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JAPANESE INDUSTRIAL STANDARD JIS

Testing method for dielectric properties R 1627-1996
of fine ceramics at microwave frequency

1. Scope This Japanese Industrial Standard specifies testing methods for
dielectric properties in microwave band of fine ceramic materials for resonators of
low loss dielectrics used mainly for microwave filter and oscillator.

Remarks: The following standards are cited in this Standard:

JIS B 0601 Surface roughness —Definitions and designation
JIS B 7502 Micrometer callipers

JIS R 1600 Glossary of terms relating to fine ceramics

2. Definitions For the purpose of this Standard, in addition to the definitions

given in JIS R 1600, the following definitions apply:

(1) complex relative permittivity £  The quotient of the complex ratio of a.c.
electric field strength E (V/m) to a.c. dielectric flux density D (C/m) expressed
in vector, by the permittivity & in vacuum (8.854 x 10-'2 F/m).

If real component of complex relative permittivity is denoted as ¢ (called
relative permittivity) and imaginary component as ¢, €, is expressed by the
following formula:

(2) loss factor tand  Tangent of dielectric loss angle . If real component
and imaginary component of complex relative permittivity are used, tané is
expressed by the following formula:

(3) temperature coefficient of permittivity 7TCe The quotient of the relative
permittivity change due to temperature, by the corresponding temperature
change.

— €7 Té&rer 6 (DDM/K)  veerrnrrnenntne e
TCe e T=T) x10¢ (ppm/K) (4)

where, £,: permittivity at temperature 7' (F/m)

£

st permittivity at reference temperature T, (F/m)
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(4) temperature coefficient of resonance frequency TCF The quotient of the
relative resonance frequency change due to temperature, by the correspond-
ing temperature change.

_ fT _.fr'e‘f 6
TCF = hf;@,(]‘_ Tref) 10 (ppm/K) ................................................... (5)

where, f.: resonance frequency at temperature T (kHz)

f.;: resonance frequency at reference temperature T, (kHz)

Remarks: TCF is the inherent value of dielectric material and expressed
approximately by the following formula relative to the tempera-
ture coefficient of permittivity 7TCe:

TCF:—%TCE—a ........................................................................... (6)

where, «o: coefficient of linear expansion of dielectric

(5) surface resistance Rj The equivalent resistance which indicates the
dissipation of electromagnetic field flowing into the inside of conductor
through its surface. If the conductivity of conducting plate is denoted as o,
R; is expressed by the following formula:

R, = /LUEL (Q1)  vorer e (7)

where, u: permeability of conducting plate (H/m)

(6) relative conductivity o, The ratio of conductivity ¢ of conducting plate to
the conductivity ¢, at 20°C (= 5.8000 x 107 S/m) of international standard
annealed copper specified in IEC 28.

3. Test items The test items shall be relative permittivity £, loss factor tang,
temperature coefficient of resonance frequency TCF and temperature dependency
of tané. The ranges of measuring frequency, £ and tand applicable to these tests
shall be as given below.

Unless otherwise specified, the measuring temperature range for TCF and
temperature dependency of tand shall be —40°C to +85°C.

Measuring frequency : 2 GHz to 20 GHz
€ : 5 to 500
tané : 10 to 102
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4. Principle of measurement In this method, the both ends of dielectric rod
specimen are short circuited in parallel by two conducting plates to form a dielec-
] tric resonator of TE, * mode. The resonance frequency (f,) and no-load @ (Qu) of
} dielectric resonator are determined by ¢, tand and dimensions of the specimen
: and the relative conductivity of the conducting plate. Therefore, the resonance

frequency (f,) and the no-load @ (Qu) are measured and ¢ and tand are obtained
(see Fig. 1).

Moreover, f;, and Qu in TE , mode at —40 to +85°C are measured and TCF
and the temperature dependency of tané are obtained.

Note* The mode that an electric field is on the flat surface perpendicular
to the axis of the waveguide path is called transverse electric mode
and TE mode in short. The suffixes to this symbol indicate the
number of node or antinode of the electric field in the direction of
surrounding axis, diametric direction and axial direction of cylin-
drical coordinate in the order from the left.

Fig. 1. Dielectric rod specimen whose both ends are short circuited
by parallel conducting plates

Conducting plate S B~ <

AN y

Dielectric rod specimen

5. Test atmosphere Unless specified otherwise, test atmosphere shall be
2512°C in temperature and (50+10)% in relative humidity.

6. Equipment and jig

6. Equipment  An example of structure of equipment is shown in Fig. 2. RF
signal emitted from highly stable standard signal generator (synthetically con-
trolled sweep oscillator is recommended) is divided into two by an electric power
distributor and one of them returns to the network analyzer as a standard signal
and the other comes as a test signal to the jig to which the specimen is attached.
The test signal which passed through the specimen is shown as an amplitude
ratio to the standard signal on the display unit where the transmission attenua-
tion is on vertical axis and frequency is on horizontal axis. In this measurement,

only the information on amplitude of transmitting electric power is necessary and
the information on phase is unnecessary.

In the measurement of the TCF and temperature dependency of tand, a ther-
mostat capable of controlling the measuring temperature within +1°C S}D]J)Eﬁjﬁ‘i%nts
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Fig. 2. Testing equipment
Standard signal generator K !
Frequency counter Network analyzer
Detector
Electric power ‘
distributor Detector
Thermostat
do_ Test jig _()\OJ
Reference level measuring cable
6.2 Jig

6.2.1 Test jig for £ and tand The jig for the test of ¢ and tand shall consist
of two conducting plates and two coupling and exciting cables (see Fig. 3). The
distance between two conducting plates must be adjustable keeping their parallel-
ism to each other.

The dimensions and material of the conducting plate are shown in Table 1.
As the conducting plate is required to have high conductivity, its surface rough-
ness shall not be more than 0.100 uymRa specified in JIS B 0601. For this end,
the conducting plate shall be used being polished properly.

The coupling and exciting cable shall be the coaxial cable of 50 Q in charac-
teristic impedance insulated by fluorocarbon resin (polytetrafluoroethylene), and
any one of cables with a diameter 3.58 mm, 2.20 mm and 1.20 mm shall be used
according to the height of specimen. On the tip of the coupling and exciting cable,
loop antenna of approximately 2 mm in diameter is formed and the cable is fixed
with its loop surface parallel to the surface of conducting plate. Two coupling and
exciting cables shall be so constructed that the distance between them is adjust-
able by moving them left and right separately. In order to make the coupling and
exciting cable and the conducting plate equal d.c. potential, the construction shall
be such that the external conductor of cable touches slightly the conducting plate.
The reference level measuring cable which is for measuring total transmittance
level shall be of the length equal to two times the above coupling and exciting
cable.

Documents

Document Sharing Hub

Full document details: JIS R 1627-1996



http://www.avadocuments.com/doc/jis-r-1627-1996
http://www.avadocuments.com/doc/jis-r-1627-1996

