows the response of ome such
desiﬁn. This is the calculate response of a
N = 10, Nye = 4, Nyt = 4 filter. This design
was built to operate at 12 GHz using circular
waveguide resonators operatimng in the TEjj
mode. It was constructed using the assymmetric
canonical couplings. The measured response
is shown in Fig. 3. Both the calculated and
measured delay responses clearly show the
effect of the equagization zeros of S21.

Conclusion

A computer program for designing self-
equalized gilters was presented. The program
incorgorated an extension of the transformed
variable technique to non-imaginary axis
zeros, a synthesis technique for cross-coupled
arrays from the polynomial description of the
network admittance parameters, and plane-
rotation conversion of any even order, greater
than or equal to 6, symmetric to assymmetric
canonical couplings. The program can be run
on a desk top computer like an HP9836..
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progran TilsynCinput,outout);

{13

kS
[EFINE
type: complex
complex constants:
CzZero,cone,cj

RS

DECLARE VARTABLES AND ARRAYS

o ;

DEFINE COMPLEX FUNCTIONS:
cadd covd ,cmag,carg, cpoger,
csart

{4};
begin
uriteln
(" onter center freq FO°);
readin(FO);
writeln
(" enter § of filter’):
readin(@;
{meenter filter specgwnd;
{repaat}
{5}
uriteln
(" enter bandwidth BW);
readln(BH);
writeln
(" enter return loss RL);
readIn(RL);
EPSTLON:=
1.0/sartCexp(<RL/10.0)*
In€10.00-1.00;
{673

writeln
(" enter number N',
” of resonators™;
readlnt);
writeln
(" enter rumber Nzt’,
" of transmission zeros’);
readIn(Nzt);
writeln
¢ enter rwmber NZe',
“of equalization zeros”):
readin(Nze);
Nzf :=Nzt#ze;
Nzis=N-Naf';
%
i=1
while (i<=Nzt div 2) do

begin
SIGMAzLiT:= 0.05
uriteln

b
Iy

iH

Center inaginary axis
. "zero MEGAZEi1")
readln(CHEGAZL1 1) ;
i= i+l
end;

8
while (i<=Nzf div 2) do
begin
writeln
(" enter real axiz zero”
© SIGMAzLi17);
writeln
¢’ enter imag - axiz zero’,
" MEGALIT ),
readIn{SIGMAL 1)
readIn(OMEGR2LI D
if GIGHRLiIIC0.00
then

begin
SICMAzLi+11:=
-SIGMALiT;
MEGAzLi411:=
OMEGAZL i T;
i= it2;
else
i=it;
end:
9

Fan1:= 1 to (Naf div 2 do

begin
S2lil.res= SIGMALiT;
S2lil.ime= DMEGR2LIL;
Zalil=
csqrt
Ccadd(cone, cavd
(cone,cpower(?,52[1 190,

11053
FORM POLYNOMIALS IN 12:
Atth(z) :=EPSTLON=

procuct of terms
Eu(l{z41)"Ni] =
[(z+ZzLiD"21»
for 13=1,2,...,N2f div ?
A21h{2) :=product of terms
A2-1.00" (i div D=
[272-2zLi12D
for i:=1,2,...,Nzf div 2

i
a4
FRCTOR POLYNMIAL A1hd(2)
INID TERMS

"2 - NLTD
for i:=1,2,...,N div 2

am '
FACTOR POLYNIMIAL A21h(2)
INTD TERYS

"2 - I2AL11D

for i:=1,2,...,N div 2

kI

iH

FACTOR POLYNOMIAL
Al 2421 "2
INTO TERMS
("4 + Palilz"2 #2liD
for i:=1,2,...N/2 \

{14}
for i5=1 toNdiv 2 do
begin
Alil:=
1.0/sart(1.04P20i 1482l 11)5
Blil:= (1.040.5P2LiD/
. 0Pzl i 18201 D);
SICMpLil:=
sart(ALi1-Bli1/2.0);
MEGApLi L=
sartCALiHBLID 2.0
end;
{155
FORM POLYNDMIALS IN s:
Aed = product of terms
[s"2-1.0/CZ1LiY2-1.01
for i=1,2y0.44NF2
A21(s) := [product of terms
Q.0/A-21Li12n =
[product of temms
5"~
(SIGMAZL i 3+ +OMEGAL 1 1721
B(s):= product of terms
[5"242.0«51GHAp i 1xs
+51CMApl 1 1" 2+OMEGRRL 11721

tH
{16334
FORM RATINS OF POLYNIMIALS
i

5
S11s)i= A1(s)/BC=);
G216 = PNs)/Ble)

3
F3

{17} ; {movmmmmememnonn

MNALYZE FILTER RESPONSE
AT FREGENCY F, S11¢(=)

AND 521¢s) ARE CACULATED
Al 5i=

CFO/BRx+ 3(F-FO)/(BW/2.)

£
{mtil
(satisfied with responsel};
{18334
FORM POLYNOMIALS IN s
P1i¢sd =

5% Odd(B(e)HA11(sD);
Plip(s)i= P11,
P21(s) = 521(s);
P21p(ads= P21¢s));
{(s):= .5 Ev(B(s1ATI (D)3
fpls):= U

iH

Fig. 1 Filter Synthesis Program

{1934
for ki=
N div 2> downto 1 do

begin
Koouplk 1=
sqrt
(leading coefficient of

Plip(s));
Keoupblk1:=
leading coef, of
P21pts)/
(j=Kcouplk I*Kcouplk 1)
FORM POLYNDMIALS IN s
Bs)i=
P11(s)"2-P21(=) "/
(Keouplk I=f)={(s)) 2
Gp(s) = Qsd;
P11(s):= P11¢s)/

Kooupblk 1#2 -0(=)*s;
Plip(s):= P11(s));
P2l(s)i=

P21 () Keouplk I +
¢ j*couphlk 13¢(s);
Pelple) = PI());
end;

{203
for ii=1 to M2 do
pegin
for 3:= 1 to N do

et

-

n
Jeowpl i, 31:= 0.0
end;
ends
{213
“or i:= 1 to (N div 2 do
Jegin
ji= it
Jeowpl, 1=
Kcoupl (N div D-G-DTs
Jeoupl §,i3:= Jeawpl i, 13
JeouplN¥3-i,\3-1:=
Jeowpl 1,13
JooupIN+3-3,M43-11:=
Jeoupl i, j13
write
(i, ], N3-1t3-4,
Jeoupli, iD;
end}
{22
for it= 2 to (N div 241 do
beqin
ji= NI
Jeowpl i, §13=
KcoupbIN div 2 - (i-D1;
Jeowpl §,11¢= Jooupli, 7]
end;
{233
for i:=1 to N2 do

begin

for j:= 1 to N2 do

begin

Jeouppl 1, j1i= Jooupli, 13
end;

end}



{24},
for 1= 14 to (N div 241 do
begin
jo= Nl
THETA:= arctan(Jeoupl i-1, j3/
Joowpli-1,iD);

Ci= cos(THETAY;
Si= sin(THETAY;
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for ki= 1 to M2 do 12}
begin

for i:=1 to N do

in
Scoupbli k1= ey
write€i, j,Jeoupeli,jD:
CmJooupl 1k 1#5%Jeowpl 3,k 15 end;
Jeoupnlk,ili= doouppli ks
Jeoupel §,k1i=
-Sedcoupl 1 k4

Creoupl 5,k 13
Jeowpplk, j1:= Jeouppl 7,k 1:
end;
end;

Fig. 1 continued

-

+
+
+
+
+
+
+
+
+

{6}
for i:= 2 to (N div 2-1 do
begin

ji= Wi
write(i,j,Jcoupeli, D
g

i=2;

jt= Nt

write(i, jyJoouppli, 31
{28}

end.
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Fig. 2 Calculated Filter Response
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Fig. 3 Measured Filter Response



