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57 ABSTRACT 

Microwave filter of strip transmission line structure. It 
comprises a main rectilincar strip conductor and a 
plur:lity of open-ended strip line stubs all having one 
half wave length at the mid frequency of the filter and 
parallel-connected to the main strip conductor. The 
connecting points are regularly spaced apart along the 
main strip conductor and, on each strip line stub, they 
are selectively offset with respect to the midpoint of 
thc stub. 

6 Claims, 6 Drawing Figures 
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MCROWAVE BANDPASS FILTER 

The present invention generally concerns microwave 
filters and more particularly microwave bandpass fil 
ters of strip-line structure. 
Microwave filters of strip-line structure having a plu 

rality of shunt or series quarter wavelength stubs are 
known in the art. The text book 'Microwave Filters, 
Impedance-Matching Networks and Coupling Struc 
tures' by George L. MATTHAEI, Leo YOUNG and E. 
M. J. JONES, Mc GRAW-HILL BOOK COMPANY 
discloses: 

at page 595, filters using parallel short-circuited stubs 
that are a quarter wave long; 

at page 596, filters using series open-circuited stubs 
that are a quarter wave long; and 

at page 599 filters using pairs of parallel short 
circuited stubs, each stub of a pair being a quarter 
wave long. In this latter case, the two stubs of a pair 
form half-wavelength long, short circuited shunt 
stubs connected at their middle to the connecting 
line. 

In all these filters the connecting lines between the 
stubs are always quarter wavelength connecting lines. 
It results that the filters are physically of large size, the 
length of the filter being at least equal to ( xf4) where 
n is the number of stubs and A, the wavelength in the 
connecting line at the midband frequency of the filter. 
The principal object of the invention is the provide 

strip-line microwave filters of compact structure. 
Another object of the invention is to provide strip 

line microwave filters in which the length of the con 
necting lines of the stubs can be predetermined at will 
and particularly can be taken much shorter than the 
quarter wavelength. 
According to the invention, there is provided a mi 

crowave bandpass filter having a main strip transmis 
sion line and a plurality of open-ended half-wave strip 
line stubs perpendicular to the main strip line, and 
forming crosses with the same, spaced apart therebe 
tween by a predetermined distance much smaller than 
the half-wavelength along said main line and connected 
in parallel to the main line, the point of connection of 
the stub to the main line being offset from the midpoint 
of the stubs by predetermined quantities. 
The invention will now be disclosed in detail in rela 

tion with the accompanying drawings in which: 
FIG. 1a and 1b represent a two crossed cell micro 

wave filter; 
FIG. 2 represents a three crossed cell microwave fil 

ter in which the stubs are spaced by an electric spacing 
different from a quarter wavelength; 
FIG. 3 represents a three crossed cell microwave fil 

ter with stubs of the same length but not of the same 
strip width; 
FIG. 4 represents a three crossed microwave filter of 

a known type with stubs of the same strip width but not 
of the same length; and 
FIG. 5 represents a five crossed cell microwave filter. 
FIGS. 1a and 1b show a microwave filter with two 

crossed cells according to the invention and which 
comprises a main strip transmission line having a metal 
lic strip conductor 1 bonded to dielectric sheets 2 and 
3 to the other side of which are bonded metallic ground 
plates 4 and 5. The two ground plates are electrically 
interconnected by means not shown in FIGS. 1a and 
1b. 

2 
Each cell of the filter comprises a pair of arms or 

stubs, 6 and 7 for the first cell and 16 and 17 for the 
second cell, which are located on both sides of the strip 
transmission line 1 and connected in parallel to the 

5 same. Each of these stubs is about a quarter wavelength 
long and is open-circuited and the two aligned stubs of 
a pair form a section of strip line which is one half 
wavelength long. The two stubs of a pair have not ex 
actly the same length or in other words the strip line 
sections formed by the stub pairs are not connected ex 
actly at their mid point to the main strip transmission 
line. The spacing length along said main line of the con 
nection points of the stub pairs is designated by L and 
the choice of its value will be explained later on. 

() 

5 The respective lengths l and l of the stubs 6 and 7 
are such that: 

l = ln (l-e) 

20 (1) 
l la ( 1 -- e) 

where e is a small coefficient, much lower than unity. 
From the theory of radiofrequency transmission 

25 lines, the admittance y(F) of the cell divided by the 
characteristic admittance of the main strip transmission 
line, that is the normalized admittance of the cell, is 
given by: 

3) 
sinh r 

y (F) = chd - cosh (e d) () 

where: 
35 

t F 

d = so, + i t . 

40 F denotes frequency, i is val and y is the charac 
teristic admittance of the stubs, while e is the num 
ber defined by equation ( ) 

Q = 7tf4cyl is the O factor of the resonator formed 
S by the cell, 

45 being the real part of the attenuation constant 
Fo denotes the resonance frequency of the cell equal 

to: 

50 ( (3) 
F= 4love, 

ss e, being the relative dielectric constant and c the veloc 
ity of light. 
By assuming that the cells are lossless and in the vi 

cinity of F, expression (2) can be reduced to: 

F. (4) 

where 

65 O = 1/1te' 
(5) 

Combination of equations (4) and (5) gives: 
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Synthesis of crossed cell filters can he made either hy 
calculating the 'amplitude-frequency response of the 
filter or by using the general synthesis the try of hand 
pass filters. The first method can he applied to the fil 
ters comprising at most three cells since farther the cal 
culations become inextricable. Applications of the two 
methods are given in the following. 
Let us consider a non-dissipative filter comprising 

two or three crossed cells separated by sections of con 
necting strip line, fed at its input terminals by a signal 
generator and connected at its output terminals to it 
load, the impedance of the generator and load heing re 
spectively matched to the input inct output in pedances 
of the filter, that is to the characteristic impedance of 
the main strip transmission line. The attenuation A is 
equal to the ratic (if the availahle generator power to 
the power actually delivered to the loal: it can he writ 
ten in the form of Tschehy scheff polynominal. 
Two y Crossed Cell Filter 

in the case of a two cell filter, the attenuation is given 
by the formula: 

r tint st ( 2 7 o - on A = L V - 

where f is related to the length of the main connecting 
line section anci to the mid frequency F, if the filter hy 
the relationship. 

ty = TTLA 

where I is the physical length of the connecting line 
section and A, the wavelength at the mic frequency F. 
if the filter. 
The quantity h of equation (7 ) is given by: 

- E - 1 
= h -- if (4}} 

te 

The ripple amplitute in the passhank is: 

is 't 
R = - sin { } 

the resinance frequency crift is: 

tf 

C. F. : -, - I } 1 

and the pissilic is defined by: 

. . wr-rr---arr-H I) 

F. + 4Q, tatt 

Three Crossed Cell Filter 
It linki i, the the lengths of the Stuts if the end 

cells ink I and l he the lengths of the sluhs if the 
mill ce. These lengths are related to by the following 
equations: 

5 

-4) 

5 

5 

4 

l- - -e.) 
l, - . ( he, ) 
In 1 lo ( le. } 

in? e la le) 

Two cases are to be distinguished according to the 
values taken by the Spacing of the stubs 6 in electric de 
grees and the ratio k of the admittance of the mid cell 
to the admittance of the end cells. 
Case A 

k = 2 6 firf2 where from cos69 p?i O 
Then the attenuation A is given by the formula: 

- - * - R. A = -- 7in u icy 

where: 

h V 3 F-F 
a = "tant = r th F ---- co 

T 

5. 

5. 

) The passhand is defined by: 

- 
AFF, is h 4 

V 3 -- and 5 

The ripple implitude in the pass hand is defined by: 

cus" 
R = 1 + -it 

and the resonance frequency drift is defined by: 

reck st W 
F = F. - ( S) 

in equations (5), (16) and ( 18), y represents y, or 
y and e represents e, or e. 
Case B 

A yd 8 = 1 where from cost = () 
Then the attenuation is given by the formula: 

y 

s 
- 

A = -t- (-cy - scu 9 

where: 

- --- 
2 y 

t -- F. T t 

The passland is defined hy: 

AF. re - - 
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The ripple annplitude in the passh;incl is defined hy: 

( - A 
7. ( 5 R r. 

and the resonance frequency drift is define as previ 
ously by equation ( 18) and since cot t) = 0 there is no 
drift of the resonance frequency. The resonance fre 
quency of the filter is the same as the resonance fre 
quency of the cells. in equations (20) and (2) y' repre 
sents y, or " : in E represents e, or 6. 

et us issuinne it is lesired to lesign a passband filter - 5 

having the following characteristics: 

- = 4 () MHy 
A = 4 MH () 

AF1 = () ' 

Ripple in the passhand = ().20 dB where from R = 1.04 
7. 5 
First and Second Example corresponding to Case A. 
By replacing R by 1. ()47 in equation (17), are oh 

t; ins: 
its) - (.53 () = 43'25' 

By replacing AF/F, and t by their values in equation 30 
( ( ), one (htains: 

yfe,' = 1927 
By replacing fancy, fe,' by their values in equation 

( 18), (ne ()htins: 35 

- 4)() is 

F, - - 3998.27 Mai, 
t 

As k = 2: 

yafe' = 2y,fe,' - 2x 1927 = 3854 
(2) 

First example: 45 
Equation (23) is satisfied by taking: 

y = 1 y - 2 
e, - e = ().()228 

let us select is clielectric material for the dielectric 
sheets of the strip line the so-called Rexolite 1422 so 
having a dielectric constant e, it 2.3. Then equation ( ) 
gives for to: 

l II. V. -- film. 55 

equatic in (8) gives. 

t A ir | (). It in. f() 

: Intl eation (3) give: 
l, 1, .08 innin l, is a 2.64 m in 
If a value of Y 50 hims is selectud for the impul- s 

ance of the 'nel cell stuhs and a thickness ()f 2 mills for 
the dielectric sheet if the strip-line, the in: M. V. E., "-80 
and the graph of page 69 of the text book referred to 

6 
in the introductory part gives a ratic) width of the strip 
if thickness of the dielectric sheet dequal to ().8 for the 
end cell stubs and to 2 for the mid cell stubs. Thus wi', 
= 1.6 mm and v' = 4 m ms. 
The filter is thus completely defined and is repre 

sented in FIG. 2. 
Second example 
Equation (23) is satisfied by taking: 

Wr n A. 

e = 0.0228 
e = () () 6 

Then equations ( 13) give: 
l, = 2.()8 mm 
l, = 2.64 mm 
l, F 2.16 mm 
l, r, l 2.56 mm 

in the with of the strip does not depend on the cell 
concerned 

1. F 4' F 1.6 n. m. 

The filter is thus completely defined and is repre 
sented in FIG. 3. 
Thiru Example correspontling to case B 
By replacing R by 1. ()-47 in equation (19), one ob 

ths: 

k = ().93 ) 

By replicing AF/F inct k by their values in equation 
(2), one (htains: 

yfe, = 1928 
The resonance frequency of the cells is the resonance 

frequency of the filter 

As A = ().93) 

y/e' = ().939 X y/e,' = ().939 x 1928 = 8.1() 
2 

As in the first and second examples, equation (24) 
can he satisfied by making the end cell stubs and the 
mid cell stubs with the same strip lines and taking dif 
ferent e, incle, or by giving e, inci e the same value 
i.e., by giving the stubs the same length and by varying 
the admittance of the strip line they are made of. Only 
the first case will he cliscussed. 
Consequently let us assume: y = y = 1 

e = (). ()228 
e = ().()235 

Then equation (13) gives: 
l, - . ()8 min 
l, a 2.6-4 mm 
l, T 2.07 mm 
l, 2.65 mm 

The width of the strip-line are 
', " " .. l. ( in in 

ink the spacing between the stubs is l = Af.4 - 12.3 (, 
. 
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The filter is thus completely defined and is repre 
sented in FIG. 4. 
Five Crossed Cell Filter 
Let us assume it is desired to design a passband filter 

having the same characteristics as the filter already de 
signed, but with five cells instead of three. 
The table of page 100 of the textbook already cited 

gives the values of the reactive elements for Tcheby 
scheff filters with five elements for various dB ripples. 
One finds: 

k = k = i. 3394 
= 2.66th g = g = 1.337() 

Let us select a priori the electric length of the con 
necting lines equal to 7th 4: 

8 = 6 = 8 = 8 a ni4 
which corresponds to a physical length of A/8. 

It is known that an admittance inverter having a pa 
rameter l/sin8 can be formed by a line section of elec 
tric length 6 connecting two identical elements having 
an admittance cot 6. Thus: 

= J = J = sintrf.4 T Ji = J. 

where J is the parameter of the admittance inverter 
between the first and the second cells, and so on. 
The parameters of the admittance inverters are given 

at page 433 of the cited textbook. 

pi J. = AF | PP-1 
R. 

where p, and p are the admittance slope parameters. 
The admittance inverters at the ends of the filter have 

a ratio or parameter equal to unity. Thus: 

AFp, AFP, 
J = J = - - = = 

8. $8; 

which gives: 

t X.3394 p, - p = -i- = i = 13394 
Replacing AF, p. g. g. by their values in the expres 

sion of J: 

gives: p = p = 2674 
Replacing AF, p. g., ga by their values in the expres 

sion of J.3: 

gives: pa = 2166 
The admittance slope parameters are related to the 

admittance of the stubs by the relationship: 

5 

() 

2 5 

3) 

5) 

5: 

60 

65 

5 

5 

8 

p = 2y fate, 
(25) 

Assuming 

y = y = y = 1 
equation (25) allows to determine the values of the e 
from the values of the p. 
One finds: 

e = 0.0218 
e = 0.0154 
e = 0.017 

The resonance frequency drift is given by the for 
mula: 

F-Fol, cotti-1, it cotti.j 
F, 2y:Quid 

F-F. It - a -. F - = 3.9 - = 3.73 to 
F-F -- - 
F - = pk = 462 to 

F-F -- 
- - - - - - 462 io 

which give the resonance frequencies of the cells 
F = F = F = F = 3998.5 MHz. 

Fo,3 = 3998, 5 MHz 

from which the quarter wavelength land the stub spac 
ing are deduced 

c 
= 12.37 mm 

4F We, 
8. 

3rf, V = 6.18 mm 

l, F 

L = 

The lengths of the stubs are deduced from the values 
of l and of the e's. One finds 

is taken equal to 1.6 mm and the thickness of the 'Rex 
olite' sheet equal to 2 mm. 
The filter is then completely defined and is repre 

sented in FIG. 5. 
What we claim is: 
1. A microwave bandpass filter of strip transmission 

line structure comprising a main rectilinear strip con 
ductor, a plurality of open-ended strip line stubs all 
having one-half wave length at the mid frequency of the 
passband of said filter and parallel-connected to the 
main strip conductor at connecting points, said con 
necting points being regularly spaced apart along the 
main strip conductor and being, on each strip line stub, 
selectively offset with respect to the midpoint of the 
stub, and their spacing along said main conductor being 
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much smaller than a quarter wavelength along said 
main conductor at said mid frequency. 

2. A microwave bandpass filter of strip transmission 
line structure comprising a main rectilinear strip con 
ductor having a given width, a plurality of open-ended 
strip line stubs all having one-half wave length at the 
mid frequency of the passband of said filter and formed 
by a stub strip conductor having the same width as the 
main strip conductor and parallel-connected to the 
main strip conductor at connecting points, said con 
necting points being regularly spaced apart along the 
main strip conductor and, on each strip line stub, selec 
tively offset with respect to the midpoint of the stub, 
the distance between the connecting point and the mid 
point of a stub being different for each stub, and the 
spacing of said connecting points along said main con 
ductor being much smaller than a quarter wavelength 
along said main conductor at said mid frequency. 

3. A microwave bandpass filter of the strip transmis 
sion line structure comprising a main rectilinear strip 
conductor having a given width, a plurality of open 
ended strip line stubs all having one-half wave length at 

5 

() 

5 

4) 

5 5 

60 

10 
the mid frequency of the passband of said filter and for 
med by stub strip conductors having different widths 
and parallel-connected to the main strip conductor at 
connecting points, said connecting points being regu 
larly spaced apart along the main strip conductor and, 
on each strip line stub, selectively offset with respect to 
the midpoint of the stub, the distance between the con 
necting point and the midpoint of a stub being the same 
for all the stubs, and the spacing of said connecting 
points along said main conductor being much smaller 
than a quarter wavelength along said main conductor 
at said mid frequency. 

4. A filter as claimed in claim 1, in which said spacing 
is substantially equal to one-eighth of a wavelength 
along said main conductor. 

5. A filter as claimed in claim 2, in which said spacing 
is substantially equal to one-eighth of a wavelength 
along said main conductor. 

6. A filter as claimed in claim 3, in which said spacing 
is substantially equal to one-eighth of a wavelength 
along said main conductor. 

sk xir k k k 

  


