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Abstract— With the use of proper aperture basis functions in
conjunction with the moment method and TE~n-modal expan-

sion, the coupling effect of transverse irises with multiple rect-
angular coupling apertures in a rectangular waveguide has been

investigated. Numerical studies carried out for twin- and triple-

aperture coupling irises have been confirmed by the experiments.
The simulation result for a Ka-band bandpass filter realized with

triple-aperture irises gives a higher stop-band attenuation than

that of a filter with single-aperture irises. The use of TE&n-modal
expansion is characterized by the reduction of both computer
memory and CPU time requirements during the numerical study
as compared with the commonly used TE~n – TMmn modal

approach.

I. INTRODUCTION

w AVEGUIDE iris coupling plays an important role in

waveguide filters and impedance matching networks.

The coupling with single-aperture irises has been extensively

studied by using different methods [1] – [6]. Multiaperture

coupling irises with either purely inductive or capacitive

apertures have been treated by various authors in the past

[7]-[9]. For coupling irises with neither purely inductive

nor capacitive multiple apertures, the problem was seldomly

touched. Masterman et al. [10] have proposed a method to

solve this problem in principle without performing a numeri-

cal study.

When a TE,O-mode is incident on a transverse plane

coupling iris irr a rectangular waveguide, both TEmn - and

TM~~-modes can be excited. But field computation using

TEmm – TMmn modal approach indicates that, with a TE,O-

mode incidence, the excited EZ in the iris plane is either zero

or very small independent of the aperture geometry. Thus, by

neglecting this zero or tiny EZ field, namely by using TE~n-

modal expansion to represent the waveguide field, which

automatically excludes the E. component, no significant error

will be introduced. Compared to the use of TEmm – TM~~-

modal approach, where many higher order modes must be

included to model a zero or very small E. field, the use of less

TE~n-modes results in up-speeding the numerical calculations

and reducing of computer memory.

The TEgn-mode approach has been successfully used by

Bornemann et al. [11] to analyze waveguide step discon-

tinuities with the mode matching method. Here we apply this

approach in conjunction with the moment method to analYze
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the coupling by multi aperture irises in the transverse plane of a

rectangular waveguide. The validity of the theoretical analysis

has been confirmed by experiment for twin- and triple-aperture

coupling irises.

II. THEORY

The structure under consideration is shown in Fig. 1. The

coupling iris in the transverse plane of a rectangular waveguide

contains N different rectangular apertures. The iris itself is

assumed to be infinitesimally thin and perfectly conducting.

The size of the jth aperture is a$ x bj.

In case of TE~n-modal representation, the transverse elec-

tromagnetic field in region i = 1,2 (at each side of the

coupling iris) are derived from the z-component of a vector

potential A%:

EY=; AZ
z

and

(1)

(2)

where V; and R; are the wave amplitudes incident to and

reflected from the iris. The index ~is related to the combination

of subscripts (m, m) in the function

Tm.(m, y) = Sin(k.z) ocos(kvy)/ ~m

km = (m7r/a), kg = (nn/b)

kO = f/c and be =
m ‘3)

where c is the velocity of light.

The transverse electrical field of the jth aperture is expanded

in terms of a set of basis functions

(4)

For a rectangular aperture, according to [12], the basis func-

tions may take the following form:

Cos[pr(z – I@ /aj]

“=/(-9[1- (-’4/4
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where p, q = O,.

sin[q7r (y – yj) /bj]

@@[’- (“+4
sin[fxr (z – z:) /aj]

@O[’- (z-zva~]

Cos [q7r(y – yj)/bj]
(5)

@~)[’ - (’-’9P]

TE~n-modes (n # O), we consider here both magnetic field

components as a whole and add the respective parts together

to form the matrix [K].

The number of basis functions for each aperture can be

chosen to be the same or to be different according to their

geometries. By considering their relative geometries, the size

of the matrices in (6) can be reduced. When the two apertures,

say jth and .jlth, are identical and symmetrically located in

the waveguide transverse plane,

functions can be used for each

elements of the submatrices [C~I 1
1,2,..., and (p, q) # (O, O). (r:, yj) are the

A
into the jth submatrices as:L

coordinates of the lower left corner of the jth’ aperture in the

coordinate system as indicated in Fig. l.(a).

By matching the transverse electric fields in the iris plane to

the aperture electric fields and the transverse magnetic fields

to each other, the fcilowing coupling equations relating the

incident and the reflected mode amplitudes can be obtained

(y’ +E’) = [C]d

(z’ + ~’)= [c];

[K] (Y’ - ~’) = [K] (~’ - ~’). (6)

Each of the matrices [C] and [K] is composed of N sub

matrices as

[C]= [[c’],..., [cq, [cq][cq]

::

[K’]

[K] = [ii]

[Krv]

with jth sub matrix element defined by

c;, = Ssj -% “ %%d’

J, E; . Et ds

K;~ =
/

e: . (He x z) ds
SJ

where El and He are the dielectric and

and

(7)

(8)

magnetic field,

respectively, corresponding to the Ah waveguide mode, S~

is the area of the jth aperture, S the cross-section of the

rectangular waveguide and z is the unit vector in Z-direction.

The column vectors Vl, Rl, V’, R’, and d have the elements

V;, R;, V;, R;, and dk, respectively.
After some mathematical manipulations, the modal scatter-

ing matrices describing the multiple-aperture iris coupling are

derived out

[S1l] = [C]([C][K])-l[K] - [U],

[S’1] = [C]([C][K])-’[K],

[s,2] = [s’,], [s2’] = [s,,] . (9)

where [U] is a unit matrix.

Unlike in [11], where the matrix related to the magnetic

field is formed partly by matching the component Hz of the

TE;O-modes and the rest by matching the Hv component of

the same number of basis

aperture. In this case, the

and [11~1] can be absorbed

and then the jlth submatrices can be dropped out from the

overall matrices. If the whole iris structure is symmetrical,

for the TE,O-mode incidence the excited higher order TE~m-

modes in the vicinity of the iris can only be such with m being

odd number and n even number. The utilization of these two

facts can further reduce the computer storage requirement and

speed up the numerical solution.

III. NUMERICAL AND EXPERIMENTAL RESULTS

Numerical and experimental studies were carried out in

X-band for various coupling irises with twin- and triple-

apertures. For the experiment, the coupling irises were made

from a 0.1 mm thick copper sheet. The measured scattering

parameters were converted into normalized shunt susceptance

according to

2 sin@
B=- ,s2,,

where @ is the phase angle of S21. The investigation were

confined to symmetrical irises.

A. Single-Aperture Iris

In order to demonstrate the validity and advantages of the

TE~n-approach single-aperture iris was first studied. Fig. 2

gives the normalized shunt susceptanc for a single-aperture iris

from both TE~m-and TE~n – TM~n-method, together with

the measured data. Excellent agreement of the three results is

obvious. In the calculation, m < 40 and n < 20 were used

for both cases. Table I reveals the CPU time and memory

requirements of the numerical study for 30 frequency points

from 8 GHz to 12 GHz on a Convex computer. The reduction

of both CPU time and memory by using TE~n-approach is

evident.

B. Twin-Aperture Iris

The symmetrical twin-aperture iris can be with either two

vertical slots or two horizontal slots. Fig. 3(a) shows the

normalized shunt susceptance for different horizontal twin-

aperture irises as function of the operating frequency. Like the

single-aperture iris, the normalized susceptance decreases with

frequency. Fig. 3(b) depicts the normalized susceptance versus

the interaperture distance D. It is noted that as D becomes
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Fig. 1. Transverse coupling iris with multiple rectangular apertures in a rectangular waveguide, (a) Cross-section view. (b) Equivalent circuit.
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TABLE I
CPU TIME AND MEMORY REQUIREMENTFOR

TE~nAND TEmn – TMmn ME~oDs

TE~n-method
TEmn – TMmn-

method

CPU Time (s) 5.27 19.52

Memory (Mb) 1.68 3.35

bigger the normalized susceptance reaches a higher value. Ex-

cellent agreement between numerical and experimental results

can be observed.

For the horizontal twin-aperture iris, Fig. 4(a), the frequency

dependence of the normalized susceptance is similar to that of

the vertical one. But for the interaperture separation depen-

dence in Fig. 4(b), we can note a quite different pattern as

compared to Fig. 3(b). All the curves here have a profile sym-

metrical to the midvalue point of D. As the distance between

the two apertures increases, the normalized susceptance first

begins to increase to a certain point, and then it starts to decline

as D increases. Here again, the numerical results agree well

with the experiments.

11-
L)

c
(-0

d
0.4
al
u
cl)

3
0-l

-o
a)
o-l

..4

2
b

z

Fig. 3.

G

-lo

-20

-30

-40

[alculahm —

Experiment .

1

2

.

1 I

8 9 10 11 12

f(GHzl +

(a)

-20

-40

Experiment .
-60

5 10

D(raml -

(b)

Vertical twin-aperture iris. (a) Normalized susceptance versus fre-

quency: (1) G,%, D = 4.10,8.00,1.70 mm (2) a~, b~, D = 3.80,7.80,
3.90 mm (3) a~, b~, D = 4.10,8.00,4.20 mm. (b) Normalized susceptimce

versus aperture separation: a~, bo = 4.10,8.00 mm (1) f = 8.00 GHz, (2)
f = 10.00 GHz, (3) f = 12.00 GHz.

For the case of a horizontal twin-aperture iris, when each

aperture is narrow in y-direction and sufficiently long in the

x-direction, resonance can occur in the operating frequency

band. Fig. 5 demonstrates this phenomenon. Curve 1 which
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Horizontal twin-auerture iris. (a) Normalized susceutance versus./
frequency: (1) ao, bo, D = 7.50,3.00,1.90 mm (2) ao, bo, D = 7.70,1.80,

2.80 mm (3) a~, b~. D = 7.70,1.80.1.00 mm. (b) Normalized susceptance
versus aperture separation: ao, b~ = 7.70, 1.80 mm (1) f = 8.00 GHz, (2)
f = 10.00 GHz, (3) f = 12.00 GHz.

represents the normalized susceptance when both apertures

exist, goes from inductive to capacitive at frequency f.,,

while curve 2 is the normalized susceptance with resonance

at fO, when one of the apertures disappears. It is clear that

the introduction of the second aperture shifts the resonant

frequency to a higher value fOl. This second aperture results

also in a flatter susceptance curve near resonance which

implies a smaller quality factor Q of the resonator.

C. Triple-Aperture Iris

The normalized shunt susceptance of two triple-aperture

irises is shown in Fig. 6. Excellent agreement between the

numerical and experimental results is demonstrated.

Based on the single iris analyses for both single-aperture and

triple-aperture irises two 3-section waveguide bandpass filters

with the same midband frequency and bandwidth in Ka-band

using triple-aperture irises as shown in Fig. 7(a) and using

single-aperture irises as shown in Fig. 2 were synthesized. The

corresponding irises for the two filters have the same midband

susceptance value. The simulated insertion loss for the two
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Fig. 5. Normalized susceptancefor horizontal twin-apertureresonanceirk
a~, bo, D = 14.80, 1.00, 1.80 mm. (1) Both apertures exist. (2) Only one

wrture exists.
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Fig. 6. Normalizedsusceptancefor triple-apertureiris: (1) ao, bo, d = 3.00,

8.00,4.80 mm (2) ao, bo, d = 3.20,8.00,2.80 mm.

filters are plotted in Fig. 7. It is found that the filter with triple-

aperture irises has a few decibel higher attenuation in both

lower and upper stopband than its single-aperture counterpart.

The geometries of both filters are given in Table II.

IV. CONCLUSION

Analysis of multiple rectangular aperture iris coupling in

rectangular waveguide by using TE~n -modal expansion in

conjunction with the moment method is presented. The use

of TEfin-modal expansion which automatically excludes the

either very small or zero electric field Ez component results

in more than 50% computer storage saving and CPU time

reduction down to about 25% as compared with the commonly

used TEm. – TM~n-approach. Numerical results for various

iris structures were confirmed by experiment. A possible ap-

plication of the multi-aperture iris to the design of waveguide

bandpass filter with high stop-band attenuation is suggested.
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TABLE H

KA-BAND 3-SECTION BANDPASSFILTERGEOMETRIESfo = 38.8 GHz Af /fm = 1.2% WAVEGUIDE DIMENSION: 7.112 x 3.556 (mm)

Resonator Length Aperture Size u x bo(mm)
—

Structure 11,13 12 Ist and 4th irises 2nd and 3rd irises
—

Single Aperture 4.339 4.494 1.932 X 2.524 1.032 X 1.934

Triple Aperture 4.301 4.510 1.894 X 3.300 0.760 X 3.300
—
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