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[57] ABSTRACT

Microwave filter of strip transmission line structure, It
comprises a main rectilincar strip conductor and a
pluriity of open-cnded strip line stubs all having one
half wave length at the mid fruqucncy of the filter und
parallel-connected to the main strip conductor. The

Field of Search.... 333/73 C. 73S, 84 M., 71 R, larl d I h
333/84 R umnuctmg points are regularly spaced apart along the
T main strip conductor and, on each strip line stub, they
Faren o € o are selectively offset with respect to the midpoint of
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1
MICROWAVE 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 395, 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 (nA.f4) where
# 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 tuken 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 muain 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 mid point
of the stubs by predetermined quantities.

The invention will now be disclosed in detail in rela-
tion with the accompanying drawings in which:

FIG. 1a4 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. 14 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. la and
1b.
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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
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.

The respective lengths /; and I, of the stubs 6 and 7
are such that:

Lh=1(1—¢€)
(1)
]2 = ln( 1+ 6)
where € is a small coefficient, much lower than unity.
From the theory of radiofrequency transmission
lines, the admittance v(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:

. 2sinh R
y(Fr= chd + cosh (e @) )
where:
T ) F
®="0, YT F
F denotes frequency, jis V=T and y is the charac-
teristic admittance of the stubs, while € is the num-
ber defined by equation (1)
O, = m/4al, is the Q factor of the resonator formed
by the cell,
« being the real part of the attenuation constant
F, denotes the resonance frequency of the cell equal
to:
¢
(3)
Fo=
4y Ve,

€, being the relative dielectric constant and ¢ 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—F,

v(F)=/B =4/Q; Fs 4)

where

Q¢ = 1/me?

(5)
Combination of equations (4) and (5) gives:
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v =4 F-F)/me'F,

ta)

Synthesis of crossed cell Ailters can be made either by
calculating the “amplitude-frequency ™ response of the
filter or by using the general synthesis theory of bund-
pass filters. The first method can be applied to the {il-
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 separuted by sections of con-
necting strip line, fed at its input terminals by a signal
generator and connected at its output terminals to a
load, the impedance of the generator and load being re-
spectively matched to the input and output impedances
of the filter, that is to the characteristic impedance of
the main strip transmission line. The attenuation A is
cqual to the ratio of the available generator power to
the power actually delivered to the load: it can be writ-
ten in the form of Tschebyscheff polyvnominal.

Two Crossed Cell Filter

In the case of a two cell filter, the attenuation is given

by the formula:

-

t oS M btan# 2
A=+ T = [2 (—"'1] (B

B e v -

where #is related to the length of the matn connecting
line section and to the mid tfrequencey F,oof the filter by
the relationship:

¢ =27wL/A,

(8
where [ is the physical length of the connecting hne
section and A, the wavelength at the mid frequency F.
of the filter.

The quantity b of equation (7) is given by:

dib -Fa
0 =h+ ot # (R3]
e Fu

The ripple amplitude in the passband is:

cos '

1
4 sin‘H

R = (R

the resonance frequency dritt is:

cotd
4Q.

Fox bl + 1) (1

and the pussband is defined by

Al 2V 2

T T T T iy o (W]

I, T+ 4Q, tand

Three Crossed Coell Filter

Lot {. and /,5 be the lengths of the stubs of the end
cells and 1, and 1, be the lengths of the stubs of the
mid cetl. These lengths are related to 4, by the following
cquations:

4

l«-l =1, (l—e,)
Lo =1y (1+€,)

[ml = Iu (1—€y)

Im‘.’ = 1" ( l+€m)

Two cases are to be distinguished according to the

values tuken by the spucing of the stubs 8 in clectric de-

10 grees und the ratio & of the admittance of the mid cell
to the admittance of the end cells.

Case A
k=2 0 %72 wherefrom cosf) # 0
Then the attenuation A is given by the formula:
N
3 cos¢ PR
A_t+_——27.\inzﬂ (4w — 2w) 14
2y where:
1h VK F—F, \
w = By tund = By tan# 4 T culél
2 2 Fu me?
25
(15)

30 The passband is defined by:

4
AFF, = R (16
V 3 i I H]31 ) i
35 e
The ripple amplitude in the pass band s defined by:
0 3 ot
R=1+ =5 (h
and the resonance frequency drift is defined by:
43
3 . [ we'cott ] :
F=F, | (I8

In equations (15), (16) and {(18). ¥ represents v, or
30 Y and € FOPresents €, OF €,
Case B
k o 2 8= wherefrom cosé = 0
Then the attenuation is given by the formula:

55
- (2-A2"
A=1- XN (4! — 3wl (19)
where:
ol
. Ly
R Lt T ] \ .
© "[4. =X »] Fo e (=t
The passband is defined by:
oS
AR 2
e Ey [ [
(———‘A )
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The ripple amplitude in the passband is defined by:

(2-hY
24

(22)

R =1t

and the resonance frequency drift is defined as previ-
ously by cquation (18) and since cot # = 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 cquations (20) and (21) y repre-
SENLS ¥, OF ¥y and € TCPIesents €. 07 €.

Let us assume it s desired to design a passhand filter
having the following characteristics:

b, = 4000 MH7
Al = 4 MH/
AFAL. = 10!

Ripple in the passband = 0.20 dB wherefrom R = 1.04-
7.
First and Sccond Example corresponding to Case A,

By replacing R by 1.047 in cquation (17), are ob-
tains:

cosl = (.53 0 = 43°25’

By replacing AF/F, and @ by their values in equation

{16}, one obtains:

voiet = 1927

By replacing # and y./e* by their values in equation
(18}, onc obtuins:

KD
= 3YYR.27 Mli,

Fo — 1+ 0000413

Yl€n® = 2y d€7 = 2X1927 = 3854

2n
First example:
Equation (23) s satisticd by taking:
v =1 V=2
€, = €, = LO22K
Let us select as dictectric material for the dielectric
sheets of the strip-line the so-called “Rexolite 14227
having a diclectric constant €, = 2.3 Then equation (3)
gives for fy:

ly === 12.3bmm.
Ah, e,
cquation (8) gives:
] [ N
1 M :—7;—41.,' O 2mne.

and cquation (13) give:

Iy Ly - 1208 mm oo = Le = 12.64 mm

It a4 value of Zy 50 ohms is selected for the impued-
ance of the end cell stubs and a thickness of 2 muus for
the diclectrie sheet of the strip-line, then: 7y Ve, =80
and the graph of page 109 of the text book referred to
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in the introductory part gives a ratio width of the strip
withickness of the diclectric sheet d equal to 0.8 for the
end cell stubs and to 2 for the mid cell stubs. Thus w,
= 1.6 mm and w,, =4 mms.

The filter is thus completely defined and is repre-
sented in FIG. 2.
Sccond example

Equation (23} is satisfied by taking:

Ye=yu=1
€, = 0.0228
e. = 0.016]

Then equations (13) give:
{y = 12,08 mm
fo = 12.64 mm

{1 = 12.16 mm

Lz = 12.56 mm

and the width of the strip does not depend on the cell
concerned
w, =w, = 1.6 mm.

The filter is thus completely defined and is repre-
sented in FIG. 3.
Third Example corresponding to case B

By replacing R by 1.047 in cquation €19}, one ob-
tains:

k=0939

By replucing AF/Foand & by their values in cquation
(21), one obtains:

i€ = 1928

The resonance frequency of the cells is the resonance
frequency of the filter
Fll

F,
As k=0.939
Yul€n® = 1.939 X v /e = 0.939 X 1928 = I810

(24}
As in the first and sccond examples, equation (24)
can be satisticd by making the end cell stubs and the
mid cell stubs with the same strip lines and taking dif-
ferent €, and €, or by giving €. and €, the same value
i.c.. 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 be discussed.

Consequently et us assume: yY, = v, = 1

€. = L0228
€, = 0.0235

Then cquation (13) gives:

L= 12.08 mm
L = 12.04 mm
Ly = 1207 mm
Ly = 1265 mm

The width of the strip-line are

W= Wy, = 1.6 mm

and the spacing between the stubs is L= A /4 = 1236
mm.
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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:

&= = 13394
2= 21660

Ko =g =1
k=g, = 1.3370

Let us select a priori the electric length of the con-
necting lines equal to n/4:

62=0,,=8,,=8,,=m/4

which corresponds to a physical length of A./8.

It is known that an admittance inverter having a pa-
rameter [/sin*8 can be formed by a line section of elec-
tric length 6 connecting two identical elements having
an admittance cot8. Thus:

= "% i
sin*ar/4 -

where J,, is the parameter of the admittance inverter
between the first and the second cells, and so on.

The purameters of the admittance inverters are given
at page 433 of the cited textbook.

D2+
Lo = AFf L2
Hilie1
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,
Joi = s b = L =1
Kok sl
which gives:
Tak 1X1.3394
m=m=—3F o= 13394

Replacing 4F, p,, g, #: by their values in the expres-
sion of J,,%

gives: p, = p, = 2674
Replacing AF, p,, g.. g by their values in the expres-
sion of Jy 3%

s _ Palk
J EF R AF oy

]
[}

gives: p; = 2166
The admittance slope parameters are related to the
admittance of the stubs by the relationship:
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8
p; = 2v;/me?
(28)

Assuming

M=V =y =1

equation (25) allows to determine the values of the ¢;
from the values of the p;.

Orne finds:
€ =0.0218
€, =0.0154
€ =0.0171

The resonance frequency drift is given by the for-
mula:

Fe~Fa,j cotd;_, ;+coth; ;.
F. 2)’]01;_;
F,~Fa, 041 .
F. = 3x133ga C YW
FoFou I+ o
F. = 2xcere - 46210
FFuy  _ 1+l .
F. 2x3166 4.6210

which give the resonance frequencies of the cells
Foi=Fos=Fy,=Fo5=3998.5 MHz.
Fo3= 3998.15 MHz

from which the quarter wavelength /, and the stub spac-
ing are deduced

¢
= 12.37 mm

4F, /€,
8,
L= W =6.18 mm

The lengths of the stubs are deduced from the values
of {y and of the €’s. One finds

12,10 mm
12.64 mm
12,18 mm
12.56 mm
12,16 mm
12.58 mm

For an impedance of 50 ohms, the width of the strip
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

e
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much smaller than a quurter 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
spucing 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

It
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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.
* %* * * *



