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ABSTRACT

Analysis is presented of resonators consisting

of a section of a dielectric loaded waveguide

shorted at both ends. The analysis includes
resonant frequency calculation, mode charts and

unloaded Q computation. Numerical results are
presented for the unloaded Q’s of various modes,

as a function of the resonator parameters. Effects

of losses in different parts of the resonator wall

on the unloaded Q are discussed, and methods of

improving these Q’s are explored.

INTRODUCTION

Many applications require the availability of
microwave resonators with low loss and small size.

Dielectric loaded waveguide resonators are

suitable for such applications as highly temper-

ature stable oscillators [1], [2], low noise

~~~~wesynthesizer [31, and bandpass filters

This paper presents properties of

resonators consisting of a section of a dielectric

loaded waveguide shorted at both ends with

particular emphasis on the (ohmic) loss mechanisms

that affect their unloaded Q’s. Previous analysis
has considered losses only due to radiation from

unshielded resonators [71. Explicit analytical
expressions for the unloaded Q’s are derived for

the hybrid modes, with the contributions of the
losses in each section of the resonator’s

boundary separately identified. Numerical results

are presented for different modes.

RESONATOR GEOMETRY, RESONANT FREQUENCY AND MODE

CRARTS

The dielectric loaded resonator geometry under

consideration is shown in Fig. 1. Analysis of this

type of resonators is very useful for the under-

standing of the more general case where the
dielectric rod is shorter than the total cylinder

length L.

The structure of Fig. 1 can resonate in

various modes which correspond to the modes of

propagation in the cylindrical loaded waveguide

discussed in Reference [8]. These modes can be

axially symmetric (i.e. transverse electric TE
Omn

or transverse magnetic TM~mn), or hybrid modes

This material is based upon work supported by the

National Science Foundation under Grant No.

ECS-8320249.

‘E lmn”
The resonant frequency of any of these

modes is computed from applying the boundary

conditions that the tangential electric fields

must vanish on the ends of the resonator. This
condition yields

sin 6L=0, 6L=n~, n=l,2,... (1)

where ~ is the propagation constant of the mode in

an infinite waveguide with the same crass section

as the resonator (L32 = -y2). Determination of the

resonant frequency involves solving the character–

istic equation [81 for the wave number E, :

Gn(C1a) = U~a2y2+ k~a2VnWn =0

where

<: = k;+y2; <; = - (k~+y2);

1

2

u ‘oEo;

;

–Un

v;
n

(2)

Kn(C2r)I~(C2b)-In(C2r)K:(C2b)..

‘n(C2r) = ‘n(Ela) ‘Kn(C2a)I;(C2b)-In(C2a)K;(C2b~~ ‘

Kn(C2r)In(C2b)-In(C2r)Kn(C2b).

Rn(~2r) = ‘n(~Ia) ‘K (~2a)In(~2b)-In(C2a)Kn(C2b) ‘;
n

Jn(.), In(.) and Kn(-) are the Bessel functions,

modified Bessel functions of first and second kinds,

respectively.

Fig. 2 is a mode chart for a typical resonator.

This mode chart is similar in shape to the case for

an unshielded resonator presented in reference [7].
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UNLOADED Q CALCULATIONS The power lost in the resonator walls and in

the dielectric are computed based on the low loss

assumptions, that the fields are unperturbed by the

losses. The current density in the conducting

walls are determined from the tangential magnetic

fields, and dielectric loss is proportional to the

stored energy in the dielectric times the loss

tangent. Accordingly, the dielectric loss is

merely proportional to U1 given in Equation (5),

Determination of the resonators unloaded Q’s

involves the calculation of the energy stored U

in the resonator, and also the total power lost

WL in the metallic walls as well as in the

dielectric, The unloaded Q is then calculated
from:

Uou
Q=—

‘L

while the conductor loss W is expressed as:
c(3)

Wc = Ws + 2WB (7)
where a is the resonant angular frequency.

o

Although the calculation of the Q is

conceptually simple, the details are rather

involved. In the following closed form express-
ions are given of the relevant quantities.

First the energy stored U is computed as
the sum of the stored energies both inside the

dielectric c (Ul) and in the region between the

‘1

where W is the loss in the side walls (or
s

circumference) of the resonator and WB is the loss

in each of the ends (base and top). WB is further

separated as:

WB=W +W
‘1 ‘2

(8)
dielectric and the conducting waveguide walls U2.

Thus

where W
B,

is the loss in the base region CKrca
U=U1+U2 (4)

1

covered by the dielectric (sr ) and WB is the
. ~where

loss in the annular base regi~n acr<b ~nder the

dielectric (Sr2). These are evaluated to be:

(9)

L L

(lo)

VR –bzc:

w=
n’ 24___lr__

4’2
‘P2 (~2b) +

‘2 2C2
‘1 + ~2b2) 2 2 n

2 mu

466



.es.

REFERENCES

22
a C2 2 24

+ {T (1+*) (U2S; ++) -

C2a UP

LL
a <2 24

2
{U2E~ Q;2 (C2a) ++pn ‘2(~2a)}

mu

-C2a{u2c~ Q: (C,2a) +#P; (C.2a)}Jn(E1a)] (11)

Uu

where R
s

is the conductor’s surface resistance.

NUMERICAL RESULTS, DISCUSSIONS AND CONCLUSIONS

To ascertain the effects of the losses in the

various parts of the resonator, it is convenient to

express the total unloaded Q in terms of the
factors QS, QB1> QB2 and QD corresponding to the

losses WS, WB., WB2, and WD respectively:

(12)

Variations of each of these Q’s (normalized by

(6/1.), where 6 is the skin depth and I is the

wavelength in dielectric at resonance), with 2 a/L)
and (b/a) as a parameter are shown in Figs. 3 to 6

‘or ‘he ‘Elll ‘ode”
For (b/a) > 1.4 the loss WS

becomes negligibly small. Fig. 6 shows that QD

will always be approximately equal to l/tand (here

6 is the loss tangent of e ). Variation of the
rl

L

total normalized unloaded Q (due to conductor

loss only) with (2 a/L) is shown in Fig. 7.

Comparison between Fig. 5 and Fig. 7 shows that for
(2 a/L) > 1, the loss WB, dominates the other

conductor losses W
B2

and Ws. Qualitatively, to

minimize the loss W~1 the resonator could be

constructed so that the conducting wall ends are

not contacting the dielectric; thus the fields

outside the dielectric would decay in the axial

direction greatly reducing the current density

(and the loss) on these end walls. This, however,

would perturb the modal fields in the resonator;

the resonant frequencies and unloaded Q’s will not

be as simple to compute as in the present case.

When all the conducting walls are far enough from

the dielectric, the conductor losses will be

ne~li~ible with resuect to the dielectric loss,v.

and therefore

approximately
mode.

Figure 8

the conductor

the unloaded Q in this case will be

equal to l/tan6, regardless of the

shows the total normalized Q due to

loss only for the first few hybrid

mod
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