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A Proposal of a New Dielectric Resonator
Construction for MIC’S

YOSHIO SHIMODA, HISASHI TOMIMURO, AND KOTA ONUKI

Abstract —A compact and high-temperature-stable dielectric resonator

having no shielding metal walls nor a conventional frequeney toning screw

is described. This resonator consists of a high c, dielectric resonator

element mounted on a low-loss dielectric mount, a dielectric disk with thin

metal film fixed on the resonator element, and a microstrip line substrate

on which to mount the constituents. The resonant frequency tuning is made

by trimming the metal film on the disk. The TEOlb -mode resonant frequen-

cies are analyzed through dielectric wavegnide model application. Less than

l-percent analytical error is presented in comparison with the experimental

data for a practicaf resonator. The frequency tuning limit by metal film

trimming is about 7 percent. The unfoaded Q vahre of 2700 at 8.8 GHz and

a 4.4-ppm/deg frequency temperature coefficient are obtained.

I. INTRODUCTION

M ANY APPLICATIONS for dielectric resonators

have been stimulated due mainly to the recent de-

velopment of low-loss, temperature-stable dielectric materi-

als [ 1]–[4]. Temperature-compensated oscillators are one of

the applications for microwave integrated circuits (MIC’S)

[2], [5]. The oscillating frequency of these oscillators is

stabilized with a dielectric resonator coupled to a transmiss-

ion line.

In conventional dielectric resonator configurations for

practical MIC applications, a cylindrical dielectric resona-

tor element made of high dielectric constant material is

placed on a stripline substrate and shielded with conduct-

ing metal walls to suppress radiation. Additionally, a metal

tuning screw, attached to one side of the metal walls, is

positioned above the dielectric resonator element [2], [5].

The resonant frequencies for conventional resonators have

been tuned by adjusting the air gap between the resonator

element and the tuning screw. In this tuning system, how-

ever, ambient temperature variation may cause undesirable

air gap changes and deteriorate the resonant frequency

stability, if the thermal expansion design has been made

without giving adequate consideration to the metals used in

the shielding wall and the tuning screw. Generally, conven-

tional dielectric resonators with shielding walls and a

frequency tuning screw have disadvantages in size, in tem-

perature-stability resultant from design, and in manufac-

turing because of their complicated structures.

This paper describes a new type of dielectric resonator,

which does not use shielding walls and a tuning screw. It
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Fig. 1. New dielectric resonator.
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also presents a new resonant frequency tuning method for

this resonator.

Several reports have been made on methods for predic-

ting the resonant frequencies of cylindrical dielectric reso-

nators excited in the TE0,8 mode [6]–[ 11]. Some of them

are very complicated, although they show good accuracy

[8], [10], [12]. In this paper, resonant frequencies for the

new resonator are analyzed in application of the dielectric

waveguide model [9]. The numerical results have sufficient

accuracy to allow for the designing of an actual resonator.

II. NEW DIELECTRIC RESONATOR

A. Configuration

A new dielectric resonator magnetically coupled to a

microstrip line is shown in Fig. 1. The resonator is con-

structed from a cylindrical dielectric resonator element, a

thin metal film attached to a dielectric disk, a mount, and a
stripline substratti The disk and mount are made of low-

dielectric constant material. The dielectric resonator ele-

ment is supported by the mount applied on the stripline

substrate. The disk plays the role of a support for the thin

metal film which can suppress the electromagnetic radia-

tion from the dielectric resonator element. The thin metal

film is fabricated by vacuum deposition of gold over

nichrome, followed by gold electroplating. The disk, mount,

and substrate materials are required to have relative dielec-

tric constants which are as small as possible in comparison

with the resonator element dielectric constant, in order to

reduce radiation loss and obtain a high-Q dielectric resona-
tor system. The disk with the thin metal film, the resonator

element, and the mount are fixed on the stripline substrate

with adhesive as shown in Fig. 1. Table I shows the
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resonator constituent materials, their relative dielectric

constants, and their thermal properties.

This resonator is simple because it does not have shield-

ing walls and a frequency tuning screw used in conven-

tional units. As a result, the resonator size can be compact,

and frequency drift caused by metal thermal expansion

does not need to be considered.

B. Resonant Frequency Tuning Method

The resonant frequencies of this resonator depend on the

distance between the thin metal film and the dielectric

resonator element; that is, they depend on the disk thick-

ness. This fact can be conjectured easily from the resonant

frequency tuning methods used in conventional resonators.

A frequency tuning method by adjusting disk thickness,

however, is not practical because the mounting of resona-

tor constituents on the substrate must be carried out

simultaneously due to requirements for precise positioning.

Consequently, the disk thickness should be determined as a

certain value before reaching the component mounting

stage.

In this resonator, resonant frequencies are tuned by

trimming the thin metal film on the disk. The use of a laser

trimmer is helpful for trimming this area. The frequency

tuning values obtained analytically and experimentally will

be discussed later.

III. RESONANT FREQUENCY ANALYSIS

An analytical model is shown in Fig. 2 for the resonant

frequencies of this resonator. The reso~ators shown in Fig.
2(a) and (b) are called a resonator with a metal film and a

resonator with no metal film in this paper. The resonator

with a metal film shows the no trimming condition for the

metal film. The resonator with no metal film shows the

condition after all excess metal was removed by trimming.

The resonant frequency tuning limit is obtained from the

frequency difference between the resonator with a metal

film and the resonator with no metal film.

Basic assumptions in this analysis are as follows.

a) All dielectric materials are isotropic and have no

dissipation.

b) Metallic boundaries are perfectly conducting.

c) Electromagnetic field distribution is that of the domi-

(a) (b)

Fig. 2. Cross sections of resonator under anafysis and coordinate sys-
tem. (a) A resonator with a metal film. (b) A resonator with no metaf
film.

nant TEO1a mode. (Subscripts refer to cylindrical coordi-

nates 0, r, and z, respectively.)

d) The relative dielectric constant of the resonator ele-

ment is considerably higher than those of other construc-

tions.

e) The thickness of adhesive layers is negligible.

f) The field in regions 6-8 shown in Fig. 2 are ignored.

A. Resonant Frequencies for the Resonator with a Metal

Film

The resonator to be analyzed can be divided into eight

regions, 1–8, as shown in Fig. 2(a). It is assumed that most

of the electromagnetic energy is stored in region 2, and that

the field decays in regions 1 and 3–5. The field in regions

6–8 is ignored because the energy in these regions is

considered to be too small. If the field in region 5 is

ignored, it becomes equivalent to the magnetic wall model.

Scalar functions V, (i = 1-5) satisfying the Elelmholtz

equation in each region may be written as follows, consid-

ering the boundary conditions at z = 1 + h and z = – (tl +

t2):

V1=AIJo(k,r)sinh{ –&[z–(Z+ h)]} (1)

W2 = Jo(k,r){A2cos(kZz) +B,sin(kzz)} (2)

v,= .lo(k,r){A3cosh( yz)+B3sinh(yz)} (3)

W4=A4JO(k,r)sifi{ q[z+(t1+t,)~} (4)

W,= A5Ko(p,r){A2cos (kzz)+B,sin(kzz)} (5)

where

K: =elk; +&2 = c2k; – k: =cJk: + y2 =c4k: + r12 (6)

~,z = k: – k: (7)

k;= @*Eopo = (27rf)2Eopo (8)

where

21-A5, B2, B3

~~(.x), KJx)

k,, jJr

k,, & y, q

ci(i = 1–4)

co? Po

(d, f

unknown constants,

the Bessel and the modified Hankel

functions of order zero,

wavenumbers with respect to r,

wavenumbers with respect to z,

relative dielectric constants in region i,

dielectric constant and permeability in

free space,

angular frequency and frequency.

The field components in each region are given by sub-
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stituting Vi into the following equations:

6’*.
EOi = – jwpo-#

a2Sk
H,i = &

1“

(9)

HZi = k;~i

Brt = EZi = Hoi ~ O

where Ee, H,, and HZ denote the circumferential compo-

nent of the electric field, radial, and axial components of

the magnetie field, respectively. The field decays in the

regions ofr>R, z>l, andz< O.

From the continuity conditions on the field components,

the following boundary conditions are introduced:

a) HZ2 = HZ5 atr=R, for O<z<l

b) Eflz = Eej atr=R, for O<z<l

and

c) H,l = HV2, 501 = Eoz atz=l, for O<r<R

d) H,2 = H,3, % = J%3 atz=O, for O<r<R

e) H,B = H,e, EOJ = Eed atz=–tl, for O<r<R.

Boundary conditions a) and b) yield the following eigen-

value equation:

J;(krR) %(N) co
(10)

k,.lo(k,R) + p,KO( AR)

where J:(x) and Kj (x ) represent derivatives with respect

to the argument for Jo(x), Ko(x).

Boundary conditions c), d), and e) yield the following

eigenvalue equation:

– ~coshA kZsin B – kZcos B

o 0 – k=
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Resonant frequencies of the resonator with a metal film

are determined by solving the pair of eigenvalue equations

(10) and (11).

B. Resonant Frequencies for the Resonator with no Metal

Film

The resonator with no metal film to be analyzed has to

take into account, region 9, in which electromagnetic en-

ergy may exist due to there being no metal boundary at

z = 1 + h. Therefore, scalar functions in regions 1 and 9

may be assumed to be as follows:

Y,= Jo(krr){A1cosh[ $j(z - 1)]- B,sinh[&(z - z)]}

(12)

T9=AgJo(k,r)exp{ -J[z-(l+ h)]} (13)

where

The scalar functions in the other regions, 2–5, can be

considered the same as for expressions (2)–(5). The field

components in each region are obtained after substituting

these functions into (9).

Applications of continuity conditions on the field com-

ponents at r = R and z = -t,, O, 1, and l+h lead to the

pair of eigenvalue equations shown below. Subsequently,

the resonant frequencies for the resonator with no metal

film are determined.

J;(k,R) G(PrR) so
(15)

kPJo(krR) + p,Ko( P,R)

o 0 0

0 Y o

0 0 0 – ysinhc ycoshC – q cosh D =() (11)

– sinh A cos B sin B o 0 0

0 1 0 –1 o 0

0 0 0 coshC – sinh C – sinh D

where A=~h, B= kzl, C=ytl, D= qtz, and

-’f

o

0

0

1
0

0

0

–~sinh A

o

0

0

– cosh A
1

0
0

.$cosh A

-[

o

0

sinh A
o

0
0

0
k= sin B

o

0

0
– cos B

1

0

0

– k= COSB

– k=

o

0
– sin B

o
0

0

0

0

– y sinh C

o
0

–1

coshC

o

0

Y

ycoshC

o
0

0
– sinhC

o

0

0

– q cosh D

o
0

0
– sinh D

. 0 (16)

where A=$h, B = kzl, C=ytl, and D =qt2.

f=(k;-c,k;)”z ~=(k:-64k~)1’”2
IV. llIEORETICAL AND EXPERIMENTAL RESONANT

FREQUENCIES

k,= (c2k; – k:)l’2 ‘:= @2cO~O” Theoretical resonant frequencies are compared with the

2 1/2
experimental frequencies in” the 8 – 9-GHz region.

y=(k:–c3ko ) Sample dimensions are as follows. The resonator element
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Fig. 3. Resonant frequency versus disk thickness,

!-zR --

Fig. 4. Metaf film trimming.

is 7 mm in diameter and 2.8 mm thick, and the mount and

substrate thicknesses are 0.6 mm and 0.635 mm, respec-

tively. The accuracy of these dimensions is within + 10 ~m.

The adhesive thickness of about 5 pm is ignored in this

resonant frequency analysis.

A. Resonant Frequencies for the Resonator with a Metal

Film

Fig. 3 shows the resonant frequency versus disk thick-

ness, The resonant frequencies predicted by the present

analysis agree well with the experimental values. When

thicknesses are 1 mm, 2 mm, and 3 mm, analytical errors

are about 0.3, 1.6, and 2.5 percent, respectively. The use of

thick disks leads to poor approximation in this analysis

because the amount of electromagnetic energy in region 6

increases.

The resonant frequencies derived by the magnetic wall

model are lower than the experimental values by about

8– 10 percent. The analytical error is too large to allow for

the designing of an actual resonator.

B. Resonant Frequencies for the Resonator with no Metal

Film and Frequency Change by Tuning

Computed resonant frequencies for the resonator with
no metal film show little dependence on disk thickness.

Frequencies are about 8.15 GHz in the 0.5–5-mm disk

thickness. The frequency values almost equal those for the

resonator with a metal film, in which disk thickness is more

than 4 mm.

Resonant frequencies for this compact resonator are

tuned by trimming the thin metal film on the disk, as

shown in Fig. 4. In order to obtain accurate experimental

data, the metal film was trimmed by using photolithogra-

phy technique. Fig. 5 shows the resonant frequency changes
with the metal trimmed area normalized as d/2R.

Frequency changes caused by trimming increase with de-
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Fig. 5. Frequency change by trimming.
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Fig. 6. Resonant frequency versus disk thickness.

creasing disk thickness. According to the advantages for

frequency compensations, the use of thin disks is better for

practical resonators.

C. Resonant Frequencies with Disk Diameters

Resonant frequency dependence, with respect to disk

diameter equated to metal film diameter, is shown in Fig. 6

for the resonator with a metal film. Frequencies are inde-

pendent of disk diameters. The results show that resonant

frequencies are unaffected by energy decaying toward the

radial direction in region 6 of Fig. 2.

V. EXPERIMENTAL RESULTS OF OTHER

CHARACTERISTICS

A. Unloaded Q

The unloaded Q(QO) for the resonator is generally ex-

pressed as follows:

(17)

where Q,, QJ, and Q= are Q-factors due to radiation loss,
dielectric loss, and conduction loss, respectively. The radia-

tion loss is related to the resonator structure. The dielectric

loss is related to energy loss in the dielectric resonator

element, disk, mount, and substrate. The conduction loss is

the energy loss in the metal film, and is related to the

surface resistivity of the film. For this resonator, most of

the electromagnetic energy is stored in the dielectric reso-

nator element and the energy decays in other regions.

Therefore, the effects of the dielectric loss other than the

dielectric resonator element and the conduction loss for the

metal film are considered to be small, so long as their loss

values are not significantly large. The loss tangent corre-
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Fig. 7. Resonator unloaded Q versus disk thickness. Fig. 8. Frequency temperature dependence for resonator.

spending to 1/Qd for alumina making up the substrate and

for the fused quartz making up the disk and mount are the

order of 1 x 10–4–2x 10–4 at 10 GHz in contrast to

2.86 X 10-4 for the dielectric resonator element. The con-

duction loss for the metal film is the order of 1 X 10-4

from an estimation for a conventional cylindrical cavity.

Therefore, it is considered that this resonator’s unloaded Q

is determined by the radiation loss and the dielectric loss of

the dielectric resonator element.

Fig. 7 shows the experimental unloaded Q for the reso-

nator with a metal film. The unloaded Q becomes higher as

the disk becomes thinner or the diameter larger. The maxi-

mum unloaded Q is about 2700 at 8.8 GHz, in contrast to

Qd of 3500 for the resonator element material. Degradation

of QO maybe attributable to the radiation loss. Use of thin

and large diameter disks leads to radiation loss suppres-

sion.

The unloaded Q is insensitive to the trimming area of the

metal film as long as the area d/2R is 0–0.65 for any disk

thickness, and the QO values are about 0.90–0.95 times

those for the no-trimming condition. When the trimmed

area is large, the trimming effect for the unloaded-Q de-

crease becomes sensitive for thin-disk resonators due- to

increase of radiation loss. For example, when the disk

thickness is 0.5 mm and the trimmed area d/2R is 0.86,

the unloaded Q decreases to 0.7 times the QO value for the

no-trimming condition.

Unloaded Q for this resonator can be improved by using

low-loss tangent materials for the dielectric resonator ele-

ment. In one example, the unloaded Q for the resonator

with a metal fihn shows 3400 at 10 GHz when a dielectric

resonator element having 9500 inverse loss-tangent and

37.0 relative dielectric constant is used. This unloaded-Q

value is comparable to that of conventional type resonator

[13].

B. Temperature Dependence of Resonant Frequency

Resonant frequency change with temperature is almost

linear in a practical temperature range as shown in Fig. 8.

Its temperature coefficient is about 4.4 ppm/deg. The

temperature coefficient depends on dielectric constant tem-

perature coefficients and thermal expansion coefficients for

the resonator constituents shown in Table I. Temperature

effects on the resonant frequency can be computed by

substituting these coefficients into the analytical model

mentioned in Section III. The value estimated is 3.82

ppm/deg, which approximately agrees with the experimen-

tal value. The resonant frequency change caused by the

variations of the constants of the dielectric resonator ele-

ment only is about 3.82 ppm/deg. On the other hand, the

effect of the disk, mount, and substrate is less than 0.01

ppm/deg, which is negligible as compared with the value

for the dielectric resonator element. Therefore, the reso-

nant frequency temperature dependence for this resonator

structure is mainly determined by the constants of the

dielectric resonator element.
The resonant frequency temperature coefficient qf iS

generally approximated as follows [2]:

where qt is the dielectric constant temperature coefficient

and a is the thermal expansion coefficient.

By substituting the numerical values for the dielectric

resonator element shown in Table I, the qf value becomes

3.1 ppm/deg. This value is somewhat small when com-

pared with the experimental value 4.4 ppm/deg and the

value 3.82 ppm/deg computed by this analytical model.

The temperature coefficient estimated by our model is

more reasonable for this resonator structure. When the
disk thickness is more than or equal to 2 mm, the T)fvalues

estimated by our model for the dielectric resonator element

approach the value obtained from (18), that is, 3.1

ppm/deg. However, the temperature coefficient for this

resonator system including all constituents is almost con-

stant and its value is approximately 3.8 ppm/deg.

VI. CONCLUSION

A new type of dielectric resonator which consists of a

dielectric resonator element, a mount, and a thin metal film

attached to a dielectric disk was developed. Because of its

configuration calling for no shielding walls and no

frequency tuning screw, compact and high-temperature-

stability resonators are expected. Their simple configura-

tion will lead to a simple manufacturing process.

Resonant frequency tuning is done by metal film trim-

ming on the dielectric disk.

Resonant frequencies have been analyzed in the applica-

tion of the dielectric waveguide model. The differences

between analytical and experimental resonant frequency

are in the allowable range for the design of a practical

resonator.
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Resonant frequency tuning ranges, which are adjustable

by metal film trimming, have been presented as functions

of the trimmed area and disk thickness.

Typical characteristics for the resonator are about a

7-percent frequency tuning limit, an unloaded-Q value of

- 2700 maximum at 8.8 GHz, and a frequency temperature

coefficient of 4.4 ppm/deg. The unloaded Q is improved

by use of low-loss tangent materials for the dielectric

resonator element. The frequency temperature coefficient is

mainly determined by the characteristics of the dielectric

resonator element.
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