
IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 43, NO. 7, JULY 1995 1605

Short Papers

Analysis of Complementary Unilateral Slot and Strip

Resonators Printed on Anisotropic Substrates

Yinchao Chen and Benjamiti Beker

AMract-A systematic method, based on the two-dimensional spee-
tral domain method, for analyzing complementary unilateral slot and
strip resonators is presented. The resonators are printed on anisotropic
substrates with tensor permittivity and permeability, including the off-
diagonal terms and ferrite properties. Numerical data are presented to
illustrate the response of resonators to changes in material properties of
tbe substrate.

I. INTRODUCTION

Microwave resonators are extensively used as building blocks in

fin-line filter, oscillator, and mixer design [1], [2]. Many techniques

have been applied to analyze a variety of microwave resonators

using approximate and full wave methods [2]–[6]. Increasing use

of anisotropic materials in millimeter-wave integrated circuit ap-

plications [7] and high-speed digitaf circuits [8] requires thorough

examination to determine the influence of such materials on the

performance of the resonator.

In this paper, the two-dimensional (2-D) spectral domain ap-

proach is used to investigate the properties of complementary mi-

crowave resonators, i.e., suspended unilateral slot and strip res-

onators. Unlike the earlier work [1 ]–[6], resonators considered herein

are printed on anisotropic substrates characterized by both permit-

tivity and permeability tensors, including off-diagonal terms. The

boundary value problem is formulated in the Fourier-transformed

domain, which leads to impedance and admittance Green’s functions

for strip and slot structures, respectively. The resonant frequencies

are computed as functions of changing tensor elements of the

substrate.

II. SUMMARY OF THE FORMULATION

Consider a pair of complementwy structures, i.e., the suspended

unilateral slot and strip resonators, as well as their coordinate system,

shown in Fig. 1. According to [9], to account for the off-diagonal

terms of the pertnittivity and the Hermitan nature of permeability,

the two medium tensors will be given as

‘O’Kr]=KOE:~yu ‘K=’orp)‘lab)
For the resonator boundary value problem depicted in Fig. 1, a

2-D Fourier transform with respect to z and z coordinates is used
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Fig. 1. Cross-sectional and top views of the unilateral slot (a) aud strip (b)
resonators.

along with differential matrix operators [10] to obtain the foil owing

(2a,b)

In the above expressions, the impedance Green’s functicm [Z]

and admittance Green’s function [Y] correspond to the suspended

unilateral strip and slot resonators, respectively. The explicit forms

of the Green’s function elements are given in the Appendix.

Accurate and efficient calculations of the resonant frequencies are

greatly dependent on the choice of basis functions. Similar to those

in [11], the basis functions, satisfying edge conditions of the slot and

strip on the y = O plane, are chosen to be

odE= 1 ()
Cos &-
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(3a,b)
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J. =
Uzu.

1 – (2x/wz)2 J
(3c,d)

1 – (2z/wz)2

where Heaviside unit step functions

‘Z=U(’+3-U(+9“=”) ‘4)
are used to define the basis functions over the slot or strip only.
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TABLE I

COMPARISONDATA FOR SUSPENDED SLOT AND STRIP RESONATORS

Wz (mm) f, slot f, from [1]

3.25 34.50 34.7

3.75 32.54 32.6

4.25 30.27 30.4

2a= 3.556 hl = 2.8 d = 0.127

&rp = 2.2 h2=4.185 W.= 0.3556
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I
CZ[15-36,289,295:1,1,1]
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Undateral StrLp Resonator xx(a)

W.t=03556, Wz .36, d. O.127mm

I 2a=3556, b=7112, hl=28, h2=4 185mm

25 ‘
1.5 175 2 2.25 2.5 2.75 3 3.25 3.5

W= (mm) f, strip f, from [2]

8 16.27 15.8

10 13.30 12.7

12 11.25 10.9

2a= 10.0 hl = 0.125 d = 0.127

Er2= 2.2 hz = 1.298 w,= 0.5

xx, yy, or 22 Component of Permzttiuity

Fig. 2. ~, for slot and strip resoruators as a function of the perrnittwity
tensor elements (regions 1 and 2 are air),

Finally, Galerkin’s method is implemented to set up a system of

linear equations from which the resonant frequencies, ~r, of the

structure can be determined by setting the system determinant to

zero and searching for the roots.

III. NUMERICAL RESULTS

The SDA for the slot and strip resonators was validated against

previously published data for both structures. Numerical results for

suspended unilateral slots and strips printed on isotropic substrates

were compared to data available in [1]. [2], with selected data points

listed in the following table. For the computations, the permittivity

of regions 1 and 3 was assumed to be air, with all other dimensions

and the dielectric constant of the substrate listed in the table. As

can be seen from the results of Table I, very good agreement was

obtained for both structures, validating the numerical solution to the

three-region boundary value problem.

The effects of varying element values of the permittivity tensors

were investigated for both resonators and the results are shown in

Fig. 2. It was found that the resonant frequency of the slot resonator

is more sensitive to changes in :ZI, than to changes in any other

element. The same is also true for the strip resonator. However, the

overall change in ~, is significantly lower than for the slot.

Finally, Fig. 3 summarizes the effects of $17, on f, when the

resonators are printed on the substrate that has the properties of

the Ferrite. The magnetic tensor has a Hermitian form and is a

function of H(l and .11,; namely, the magnitude of biasing field

and magnetization. For each structure, M, is allowed to vary from

160–200 (kA/m). The resonant frequencies are seen to decrease with

increasing resonant length from 24– 16 GHz and from 22– 14 GHz for

1 2a=3556, b=7112. hl=3. h2=3985, d= 0127, Wz=03556mm w
14

3 3.25 3.5 3.75 4 4.25 4.5 4.75 5
Wz (mm)

Fig. 3. jr for slot (dashed lines) and strip (solid lines) resonators as a

function of Af, (regions 1 and 3 are air).

slot and strip resonators, respectively. The effect of magnetization on

both strictures is the same, reducing ~, for increasing values of M..

IV. CONCLUSION

Resonant properties of complementary unilateral slot and strip

resonators printed on aniaotropic substrates were investigated using

the spectral domain approach. The Green’s functions were derived

in the Fourier-transform domain and Galerkin’s method was used for

finding the resonant frequencies. Effects of substrate anisotropy on

the resonant frequencies were examined.

APPENDIX

In (2), where [1”] = [Z] – 1, the elements of impedance Green’s

functions can be written as

g,, = ‘!/brz – !,3..$,
2,. =

Xbrz — XaSz

Xa!lb — xbL1.
(A-la,b)

Xayb — Xbya

z., =
ybr. — I/as, ~brz — X.SZ

z.. =

X.yb — Xbya
(A-lc,d)

Xa!lb — Xbya

where
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with
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where zo = jwjLo, ~d = JL.. PZZ — P. ZPZ., ancl

Variables 71, Y. ,b, 73 are roots of characteristic equations in regions

1, 2, and 3, respectively. The remaining constants appearing in the

above equations are given as

Zo = jw~o y, = jwEo (A-8a,b)

a>b

32
cz, b

= sinh ~a,bd C2 = ‘osh Ta,bd (A-9a,b)

ct2“’6 = coth~a,bd th~’b = tanhya,bd (A-9c,d)

ctl = coth -yl hz cts = coth-yshl (A-10a,b)

where u is the angular frequency.
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Characterization of Cylindrical Microstriplines

Mounted Inside a Ground Cylindrical Surface

Ruenn-Bo Tsai and Kin-Lu Wong

Abstract-A full-wave analysis for the frequency-dependent character.

isties of a cylindrical microstripline mounted inside a ground cylindrical
surface is presented. Numerical results of the effective dielectric constant
and characteristic impedance for various microstriplirm parameters are

calculated and analyzed. Strong dispersive behavior is observed for such
cylindrical microstriplines.

I. INTRODUCTION

For many practical applications, microstrip antennas need to be

conformed to curved surfaces. This also makes necessary the dlesign

of conformal microstrip circuits that form the excitation network of

the antenna. This paper presents the study of a microstripline printed

on the inner surface of a cylindrical substrate that is enclosed by a

conducting ground cylinder. This kind of cylindrical microstripline

can find applications in feeding a slot-coupled cylindrical microstrip

antenna [1]. In this case, the energy can be coupled from the

microstripline to the antenna through a coupling slot in the cylindrical
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