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This paper describes the electromagnetic
properties of a superconducting-dielectric
resonator (SDR) at W-band . We report tha~
a fairly high factor (in excess of 10S-10
at cryogenic temperature) for a resonator
based on a sapphire tube loaded with two
plates of Y-Ba-Cu oxides (its chemical corny
pogition is Y,Ba,Cu30T, zero resistance at
T.z80”K). Resonators of this type have
potentially valuable application such as
ultrahigh stability low phase noise oscil-
lators , descrimininators.

INTRODUCTION

DurLng the past decades several supercon-
ducting cavities have been developed.[’1-[3J
It is its very high ~ that makes it very

useful in many ways(4. But to obtain the
ultrahigh Q requires much efforts to pre-
pare the cavity.

It has already been shown by Braginsky
ek alirsl that the very low loss tangent of

sapphire makes a clielectric resonator
suitable as a high Q. For cylindrical re-
sonators of sapphire (&=lO) efiakies “whis-

!
perin gallor:’” modes to exist, with 10W

radia io~ losses and consequently high Q
value cam be obtained if the wavelength is
sufficiently small, compared with the

radius of curvature. But at W-band that
structure is too small to be manufactured.
On the contrary, quasilight systmnm are
overlarge if theirs’ Q-values are maintain-
ed. Taking those circumstances into cofisi-
deration, we would like to use a dielectric
material tube guiding waves on its surfaces.

We show here a practical configuration for
a SDR. at W-band. It consists of a cylin-
drical dielectric tube with two end plates
of Y-13a-Cu oxides mounted inside of a Cu
cavity shown in Fig.1 .

For this system the effect of metallic
wall on Q is very small. It can have a
fairly high Q if3Lis sufficient small (e.&
fi.-lo-s cm). A detail analysis showti that
Q–factor of 10’--10’ may be achieved.

ANALYSIS AND CALCULATIONS

We want to find a solution satisfying
Maxwell’s equations (1) and the boundary

conditions. We assume that each medium has
the permeability of~ , the value for vac-
cum.

VXE=-A.(JHL%), v~tfi=f@&5t)-+J (f)
In the superconductor ;I
the current dnesity

<>@

consists of two parts ~-
according to(~,he two-
fluid model: I

j=.jn+.js (2)

with jn =OE for the

normal part accordigg
1to the classical skin ‘--

effec+. The supercur- ‘:’
rent defislty & sa-

tisfies London’s equa- l?ig. 1 Cross sec.
t ion ~ of the SDR.

vx)s=-a;lff,ho(J~sfA)=A:E c3~

where >’ W the penetration depth i.n the
superconductor. Wi’th the conf@.rrat’Loc of
Fig.1. we now consider the Ho16 mode. Solu
tions can be found in the z direction of
the form:

F(r,z,t) = F(r). exp(i@t - 2z) (4)

where F represents field distribution
function. Therefore, the determination of
a solution of the partial differential
equation (l)-(3) in the form eq.(4) re-
duces to the determination of F(r) from
ordinary differential.qqwb%%nas as follows:

-1

I @u.2Z+ fz; j~2 - ‘“

We require R9&z2 )=0, Im(9-!zz)=A2>0. In
general,>~9TuXfV&~~’7Tu~fl,if Tz’I?c, j=l,3.
Consequently, for ~.j?~ ~ p== must be a PO-
sitive real number. The surface resistance
of the superconductor can be defined as:

Z(S’=(EO/Hr)jZ=C.~St. (6)

Substituting eq.(5) into (6), we get Z’s’=
&SUa#%Aj ‘iS4#o~L= @’+iX(s;:~e have reasons

to assume fithat R<’’=%u%’A,. iS smaller th~
(4400,./2) , if we take 21, as 10-S cm,which
is true for the metallic superconductors.
At room temperature. ~>c%.l~,where O and Dc.

are~the conductivi%ies of the oxide and
the copper respectively. Waking use Of
field matching method, we can directly
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obtain the following equations:
(7>. (8>.(9>

J~x), N.(x); I.(x), K.(x) are zero
order Bessel’s functions.
To make Q-value as high as possible re-
quires that the electromagnetic energy
should be stored in dielectric material as
much as possible, i.e.

(~z-~zIL-@,h= m~n[fvi-pzIL-4,) [4)

where p is a positive intergal (e.g. P=5).
Combininfz (9) with (8) and (7) , we can
easily f~nd”%he resonant freq~e~cy and Q-
value as a function of dimensions,dielec-
tric constant and dielectric 10SS tangent?’
The calculated values are plotted in Fig.

(2), (3) and (4).

b/L

Fig.2 IhWonant frequency as a
function of geometries and
.2.= &ti2.08

,~ ’42
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Fig.5 QdW a funC- Fig.4 Residual losses
tion of tan~ as a function of
and t. >Land &p

A room temperature counterpart is designed
with a teflon tube (tand= 5.8x10-4, t.=
2.08), 7.92 mm long, 5.72 mm and 6.36 mm in
inner and outer diameters. The H0,5 mode is
excited at 94.9 GHz in the resonator. The
calculated Q is about 4277. While for the
SDR., the dielectric tube is made of a sap-
phire one (at T=80”K, tanb < 10-3, and ~b
= 10-3 cm, 6P= 9.88), with 2.475 mm ~d 2.75

quo in inner and outer diameter respectively
its Q-value is in the range of 10 5-106; and

it is much higher than that of the room
temperature resonator. Preliminar.v experi-
mental results of the room temperature re-
sonator shows that it is feasi?le for mil-
limeter waves applications.

CONCLUSION

The SDR describdd here is physically
small, compact, rigid, light weight, easily
in manufacture and fairly high quality fac-
tor if a low loss tangent dielectirc ma-
terial is used (e.g. sapphire).

* The authors gratefully acknowledge the
support of K.C.Wong Education Foundation,
Hongkong.
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