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quasi-TEM analysis may be used for frequencies below X-band

frequencies [7]. The solution is based on conformal transforma-

tion, and the validity of the method depends on the relative

magnitudes of the ratio b/a and the arc strip width r). These

preliminary results suggest that the geometry shown in Fig. l(b)

is useful for low-impedance applications whereas the geometry of

Fig. l(a) provides a high-Z. transmission line. The feeding ar-

rangement is very similar to that of a slotline, usually from a

coaxial fine.
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Spectral-Domain Immittance Approach for the Propagation

Constants of Unilateral Finllines with Magnetized

Ferrite Substrate

PEIJUE XUN

Abstract —In tftk paper, the admittances of TM and TE modes in ferrite

substrate are given, and the propagation constants for the forward and

backward directions of the dominant mode in unilateral firdines with

magnetized ferrite substrate are obtained. The solution is obtained by

applying the transverse equivalent transmission line in the spectral domain

and Galerkin’s method. Numerical results are presented which can be used

in designing a finline displacement isolator.

I. INTRODL CTION

Recently, finlines have become attractive for millimeter-wave

integrated circuit applications. Different types of finline configu-

rations, such as unilateral, bilateral, and antipodal on isotropic

substrates, have been extensively studied and employed in prac-

tice. Realization of nonreciprocal devices in finline techniques is

also of interest in the millimeter .wave range because of the

relative compactness and integrability of the devices compared to

conventional ferrite-loaded waveguide. Beyer et al. have reported

the experimental investigation of finline isolators and circulators

[1], [2]. The theoretical treatment in [2] is also useful; however, it
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Fig, 1. (a) Cross-sectional wew of a unilateral fmline with a magnetized

ferrite substrate Lb) Equwalent transmission hne for the TM-to-y and

TE-to-.p modes

is based on the hybrid-mode field theory in the space domain and

is complicated.

In the following, the spectral-domain immittance approach

suggested by Itoh [3] is used to carry out an analysis of forward

and backward wave propagation along unilateral finlines with

magnetized ferrite substrates.

II. ADMITTANCES OF TM AND TE MODES

IN FERRITE SUBSTRATE

(b)

The unilateral finline to be analyzed here is shown in Fig. l(a),

where the z axis is chosen to be the direction of wave propaga-

tion. When a ferrite sample is magnetized to saturation along the

x axis, the permeability tensor of the ferrite in region @ is given

by

[1

1-b o 0
jj=op – jk (1)

Ojkp

with

[

yzHOMO I yMoU

‘=P() 1+(yHo)2- co’
k=pO ,

u--(yHO)’
(2)

where PC] is the free-space permeability, o is the operating

frequency, Ho is the applied dc magnetic field, MO is the

saturation magnetization of the ferrite, and y is the gyromagnetic

ratio.

Through mathematical operations of Maxwell’s equation in

ferrite, we can get

where co is free-space dielectric constant, CF is the relative

dielectric constant of the ferrite, and pl = p – k2/p. Combining

(3) and (4), we obtain

.L(E\) =0 (5)

I,(H,) =0 (6)

vr; _ ‘2 a2 :;’-~2”+—=—
13yz (?Z2

(8)

Since the finline being considered supports a hybrid field, both

the TM-to-v and the TE-to-y mode would be present. Let the

Fourier tra&form of the x fi_eld components be defined as

l?, (a, y) =/b HX(x, v)eJ”ydx (lo)
–b

where a takes discrete values given by LY= n r/b for odd modes

and by a = (n+ ~) m/b for even modes. Introducing (9) and (10)

into (5) and (6), we obtain the admittances of TM and TE

modes:

(11)

a2(/J2 – kq) + pop~2 k~
(12)

‘TE= jtipo(~2- kz)(a2+~2)yF+ jm(pz– k’)

with

(13)

We then use the spectral-domain immittance approach to calcu-

late the propagation constants for the forward and backward

directions of finlines with magnetized ferrite substrate.

III. DETERMINANTAL EQUATION

The current densities and electric fields of Fig. 1(b) are

where

Yll = Y’Nx~ + YhN.. (14b)

Y12 =~1= (Y’– Y~’)NxN= (14C)

Y22= Y’N~ + Y“N; (14d)

yo=az+h+d (14e)

with

Here, Ye and Yk are the driving-point admittances at interface 1

(see Fig. l(a)) for the TM and TE modes, respectively, and are
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given by

Acothy2d+B
F = YT~, cothylal + ‘TM2 A + B cothyzd (15a)

with

A = Y~M, + YTM,YTM, cothylaz. cothy~h (15b)

B = Y~~,( Y~M, cothylaz + YT~, cothygh) (15C)

and

Ccothy2d + D
yll = y

~E1 coth yl al + YT~
2 C+ Dcothyzd

(16a)

with

C = Y-&, + YT~,YT~, cothylaz. cothy3h (16b)

D = YT~,( YT~, cothylaz + YT~3cothy~h). (16c)

Y TM, and Y~~ , are, respectively, the TM and TE admittances in

the y direction in regions @ and @ (the air regions), and yl is

the propagation constaitt in the y direction in the same regions.

These three quantities are given by

jtico
Y—TM, =

‘Y1
(17)

Y =~ (18)
‘E’ jtip,o

yl = az +/32 – C/poco . (19)

Expressions for YTM,, YT~,, and y2 in region @ (the dielectric

region) are as follows: -

jutot,
Y—TM2 = (20)

Y2

Y2
Y—TE2 =

Jtipo

(21)

Similarly, Y~~,YT~,, and yq in region @ (the ferrite region) are

given by (11), (12), and (13).

Returning to (14a), the unknown aperture fields ~X and l?: are

expanded in terms of known basis functions followed by the

application of Parseval’s theorem. This results in a homogeneous

eigenvalue matrix equation [3].

IV. NUMERICAL RESULTS

The series expansions of the slot fields in the spectrrd domain

are given by

M

,=1

N

where ~., and ~~, are Fourier transforms of

(23)

(24)

the basis functions

~Yr and ~,, which are chosen to be zero except for 1x1< w.

The choice of the basis functions is important in achieving a

highly efficient numerical solution, with minimum computer time,

and convergence. Therefore, sinusidal functions as modified by

“edge condition” term that satisfy the boundary conditions and

whose Fourier transforms are available in closed forms are used

-f(41Hz)
Fig 2. Numerical results: 2a= 7.112 mm, 2b = 3.556 mm, d = 0,125 mm,

w/b = 0.1. h = O.? mm

Fig. 3. Numerical results: 2a = 7.112 mm, 2b = 3.556 mm, d = O 125 mm,

w/b = 0.1, h = 3411 mm.

as the basis functions in this paper. They are [6]

f..(x) =
cos{(i–l)7r(x/w +l)}

~g

(25)

f,(x) =
sin { jfl(x/w + 1)}

~~~

(26)

Because the “edge condition” of the aperture electric field has

been incorporated in the choice of basis functions, it is possible,

even with matrices of extremely small size, to obtain quite

accurate solution results. Numerical computation has been car-

ried out, when M = N =1, for finline structures consisting of

WR-28 waveguide (26.5 -40.0 GHz band) and a dielectric sub-

strate (c, = 2.22) of thickness 0.125 mm with a magnetized ferrite

substrate ( CF =13.5) located in the E plane of the waveguide.

The applied dc magnetic field HO and the saturation magnetiza-

tion MO are, respectively, 7.96 kA/cm and 3.98 M/cm.

All waveguiding structures were assumed to be totally lossless.

The results of the numerical computation are presented in Figs.

2, 3, and 4. In order to achieve very accurate solutions, 250

spectraf terms were used. From Figs. 2 and 3, it can be observed

that when the thickness of the ferrite substrate decreases, the
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f(w)
Fig 4 Numerical results: la = 7112 mm, 2b = 3.556 mm, d = 0.125 mm,

w/b= O,l, k=l,O mm.

propagation constants and ( ~.– ~+ ) become smaller. Our com-

putational result; show that when the thickness of the ferrite

substrate is larger than 1.0 mm /3+ and ~. increase very slowly.

If the loss of ferrite materials is considered in designing isolators,

the optimum thickness of the ferrite should be 1.0– 1.2 mm.

From Fig. 4, we can see that when the ferrite substrate is

located to the short side of the waveguide, the propagation

constants and ( ~_– ~+ ) become smaller. This is because the

propagating fields are concentrated in the neighborhood of the

slot, and as the frequencies become larger the fields are more

concentrated near the slot [8]. Other advantages of finline isola-

tors are discussed in the literature [9].

Our computational results also show that as the thickness of

dielectric substrates increases, the propagation constants and

(~_-~+ ) decrease.

V. CONCLUSIONS

The admittances of TM and TE modes in ferrite substrate are

given by applying Maxwell’s equations and Fourier transforms.

The unilateral finline with magnetized ferrite substrate has been

analyzed using the equivalent transmission line concept in the

spectral domain in conjunction with Galerkin’s method. Numeri-

cal results for propagation constants have been obtained and

compared with the results available in the literature [2]. The

results of forward and backward propagation constants are very

useful in designing a displacement isolator with good quality. The

field or power distributions are the most important information

in designing a displacement type isolator. The author is currently

investigating this, and the results will be reported in the near

future.
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Microstrip Ring Resonator Technique for Measuring

Microwave Attenuation in High- Tc Superconducting

Thh Films

JUNE H. TAKEMOTO, STUDENT MEMBER, IEEE, FLOYD K.

OSHITA, STUDENT MEMBER, IEEE, HAROLD R.

FETTERMAN, SENIOR MEMBER, IEEE, PAUL KOBRIN, AND

EMILIO SOVERO, MEMBER, IEEE

Abstract –Microwave attenuation of high-~ superconducting (HTS)

films sputtered on MgO and ZrOz were measured using a microstrip ring

resonator circuit. The results of Y-Ba-Cn-O and Bi-Sr-Ca-Cn-O

resonators were compared to gold-plated resonators of identical design.

The losses of superconducting and gold-plated films were determined from

unloaded Q-f actor measurements. The attenuation of Y-Ba- Cu- O film

on a MgO substrate is approximately 31 percent lower than gold films at

6.6 GHz and 33 percent lower at 19.2 GHz for temperatures below 50 K.

The approach of using microstrips to characterize microwave losses shows

the usefulness of HTS films in integrated circuit technology.

1. INTRODUCTION

The recent discovery of high-~, superconductors (HTS’S) has

drawn considerable attention towards the possibility of using thin

films in microwave integrated circuits. Zero dc resistivity and

reduced microwave attenuation give HTS performance advan-

tages over devices and circuits fabricated with conventional gold

conductors. Numerous high-frequency measurements have been

reported which characterize these new oxide superconductors at

microwave and millimeter-wave frequencies using high-Q cavity

resonators [1], [2] and stripline resonators [3]. In this paper we

report results on microwave attenuation in Y–Ba–Cu–O (YBCO)

and Bi–Sr–Ca–Cu–O (BSCCO) superconductors based on Q-

factor measurements of microstrip ring resonators. To our knowl-

edge this is the first reported implementation of superconducting

microstrip, which demonstrates the applicability y of fabricating
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