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Abstract

A theoretical and numerical method is presented for

the analysis of broadside-coupled strip inset dielectric guide.

The method of analysis is based on an integral equation

formulation and Galerkin’s procedure. Inaddition to prop-

agation constants for two fundamental and higher order

modes, the characteristic impedances for the two funda-

mental modes are calculated using the total propagating

power andthelongitudinal strip currents. The propagation

characteristics of two fundamental modes are then used to

compute 4-port circuit parameters. These are essential for

accurate analysis and design of coupled line circuits such as

directional couplers.

I. Introduction

The inset dielectric guide (IDG) has been proposed [I]

as an alternative to image line. IDG has demonstrated ad-

vantages in terms of confinement of the electromagnetic

field, low radiation loss at bends, possible ease of fabri-

cation by use of plastic moulding and spray metallization

techniques, and inclusion of devices such as diodes with lit-

tle performance degradation[2]. It has been also shown [3]

that the twin layer IDG with high permittivity layer at the

top of the groove exhibits very wide monomode bandwidth

exceeding that of double ridge waveguide. In addition, the

IDG can be integrated with other planar structures such as

microstrip line [4]. This can be used for feeding planar an-

tennas or as a low loss transmission line. In the latter case

the propagation of surface modes, which can effect the per-

formance of microstrip line, is prevented by the side walls

tended to analyze the propagation characteristics of mi-

crostrip loaded IDG, embedded strip IDG and broadside

coupled strip IDG structures [4, 6, 7]. Published data for

broadside coupled strip IDG are limited to the propaga-

tion constants of two fundamental modes only. However,

a knowledge of the characteristic impedances is required

if circuits, such as couplers, filters and antennas, are to

be designed using broadside coupled strip IDG. This pa-

per presents a rigorous method for calculating propagation

constants and characteristic impedances of the broadside

coupled strip IDG, and hence, the 4-port parameters of its

equivalent circuit.

II. Formulation of Integral Equations

Figure 1 shows the cross section of broadside-coupled

strip inset dielectric guide and the coordinate system used

in the analysis. An exp j(d — @z) time and z dependence

is assumed for all field and current quantities. Elect romag-

netic field components in the slot region can be represented

through their discrete Fourier transforms:

(1)

and similarly for other field components. In order to satisfy

the electric field boundary conditions at the sidewalls of the

slot, the values of an are constrained to be am = ~ for the

E= odd modes, a. = - for the Ez even modes including

two fundamental modes, where n = O, +1, +2, . . . .

Since the air region is unbounded in x, field compo-

nents in the air region are expressed in terms of continuous

Fourier transforms, for example:

of the groove.

The effective dielectric constant method [5] was first EV(X, y) = ~ J_jfiu(a,y)e-~o’~CY (2)

used to the analysis of the IDG structure. The transverse

resonance diffract ion (TRD ) technique was then applied to Solutions to the wa~-e equations in Fourier transformed

IDG, and by taking into account t he field singular boundary domain are obtained for the different regions of the struc-

condition at the 90° metal edges, accurate results were ob- t ure (air, upper and lower dielectric layers in the slot). The

tained for the propagation constants of the first few modes solutions contain coefficients, which are determined by ap-

and Q factors [1]. The TRD method has also been ex- plying the boundary conditions at infinity, on the base of
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the slot and across the lower interface and introducing the

electric field components transverse to y at the upper in-

terf,~ce. Enforcing the conditions that the current density

components at v = O vanish for ~ < Iz[ < ~ and that the

tangent ial electric field components at y = – hl vanish for

lx\ < ~ leads to four integral equations for tangential elec-

tric field components at y = O and current components at

g = –hi.

(4)

where &#(an) = (f~g%+j“~)~#(z)eJ””’dz

:3
JZ’(aTZ)= *( J_fz2+ J&)weJa”rdz2

~;(an) = & J“.+t *:J”n’dx
z

~~(an ) = J_%& J;( z)ef”n”dz

It is noted that * and * are used instead of E;(z)

and J:(z) because they satisfy the same boundary and sin-

gular edge conditions as l?;(z) and J;(z), respectively. This

choice also improves convergence of the solution of the in-

tegral equations.

III. Application of Galerkin’s Method

In order to solve integral equations (3) - (4), Galerkin’s

method is applied. Expanding electric field components

E; and ~ and current components ~ and J; in terms

of known basis functions and taking the inner product of

the integral equations with basis functions yield a homoge-

neous matrix equation for the unknown expansion coeffici-

ents. Nontrivial solutions may be obtained by requiring the

determinant of the coefficient matrix to be zero. This con-

dition results in the determinantal equation for the prop-

agat ion constant. In order to achieve fast convergence to

the solutions of the determinantal equation, the edge con-

ditions satisfied by tangential electric field components on

the upper interface and current components on the lower

strip should be accounted for in choosing the basis func-

tions. Here, basis functions are chosen to be a complete

set of orthonomalized functions weighted by an appropriate

singular function which describes the edge conditions.

the basis functions E~m and ~ can be chosen as

Thus

(5)

where z’ = 2(IzI — xO)/w,, Z. = (a + wl)/4 and w, =

(a – 20,)/2. PL-i’-i) are Jacobi polynomials, and N; are

normalization factors. The plus and minus signs in + are

chosen for the E, odd and even modes, respectively. It

should be noted that for E& the series starts at O, but for

~ the series starts at 1.

The basis functions ~ and J:m are chosen as follows

where T. are Chebyshev polynomials, and N; are normal-

ization factors. n = 2rn+l and n = 2m are chosen for the E.

odd and even modes, respectively. Note that m = O, 1,2. . .

except that m = 1,2, . . . for ~ for the Ez even mode.

IV. Characteristic Impedances

The existence of two conducting strips in the IDG

structure implies that two fundamental modes without cut-

off frequencies can be supported by the structure. Once the

propagation constants of two fundamental modes, @l and

~z are found, the total power flow P, along the guide for

each mode and total longitudinal currents I,fl on each con-

ducting strip for each mode can be evaluated, where i=l for

the lower strip, 2 for the upper strip and j=l for mode 1, 2

for mode 2. The circuit voltage ~t at strip i due to mode

j can be found by using the definition of modal power and

the reciprocity theorem [8].

Pi=; j~3 Xtil*. d;=;~vk31:l (’j = 1,2) (7)
a k=l

~l~,xfi,” dS=:fvkiIk7 =0(~, j=l,2; ~+j) (8)
. k= 1

A characteristic impedance Z,J of strip i for mode j is defined

as

z ~~
~.1

I
(9)

~J
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V. Numerical Results
References

It has been found from numerical results that two or

three basis functions for each expansion quantity are sufi-

cient to obtain accurate solutions for propagation constants

to four significant digits, but more basis functions are re-

quired for accurate solutions for the characteristic impe-

dances. Numerical computations also show that two fun-

damental modes without cutoff frequencies are the first two

E, even modes.

Comparison of the present results with calculated and

measured results available in [7] is shown in Figure 2 for

the propagation constants of the two fundamental modes.

Clearly the agreement between these data is good.

Figure 3 shows the equivalent coupled-line circuit for

the broadside coupled strip IDG. Once propagation con-

stants, characteristic impedances and strip current ratios of

two fundamental modes are found, 4-port circuit parameters

of the equivalent circuit can be calculated using the expres-

sions in [9]. Results of the S parameters S11, S21, .S’31 and

S’ll as a function of frequency are presented in Figure 4. It

is observed that the maximum coupling ( S31 ) from port 1

to port 3 is obtained when (& + /32)1 = n at 4 GHz.

Figure 5 shows S parameters as a function of the width

of the upper strip. It can be observed that Sql is the most

greatly affected by the change of zol. There exists a mini-

mum value of S41 at a certain value of WI. Figure 6 shows

S parameters as a function of the width of the lower strip.

It can be seen that S’ll and S41 are greatly affected by the

change of W2. There exist minimum values for the curves of

Slz and S41, respectively. Figure 7 shows S parameters as

a function of the thickness of the upper substrate. It can

be found that S31 (the coupling from port 1 to port 3) in-

creases as hl decreases. From Figure 5 to 7, it is concluded

that weak and strong directional couplers with good input

match and high isolation can be realized by the change of

the value of hl and appropriate choices of values of W1 and

W2. In these couplers, the coupling occurs in the backward

direction.

VI. Conclusion

This paper presents a theoretical and numerical me-

thod for calculating propagation constants and characteris-

tic impedances of broadside coupled strip IDG by means

of integral equation formulation and Galerkin’s method. 4-

port circuit parameters such as scattering matrix are also

calculated in terms of propagation characteristics of two fun-

dament al modes. Numerical results for scattering parame-

ters are presented for various values of structural param-

et ers. It is found that both weak and strong directional

couplers can be realized by using a section of this structure

with appropriate choices of the distance between the strips

and the widths of the strips.
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Figure 1: Cross section of a broadside coupled strip inset di-

electric guide and the coordinate system used in the analysis
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Figure 2: Dispersion characteristics of two fundamental

modes (a =’2.286e-2 m, hl =2.16e-3 m, hz =8.Oe-3 m,

e,l = 2.04, C,z = 2.04, WI =5.Oe–3 m and W2 =1.Oe–2 m)

Figure 3: Equivalent circuit for broadside coupled strip IDG
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Figure 4: S parameters as a function of frequency

(a =1.016e-2 m, h, =2.54e-3 m, h, =1.27e-2 m, E,, = 2.04,

&,z = 2.04, WI =7.Oe–3 m, Wz =5.Oe–3 m, ZO = 50 0 and

1 =1.39e-2 m)
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Figure 5: S parameters as a function of WI (a =1.016e-2

m, hl =2.54e–3 m, h2 =1.27e–2 m, Crl = 2.04, &,2 = 2.04,

W2 =S.oe-s m, f =4 GH.z, Z. = 50 Q and 1 = m/(@l +/32) )
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Figure 6: S parameters as a function of wz (a =1.016e-2

m, hl =2.54e–3 m, hz =1.27e–2 m, c,l = 2.04, E,z = 2.04,

WI =7.Oe-3 m, ~ =4 GH:, Z. = 50 fl and 1 = m/(~1 +~z) )
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Figure 7: S parameters as a function of h, (a =1.016e-2

m, h =1.524e–2 m, E,l = 2.04, ZT2 = 2.04, WI =7.e–3 m,

W2 =.!j.Oe-3 m, ~ =4 GHz, Z. = 50 Q and 1 = fi/(/5’l +D2) )
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