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Abstract—Rigorous and fast convergent analysis of a coupler slotted
in common wall between two dissimilar rectangular waveguides is de-
scribed by a mode-matching method combined with Fourier transform
technique and consideration of the singularity of electromagnetic field
around edges. Comparing with a conventional mode-matching method,
the present method has two advantages. One is that it can avoid the
usage of the dyadic Green’s function, the other is that it can over-
come the relative convergence problem. The consideration of the field
singularity has greatly improved the convergence and the calculated
accuracy of a solution. This analysis is rigorous and the computer cost
is very low.
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1. INTRODUCTION

Slotted waveguides are wildly used in the design of microwave
components, such as a directional coupler and a linear slot array. The
classical theories found in standard antenna text [1] is presented by
Bethe [2] and Stevenson [3] who developed the theory for very small
apertures, and later Cohn [4] modified them to larger apertures of finite
thickness. On the other hand, Levy [5] established the synthetic theory
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of multiaperture couplers based upon them. Besides these methods
the various variational techniques [6, 7], the method based upon ‘self-
reaction’ [8] and the moment method [9–14] have been presented.

The moment method is especially attractive, for it is applicable
to the coupling problems with an arbitrary shaped aperture. If
suitable basis functions can be found, it may take into account the
effect of finite wall thickness and higher order modes of the coupling
aperture. However it requires a formulation based on the dyadic
Green’s function. The mode-matching method combined with Fourier
transform technique can avoid the usage of the dyadic Green’s function,
and it can overcome the relative convergence problem caused by a
conventional mode-matching method. This method has successfully
analyzed the various problems [15–17]. On the other hand, although
most works were based on a narrow slot approximate condition, the
problem of a wider slot coupler is very important, since a wider slot
coupler can improve the bandwidth and the input power-handling
capacity than a narrow slot coupler. Sinha [11] and Sangster etc. [12]
have discussed a wider slot coupler.

In this paper, we describe a mode-matching method combined
with Fourier transform technique and consideration of the singularity
of electromagnetic field distribution to analyze a slot coupler between
two dissimilar rectangular waveguides. This method can avoid the
usage of the complex Green’s functions, and can overcome the relative
convergence problem than a normal mode-matching method. This
method can greatly improve the convergence and the calculated
accuracy of the solution. Although the formulation is derived for
a longitudinal slot coupler, it is directly suitable for transverse and
longitudinal/transverse ones by only exchanging the setting of the
width and length of the coupling slot. Numerical examples have
confirmed good convergence and high accuracy of the solution by the
present method.

2. FORMULATION

The geometry of a coupler between two dissimilar rectangular
waveguides through a slotted aperture in the common broad wall is
shown in Fig. 1 and Fig. 2. The waveguide I is a main guide, and the
waveguide II is a branch guide. The cross sectional dimensions of the
waveguide I and II are assumed to be 2aI × bI and 2aII × bII respectively,
and the dimension of the slot is 2l×2w×2t. The incident wave fed from
y = −∞ in the waveguide I with a unit amplitude may be represented
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Figure 1. Geometry of a slot coupler between two parallel dissimilar
rectangular waveguides.
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Figure 2. Cross-sectional view of the slot coupler shown in Fig. 1 at
y = 0 plane cut.

by the magnetic Hertzian vector potential as follows:

Πi
h =

ŷ

k2
0Z0

cos aI
1(x+ aI + cI)e−jηI

10y (1)

where ηI
10 =

√
k2

0 − aI
1
2, aI

1 = π/2aI, k0 = ω
√
ε0µ0 and Z0 =

√
µ0/ε0

are the wave number and intrinsic impedance in free space. The
scattered electromagnetic fields due to the slot may be expressed by
the Hertzian vectors in the waveguides I and II as follows:

Πϑ
e =

ŷ

k2
0

∞∑
µ=1

1
2π

∫ ∞

−∞
Aϑ

µ(η) sin aϑ
µ

(
x+ aϑ + cϑ

)
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× sin ζϑ
µ

(
z ± bϑ ± t

)
e−jηydη (2)

Πϑ
h =

ŷ

k2
0Z0

∞∑
µ=0

1
2π

∫ ∞

−∞
Bϑ

µ(η) cos aϑ
µ

(
x+ aϑ + cϑ

)

× cos ζϑ
µ

(
z ± bϑ ± t

)
e−jηydη (3)

for ϑ = I, II

where aϑ
µ = µπ/2aϑ, ζϑ

µ =
√
k2

0 − aϑ
µ
2 − η2, Aϑ

µ and Bϑ
µ are unknown

spectral functions, and an infinitesimal small loss has been assumed
in the wavenumber k0 of free space, which is finally reduced to zero.
The sign ± corresponds to ϑ = I(ϑ = II). Note that the electric fields
derived from these Hertzian vectors (2) and (3) satisfy the boundary
conditions on the conducting walls at x = ±aϑ − cϑ and y = ∓(bϑ + t).
The fields in the slot region III can be derived by the following Hertzian
vectors:

ΠIII
e =

ŷ

k2
0

∞∑
m=1

∞∑
n=0

sinwm(x+ w) cos ln(y + l)

×
[
AIII(+)

mn e
−jkmn(z+t) +AIII(−)

mn e
jkmn(z−t)

]
(4)

ΠIII
h =

ŷ

k2
0Z0

∞∑
m=0

∞∑
n=1

coswm(x+ w) sin ln(y + l)

×
[
BIII(+)

mn e−jkmn(z+t) +BIII(−)
mn ejkmn(z−t)

]
(5)

where wm = mπ/2w, ln = nπ/2l, kmn =
√
k2

0 − wm
2 − ln2,

A
III(+)
mn , A

III(−)
mn , B

III(+)
mn and B

III(−)
mn are unknown coefficients. The

summation. Because there is 90◦ metallic edge on the aperture, the
fields mast satisfy the edge-condition, and it is well known that the
tangential components of the electric fields vanishes as ρ−1/3, and the
normal component as ρ2/3 at a 90◦ metallic edge [18], then the fields
on the aperture can be expanded as follows:

EIII
x (x, y,∓t) =

∞∑
u,v=0

Aϑ
uv

[
1 −

(
x

w

)2
]− 1

3

C1/6
u

(
x

w

)[
1 −

(
y

l

)2
]2

3

C7/6
v

(
y

l

)

(6)

EIII
y (x, y,∓t) =

∞∑
u,v=0

Bϑ
uv

[
1 −

(
x

w

)2
]2

3

C7/6
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)[
1 −

(
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)2
]− 1
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(7)
for ϑ = I, II

where the functions of C1/6
u ( x

w ) and C
7/6
u ( x

w ) are the Gegenbauer
polynomials, AΦ

uv and BΦ
uv are unknown coefficients. Form table of

integrals [19] the integrals are found.∫ 1

0

(
1 − t2

)ν− 1
2Cν

2n+1(t) sin(at)dt = (−1)nπ
Γ(2n+ 2ν + 1)J2n+ν+1(a)

(2n+ 1)!Γ(ν)(2a)ν[
Re ν > −1

2
, a > 0

]
(8)

∫ 1

0

(
1 − t2

)ν− 1
2Cν

2n(t) cos(at)dt = (−1)nπ
Γ(2n+ 2ν)J2n+ν(a)

(2n)!Γ(ν)(2a)ν[
Re ν > −1

2
, a > 0

]
(9)

The tangential electric fields derived from (4) and (5) are substituted
into the left hand sides of (6) and (6). The resulting equations are
multiplied by coswm(x+w) sin ln(y+ l) and sinwm(x+w) cos ln(y+ l)
and integrated over the aperture region, using the orthogonality of
the trigonometric functions and the integral formula (8) and (9).
After several manipulations, we have the following relations among
the unknown coefficients:

AIII(+)
mn = K1

∞∑
u,v=0

k0kmnΘy
mn

[
BI

uv −BII
uve

−jkmnt
]

(k2
0 − l2n)(1 + δn0)

(10)

AIII(−)
mn = K1

∞∑
u,v=0

k0kmnΘy
mn

[
BII

uv −BI
uve

−jkmnt
]

(k2
0 − l2n)(1 + δn0)

(11)

BIII(+)
mn = K1

∞∑
u,v=0




Θx
mn

[
AI

uv −AII
uve

−j2kmnt
]

1 + δm0

+
wmlnΘy

mn

[
BI

uv −BII
uve

−j2kmnt
]

k2
0 − l2n


 (12)

BIII(−)
mn = K1

∞∑
u,v=0




Θx
mn

[
AII

uv −AI
uve

−j2kmnt
]

1 + δm0

+
wmlnΘy

mn

[
BII

uv −BI
uve

−j2kmnt
]

k2
0 − l2n


 (13)
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where

K1 =
k0

kmn(1 − e−j4kmnt)
(14)

Θx
mn = (−1)[

m+1
2

]+[n
2
]Λum

(
1
6

)
Λvn

(
7
6

)
QumQ(v+1)n (15)

Θy
mn = (−1)[

m
2

]+[n+1
2

]Λum

(
7
6

)
Λvn

(
1
6

)
Q(u+1)mQvn (16)

Λum(ϕ) =
2(−1)[

u
2
]πΓ(u+ 2ϕ)Ju+ϕ

(
mπ

2

)
u!Γ(ϕ)(mπ)ϕ

for ϕ =
1
6
,
7
6

(17)

Qum =

{
1 u+m∆=even
0 u+m∆=odd

(18)

where the square bracket in exponential function of (−1) is a integer
operator, which indicates taking a integer number, the symbol δn0

denotes the Kronecher’s delta. The tangential electric and magnetic
fields derived from (1)–(5) should be continuous across the boundary
planes z = ±t. These boundary conditions may be expressed as

EI
x,y(x, y,−t) =

{
EIII

x,y(x, y,−t) |x| < w, |y| < l
0 otherwise (19)

EII
x,y(x, y, t) =

{
EIII

x,y(x, y, t) |x| < w, |y| < l
0 otherwise (20)

H I
x,y(x, y,−t)+H i

x,y(x, y,−t) = H III
x,y(x, y,−t) |x|<w, |y|<l (21)

H II
x,y(x, y, t) = H III

x,y(x, y, t) |x| < w, |y| < l. (22)

Note that the tangential components of electric fields of the incident
wave is equal to zero on the plane z = −t. The boundary conditions
for the electric fields are first applied. The Ey fields on the aperture of
z = −t can be derived from (2) and (4), and substitute (10) and (11)
into (4), we have

EIII
y (x, y,∓t) =

∞∑
u,v=0

Bϑ
uv

∞∑
m=1

∞∑
n=0

Θy
mn

1+δn0
sinwm(x+w) cos ln(y+l) (23)

Eϑ
y (x, y,∓t) = ±

∞∑
µ=1

1
2π

∫ ∞

−∞

k2
0 − η2

k2
0

Aϑ
µ(η) sin aϑ

µ(x+ aϑ + cϑ)

× sin(ζϑ
µb

ϑ)e−jηydη. (24)

Substituting (23) and (24) into the boundary condition (19) and (20),
multiplying both sides by sin aϑ

µ(x + aϑ + cϑ) and integrating it from
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x = −(aϑ + cϑ) to x = aϑ − cϑ, finally Fourier transforms of the
resulting expression are calculated with respect to y. This leads to
a equation which relate the unknown spectral function Aϑ

µ(η) to the
unknown coefficients Bϑ

uv as follows:

Aϑ
µ(η) =

∓jηk2
0

(k2
0 − η2)aϑ sin(ζϑ

µb
ϑ)

∞∑
u,v=0

Bϑ
uv

∞∑
m=1

∞∑
n=0

wmΘy
mn

1 + δn0
V ϑ

mµUn(η)

(25)
where

V ϑ
mµ =

1

aϑ
µ
2−wm

2

[
(−1)m sin aϑ

µ(aϑ+cϑ+w)−sin aϑ
µ(aϑ+cϑ−w)

]
(26)

Un(η) =
(−1)nejηl − e−jηl

η2 − ln2 (27)

Similarly, applying the boundary condition (19) and (20) to the Ex

fields derived from (2)–(5) and using the relationship (25), we have

Bϑ
µ(η) =

±jk0a
ϑ
µ

aϑζϑ
µ sin(ζϑ

µb
ϑ)

∞∑
u,v=0

∞∑
m=0

∞∑
n=1

V ϑ
mµUn(η)

×
[

η2wmΘy
mn

(k2
0 − η2)(1 + δn0)

Bϑ
uv +

lnΘx
mn

(1 + δµ0)(1 + δm0)
Aϑ

uv

]
(28)

Next, the boundary conditions for the tangential magnetic fields are
applied. The Hx fields on the plane of z = −t can be derived from
(1)–(5) as follows:

H I
x(x, y,−t) =

j

Z0

∞∑
µ=0

1
2π

∫ ∞

−∞

[
ηaI

µ

k2
0

BI
µ(η) −

ζ I
µ

k0
AI

µ(η)
]

× sin aI
µ(x+ aI + cI) cos(ζ I

µb
I)e−jηydη (29)

H in
x (x, y,−t) =

jηI
10a

I
1

k2
0Z0

sin aI
1(x+ aI + cI)e−jηI

10y (30)

H III
x (x, y,−t) =

j

Z0k0

∞∑
u,v=0

∞∑
m=0

∞∑
n=1

{
wmlnΘx

mn

kmn

×
[
AI

uv cot(2kmnt)−AII
uv csc(2kmnt)

]
+

(k2
0−wm

2)Θy
uv

kmn

×
[
BI

uv cot(2kmnt) −BII
uv csc(2kmnt)

]}

× sinwm(x+ w) cos ln(y + l) (31)
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First replacing the spectral functions of AI
µ(η) and BI

µ(η) in (29) by
the correspondent expression of (25) and (28), and substituting (29)–
(31) into the boundary condition (21), then we can obtain an equation
about the unknown coefficients of AI

uv to BII
uv. Next, we integrate

this equation over |x| < w, |y| < l after multiplying both sides by the
trigonometric functions sinwp(x+ w) cos lq(y + l), where the letters p
and q are nonnegative integers. This leads to a set of linear equations
for the unknown coefficients AI

uv to BII
uv as follows:

∞∑
u,v=0

lqwla
IΘx

pq

kpq
[AII

uv csc(2kpqt) −AI
uv cot(2kpqt)]

+
∞∑

u,v=0

(
k2

0 − wp
2
)
wlaIΘy

pq

kpqwp

[BII
uv csc(2kpqt) −BI

uv cot(2kpqt)]

=
∞∑

u,v=0

AI
uv

∞∑
m=0

∞∑
n=1

lnI
I
1Θ

x
mn

1 + δm0
+

∞∑
u,v=0

BI
uv

∞∑
m=1

∞∑
n=0

wmI
I
2Θ

y
mn

1 + δn0

−j(ηI
10)

2aI
1a

Ik−1
0 V I

p1Uq(−ηI
10) for p = 1, 2, · · · , q = 0, 1, · · · (32)

where

Iϑ
1 =

∞∑
µ=0

aϑ
µ
2

1 + δµ0
V ϑ

mµV
ϑ
pµ

1
2π

∫ ∞

−∞

η2Un(η)Uq(−η)
ζϑ
µ tan(ζϑ

µb
ϑ)

dη (33)

Iϑ
2 =

∞∑
µ=1

(
k2

0 − aϑ
µ
2
)
V ϑ

mµV
ϑ
pµ

1
2π

∫ ∞

−∞

η2Un(η)Uq(−η)
ζϑ
µ tan(ζϑ

µb
ϑ)

dη (34)

for ϑ = I, II

These integrals can be evaluated in closed form by residue-calculus
[16, 17]. Likewise, we apply the continuous condition of the y-
component of magnetic field across the plane of z = −t, another set
of linear equations for the unknown coefficients AI

uv to BII
uv can be

obtained.

∞∑
u,v=0

(
k2

0 − lq2
)
wlaIΘx

pq

kpqlq

[
AII

uv csc(2kpqt) −AI
uv cot(2kpqt)

]

+
∞∑

u,v=0

wpwla
IΘy

pq

kpq

[
BII

uv csc(2kpqt) −BI
uv cot(2kpqt)

]

=
∞∑

u,v=0

AI
uv

∞∑
m=0

∞∑
n=1

1 + δm0 +
∞∑

u,v=0

BI
uv

∞∑
m=1

∞∑
n=0

wmI
I
1Θ

y
mn

1 + δn0
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−jaI
1
3aIk−1

0 V I
p1Uq(−ηI

10) for p = 0, 1, · · · , q = 1, 2, · · · (35)

In the same way, applying the boundary condition of (22), we have the
following equations.

∞∑
u,v=0

lqwla
IIΘx

pq

kpq
[AI

uv csc(2kpqt) −AII
uv cot(2kpqt)]

+
∞∑

u,v=0

(
k2

0 − wp
2
)
wlaIIΘy

pq

kpqwp

[BI
uv csc(2kpqt) −BII

uv cot(2kpqt)]

=
∞∑

u,v=0

AII
uv

∞∑
m=0

∞∑
n=1

lnI
II
1Θ

x
mn

1 + δm0
+

∞∑
u,v=0

BII
uv

∞∑
m=1

∞∑
n=0

wmI
II
2Θ

y
mn

1 + δn0
(36)

for p = 1, 2, · · · , q = 0, 1, · · ·
∞∑

u,v=0

(
k2

0 − lq2
)
wlaIIΘx

pq

kpqlq
[AI

uv csc(2kpqt) −AII
uv cot(2kpqt)]

+
∞∑

u,v=0

wpwla
IIΘy

pq

kpq
[BI

uv csc(2kpqt) −BII
uv cot(2kpqt)]

=
∞∑

u,v=0

AII
uv

∞∑
m,n′=0

lnI
II
1Θ

x
mn

1 + δm0
+

∞∑
u,v=0

BII
uv

∞∑
m′,n=0

wmI
II
1Θ

y
mn

1 + δn0
(37)

for p = 0, 1, · · · , q = 1, 2, · · ·

Equations (32), (35), (36) and (37) are solved to obtain the unknown
expansion coefficients AI

uv to BII
uv for the scattered waves into

waveguide I and II, after truncating the modal expansion up to
u = v = U . The results are used in (25) and (28) to determine
the unknown spectral functions AI

µ(η) to BII
µ(η). When the coupler is

excited by TE10 mode fed from waveguide I, the scattering parameters
are calculated in terms of expansion coefficients rooted by (32), (35),
(36) and (37) as follows

s11 = −
U∑

u,v=0

∞∑
m,n=0

{
aI

1lnΘx
mn

ηI
10(1+δm0)

AI
uv+

ηI
10wmΘy

mn

aI
1(1 + δn0)

BI
uv

}
ΨI(−ηI

10) (38)

s21 = −
U∑

u,v=0

∞∑
m,n=0

{
aI

1lnΘx
mn

ηI
10(1 + δm0)

AI
uv +

ηI
10wmΘy

mn

aI
1(1 + δn0)

BI
uv

}
ΨI(ηI

10) + 1

(39)
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s31 = K2

U∑
u,v=0

∞∑
m,n=0

{
aII

1lnΘx
mn

ηII
10(1 + δm0)

AII
uv +

ηII
10wmΘy

mn

aII
1(1 + δn0)

BII
uv

}
ΨII(−ηII

10)

(40)

s41 = K2

U∑
u,v=0

∞∑
m,n=0

{
aII

1lnΘx
mn

ηII
10(1+δm0)

AII
uv+

ηII
10wmΘy

mn

aII
1(1+δn0)

BII
uv

}
ΨII(ηII

10) (41)

where

Ψϑ(ηϑ
10) =

k0V
ϑ
m1Un(ηϑ

10)
2aϑbϑ

for ϑ = I, II (42)

K2 =

√
aII

1b
IIηII

10

aI
1b

IηI
10

(43)

The other elements of scattering matrix are obtained by changing
the port of initial excitation.

3. NUMERICAL RESULTS AND DISCUSSION

The proposed method has been applied to a longitudinal slot coupler
in the common broad wall and a rectangular T-junction. Although the
set of linear equations (32) and (35)–(37) is derived for a longitudinal
slot coupler, these linear equations are directly suitable for transverse
and longitudinal/transverse problems by only exchanging the setting of
the width an length of the coupling slot. In order to check the validity
of the present method, we first consider a rectangular T-junction with
a reduced width side waveguide. This problem can be solved using a
set of linear equations (32) and (35), where the coefficients in terms of
AII

uv and BII
uv in (32) and (35) are set to be zero. The reflection and

transmission coefficients of |S11|2 and |S21|2 are plotted in Fig. 3 as
function of the normalized wavelength λ/(2a) with 2aI = 34.85 mm,
bI = 15.799 mm, 2w = 22.86 mm, 2l = 10.16 mm, cI = 0, and t = ∞.
The solid lines, dash lines, and symbols denote the results of the
present method with truncation number U = 5, the mode-matching
method with the generalized admittance matrix [20], and the measured
results by the literature [21], respectively. The present results are
much closer to the measured data than a conventional mode-matching
method. This example shows that the present method is very available
to improve calculated accuracy.

Next, we shall discuss the effect of the singularity of fields around
the edges of the slot on the calculated results. For convenience, we
consider a narrow slot coupler, in which the electromagnetic fields in
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Figure 3. Comparison of the scattering parameters |s11|2 and
|s21|2 between calculated results and measurements for a WR-137
rectangular waveguide T-junction with a reduced width side waveguide
with 2aI = 34.85 mm, bI = 15.799 mm, 2w = 22.86 mm, 2t = 10.16 mm,
and cI = 0.

slot region are well approximated with the superposition of only TEy
0n

modes. Fig. 4 shows the convergence behavior of the scattering pa-
rameters s11 and s21 as function of the truncation number U by the
present method for a slot coupler with 2aI = 2aII = 7.10 mm, bI = bII =
3.55 mm, cI = cII = 2.5 mm, 2l = 4.70 mm, 2w = 0.5 mm, 2t = 1.0 mm,
and f = 32 GHz. We can see that the convergence of s-parameters
is very good. Fig. 5 shows the convergence of the same scatter-
ing parameters as function of the truncated number N without con-
sideration of the singularity of electromagnetic fields. If the singu-
larity is not taken into account, (6)–(18) will be omitted from the
analysis, so that the unknowns become the coefficients (AIII(±)

mn and
B

III(±)
mn ) for the full modes expansion, and the coefficients (BIII(±)

0n for
the TEy

0n modes expansion. Form these figures, the results are also
convergent well. However, comparing these figures with Fig. 4, we
can find that the convergent values are quite different from those ob-
tained by considering the field’s singularity. This phenomenon can
be explained form calculating the distribution of the magnetic fields.
Fig. 6 is the plot of the distribution of magnetic fields along the line
of x = 0 and z = −t as function of y with various truncation number.



256 Jia, Yoshitomi, and Yasumoto

2 4 6 8 10 12 14

0.43

0.44

0.45

0.46

0.47

0.48

0.49

0.50

30

20

10

Truncation number U

A
m

pl
itu

de
 o

f 
re

fe
ct

io
n 

co
ef

fi
ci

en
t S

 1
1 

 Phase of refection coefficient S
 11  ( o )  

Solid line: Amplitude

Dash line: Phase

(a)

2 4 6 8 10 12 14

0.50

0.55

0.60

0.65

10

20

Truncation number U

A
m

pl
itu

de
 o

f 
tr

an
sm

is
si

on
 c

oe
ff

ic
ie

nt
 S

  2
1 

 Phase of transm
ission coefficient S

 21  ( o )  

Solid line: Amplitude

Dash line: Phase

(b)

Figure 4. Convergence of the scattering parameters s11 and s21 as
function of truncation number U for a slot coupler with 2aI = 2aII =
7.10 mm, bI = bII = 3.55 mm, cI = cII = 2.5 mm, 2l = 4.70 mm, 2w =
0.5 mm, 2t = 1.0 mm, and f = 32 GHz. (a) s11. (b) s21.
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Figure 5. Convergence of the scattering parameters s11 and s21 as
function of truncation number N for the same coupler as shown in
Fig.3. (a) s11. (b) s21.
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Figure 6. Distribution of magnetic fields on the line of x = 0 and
z = −t as function of y with various truncation number. (a) With
the consideration of fields singularity. (b) Without the consideration
of fields singularity.
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Figure 7. Comparison of the scattering parameter between the
present solution and the approximate results with a narrow slot
condition for a slot coupler with 2aI = 7.112 mm, bI = 3.556 mm, 2aII =
5.70 mm, bII = 2.85 mm, cI = 0.5 mm, cII = 2.35 mm 2l = 4.30 mm,
2w = 0.5 mm, and 2t = 1.0 mm. (a) s11, (b) s21, (c) s31, (d) s41.

Fig. 6a shows the results obtained with consideration of the fields
singularity, whereas Fig. 6b shows the results obtained without taking
the field’s singularity into account. When the singularity is taken into
account, the magnetic field is convergent over the whole region, as the
expansion terms are truncated at only U = 4. However, the calculated
magnetic fields do not converge yet without consideration of the field
singularity, even if the truncation number is increased to N = 60.
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Figure 8. Comparison of the scattering parameter between the
present solutions and the approximate results with a narrow slot
condition for a slot coupler with the same parameters given in Fig. 7
except for 2w = 1.0 mm. (a) s11, (b) s21, (c) s31, (d) s41.

Thus, the consideration of the field singularity is indispensability, in
order to obtain a complete convergent solution. It is noticed that the
effect of the singularity is decreasing with increasing the aperture size,
since the ratio of electromagnetic energy around edges over the whole
one in the aperture region is in declined tendency, so that the mode-
matching method combined only with Fourier transform technique can
also get practicable results for s-parameters, when the aperture size is
relative larger.
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Finally, we discuss the accuracy of the calculated results by a
narrow slot approximation. Fig. 7 shows comparison of scattering
parameters between the present solution and the approximate results
with a narrow slot condition of a slot coupler with 2aI = 7.112 mm, bI =
3.556 mm, 2aII = 5.70 mm, bII = 2.85 mm, cI = 0.5 mm, cII = 2.35 mm,
2l = 4.3 mm, 2w = 0.5 mm, 2t = 1.0 mm. The dash lines denote
the approximate results with TEy

0n modes expansion. The solid lines
denote the present results. We can see that the difference between
the two methods is very small. On the other hand, Fig. 8 shows
comparison of scattering parameters between the present solution and
the approximate results with a narrow slot condition of a slot coupler
with the same parameters given in Fig. 7 except for 2w = 1.0 mm. In
this case, there is a noticeable difference between two methods. As
is well known, the zero point of s11 phase have particular value to
define the resonant frequency by some definitions. We can see that the
calculation with a narrow slot approximation is not suitable for this
case, so that it is careful enough to use the narrow slot condition.

4. CONCLUSION

A rigorous and fast convergent method for analyzing slot couplers has
been presented, which is based on a mode-matching method combined
with Fourier transform technique and the consideration of the field
singularity. The fields in the waveguide region expressed by the Fourier
integrals are evaluated in closed form by a simple residue-calculus,
and the fields on the apertures are expanded by the Gegenbauer
polynomials weighted functions for describing the edge conditions.
The present method can avoid the dyadic Green’s function, and can
overcome the problem of relative convergence. Numerical tests have
confirmed very good convergence and high accuracy of the solution by
the present method.
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