
272 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 40, NO. 2, FEBRUARY 1992

Analysis and Applications of’ ‘Microstrip-Loaded

Inset Dielectric Waveguide” (Mig)
Tullio Rozzi, Fellow, IEEE Antonio Morini, and Giampiero Gerini

Abstract–We investigate analytically and experimentally the

properties of mig (microstrip inset guide) [1], highlighting its

features with respect to microstrip and its applications to an-
tenna circuitry. The method used in the analysis is the trans-

verse resonance diffraction (TRD) method in the space domain
[2]. We discuss dispersion of the first three modes, field distri-

bution, characteristic impedance and losses of the fundamental

mode. Finally, we report the experimental antenna character-
istics of an array of longitudinal strips, designed as a cascade
of mig sections alternate to idg (inset dielectric guide) sections,
showing good gain input match and pure polarization.

I. INTRODUCTION

I NSET dielectric guide (idg) [1], [2] is constituted by a

dielectric filled groove on a ground plane. Microstrip-

loaded inset dielectric guide is obtained by placing a lon-

gitudinal strip on the air dielectric interface of an idg (Fig.

1), This guide supports a fundamental mode without cut-

off, analogous to the fundamental mode of ordinary open

microstrip, plus a spectrum of modes similar to that of

idg. Mig offers an accessible interface (i. e., the air-di-

electric interface, that presents two conductors on the

same plane, as in coplanar guide) for planar technologies.

In particular, the realization of a short circuit in mig does

not require drilling a hole in the dielectric substrate. It is

important to note however that the side walls of the groove

prevent the propagation of a surface mode, which often

affects the performance of microstrip and coplanar guide

circuits at the cost of a slightly more complex fabrication.

In addition, integration with other planar structures, such

as microstrip, coplanar asymmetrical slotline etc., seems

quite simple and this is particularly important in integrat-

ing feeds and planar antennas [3]. In fact mig can be a

feeder for idg antenna and the antenna itself may be stud-

ied as a cascade of idg sections alternate to mig sections

(Fig. 2).

II. ANALYSIS

We analyze the mig guide by the TRD method [2], by

considering odd modes only. These comprise the funda-

mental-quasi TEM-mode and imply a magnetic wall in

x = O plane. The continuity of the tangential EM field at
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Fig. 2. Horizontally polarized array.

the air-dielectric interface (y = O plane, with reference to

the Fig. 1) produces the following vector integral equa-

tion:

The complete expressions of the kernels of the Green’s

integral operators ~j of the previous equation are found

in analogous manner as in [ 1]-[3].

It is noted that we use E: instead of Ez because it sat-
isfies the same boundary and singular edge conditions as

Ex at the interface. This choice also improves conver-

gence of the solution of the integral equation. We solve

the integral equation (1) by the Galerkin’s method in the

space domain. In order to achieve fast convergence, we

build in the edge conditions in the solution by expanding

the unknown field in terms of a set of orthonormalized

functions weighted by an appropriate singular function.

In particular, the presence of the O“-edge (.x = w/2) im-
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-‘ /2-type and the 2700-edge (~ =plies a behavior of r

a/2) of r -‘ /3-type (Fig. 3). Hence, by choosing a weight

function W(x) = (1 – 2x/a) -1/3(2x/w – 1)-’/2, we

satisfy automatically the edge conditions.

The set of basis functions that are orthonormalized with

respect to this weight function are the Jacobi’s polyno-

mials G. of order (~; ~) [5], [6]. Therefore, we express

the E-field as

1
E.(X, 0) =

N.–1

().-q Xnfn ~...
:E; (.x, o) = ::~z(X, o)

1
.

mm
where

Gn(~; ;;z)
f.(z) =

Nn

(2a)

(2b)

(3C)

Nn=J;y’3(;)’8(7) (2rz+:)r2(2?z+,) ~

“6dr(~ + jrm + ;uw + i)

It is noted that the sum in (2b) begins from n = 1. The

reason is that Ez vanishes at the strip edge (x = w/2) and

at the groove edge (x = a/2), so that E; must have zero
where

average in this range. Using the above expanding func-

tions, the matrix elements (i, j) of the discretized admit- Pi (k.) =
tance operators become

[y121ij = ‘[y211ji

~

w/2

*n(x)f(x) a!x
a/2

(4a)

(4b)

The complete expressions of the Fourier coefficients

(3a) Pi (k,), Pi. are reported in the Appendix. Finally, the in-
tegral equation (1) becomes the following matrix equa-
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tion:

[

~il(d) X12(6) x—

1[ 1

= o. (5)
Y21 (/3 X22((3) z— —

TABLE I
TABLE OF CONVERGENCE

Frequency ,8/kO fi/kO fl/kO
[GHz] [1 x 1] [3 x 3] [7 x 7]

The vanishing of the determinant of the Y matrix in (5)

produces the propagation constant G of the guide, The or-

der of the system (5) regards the mig dimensions and the

order of the mode we are interested for. In those cases

that we analyzed (1.5 < a/w < 20), we obtained accu-

rate dispersion curves with a [3 X 3] system. This accu-

racy cannot be guaranteed with the same order of the sys-

tem for u/w > 20. We must note that so rapid a

convergence is a consequence of stationarity of the

expression for 13/kO. Typically, a two dimensional vector

for ~(NX = 2) and a scalar for ~(NZ = 1) give good re-

sults, as can be seen in Table I. Once 6 is known, it is

possible to solve the system (5), within a normalization

constant, which is determined by normalizing the modal

power, and to find the field distribution. Fig. 4 shows a

typical E-field plot in a cross section. As this is not a

variational quantity a somewhat higher order of expansion

is required to obtain accurate field plots. An efficient ap-

proach, however, is provided by solving the dispersion

equation for low order system to obtain ~ and then utilize

this values in (5) with higher values of N. and N, in order

to determine ~, Z.—

III. RESULTS

All results are obtained for a mig filled by Teflon (e, =

2.08).

Dispersion Curves and Characteristic Impedance

Fig. 5 shows the dispersion curves for the first three

odd modes of the guide (w = 2 mm, h = 10.16 mm, a

= 22.84 mm) in the range 0-40 GHz. Fig. 6 shows a

comparison, in the monomode range, between theoretical

and experimental values of Ag, measured by a mig reso-

nant cavity 10 cm long. The complete St, and S21experi-

mental data are reported in Fig. 7.

In view of the arbitrariness of the definition of charac-

teristic impedance, we compared the results of three pos-

sible definitions: the first by assuming the voltage drop

between the strip edge and metal flange, the second be-

tween strip center and bottom of the groove, the third, by

considering the circuitation of the magnetic field around
the strip. Following these three different definitions, we

have

Z,=g
or

12

(6a)

(6b)

(6c)

1.0 1.275 1.261 1.262
4,0 1.295 1.276 1.276

8.0 1.336 1.308 1.308
10.0 1.356 1.326 1.325

Fig. 4. E-field distribution in a cross section.
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Fig. 5. Dispersion curves for the first three odd modes of mig.
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Fig. 7. Magnitude of S 11 and ,S21 for a mig resonant cavity.

where

[

a/2

!

o

v, = Ex(x, o) & = XONO, v’ = _k Ey (O, y) dy
W12

and

~

+w/2

!

+w/2

z= Hx(x, o-) & + Hx(x, 0+) a
–w/2 –w/2

P=;
!!

(E X H*) (iS.

mig section

Figs. 8 and 9 show the impedance behavior vs frequency

respectively for h = 0.5 mm and h = 5 mm [a = 5 mm,
w = 2 mm]. A Cornpafison With the corresponding curves

for microstrip is particularly’ meaningful. It is seen that as

h decreases, ZO decreases as in microstrip. This is due to

the fact that, when the height decreases (h << a/2), the

capacitance between strip and side walls in negligible as

compared to the capacitance between strip and the bottom

of the groove. With regard to this, we note that an appre-

ciable difference between parameters of mig and of mi-

crostrip exists when the ratio 6 = (a – w /2h) is less than

unity. In fact, in this case, the effect of the groove cannot
be neglected.

In Fig. 8 we report a configuration for which 6 = 3

where, in fact, the values of all impedances are close. On

the contrary, in Fig. 9 the value of 6 is 0.3 and there is
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Fig. 8. Mig characteristic impedances versus frequency compared with the

corresponding one of microstrlp. (a = 5 mm; h = 0.5 mm; w = 2 mm),
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Fig. 9. Mig characteristic impedances versus frequency compared with the

corresponding one of microstrip. (a = 5 mm; h = 5 mm; w = 2 mm).

an appreciable difference between the impedances of the

different structures. Hence, from the global analysis of

these and other results we can conclude that when 6 > 1,

it is possible to use directly approximate formulas for mi-

crostrip [7], [8] to characterize mig without significant

error. The same considerations can be made about the be-

havior of C.ff (Table II).

Losses

Dielectric lo~wes can be taken into account by using a

complex value of the relative permittivity, q., of the di-

electric filling the groove and are found to be of the same

order as the lCNS tangent (see [2]). Anyway, dielectric
losses were found to be much lower than conduction

losses. The latter were determined by the classical per-

turbation approach, as in [4].

Consequently, the power lost in the conductors per unit

length of the guide is given by

F(m= ——!:?~(l(Z12+ l~y12 + P%12)dz (7)

where C is a path, in the mig transverse section, which

includes all the conductors. The corresponding attenua-
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TABLE II
COMPARISON OF ~ BETWEEN mig (a = 5 mm; h = 0,5, 5 mm; w = 2

mm) AND MICROSTRIP (h = 0.5, 5 mm; w = 2 mm)

Frequency h = 0.5 mm h = 0.5 mm h=5mm h=5mm

[GHz] mig microstrip mig microstrip

1.000

4.000
7.000

10.00
13.00
16.00
19,00

1.3462 1.3454 1.2635

1.3472 1.3466 1.2651

1.3489 1.3492 1.2679

1.3510 1.3353 1.2715

1.3534 1.3570 1.2759

1.3560 1.3628 1.2810

1.3589 1.3682 1.2865

1.2852

1.3175
1.3563
1.3842
1,4019
1.4131
1.4204

tion is given by

1 energy dissipated by the conducting surface
cYc=–

2 energy transmitted along the guide

“[2’1=%[3 (8)

The numerical difficulty that arises from the integration

of a singular .lZ on the strip-edge is overcome by consid-

ering a finite thickness of the strip conductor and modi-

fying the edge behavior of the longitudinal current [4].

We assume the following current on the strip:

/ [~..lzl –~/3

‘7(X)‘J+- m)
and calculate JO by imposing that the total longitudinal

current on the strip be the same as in the ideal case of zero

thickness:

from which, one derives

(lo)

This approach proved numerically satisfactory, yield-

ing an accurate lower limit to conduction losses.

Finally, conduction losses per unit length in Np /m are

plotted separately in Fig. 10 versus dielectric thickness in

the monomode range.
Losses for mig increase with the ratio w/h and they are

of the same order of those of a microstrip.

Array Design

Having characterized the guiding structure, for the pur-

pose of demonstrating feasibility, we designed a leaky-

wave antenna. This antenna uses idg as guiding system

and conducting strips, placed longitudinally on their air-

dielectric interface, as radiating elements. This configu-

ration ensures a very pure horizontal polarization for the

140

120

20

0

01234567 8
Frequency[GHz]

Fig. 10. Conduction losses versus frequency for various values of sub-

strate thickness.

Fig. 11. Coaxial cable feeding.

antenna, due to an efficient coupling mechanism to the

induced current on the strip in the z direction, while the

current induced in the x direction is negligible. The strip

lengths depend on feeding and current profile. We de-

cided to feed the antenna by a coaxial cable principally

for two reasons: 1) this feeding is easy to realize; 2) it

makes the array design simple. In fact, if we feed the an-

tenna centrally by introducing a probe in the dielectric

substrate as in Fig. 11, we can use identical strips, ob-

taining a symmetric and smooth current profile. This en-

sures a good ratio between the main lobe and the second-

ary ones and a sufficiently narrow main lobe. This profile

obtains thanks to the fact that, the farther the strips are

from the center of the array, i.e., from the feeding point,

the lower is the coupling to the traveling wave, as the

preceding strips have already radiated some of the power.

The lengths and spacing of the array elements are chosen

so that A: /2 long idg sections alternate with A[ /2 mig

sections. In this manner, the total distance from the be-

ginning of one strip to the beginning of the following one

is ~ = h; /2 + &’/2. Hence the induced currents on the
strips are all in phase and a broadside array is obtained.

The prototype we realized is a 22 element horizontal

array, operating at 10.0 GHz. Although, at this fre-

quency, mig can operate in two modes, the resonance of

the strips is essentially due to the fundamental mode and

neglecting the second mode is unimportant for the design

of the array. In Fig. 12 we report the radiation pattern of

the antenna in the E-plane. It is noted that difference be-
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Fig. 12. Radiation pattern in the E-plane of a 22 elements array.

-4.0

-6.0

.8.0

.10.0

g .17.,0

3 -14,0

z
WI .16.0

.18.0

.20,0

.22.0

.24.0
8,0 833 8.66 8,5$ 9.22 9.55 9.77 10.1110.4410.7711.0

Frequency[GHzI

(a)

.4.0

.6.0

4.0

.10.0

~ .U.11

E .14 ~

=
rA .16.0

.18,0

.
.20.0

.22.0

.2.4.0
8.0 8.33 8.64 8.99 9.22 9.55 9.77 10.11 10A4 10.77 11.0

Frequency [GHzI

(b)

Fig. 13. Antenna reflection coefficient (a) comparedwith the idg one (b).

tween main lobe and side lobes is 18 dB. In Fig. 13 we

also repoll the antenna reflection coefficient. It is inter-

esting to note that although no special precautions were

taken, input reflection was below – 20 dB at the central

frequency.

IV. CONCLUSION

We analyzed the waveguiding properties of mig, in-

cluding hybrid modes, characteristic impedance and

losses.

Its fundamental mode characteristic are not dissimilar
to those of microstrip: its main advantage lies in the pres-

ence of two conductors on the accessible interface, as in

coplanar guide, but without the risk of surface wave ex-

citation.

As a practical application we realized a 22-elements,

centrally fed, horizontally polarized array, alternating

&,/2 sections of mig and empty idg. Experimental an-

tenna characteristics show good input match, efficiency,

gain and polarization properties. This feasibility study

demonstrates how mig is a natural choice for integrated

feeds and antenna media.

APPENDIX

The complete expression of the Fourier coefficients are

Pi(kX) =

——

Pifl =

.

where

[
~ sin (kXx) j (x)

J- (2i + l/6)1’(1/2 + i)A ~ k a – W,w

(~!r(l/6 +~+ 1/2) ‘ ‘ 2 )

%(F)-’’2(=+3(F)3(F)
J (2i + l/6)r(l/2 + i).—

~!r(l/6 + ~)r(l/6 + ~ + 1/2)

()A(i, z, W) = ~~ , (-!)’” i ~~~{~2++2~ 1 ~~
m

1

–jB(2/3, i – m + 1/2) cos ~

. I_(i, m, z) + B(2/3, i – m + 1/2)



278 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 40, NO. 2, FEBRUARY 1992

and

Z+(i, m,z) = [M(i – m + l/2; i – m + 1/2,—

+2/3; jz)+M(i–rn+ l/2; i–rn

+ 1/2 + 2/3; –jz)].

B and I’ are respectively the Beta function and the Gamma

function; M is the Kummer function or degenerate hyper-

geometric function. The explicit expressions for M can be

found in [5, p. 504] as series of alternating terms. This

series converges rapidly for small values of Izl (I z I <

10). For greater values of IZI the previous series becomes

numerically unmanageable so that it is necessary to take

the asymptotic expansion [5, p. 508] of the Kummer func-

tion. The final expressions of the functions Z+(i, m, z) are—
for Izl <4

1+(2’, m, z) = 2~=~z$(–l)~f2 ‘i – m + 1’2)~
. . (i – m + 7/6)~

Z-(i, m, z) = 2j~=~~ ~(_l)(~-1Jt2 (i – m + l/2)~
,. (i – m + 7/6)~

and for Izl > 4

Z+(i, m, z) = 21’(i – m + 7/6)
{

~z)-(i-rrr+o.5) R-1

~ ~-k

r(2/3) ~=o,l

. (i – m + 1/2),(1/3),

k!

“ Cos
(

~(i–m+l/2+k)
)

(z)-12t3) s–1

+
r(i-m+05)k=~l z-’.,,

. (1/2 – i. + m)k(2/3)~

k!

(“ COS ‘z – ~ (2/3 + k)
))

Z_(i, m, Z) = 2jI’(i – m + 7/6)
[

~z)-(i-m+0,5) R~l

r(2/3) ~=o,l

. ,_k (i – m + 1/2)~(1/3)~
.

k!

“ sin
(

~(i–m+l/2+k)
)

(z)-(z/s) s–1

+
r(i - m + o.5)k31 z-k

. (1/2 – i + m)~(2/3)k
k!

(“sin z–~(2/3+k)
)1

The errors committed in the asymptotic approximations
of Kummer functions are of order O(z-R) and O(z-s ), so

that three terms for each series are sufficient to represent

correctly If.
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