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ABSTRACT

A broadband 40dB directional coupler

using coupling–slits opened in common ground

conductors between parallel coaxial lines has

been fabricated. Dielectric plates are loaded

in the slits in order

directivity degradation

conductor discontinuities

The directivity is greater

INTRODUCTION

to compensate the

due to ground

at the slit ends.

than 24dB.

Multi-octave broadband directional

couplers can be realized by using

nonuniform–coupled transmission lines [1].

Slit coupled directional coupler has a

feature of simple configuration, because the

nonuniform coupling can be obtained by

tapering the slit width [2]. But in this

configuration, abrupt openings of ground

conductor exist at the ends of the slit, and

such discontinuities cause a degradation of

the directivity. To compensate the

discontinuity effect, trimming of inner and

ground conductors were needed in conventional

couplers [3].

In this paper, a slit coupled

directional coupler loading a dielectric

plate in the slit is proposed. It is

theoretically and experimentally presented

that the effect of even and odd mode phase

velocity difference caused by the dielectric

plate contributes to the compensation of the

directivity degradation due to the

discontinuities.

BASIC CONFIGURATION AND EQUIVALENT
CIRCUITS

Figure 1 shows the structure of a slit

coupled directional coupler. Two lines are

coupled through a slit opened on the ground

conductor between two inner conductors. The

discontinuities of the ground conductor

excite higher order evanescent modes. The

effect of these modes is expressed by

parasitic susceptances connected to the

dominant mode transmission line [4]. Figure 2

shows the even and odd mode equivalent

circuits of the coupler. Ye and Yo are the

parasitic susceptances for even and odd

modes, respectively.

GROUND CONDUCTOR DISCONTINUITY
EFFECT

H

●

The degradation of directivity is

regarded as an

coupling to port4

a superposition

transmitted waves

S.l = (Te

increase of the signal

(s4,). S4, is expressed by

of even and odd mode

in Figure 2, and given by

-To)/2 , (1)
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where Te and To are even and odd mode where Ye =[Ye1+Ye2)/2 , YO =( Yol+Yoz)/2 , ~ is

transmission coefficient derived from F the phase constant, and 1 is the coupling

matrices of the equivalent circuits. length. Since even and odd mode

In the case of loose coupling, the electromagnetic fields are different, the

influence of nonuniform coupling is parasitic susceptance for each mode is

negligible on S because the even and odd
41 ‘

supposed to have different values.

mode impedances Z (x), Zo (x) should be almost Assuming that the parasitic susceptances

uniform along the coupling lines. Assuming are capacitive and are expressed by

that the coupler satisfies the impedance

matching condition and has equal even and odd Ye =j0Ce=j2mCe.f

mode phase velocities, Sal is given by

Yo=joCo=j2nC0f ,

s
Yo –Ye

41-
~ - jfll

2 (2)
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‘41~J~(Co-Ce)f e-@ (4)

Calculated S41 from equation (4) and

measured S41 of a slit coupled directional

coupler without any compensation for

discontinuity effect are compared in Figure

Fig.1 Structure of slit coupled 3. The Co-Cc value in equation (4) was

directional coupler. determined to agree the calculated S4, with

measured S4, at the frequency fo. The

calculated S4j

Port3

shows the same
*X

frequency

Port4
response as the measured S41.
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Fig.2 Equivalent circuits of slit
coupled directional coupler.
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Fig.3 Comparison of measured and
calculated S41.

874



COMPENSATION USING PHASE VELOCITY
DIFFERENCE

The effect of even and odd mode phase

velocity difference on a directional coupler

without parasitic susceptances can be also

obtained by neglecting Ye and Yo in the

equivalent circuits. In the case of small

phase velocity difference, the signal

coupling to port4 ( S~l ) is given by

()Vo &“’”e-’”’9S:,czjn]. J-- (5)

where Ve and VO are phase velocities for even

and odd modes, respectively. Similar to

equation (4), the amplitude of S~l is

proportional to frequency f.

If a phase velocity difference is

provided for the slit coupled directional

coupler, the resultant S41 can be expressed

as the summation of equations (4) and (5),

approximatively. Therefore, the discontinuity

effect can be compensated by providing the

phase velocity difference which satisfies the

following condition,

( ).-(Co- Ce)=l. +-+
(6)

EXPERIMENTAL RESULT

Figures 4 and 5 show the structure and

the photograph of the broadband 40dB dual

directional coupler, respectively. Two

coupling sections are arranged in parallel to

shorten the coupler length. Tapered slits are

opened on both sides of the main line.

Dielectric plates are loaded in the slits to

provide the even and odd mode phase velocity

difference. The dielectric plate dimension is

designed using the finite element method to

obtain the desired phase

determined by the measured

velocity difference

amplitude of S4, .

Figure 6 shows the measured performance

of the coupler. The directivity is greater

than 24dB and the deviation of coupling is

within 1.5dB over 0.2fo to 1.8fo frequency

range.
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Cou
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Ground Conauctor Inner Conductor

(b) Cross section

Fig.4 Structure of dual directional
coupler.

Fig.5 Photograph of fabricated dual
directional coupler.
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Fig.6 Measured performance
directional coupler.

of dual

CONCLUSION

A broadband

directional coupler

Dielectric plates are

slit coupled 40dB

has been fabricated.

loaded in the slits in

order to compensate the directivity

degradation due to the ground conductor

discontinuities at the slit ends. The

directivity is greater than 24dB.
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