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applicable to via geometries with or without through-hole reference

conductors. The recently developed closed-form Green’s function was

employed to circumvent the time-consuming evaluation of a nested

infinite series, required in the evaluation [3].
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Fig. 3. (a) A two-trace via with a reference plane and (b) a two-trace via

with a reference conductor. All dimensions are in mm.

Analysis of Edge Coupled Strip Inset Dielectric Guide

excess capacitances for Fig. 3(a) with 1) S1 = Sz = EO and 2)

:1 = 4s0 and E2 = CO; for Fig. 3(b) with 3) S1 = C2 = 4c0 and

4) Z1 = 4.5c0 and eg = 5.4E0 are listed in Table I along with data

‘obtained from [1] and [3], In [1] and [3], the strips were replaced

by the equivalent wires of radii which are one-fourth of the widths

of the strips. In our computation, the lengths of all traces have been

truncated to 2. 5h, whereas the width of the reference conductor has

been truncated to 1.51, with h and 1 being the height of a via hole

and the length of the traces, The truncation of traces and reference

conductors is valid since the excess charge distribution decays rapidly

as we move away from the center of a via. A total of 263 and

687 unknowns were used for the vias shown in Figs. 3(a) and (b),

respectively. As shown in Table I, the data for the via shown in

Fig. 3(a) agree well with the published results. However, the data

for the via shown in Fig. 3(b) are considerably different from the

results reported elsewhere. Unfortunately, no experimental result for

this structure is available to establish the relative accuracy of these

results associated with Fig. 3(b).

V. CONCLUSION

A method to compute the equivalent capacitance of a via, which

is based on an integral

charge formulation, has

equation formulated in terms of the excess

been presented in this paper. The method is
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Abstract—The edge coupled strip inset dielectric guide is analyzed rising

the extended spectral domain approach. This structure, as compared to
microstrip line, has several interesting featnres and can be very useful for
microwave and millimeter wave applications. Validity of the approach is
established by comparing numerical results with measured data. As many

strnctnral and material parameters can be chosen, a wide fundamental
mode bandwidth and a broad range of characteristic impedances can be

achieved, leading to great flexibility. The dispersion in fundamental mode
propagation constants and impedances is found to be very low. With

suitable choice of different permittivities for two dielectric layers, the

same propagatio.n constants fortwofundamentaI modes can be obtained.
This property is desirable for directional coupler applications.

I. INTRODUCTION

Microstrip line has been the most popular transmission medium

used forconstmcting microwave andmillimeter wave circuits [1]. It

is well known that one of the problems with open microstrip circuits

is the excitation of surface waves from discontinuities in the circuits
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[2]. Surlace waves cause stray coupling between components and

may degrade circuit performance. However, the propagation of the

surface waves can be prevented if the microstrip circuit is housed

within an inset dielectric guide (IDG) [3]. Furthermore, the electrical

characteristics can be controlled by the dimensions of the IDG and the

location of the circuit. This has resulted in the recent developments of

several novel waveguide structures [4]–[7]. They include microstrip

loaded IDG, embedded strip IDG, and broadside coupled strip IDG. In

this paper, anew IDG structure, edge coupled strip IDG, is proposed

for the application to components such as directional couplers, and

analyzed by the extended spectral domain approach. As shown in

Fig. l,thisstructure consists oftvoparallelc onductings trips which

are placed between two dielectric layers inside the IDG groove.

In comparison with open edge coupled microstrip line, this IDG

structure offers several advantages: good confinement of the fields in

the groove, suppression of propagation of surface modes, reduction

of electromagnetic interference by side walls of the groove, lower

radiation loss at discontinuities, and additional degrees of freedom to

obtain characteristic parameters.

11, ANALYSIS

The spectral domain approach has been extended to analyze a

broadside coupled strip IDG, and its good efficiency and accuracy

have been demonstrated [7]. This extended approach is applied hereto

treat the edge coupled strip IDG and to obtain propagation constants

and characteristic impedances, First, discrete and continuous Fourier

transforms areused to represent the fieldsin groove and air regions,

respectively. Then, by enforcing the conditions that the tangential

magnetic field components at y = O are continuous for Izl < ~

and that the tangential electric field components at y = –lLIvanish

for ~ < ITI < ~ + ZW, we obtain four integral equations for

the tangential electric field components (11#, ~) at :] = () and

the current components (~, J:) at y = –hl, Next, expanding

~:, ~, ~, and .J~ in terms of known basis functions and

taking the inner product of the integral equations with basis functions

leads to a homogeneous matrix equation for the unknown expansion

coefficients. Setting the determinant of the coefficient matrix to

be zero results in the determinantal equation for the propagation

constants. To obtain fast convergence of the solutions, the edge

conditions satisfied by E:, ~, ~. and J: should be incorporated

into a complete set of orthogonal basis functions. Since the metallic

corners of the groove and the edges of the conducting strips introduce
8EU

singularity of type r ~ in E;, & and type r ‘~ in # and J;,

respectively, the following basis functions are chosen

(1)

where C’.! are Gegenbauer polynomials, and N: are normalization

factors. n = 2na and 71 = 2m + 1 are chosen for the Ez odd

and even modes, respectively. Note that rn = O, 1, 2 . . . except that

m~=l,~,...for~ for the Ez odd mode since the zeroth term

of E; (z) for the E= odd mode is not zero at the metallic corners as

the boundary condition for E; (z) requires

Ih,-
h,

+
a

Fig. 1. Cross section of an edge coupled strip inset dielectric guide.
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Fig. 2. Computed and measured propagation constants of the first E, even

and odd modes (&,z = 2.04, a = 22.86 mm, hl = 2,16 mm, hz = 8 mm,

Oi = .5 mm, ,s~ = 3 mm).

where T. are Chebyshev polynomials, N.; are normalization factors,

2(IZI – zo)/w2, Zoand z’ = = (s2 + wz)/2. The plLIs and

minus signs + in (2) are chosen for the E. even and odd modes,

respectively. m is chosen to start at zero for J;.,, ( z), but at one for
W:, n(o)
— This is because the m = O term is not zero at the edgesax
of conducting strips as the boundary condition for .J~(z ) requires.

Finally, based on the total transported power and the longitudinal

strip currents, characteristic impedances of two fundamental modes

are calculated.

III. RESULTS AND DISCUSSIONS

To verify the accuracy of the analysis presented in the previous

section, measurements were performed for comparison with com-

puted results. The resonant section method was used to measure

propagation constants. Fig. 2 shows the comparison of the computed

and measured propagation constants of the first E= even and odd

modes. Clearly, the agreement between computed and measured data

is good.

Fig. 3 shows the propagation constants of the first and second E=

even and odd modes as a function of frequency up to 40 GHz. It is

clear that the two fundamental modes with no cutoff frequency are the

first Ez even and odd modes. In this case, the first higher-order mode

is the second E. odd mode, whose finite cutoff frequency determines

the fundamental mode bandwidth where only two fundamental modes

can propagate. It should be noted that the first higher-order mode can

be either second odd or even mode depending on the IDG dimensions.

The cutoff frequency of the first higher-order mode can be controlled

by changing the dimensions of the IDG. The propagation constants
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Fig. 3. Propagation constants of the first and second Ez even and odd

modes, and characteristic impedances of first 17z even and odd modes as

a function of frequency (s,1 = :,2 = 2.04, a = 6 mm, hl = 1 mm,
hZ = 2 mm, wz = 1.5 mm, sz = 1 mm).
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Fig. 4. Propagation constants of the second E, even and odd modes as a

function of frequency for different values of h (c,l = 6,2 = 2.04, a = 6
mm, kl = 1 mm, wz = 1.5 mm, sz = 1 mm).

of the second E. even and odd modes are shown in Figs. 4 and 5

as a function of frequency for different values of groove height h

and groove width a, respectively. It is apparent that decreasing the

groove height and width can increase the cut-off frequency of the first

higher-order mode, resulting in a wider fundamental mode bandwidth.

It is also noted that the cutoff frequencies of second E, odd and

even modes are more strongly affected by h and a, respectively.

Also shown in Fig. 3 are characteristic impedances of fundamental

modes as a function of frequency. It is seen that in the fundamental-

mode frequency range, the propagation constants and characteristic

impedances change very little with increasing frequency. Such a low

dispersion characteristic is useful for some broad-band applications.

Fig. 6 shows characteristic impedances of two fundamental modes

as a function of width of the gap between two strips S2 for different

values of strip width Wz. It is apparent that a wide range of

characteristic impedances can be obtained by changing s~ and W2.

As S2 is decreased, the characteristic impedance of the E, even

mode increases; but the characteristic impedance of the E, odd mode
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mm. hz = 2 mm, w = 1.5mm, sz = 1 mm).
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increases first, and then decreases after reaching a maximum value.

As expected, with decreasing s,, the difference between even and odd

mode impedances becomes bigger. This results in stronger coupling

between the two strips.

As seen from Fig. 6, the characteristic impedances of fundamental

modes decrease by increasing W2. The impedances can also be

decreased by increasing the relative permittivities of two dielectric

layers in the groove, as found from other obtained numerical results.
The effect of increasing height ratio between two layers h I /k z is

also found to decrease the impedances, as seen from Fig. 7. But,

with increasing h I / hz, the difference between even and odd mode

impedances is decreased, resulting in weaker coupling. The reason

for this is that as hl /110 is increased, the field is more concentrated

between strips and the base of the groove, resulting in less interaction

between the two strips. Fig. 8 shows characteristic impedances as a

function of a for different values of h. The decrease in a and h is

found to decrease the characteristic impedance of the l?, even mode.

The effect is more pronounced for the small values of a and h.

However, the effect of changing a and h on the impedance of the E,



352 lEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 44, NO. 2, FEBRUARY 1996

140
;
‘, ------- first Ezeven mode
‘.

120 – .,
‘. ,,,,,,,,,,,,, first EzOddmOde

‘.
‘..

=100
E

..+
. . . .

c
g ..+.

... .~ 80
~

. . . .
. . . .

..-.
.-. .

f 80 . . . . . .‘%..,,,
---------

---------- -.
.,,,,,.,......................,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,.,,.,,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,

g
40

20

0 I I 1 1 I I 1
0 1 2 3 5 6

hl/h24

Flg.7. Characteristic impedances of the fundamental modes as a function

of hl/hz (e,l = E.2 = 2.04, a = 6 mm, h = 3 mm, W2 = 1.5 mm,

S2 = 0..5 mm, j = 10 GHz),

200

50
L

h (mm)
A 3.0
0 5.0

* 7.0

-. ...-*
* --. ..-*..

*“”-”.-.
h“.”

..” .-’a ----

- . . . ..-. O.----O

. . .
% /3----

.+3”””

x+”

,.—
A

1 1 1 I
..-. ..? “n

c1 lu c“

a (mm) ‘o

FLz. 8. Characteristic impedances of the fundamental modes as a function
of”a for different values ~f h (crl = E,2 = 2.04, hl = 1 mm, W2 = 1.5

mm, 52 = 1 mm, .f = 5 GHz).

odd mode is very s’mall since the field for this mode is concentrated in

the region between two strips. Since there are many parameters that

can be chosen, as mentioned above, any desired values of impedances

of two fundamental modes and the difference between them can be

achieved.

In the fundamental mode frequency range, the characteristics of

two fundamental modes can be used to design a directional coupler.

It is clearly seen from Fig. 3 that the difference between propagation

constants of these two modes is small. This can lead to high

directivity. However, to achieve complete isolation for the isolated

port, propagation constants of the two modes should be the same.This
is possible at certain frequencies for this structure by using different

permittivities for two dielectric layers, as seen from Fig. 9 which

shows propagation constants of two fundamental modes for different

values of E71. It is also found that when c~l = E~2 , the Propagation

constant of the first odd mode is bigger than that of the first even

mode; but when E,l = 1, the propagation constant of the odd mode

is smaller. Therefore, to achieve the same propagation constants for
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Fig. 9. Propagation constants of the fundamental modes as a function of

frequency for different values of srl (erz = 2.04, a = 6 mm, hl = 1 mm,
fzz = 2 mm, W2 = 1.5 mm, S2 = 1 mm).

these two modes, srl should be properly chosen to be between 1

and EVZ.

IV. CONCLUSION

Potential advantages of the edge coupled strip IDG have been

identified, and they could be useful in microwave and millimeter wave

applications: The extended spectral domain approach has been used

for the analysis of this structure. Accuracy of the analysis has been

verified by comparison with measured data. It has been found that

by decreasing the IDG dimensions, the fundamental mode frequency

range can be widened. Also, the dispersion in propagation constants

and characteristic impedances has been found to be very small in this

frequency range. By suitable choice of the seven available parameters

(five structural dimensions and two permittivities of two dielectric

layers in the groove), a wide range of impedances of two fundamental

modes and the difference between them can be achieved, leading

to great flexibility in circuit design. Furthermore, the propagation

constant of the first odd mode can be made equal to that of the

first even mode by using different permittivities of two layers in the

groove. This makes this structure very appropriate for the design of

directional couplers with high directivity and good input match.
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