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bline coupler can be accurately predicted by the Bloch-

wave analysis, in spite of its very complicated topology.

To find the curves in Fig. 11 parasitic effects such as stray

coupling capacitances at the strip open ends were

accounted for by static methods. Minor discrepancies can

probably be ascribed to the imperfect behavior of the

terminations used to carry out the measurements [11]. The

excellent accuracy of the Bloch-wave results shown in Fig.

11 is especially interesting in view of the fact that no

alternative approach based on sound physical arguments

is available to date for analyzing such devices.
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Analysis of Small Aperture Coupling Between
Rectangular Waveguide and Microstrip Line

J. S. RAO, K. K. JOSHI, AND B. N. DAS

Abstract-This paper presents a generalized aoafysis on aperture

cmrplfng between a microstripline and a redangufar waveguide. The ortho-

normalfmd motfaf functions for the mfcrostrip fine required for the de-

tersnfnation of the equivalent dipole moment are found from its equivalent

parallel plate coofiition. Expressions for cmspffng are obtained for

trananskdoss lines with theii axes paraffe~ the lfoeR forming a T-junction

and afso for cross-guide couplers. Theoretical reRofts show good agreement

with the experimental data for afl cases under investigation.

TN ORDER to

I. INTRODUCTION

integrate waveguide circuitry with strip

land microstrip circ~itry, it is-essential to realize COU-

pling between these dissimilar lines. Some studies on the

aperture coupling between a waveguide and a strip or a

microstrip line with their axes parallel have been reported

in the literature [ 1]– [4]. The coupling coefficient has been

defined in the published literature as the ratio of the
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voltage in the coupled line to that in the primary line. The

expressions obtained do not, however, exhibit reciprocal

properties of the device.

In the present work the coupling between dissimilar

guides is expressed as the ratio of the power flowing down

the coupled guide to that in the primary guide. If the

generator and coupled ports are designated as 1 and 2,

respectively, the power coupling coefficients are the same

for the directions 1+2 and 2~1. The expression for the

power flow in a line is obtained from the product of the

square of the model voltage [8] and the wave admittance

of the propagating mode. For a TEM mode line the ratio

of the modal voltage to modal current is equal to the wave

admittance [7].

Analysis of aperture coupling between the rectangular

waveguide and the microstrip line is restricted to small

aperture, as the latter is replaced by its dipole moments

[5], [6]. Amplitude of the modal voltage of the wave propa-

gating in the coupled guide is determined from a knowl-

edge of the equivalent dipole moment of the aperture and

the orthonormalized field functions [8] in the coupled
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guide. In the case of microstrip line, the eigenfunctions 4Y

required for the analysis are obtained from its equivalent
c /

parallel plate configuration [9].

Expressions for power coupling coefficients are derived

for the following cases: 1) rectangular waveguide and

microstripline with their axes parallel; 2) rectangular

waveguide and microstrip line forming a T-junction; and

3) crossed waveguide and microstripline couplers. Com-

parison between theoretical and experimental results for

small apertures in the forms of narrow rectangular slots

and circular holes are presented. w’---a~

II. COUPLING BETWEEN PARALLEL llECTANGULAR

WAVEGUIDE AND MICROSTRIP LINE THROUGH

APERTURES IN THE COMMON WALL

Consider a rectangular waveguide coupled to a micro-

m

,4 l-+
strip line through an aperture centrally located in the

----A-..

151

common ground plane as shown in Fig. 1(a). The electric

and magnetic fields in the guides are expressed in terms of

modal vector e and modal voltage u, and modal vector h

and modal current Z, respectively, [8]. The orthogonal

modal vectors e and h satisfy the normalization condition i
K-’---- O-----4

J!’”e&=w”hh=l
Fig. 1. (a) Aperture coupling between rnicrostrip and rectangular

The normalized modal vectors for the dominant TEIO waveguide when their axes are parallel. (b) The coupler of (a) with

mode in the rectangular waveguide are given by [8]
microstrip replaced by its equivalent parallel plate guide.

‘r2e, = UYCOS~ e ‘j~~”=
G

f[
h,= -$ –Uxcos; +

The normalized electric and

form

(~\ The height h of the parallel plate line is equal to the.
1–/

thickness (h= 1/16”) of the rnicrostrip substrate. ‘l’he

1
normalized modal vectors for the TEM mode in the

–J&Oz
jv fJz5in~ e “

P,oa

(2) parallel plate line shown in Fig. l(b) are obtained as [8]

magnetic fields are of the ez
c_

= U, & e ‘jBz (6a)

El = t?lel (2a)

where o, and 11 are, respectively, the effective values of

modal voltage and modal current and YIO is the character-

istic wave admittance. The power carried by this wave is

given by

PI =y,of);. (3)

The normalized eigenfunctions for a microstrip line are

determined from its equivalence to a parallel plate line. It

has been established that the microstrip line of strip width

shown in Fig. 1(a) is equivalent to the parallel plate line

shown in Fig. l(b) such that the effective width D of the

parallel plate line is given by [9]

~_& 1201r—_

‘o ~
(4)

where the effective dielectric constant of the equivalent

parallel plate line is given by

G=[Y+(%+(1+10;)-’’2]”2. (5)

(6b)

The corresponding electric and magnetic fields are given

by

Ez = vzez (7a)

Hz =12h2 =yOv2h2 (7b)

where Vz and Iz are, respectively, the effective values of

modal voltage and current of the TEM mode and Y.

(= ~ /12077) is the characteristic wave admittance.
The power carried by this mode is given by

P2 =yotg . (8)

For a generator connected to the rectangular waveguide

of Fig. 1 at z = – a, the aperture in the common wall can

be replaced by its equivalent electric and magnetic dipoles

which radiate towards z >0 as well as z <0 in both the

guides. The equivalent electric and magnetic dipole mo-

ments P and M, respectively, are given ‘by [7]

P= –aenn.E. (9a)

M= –~..H, (9b)
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where E. and Ht are normal electric and tangential mag-

netic fields in the primary guide at the apgrture. a. is the

electric polarizability of the aperture and Ziw is the dyadic

magnetic polarizability of the aperture which is given by
—
&m= Csmx (WL)+%z(wt). (lo)

The modal voltage of the TEM mode wave traveling in

the forward and backward directions due to the radiation

from the electric and magnetic dipoles, in the coupled

line, are obtained as [10]

and

From (8) the power coupled in the forward and back-

ward direction is given by

P2+ = Iv; I 2yo (12a)

and

P2- =Itl;lzyo. (12b)

The coupling in the forward and in the reverse directions

are obtained as

C+ (dB)= 1010g10(P2+ /Pi) (13a)

and

C- (dB)= 1010g10(P2- /Pi). (13b)

The above general formulation will be used for the

calculation of coupling through apertures in the form of

thin rectangular slots and circular holes. For an aperture

centrally located in the common wall between the two

transmission lines, the coupling is obtained from (1) to (3)

and (10) to (13) as

C + (dB) = 10loglo

[(

2 Wc(xe
.— + v=

)]

2 (14a)

abDh 2=

c - (dB) = 10loglo

[(2 2
Wcae

.—
)1

–-s . (14b)
abDh 2=

The above expressions are derived for the equivalent

parallel plate configuration of Fig. l(b). Because of the

fact that in Fig. l(b) there are two different dielectric

4 70[

3?I~8

SLOT LEN GTH, cm~

(a)

70r

0$

Fig. 2. Variation of coupling with slot length for X = 10 cm, a= 7.2 cm,
~=3.4 cm, ls=O.16cm, d=O.44 cm, E,=2.56. (a) Slot width=O.1 cm. (i)
Coupler using transmission tines with their axes parallel. ——— for-
ward coupling (theoretical). x x x forward coupling (experimental).
———reversecoupling (theoretical). 000 Reversecoupling (experiment-
al). (ii) T-@nction. —. —. — theoretical. ❑ ❑ o experimental. (b) Slot
width =0.2 cm. (i) Coupler using transmission lines with their axes
paratlel. ——— forward coupling (theoretical). x x x forward cou-
pling (experimental). 000 reverse coupling (experimental). — re-
versecoupling (theoretical). (ii) T-junction. — .— .— theoretical. IJO ❑
experimental.

media on either side of the aperture (air on one side and

dielectric medium with relative effective dielectric con-

stant C,eff on the other side), the effective dielectric con-

stant c to be used in the above expressions is of the form

[11]

(15)
1 + ‘reff

A. Case (l) —Centered Rectangular Slot

For thin rectangular slots experimental data on a. and

a ~X have been obtained by Cohn [12], [ 13]. Numerical

data on a. and a~X for identical aperture have also been

determined by De Meulenaere and Van Bladel [14].

Using above data on a. and am. for thin rectangular

slots, coupling is calculated from (4), (5), (14), and (15).

Computations are made for A= 10 cm, e,= 2.56 for slot

lengths in the range 0.3 cm to 0.8 cm and slot widths of

0.1 cm and 0.2 cm, etched in the ground plane of a 50-fl
microstrip line coupled to a rectangular waveguide having

the dimensions a= 7.2 cm and b= 3.4 cm. For a 50-fi?
microstrip line with h= 1/16” =0.16 cm, d= 0.44 cm for

c, =2.56. For this line DwO.83 cm and C,eff s2.09. The

computed results on forward and reverse coupling are

presented in Fig. 2(a) and 2(b) together with experimental

results.
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Fig. 3. Variation of coupling with diameter of circular hole for A= 10
cm, a=7.2 CQ b=3.4 cm, h=O.16 cm, d=OA4 cm, 6, =2.56. (i)
Coupler using transmission lines with their axes parallel. ———
forward coupling (theoretical). x x x forward coupling (experimen-
tal). — reverse coupling’ (theoretical). 000 reverse coupling (ex-
perimental). @) T-junction. —. —. — theoretical. ❑ UD experimen-
tal.
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Fig. 4. Microstrip and waveguide forming a T-junction.

B. Case (2)—Centered Circular Hole

The electric and magnetic polarizabilities for a circular

hole are calculated from the expressions [10]

2
ae=– —r3

3

4
a .

i?ax —r3
3

(16)

(17)

where r is the radius of the circular hole. Using (4), (5),

and ( 14)– ( 17), coupling is calculated for hole diameters in

the range 0.4 cm to 0.8 cm at 300-MHz frequency. The

computed results are presented in Fig. 3 together with the

experimental values.

III. T-JUNCTION COUPLER

Consider the structure of Fig. 4. In this case the electric

dipole does not have any contribution to the coupling and

only the magnetic dipole is responsible for the coupling of

the energy from one guide to the other. It is assumed that

the generator is connected to the waveguide of Fig. 4. The

magnetic field at the center of a small aperture in the

cross section of the waveguide is double the incident

magnetic field [10]. Modifying the expression (2b) accord-

ingly, and following the procedure of Section II, the

expression for the coupling coefficient is obtained as

c+ =C - = lologlo
[ &( Wo”mxYoYlo )2]. (18)

,5L—d——L—
0.3 0.’4 05 0.6 0.7 0.8

SLOT LENGTH, cm-

(3$

Fig. 5. (a) Crossguide coupler using microstrip and rectangular wave-
guide. (b) Variation of the coupling’ with slot length for a cross coupler
A=1O cm, a=7.2 cnL b=3.4 cm, /2=0.16 ~ d= O.44cm c,=2.56.
Slot width = 0.1 cm; slot displacement off waveguide axis, d’= 1.8 cm.
—— theoretical. 000 experimental.

Numerical computations are “made for apertures in the

forms of 1) thin centered transverse slot, and 2) centered

circular hole. The dimensions of the apertures and

frequency of measurement are the same as those described

in Section II. The chain dotted curves in Figs. 2(a), 2(b),

and 3 represent the theoretical results for 1) slot of width

1 mm, 2) slot of width 2 mm, and 3) circular hole,

respectively. The corresponding experimental results are

also presented in these figures for the sake of comparison.

IV. CROSS-GUIDE COUPLER

A cross-guide coupler, as shown in Fig. 5(a), is consid-

ered. In this case, the coupling slot is so oriented that it is

transverse to the axis of the microstripline and is longitu-

dinal and displaced from the axis of the waveguide. Con-

sidering the generator to be connected to the rectangular

waveguide, the amplitude of the modal voltage induced in

the microstrip line due to the electric dipole is given by

i
V.+ = v.- – jwca’ 2 _

vdf

2y. abDh Cos a
(19)

where d’ is the displacement of the longitudinal slot from

the axis of the waveguide. Amplitude of the modal voltage

induced due to the magnetic dipole is obtained as

V’__Vm+ = – Vm- =w~ylo~~mz 2
2f?10a

“ @. (20)
abDh ‘ln a

Total amplitude of the modal voltage induced in the
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stripline is the vector sum of v. and v~. Thus

.,+=v,-=[(~~z.os%~

and the expression for coupling is obtained as

[ [(2

)

2

C+=c-=lologlo —
Welxe ~d’

Cos—
abDh

2G
a

(

2
WJT%Z % sin <

+
2~10a

N

. (22)
a

Numerical computations are made for a slot of width 1

mm and length in the range 0.4 cm to 0.8 cm with

displacement d’= a/4 from the axis of the waveguide at

A= 10 cm. The computed results together with the experi-

mental values are presented in Fig. 5(b).

V. DISCUSSION

The analysis presented is based on representation of

apertures by dipole moments due to Bethe [5]. This repre-

sentation is valid for apertures having dimensions small

compared to wavelength and locations far from the guide

walls [15]. In the case of slots, the data on electric and

magnetic polarizabilities used for calculations are valid for

relatively large length to width ratio. This accounts for

fairly good agreement between theoretical and experimen-

tal results on slots presented in Figs. 2, 3, and 5. In the

case of circular apertures, however, the discrepancy be-

tween the theoretical and experimental results of Figs. 2,

3, and 5 as the diameter of the circle increases, can be

attributed to the use of quasi-static formula for dipole

moments [5] and to the distortion of the field lines in the

vicinity of the aperture as its diameter is increased [15].

The latter is particularly of significance in the case of

T-junction, for which a discrepancy of 4 dB between the

theoretical and experimental values of reverse coupling is

observed at a diameter of 0.8 cm in Fig. 3. Since D=O.83

cm, the maximum length of the slot and diameter of

circular hole are limited to 0.8 cm.

When the coupled lines under consideration are paral-

lel, the coupling is tighter in the reverse direction which is

stronger in the case of coupling through a circular hole as

compared to that in the case of transverse slot. Since the

copper cladding of the microstripline has a thickness of

the order of 30 pm, wall thickness correction is negligible

at A= 10 cm. The method of analysis is quite general and

is applicable not only to parallel coupled lines but also to

T-junctions and cross-guide couplers. The results obtained

are useful for developing multiaperture directional cou-

pler.
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