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Abstract— Resonant frequencies and coupling coeffi-
cient between two combline cavities, in the presence
of other cavities, are obtained accurately using mode
matching technique. The effect of iris dimensions and
position on the electric and magnetic coupling is rig-
orously investigated. The corresponding data for two
isolated cavities are included for comparison.

I. INTRODUCTION

The conventional combline filter consists of a set of
metal bars, spaced, grounded at one end and loaded
by lumped capacitors or open circuited at the other
side [1]. To design combline filters with narrow band-
width, transmission zeros to improve the selectivity,
small spacing between resonators to miniaturize the
dimensions then irises between resonators are needed.
Accurate determination of coupling between two iso-
lated combline cavities has been reported [2], (3], [4].
However, there are no accurate modeling of the cou-
pling between two cavities in the presence of other cou-
plings. In this paper, a rigorous method implemented
using mode matching technique is applied to calculate
the resonant frequency and the coupling coefficient be-
tween two combline cavities in the presence of other
couplings.

II. MoDELING OF IRIS COUPLED COMBLINE
CAVITIES IN THE PRESENCE OF OTHER
COUPLINGS

The structure of iris coupled combline cavities under
consideration is shown in Fig. 1. The structure can be
modeled by cascading the building blocks shown in
Fig. 2. The generalized scattering parameters of the
4-ports junction (Fig. 2a) [SF] has been computed
using mode matching technique [5]. The generalized
scattering matrix of the T-junction [S7] and the right
angle bend [SP] are obtained from [S§] by placing
short circuits at one or two ports respectively. Fig. 3
shows the model of the structure of Fig. 1 using the
building blocks of Fig. 2.

In the model shown in Fig. 3, a perfect electric wall
(PEW) or perfect magnetic wall (PMW) is placed only
between the two combline cavities required to compute

their coupling. The other two cavities are detuned off
resonance. The two resonant frequencies f. and f,
(corresponding to PEW and PMW respectively) are
computed. The coupling is obtained in terms of f,
and fr, by using { 1) [4].
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Fig. 1. Top and side views of four combline cavities. Dimensions
in this figure: 2a = 0.75", b = 1.315", r, = 0.115", ¢ = 0.1"
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Fig. 2. Building blocks. (a) Four port junction [Sf], (b)
T-junction [ST], (c) Right angle bend [SB], (d) Double step
in rectangular waveguide [SDS] , (e) Single step in rectangular
Waveguide [SSS].

ITI. NUMERICAL RESULTS
A. Effect of Iris Height on Coupling

The effect of iris height (h) on the coupling and reso-
nant frequency is investigated. The iris is either placed
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Fig. 3. S-matrix representation of the structure of Fig. 1

at the short circuit end giving the positive coupling
(magnetic coupling) or placed at the open end giving
the negative coupling (electric coupling). The results
obtained from the model proposed in Fig. 3, taking
into account the adjacent irises effect, are compared to
those obtained for two isolated cavities. Fig. 4 shows
the effect of iris height on the positive coupling. The
curve shows an increase of the coupling up to a max-
imum value at h12/b = 0.395 then decreases with fur-
ther increase of height. The figure also shows that the
coupling obtained when taking adjacent irises effect is
larger in value than the one obtained between two iso-
lated cavities. Fig. 5 gives the variation of resonant
frequency with iris height. The resonant frequency
is decreasing up to a minimum resonant frequency at
h12/b = 0.395 and then starts to increase again with
further increase of iris height. The figure shows that
the loading effect of adjacent irises decreases the reso-
nant frequency by 38.6 M Hz from that of two isolated
cavities. In the design of narrow band filters, this shift
of resonant frequency must be taken into account. The
effect of iris height on the negative coupling is shown
in Fig. 6 where the negative coupling increases as the
iris height increases. The coupling has its maximum
value at h14/b = 0.513 and then decreases until it be-
comes positive coupling at hi4/b = 0.67. The coupling
for two isolated cavities is close to the one obtained
when taking adjacent irises effect into account. The
corresponding resonant frequency curve is shown in
Fig. 7 where the resonant frequency is increasing with
the increase of iris height up to a maximum value at
hi4/b = 0.557 then it starts to decrease again. The

resonant frequency when taking adjacent couplings ef-
fect is reduced by 42.3M Hz from that between two
isolated cavities.
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Fig. 4. Effect of iris height on magnetic coupling. Dimensions
as in Fig. 1: by = 0.3439", Wiz = 0.435", hyz = hio, yo12 =
b= hiz/2, Was =”0.4", hoa = (')’.271“, Yoo3 = 1.1795", Wi4 =
0.75 , h14 = 0.54 ', Yo14 = 0.27 .
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Fig. 5. Effect of iris height on the resonant frequency. Dimen-
sions as in Fig. 1: by = 0.3439", Wiz = 0.435", by = hia,
Yotz = b~ h1/2, Was :,,0'4”’ hos = 9.271”, Yo2s = 1.1795"
Wia = 0.75 , h1a = 0.54 , Yo14 = 0.27 .

B. Effect of Iris Width on Coupling

The results obtained from the accurate model in
Fig. 3, taking into account the adjacent irises effects,
are compared to those obtained for two isolated cav-
ities. Fig. 8 shows the variation of the magnetic
coupling (positive coupling) with iris width. Fig. 9
shows the variation of the resonant frequency versus
iris width. The loading effect when taken into account
shows a difference of 40M H z from that of two isolated
cavities. Fig. 10 shows the effect of iris width on the
electric coupling (negative coupling). For very small
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Fig. 6. Effect of iris height on electric coupling. Dimensions
as in Fig. 1: bya = 0.3439", Wiz = 0.435", hyz = 0.385
yo12 = 1.12257, Waz = 0.4”, haz = 0.271", yoes = 1.1795",
Wie =0.75", hia = hi4, Yo14 = h14/2.
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Fig. 7. Effect of iris height on the resonant frequency. Dimen-
sions as in Fig. 1: bay = 0.3439", Wis = 0.435, hyp = 0.385",
Yor2 = 1.1225", Wag = 0.4, hag = 0.271", yo23 = 1.1795",
Wia = 0.75", hia = h14, Yor4 = h14/2.

width, the coupling is almost zero. As the width in-
creases the coupling increases up to a maximum value
at W/2a = 0.6 after which the coupling decreases with
further increase of the iris width. Fig. 11 shows the
variation of resonant frequency, for the case of neg-
ative coupling, versus the iris width. The resonant
frequency increases with the increase of width up to a
maximum value at W/2a = 0.6 after which the reso-
nant frequency decreases with further increase of the
iris width. Also, the curves show that the loading effect
due to adjacent irises effect is about 41M H z different
from the case of two isolated cavities.

C. Effect of post gap on Negative Coupling

The effect of post gap variation on the electric cou-
pling is investigated. The variation of the post gap
is inversely related to the variation of the post length
which controls the resonant frequency. Fig. 12 shows
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Fig. 8. Effect of iris width on magnetic coupling. Dimensions
as in Fig. 1: by = 0.3439", Wia = Wia, h1p = 0.3851"', Yor2 =
112%5 y Wag = 9,4 s hog = 0”271 s Yo23 = 11795, Wig =
0.75 , h14 = 0.54 , yo14 = 0.27 .
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Fig. 9. Effect of iris width on the resonant frequency. Dimen-
sions as in Figl; 1: byy = 0.3”4L39", Wis = le, hio = 0.385::,
Yo12 = 1.12”25 , Was =’9.4 , has = 9;271 y Yo23 = 1.1795 ,
Wis = 0.75 , h14 = 0.54 |, yo14 = 0.27 .

the effect of post gap on the negative coupling where
the coupling increases as the post gap increases up to
a maximum value for by /b = 0.25 after which the cou-
pling decreases as the post gap increases. The negative
coupling, when adjacent irises effect is considered, is
larger than the one obtained from two isolated cavi-
ties. Fig. 13 shows the variation of resonant frequency
for the case of negative coupling as a function of the
post gap. The resonant frequency increases with the
post gap. Fig. 14 shows an optimized response of a
typical 4-pole elliptic function filter obtained by using
the data presented above.

IV. CONCLUSION

Accurate coupling between combline cavities in the
presence of other couplings is investigated. The effect
of changing iris dimensions and position on the cou-
pling and resonant frequency values is obtained. A
comparsion is done between values obtained for two
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isolated cavities and two cavities in presence of other
couplings. Numerical results show that the resonant
frequency when the adjacent couplings effect is con-
sidered has a large variation from that of two isolated
cavities.
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Fig. 10. Effect of iris width on electric coupling. Dimensions

as in Fig. 1: ba = 0.3439", Wiz = 0.435", h1z = 0385,
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Fig. 11. Effect of iris width on the resonant frequency. Dimen-
sions as in Fig, 1: by = 0.3439”, Wiz = 0.435" , A2 = 0.385",
Yor2 = 1.1295", Wag = 0.4, has = 0.271", yoss = 1.1705",
Wig = W4, h1a = 0.54", Yola = 0.27".
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Fig. 12. Effect of post gap on electric coupling. Dimensions
. . " 1
as in Fig. 1: Wiz = 0.435", h1y = 0.385", yor2 = 1.12251:,
Was = 0.‘}/ , heg = 0.2’71 y Yo23 = 11795 , Wiy = 0.75,
h14 =0.54 , yo14 = 0.27 .

275

27t - 1
2.65+
. i -@
260 ——o Two isolated cavities -~ ;
P

285

fusonmnca(GHz)

X —* Adjacent irises effect is considered

0.18 0:2 0)22 0.‘24 0.‘25 0.‘23 0.3
b2y
b
Fig. 13. Effect of post gap on resonant frequency. Dimensions
. . " "
as in Fig. 1t Wiz = 0435, h1a = 0385 , yo12 = 1.1225"
"
Was = 04", hog = 0.271", yozs = 1.1795", Wiy = 0.75",
h14 =054, yo14 = 0.27 .
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Fig. 14. Four pole elliptic filter frequency reponse. Dimensions
as in Fig. 1: Wip = 0.435", hys = 0.385", yo1a = 1.1225",
Wag = 0.4", hog = 0.2,7", Yo2s = 118", Wia = 0.75", hyg =
0.541", yo1a = 0.2705", 2a = 0.75", b = 1.315", ¢t = 0.1”,
ro = 0.115", by = 0.32", bao = 0.3439".
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