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Excitation of Waveguide by Stripline- and
Microstrip-Line-Fed Slots

B. N. DAS, K. V. S. V. R. PRASAD, AND K. V. SESHAGIRI RAO, MEMBER, IEEE

Ab.vtract —This paper presents investigations on coupling between strip-

fhre/microstrip fine and a rectangular ‘wavegnide coupled through a slot in

the ground plane which is fixed in the cross-sectionaf plane of the wave-

guide. A closed-form expression for the impedance loading on stripliue/
microstip line is evahrated from knowledge of the complex power flowing

down the rectangular waveguide supporting the dominant mode and diseoq-
tinuity in the modal voltage in stripline/microstrip line. The reactance
cancellation is obtained by terminating the stripline/microstrip tine excit-
ing the slot in a short-circuited stub. The structure under this condition
forms a transition between stripline/microstrip fine and a wavegnide. The

design curves on slot length versus frequency are presented for different

values of dielectric constants. The variation of coupling as a fnnction of

frequency and also the location of the slot is evaluated. Numerical results

for slot coupling useful for the design of wavegnide simulators are also

presented.

L INTRODUCTION

sOME INVESTIGATIONS on aperture coupling be-

tween stripline/microstrip line and waveguide through

an aperture in the common wall have been reported [1]–[4].

Design of a multi-aperture directional coupler has also

been carried out by Kumar and Das [5]. It is found that the

coupling between the stripline and the waveguide attained

in this process is limited to low values. In order to obtain

higher coupling, the length of the coupling region becomes

very large. The method of exciting a multimode guide

through a stripline-fed slot in the transverse section of

waveguide has recently been discussed in the literature [6].

The electric-field distribution required for the analysis has

been obtained from conformal transformation in the case

of a symmetric stripline and from the equivalent parallel-

plate configuration in the case of a rnicrostrip line. When

an equivalent parallel-plate configuration is used in the

case of microstrip line, the maximum dimension of the

aperture is restricted. Evaluation of the electric-field distri-

bution by the method of conformal transformation is quite

involved in the cases of asymmetric stripline, symmetric

and asymmetric striplines with partial dielectric filling, and

microstrip line.

In the present work, excitation of a waveguide by strip-

line- and microstrip-line-fed slots in the transverse cross

section of the waveguide is investigated. The field distribu-
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tion required for the analysis of both stripline-fed and

microstrip-fed slots is determined from one common gen-

eral formulation. The impedance seen by the line exciting

the waveguide is determined from the complex power

flowing down the waveguide and the discontinuity in modal

voltage in the stripline or rnicrosttip line. The analysis is

then extended to the case of a waveguide supporting TEIO,

TE20, TE30 modes for slot locations corresponding to eigen

excitations of the form (1/2,1,1/2), (fi/2, O, – &/2)

and (1, – 1, 1), when used in the construction of waveguide

simulators [7]. Numerical results on the normalized resis-

tance and the reactance are presented. Further, the effect

of a reactive stub in ‘the feedline terminating the slot is

investigated. The results on coupling between the

stripline/microstrip line and waveguide have also been

evaluated. Finally, the design curves on slot length L for

which the normalized resistance becomes unity are

presented as a function of frequency for various values of

dielectric constants.

II. GENERAL ANALYSIS

The method of exciting a rectangular waveguide by a

slot, the center of which is located at (xO, yO) on the

ground plane of a, stripline, is shown in Fig. l(a). The

length of the slot is parallel to the x-axis. The analysis is

carried out for the general case of a stripline having its

center strip arbitrarily located parallel to the ground planes

and embedded at the interface between the two different

dielectric media.

The electric field in the cross section of the stripline/

microstrip line can be expressed as [9]

E=d”

where 2 is the modal vector and V is

satisfying the orthonormality condition

/
e2ds=l

(1)

the modal voltage

where ds represents the area of an infinitesimally small

element in the cross section of the waveguide.

In Fig. l(a), the coupling of the slot is transverse to the

axis of the stripline. Using the formulas by Marcuvitz and

Schwinger [13], it can be shown easily that such a slot
produces discontinuity in the modal voltage, and the equiv-

alent network of the slot appears as a series element in the

transmission-line representation of Fig. l(c). From a

knowledge of this discontinuity in modal voltage AV, the
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Fig, 1. Configuration of the excitation of a waveguide by a slot in the

ground plane of the stnpline. (b) Configuration of the stripline used for

the determination of modal vector function. (c) Equivalent circuit of the

stub-terminated feed arrangement.

normalized admittance loading on the stripline resulting

from the power coupled to the waveguide is obtained from

the relation

P
F=

YO(AV)2
(2)

where YO is the characteristic admittance of the stripline,

AV is the discontinuity in modal voltage in the stripline,

and P is the complex power flowing down the waveguide.

The electric-field distribution in the aperture plane of a

slot exciting the guide is assumed to be of the form

(
L

EY=EOsin K ~–lx–xO\
)

(3)

where E. is the maximum value of the electric field in the

aperture plane of the slot, L is the length of the slot,

K = (27T/A o)~, and the expression for c: is given by [8]

where c; is the effective dielectric constant and c, is the

relative dielectric constant of the medium filling the region

between the ground planes of the stripline.

The electric field in the coupling aperture given by (3)

excites the TE to x mode in the waveguide, which can be

expressed as the superposition of TE and TM modes [9].

The modal amplitudes of the TE~.-mode fields excited

in the rectangular waveguide of Fig. l(a) can be obtained

from the formula [9]

where

&fl=l “for rt=O

. 2 for n >0.

The complex power in the waveguide is given by [9]

(5)

where Z= is the unit vector along the axis of the waveguide.

Substituting (3) in (4) and using (5), an expression for the

complex power in the waveguide is obtained as

r mrd 12

n TyO mtrxO
. cos2—

b
. sin2 —

a

“[ ‘1
KL mrL 2

Cos T – Cos 2a

(-)

mn 2

– K2
a

with

(6)

where d is the width of the slot, V. is the maximum voltage

across the slot, EOd, a and b are the broad and narrow

dimensions of the waveguide, and p and c are, respectively,

the permeabi~liy and permittivity of the medium inside the

waveguide. Slrice the waveguide is airfilled, the values of p

and c are assumed to be the same as those of free space.
The expression for the modal vector function required for

the evaluation of discontinuity in the modal voltage in the

structure of Fig. l(b) having the slot in its ground plane is

derived from the potential function. Assuming that the

charge distribution in the center strip is of the form

p(x) =

*’

(=)<’<($+:)=0‘thertise
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Following the method suggested by Yamashita and Atsuki

[10], the expression for the potential function O(X, z) for

the TEM-mode field is obtained as

@(x, z)

.JO(%)sin(~)=“=~,,?

.sirih(~)sin(~) sinh(~)

O<.z<hl

where JO indicates the Bessel function of zeroth order, and

‘=’lcosh(%)sinh(%)
“,cosh(%”sin(%

Following the method suggested by Barrington, the modal

vector function Z appearing in (1) can be found for the

TEM mode from the relation

where Vt k the derivative operator in the cross section

perpendicular to the axis of the line, @ in the potential

function for the TEM mode.

The expression for the normalized modal vector function

Z for the electric field is obtained as

.si~(~)sinh(%)

“[cos(%sinh(w
+s+Hcost34

sin(~)sinh(~)

02~—L_—L_
2.6 3 3,4 3.8 4

FREQUENCY [G HZ)

(a)

08~_L_L_
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(b)

Fig. 2. The variation of resonant slot length as a function of frequency
with the dielectric constant of the substrate as a parameter.

where

l“(=)[co’h(+)+cothR2= f –

n

[

n~hl

1
n~h2 , “

r?=l,3,5
c1 coth — +E2coth —

A A

After obtaining the relation for the normalized modal

vector function Z, the discontinuity in modal voltage in the

stritiine due to the slot cut on its mound Plane can be

determined from [8]

AV= ]/iix~s. ~cosfiyds (8)
slot

where /3 is the phase constant in the y direction, ~s is the

electric-field distribution in the aperture plane of the slot,

and ~ is the normalized transverse modal vector function

for the magnetic field of the dominant TEM mode in the

stripline, which is related to the normalized modal vector
function E for tlie electric field by the relation [9]

O<z<hl (7a) Z=iiyxz. (9)

Using (7a), (8), and (9), and taking the effect of asymmetry

into account, an expression for the discontinuity in the

modal voltage for a slot in the lower ground plane of the

stripline (z = O) is found to be of the form

JG

()
n77W

AV=VO ~ — —
,,=1,3,5 ARAnJO 2A

[

n TX
- Cos

( )
~sinh ;(B–z) iiX

-Sin(%”cosh(%z) ‘z ~)1 hl<z<B sinh(~)K~:~~~K?l ’10)

(7b)
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Fig. 3. Variation of normalized resistance and reactance loading on the
stripline/microstrip line with frequency (X-band).

Curve Description

u, b Impedance seen by a microstrip line without
a stub in the feedline.

C, d Impedance seen by a stripline without a
stub in the feedline.

e Reactance seen by a microstrip line, with
a stub in the feedIine.

f Reactance seen by a stripline with a stub
in the feedline.

III. EVALUATION OF NORMALIZED SLOT

ADMITTANCE

The normalized admittance presented to the stripline by

the slot located at a position (xO, yo) in the cross section of

the waveguide and radiating into the guide is given by

1 P,+ jP,
F=g+jz= :=-= (11)

z ~+jx YO(AV)2”

P. is evaluated for n = O and m = 1 and P, is calculated for

the other values of m and n in a single-mode guide. For

the multimode guide supporting TEIO, TEZO, and TE30

modes, P, is evaluated for n = O and m =1, 2, 3, and P, is

calculated for the other values of m and n.

Using (6), (10), and (11), the slot length L, which offers

a resistive part of the impedance equal to 50 Q (; =1), has

been calculated for different frequency bands (S and X)

for the structure having a slot in the ground plane of a

stripline exciting the rectangular waveguide when the di-

electric constant ~, filling the stripline is 2.56 and 10. The
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Fig. 4. Variation of normalized resistance and reactance loading on the

stnpline\microstrip line with frequency ( ~-band).

Curve Description

a, b Impedance seen by a microstrip line without

a stub in the feedline.

c, d Impedance seen by a stripline without a

stub in the feedline.

e Reactance seen by a microstrip line, with a
stub in the feedline,

f Reactance seen by a stnpline with a stub
in the feedline.

design curves on this slot length L versus frequency are

presented in Fig. 2.

After selecting the slot length, corresponding to a par-

ticular frequency fd, the variation of both 7 and ~ as a

function of frequency for YO= 0.02 mhos is obtained using

(6), (10), and (11) for the following cases.
Case 1. Impedance loading due to the slot in the ground

plane of symmetric stripline at X-band with A/l?= 10,

(1 = ~z = 2.56, fd = 9.375 GHz, a = 2.286 cm, b = 1.016

cm, XO =1.143 cm, -yO= 0.508 cm, d = 0.1 cm, and L =

2.0516 cm. The results for this case are presented in Fig. 3.

Case 2. Impedance loading on the microstrip line excit-

ing a single-mode guide through a slot in the ground plane

at X-band with A=1O cm, Cl= 2.56, Cz =1, hz=m, d =

0.1 cm, ~d =11.5 GHz, a = 2.286 cm, b =1.016 cm, XO =

1.143 cm, yO = 0.508 cm, and L = 2.0908 cm. The results

on 7 and Z for this case are also presented in Fig. 3.

Case 3. Impedance loading due to the slot in the ground

plane of symmetries stripline at S-band with A/B= 25,
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Cl = ez = 2.56, fd= 3 GHz, d = 0.1 cm, a = 7.214 cm, b =

3.404 cm, XO = 3.607 cm, yO= 1.702 cm, and L = 5.14065

cm. The results on normalized impedance are given in

Fig. 4.

Case 4. Impedance loading on the microstrip line excit-

ing a single-mode guide through a slot in the ground plane

at S-band with A=1O cm, C1=2.56, C2=1, h2=m, d=

0.1 cm, fd = 3 GHz, a = 7.214 cm, b = 3.404 cm, XO= 3.607
cm, y. =1.702 cm, and L = 6.8184 cm. The plots on

impedance of slot for this case are in Fig. 4.

IV. THE EFFECT OF A REACTIVE STUB IN THE FEEDLINE

TERMINATING THE SLOT ON THE IMPEDANCE ,

SEEN BY THE FEEDLINE

It is found from the results presented in Figs. 3 and 4

that the imaginary parts of the impedance seen by the

stripline and microstrip line do not become zero in the

frequency range of interest. It k possible to cancel

the reactive parts of these impedances by terminating the

striplke and microstrip line feeding the slot k a stub. The

length of the stub becomes shorter if an exponentially

tapered line k used as a stub. The expression for the

reactance Xl due to the stub is given by [12]

where KO1 is the impedance level of the line at y = yO, 1 is

the length of the line, ~ is the propagation constant, and 8

is the rate of the taper. i3/~ is positive when the impedance

level changes from a lower value to a higher value from the

input end to the short-circuited end of the stub. In the

other case, 8//3 is negative. The modified reactance in

presence of the stub are shown in Fig. 3 as curyes ( f ) and

(e) for 1= 3 mm, and 8/~= 0.1 for an X-band waveguide.

The modified reactance in presence of the stub are shown

in Fig. 4 as curves(f) and (e) for 1=10 mm and ii/fl = 0.5

for an S-band waveguide.

V. ESTIMATION OF COUPLING IN THE PRESENCE OF

A STUB TERMINATION

The reflection coefficient at the slot location because of

the impedance seen by the slot into the waveguide when

the slot is terminated by the reactive stub is given by

ZL – Z.
~:

ZL + Z.
(12)

where Z~ is the effective impedance offered by the slot in

the presence of a stub and ZO is the characteristic imped-

ance of the feedline.

Assuming the losses are negligible, the coupling in de-

cibels between the feedline and waveguide is calculated

from

Z=lologlo(l– 1712). (13)

Using (12) and (13) and the data of curves (c) and (f) of

Fig. 3, the variation of coupling between a symmetric

stripline and an X-band waveguide, as a function of
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Fig. 5. (a) Variation of coupling in decibels as a function of frequency
(X-band).

curve Description

a Stripline-fed waveguide slot with a stub
in the feedline.

b Microstrip-fed waveguide slot with a stub

in the feedline.

(b) Variation of coupling in decibels as a function of frequency (S-band).

Curve Description

a Stripline-fed waveguide slot with a stub
in the feedline.

b Microstrip-fed waveguide slot with a stub
in the feedline.

(c) Variation of coupling as a function of frequency for different values of
slot offset positions.
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Fig. 6. Variation of normalized resistance and reactance seen by a

stripline feeding a multimode guide as a function of slot length.

cuNe Description

a, b X. = 0.86 cm, X. = 4.29 cm, and y. = O
c’, d xo = 2.57 cm and y. = 0,0,

frequency, is computed and the results are presented as

curve (a) in Fig. 5(a). The corresponding variation of

coupling between a microstrip line and a rectangular wave-

guide is presented as curve (b) of Fig. 5(a).

Using (12) and (13) and the data of curves (c) and (j’)

of Fig. 4, the variation of coupling between a stripline and

an S-band guide, as a function of frequency, is evaluated

and the results are presented as curve (a) of Fig. 5(b). The

corresponding results for coupling between a microstrip

line and an S-band guide as a function of frequency is

computed and the results on coupling are presented as

curve (b) of Fig. 5(b).

The effect of the slot location in the y-direction on

coupling has also been estimated at X-band for the case of

coupling between stripline and the waveguide. The results

on coupling as a function of frequency (X-band) for vari-

ous locations of the slot in the y-direction have been

presented in Fig. 5(c).

VI. EXCITATION OF MULTIMODE GUIDE BY A SLOT

IN THE GROUND PLANE OF SYMMETRIC STRIPLINE

The normalized impedances of three slots a’, b’, c’

arranged in the cross section of the multimode guide,

shown as the onset in Fig. 6, are evaluated. The locations

of the centers of the slot are XO= 0.86 cm, 2.57 cm, and

4.29 cm, and -yO= 0.76 cm for each XO. The locations of the

slots correspond to eigen excitations of the form

(1/2, 1, 1/2), (fi/2,0, – ~/2), and (1, – 1, 1) in the

waveguide simulator, where these arrangements are used.

For the multimode guide supporting TEIO, TEZO, TE~O

modes, the waveguides dimensions are a = 5.145 cm, b =

1.52 cm. The normalized impedances are evaluated using

(6), (10), and (11) for the above values of X. and yO and

c1 = C2 = 2.56, A/B = 25.0, frequency = 9.375 GHz, d =

0.1 cm, y.= 0.02 mho, as a function of length of the slot.

The results are presented in Fig. 6. The numerical results

obtained from conformal transformation [6] are also pre-

sented in the same figure for the sake of comparison.

VII. DISCUSSIONS

The investigations reported in this paper have thrown a

new light regarding the realization of a transition between

a stripline/microstrip line and a rectangular waveguide.

The reactive stub is used to tune out the reactance at the

position of the slot. Such a configuration can provide very

strong coupling. It is found from the results presented in

Figs. 5 and 6 that the values of coupling of the order of O

dB can be achieved using the structure shown in Fig. 1. It

is worthwhile to point out that, in the case of a symmetric

T junction, the highest value of coupling is limited to 3 dB

only.

It is found from the results presented in Fig. 5(a) that for

a stub-terminated slot of length 2.055 cm, the coupling

between a symmetric stripline and a single-mode X-band

waveguide is nearly O dB over a frequency band of 9.0 to

9.6 GHz, centered at 9.3 GHz. For the same arrangement,

the coupling is within 1 dB over a frequency range of about

2.5 GHz. For a microstrip line coupled to a single-mode

X-band guide, the coupling is nearly O dB over a frequency

range 0.54 GHz, centered at 11.5 GHz for a slot length

equal to 2.09 cm. The coupling is found to be within 1 dB

over a frequency range of about 2.5 GHz,

In the case of an S-band guide and a symmetric strip-

line, the coupling is nearly O dB over a frequency band of

2.9–3.2 GHz, and it is within 1 dB over a frequency range

0.74 GHz for a slot length equal to 5.14 cm. For coupling

between a microstrip line and an S-band guide, the cou-

pling is nearly O dB over a frequency band of 0.1 GHz,

centered at 3.0 GHz, and it is within 1 dB over a frequency

range of 0.46 GHz for a slot length equal to 6.818 cm.

In order to study the effect of slot location in the

y-direction, (13) is evaluated for the values of yO/b = 0.1,
0.2,0.3,0.4, and 0.5, and the results are plotted in Fig. 5(c).

From the computed results, it is found that the coupling

for yO/b = 0.1 and yO= 0.4 are identical. Further, coupling

for yO/b = 0.2 and 0.3 are also found to be identical. As

the slot is displaced from the symmetric location, it is

observed that for frequencies higher than the resonant

frequency, the coupling first increases with a change in

displacement from the symmetric location and then de-

creases. For frequencies lower than the resonant point, the

coupling decreases with a change in position of slot from a

symmetric location and again increases. Results of Fig. 5(c)
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reveal that coupling varies between O and 0.5 dB over a

frequency range of 8.375 GHz to 10.5 GHz for yO/b = 0.5,

8.75 GHz to 11.125 GHz for yO/b = 0.1,0.4, and 9 GHz to

11.25 GHz for yO/b = 0.2 and 0.3.
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