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A8STRACT In this paper, we propose a precise measurement method

using a TEOI 3 mode dielectric resonator. The precision

A precise measurement method for the temperature coef - of this temperature coefficient measuring method can sat-

ficient of dielectric resonator material was developed. isfy the requirement of * 0.05 Ppm/T because the unload-

The error of measurement was decreased from 0.5PPs/T to ed Q of the measurement is as high as the Q factor of the

0.05 ppm/T compared with the conventional method. This dielectric materials.

measurement method made techniques for improving stabil-

ity possible, such as for filters, multiplexer and os-

cillators+
CONSTRUCTIONOF MEASURINGINSTRUMENT

A cross section of the measuring instrument is shown

in Figure 1. The dielectric resonator is fixed to the

INIXODUCTION support in the center of the cavity.

Figure l-a shows the measuring instrument of a brass

For filters and oscillators, a precise measurement metal cavity of which the thermal expansion coefficient ,

technique for temperature coefficient has been needed in a is 18 PPm/U. An Invar metal cavity of which cx is O

order to achieve improved temperature stability [1]. Re- PPm/l! is also used.

cently, dielectric resonator materials with extremely The shielding cavity, shown in Figure l-b, are made of

small dielectric loss and better, more stable temperature metal ized ceramic material having the same a as the di -

coefficient were developed [2]. The requirement for a electric resonator. The support is made of a ceramic

precise method of seasuring the temperature coefficient

was satisfied to the level of tO.05PPm/W. Also, because

the linearity of the temperature coefficient of the di-

electric constant ~ is one of important factors for

achieving high temperature stability, there has been an

ad&d impetus to creating a precise method for tempera-

ture coefficient measurement.

Conventionally, temperature coefficients of dielectric

resonator materials were measured with a dielectric rod

resonator TEOII mode, short-circuited at both ends by two

parallel conducting plates [3]. However, this method is

not fit for measurement of improved dielectric loss mate-

rial. The precision of this type of measurement decreases

because the unloaded Q of this measuring method is low

compared with the Cl factor of the material, and because

the dimensional accuracy

impossible to achieve.

required is so high that it is
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Figure 1 The cross sectional view of measuring

instrument ; (a)

(b)

metal cavity

ceramic cavity

(b)
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tube which also has the same a . a of the cavity and

support material ( 2MgO*SiOz -ZrSiOJ ) can be controlled

from between 4 PPm/T! to 10 PPa/12 using a composition

ratio of 2NsO*SiOz and ZrSiO.4 . cr of the ceramic mater-

ial ( 2MsO*SiOz -ZrSiOA ) is shown in Figure 2.

The difference of the thermal expansion caused by a

of the dielectric resonator and the cavity is shown in

Figure 3. The dimension ratio of the dielectric resonator

and the metal cavity dimension wee changed by the thermal

expansion; however, this ratio, in the case of a ceramic

cavity, was not changed by thermal expansion. Therefore,

using a ceramic cavity, the temperature coefficient of

the material can he measured without the effect of the

thermal expansion.

PRINCIPLES

We considered the measurement of the taperstura de-

pendence of resonant frequency. Wen themeasurins in-

strument of Figure l-b is used, the normalized resonant

frequency is that shown in the following equation,

27rD
—= F(KI, K2,

a.
‘/D, ‘1/D, ‘z/D, ‘1/D, ‘z/D) (1)

where, A o is resonant wavelength in free space, K1 and

K2 are dielectric constant of a resonator and a suport.

If the smell 1inear changes AD, AK,, .4K2, AL, Adl, Adz,

A!21, AQ2, A f in (1) me caused by the temperature

change ATT! of the instrument, the f ol lowing ewat ion

is derived.

where, A is the ratio of the electric energy stored in

the die lectric rod in proportion to the tota 1 electric

energy in the cavity.

The fo 1lowing equation is derived from (4), (6).

where

1 AKi
‘K, = K, AT

——

If all electric energy is stored in the dielectric rod,

Al=l and Az=O in (7). ~f, defined when Ai=l and Az=O, is

shown in the fol lowing equation.
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port are all equal. then AXi=O in (2).

following equation is derived from (2).

+ 1 iJF AK2
nf - ; ;;,;:1

———_ —-
F i3K2AT a

where
1 AD

a= D AT

(7)

II ,
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Figure 2 The thermal expansion coefficient of the

ceramic mater ia 1

Here, qf is the temperature coefficient of resonant

frequencw. If a of a rescnata, a cavity, end a suP-

(8)

dl+Ad,where

Therefore the

(4)

(5)

1 ?)F AK,
F aK, AT is the change ratio of resonant frequency

vhich is caused by tbe temperature coefficient of K.

The change rat io is shown in the following equation [4].
Figure 3
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11

Lsdiii%l!-i
(b)

l%

‘ ml]L+4;

1 (c)

The thermal expansion of the dielectric

resonator and the cavity ; (a) brass cavity,

(b) ceranic cavity, (c) Invar cavity
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Vfo = -+v K, - Q. (9)

Final lY, the temperature coefficient of frequency is

given by the following equation derived from (7), (9).

nf= %O-~(l-Al)VKl +~A2nK2 (lo)

MEASUREDRESULTS

The measuring system is shown in Figure 4. Temperature

coefficient for the dielectric resonator of K = 37.6,

D = 10.1 mm and L = 4.9 mm was measured by using the

Invar cavity, the ceramic cavity, and the brass cavity.

Aqf , the measured value dev iat ion of ~f from ?fo is

shown in Table 1. ; its mean-square errors are about 0.05

PPdT!. The histogram of measured Aqf is shown in Figure

5. Aqf in Table 1 is measured with the dielectric rod in

the center height of the cavity: however, Aqf has de-

pendence on the resonator position in the metal cavity

because of the difference between the therms 1 expansion

of the ceramics and the nets 1. ‘i’he Aqf dependence on the

resonator posit ion is shown in Figure 6. By increasing

the support length, Anf measured in the Invar cavity in-

creased and A qf measured in the brass cavity decreased.

Aqf can be measured without the dependence on the resona-

tor position in the ceramic cavity.

The temperature coefficient of the three materials

( K=30.0, 37.6, 89.0 ) were measured using the conven-

tional method and this newly developed method. The mea-

sured results are shown in Table 2. The measured unload-

ed Q, Qo of the conventional method are higher than the

one of this newly developed method. The mean-square

error is &creased from 0.5 PPm/T2 to 0.05 ppm/V com-

pared with the convent iona 1 method.

Tab le 1. Measured Aqf of three cavities

Cavity 9aterial I Invar Ceramic Brass

a of cavity (Ppidl!) 0.0 6.5 18.0

Measured Aq~ (PPm/~) -0.1*0.05 -0.1*0.05 -1.0*0.05

Okasur ing condition)

Resonator ; D=1O.lmm, L=4.9mm, K=37 .6, %0 ❑0.25ppm/V

Cavity ; dl=32.3nm, 11=14.3mn

support : d,=5. Oma, 12=4.8mm. K=8.5,

nf =-6oPPm/t

Frequency ; fo=5. lGiiz
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Figure 4 The measuring system
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Figure 5 The histogram of measured Anf

Table 2. Measured r?f of three resonators

?esonator material

K of resonator

rl of resonator

(PPm/’T)

invent iona 1 method

Vf (PPm/v)

Frequency

(Qo)

Developed method;

nf (PPdv)

Frequency

(00)

(Measuring condit

A B c

30.0 37.6 89.0

10.5 6.5 8.5

2.00i0.50 O.1OM.5O -5. 00*0. 50

6.0 5.3 3.5

(3500) (3000) (1200)

2. 10M.O5 0.15*0.05 -4. 92*O. 05

5.8 5.1 3.4

(12000) (9000) (2000)

In)

Resonator; D=1O. lma, L=4.9Bm



CONCLUSION

The precise measurement method for temperature coef -

ficient of dielectric resonator materials was developed.

‘he measur ins instrument is shown in Figures 7 and 8.

This method is suitable for measuring the temperature

coefficient of the low-loss dielectric material for high

select ive filters [5].
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Figure 6 The measured results of Aqf Fisure 8 The photograph of the measur i ns instrument
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