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Standard Test Method for
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Materials at Microwave Frequencies 1

This standard is issued under the fixed designation A 893/A 893M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope 2.3 The specimen is in the form of a rod and is placed

1.1 This test method covers the measurement of the confarallel to the microwave electric field in a region of substan-
plex dielectric constant of isotropic ferrites for extremely tially uniform electric and zero microwave magnetic fields.
high-frequency applications. The perturbation theory requires that the diameter of the

1.2 The values and equations in customary (cgs-emu ant@Mple rod be small compared to one quarter of the wavelength
inch-pound) or SI units are to be regarded separately a@f the microwave radiation in the specimen. Estimation of this
standard. Within this standard, S units are shown in bracketdvavelength requires knowledge of the permittivity: keo, and
The values stated in each system may not be exact equivalenfrmeability, ., of the specimen under the conditions of
therefore, each system shall be used independently of the oth&féasurement. The wavelengih,in the specimen is given by
Combining values from the two systems may result in nonconthe equation:
formance with the standard. A = 1 '(ne)™? @

1.3 This standard does not purport to address all of the . )
safety concerns, if any, associated with its use. It is the For many ferrites, p may be taken equal { fhe perme

ability of empty space, without serious error. The permittivity,

responsibility of the user of this standard to establish appro-_ " determined by measurement as described below: after

Eirlli?teo?arl;etyl atnd hl_ea_I:ht_practlc_es ?nd determine the appllcaE)btaining a value o¢, it is necessary to ascertain with the aid
y gulatory fimitations prior to use. of Eq 1 that the sample diameter is sufficiently small.
2. Summary of Test Method 2.4 This test method is not suitable for materials with loss
tangents=0.1, with the loss tangent defined as tan k"/k '
2.5 The results of the perturbation theory calculation may be

expressed in the form:

2.1 In an isotropic dielectric medium with a steady electric
field, E, the electric displacemerd, is given by the equation:

D = ke E 1) _
8ff = [—(k — 1) [MivE °E 'dv}/2Miv, (E °) > dv (3)
where:
€y = permittivity of free space and where: R
k = dielectric constant. If the medium is subjected to an f f'+jf'12Q;

loadedQ of the cavity;

specimen volume contained within the cavity,
in.2 [mm?);

= cavity volume, ir [mm?]; and

alternating electric field, the electric displacement is
not necessarily in phase with the field. This fact may Vs
be expressed mathematically by takings a complex v

1 H = [ 4 H H [} . . y
q}*a”“ty- If_ we wntek_ k .]k ; the Imaginary part, g microwave electric field strength.
K’, determines the dissipation in the medium.

2.2 This test method uses a cavity perturbation technique as The superscripo refe_rs o .f'EI.dS in the empty cavity and the
Superscripi refers to fields inside the specimen.

fi‘er:?ﬁgf n?L:te Egﬁg‘ggji?g;r&? gzgggggee?r?tl%am" 2.6 A specific cavity suitable for this test method is a, JE
q ' rectangular cavity, where n is odd. With the rod running

the cavity with and without the sample, the load@df the .
cavity with and without the specimen, and the cavity andcompletely across thg cgwty at the center, Eq 2ftircan be
reduced to the following:

specimen dimensions.
8 1 = =2k’ — D)(Vdvp); & (LIQ) = 4K"(VyV,) o
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df and 3(1/Q) are, respectively, the difference in the cavity 5.3 The input and output lines of this cavity shall be made
resonant frequency with and without the specimen and th& appear as matched loads by the appropriate use of pads or
difference in the reciprocd#) of the cavity with and without the isolators.
specimen, anfl’ is the resonant frequency of the empty cavity. 5.4 The TE,, cavity (n odd and 3 or greater) shall be

2.7 In many cases it is convenient to describe the dissipativeesonant between 9000 and 10 000 MHz for the X-band
properties of the medium by alternative notation. An effectivemeasurement. The loade@ of the empty cavity shall be
resistivity at the frequency’ = 6/2m may be defined by the greater than 2000 (Note 1). The holes through which the ferrite
equation: passes shall be 0.042 +0.002, - 0.000 in. [0.11 + 0.05, - 0.00

p = Lk e, mm] in diameter. The dimensions of a typical cavity, operating
(5)  in the TE43; mode, are shown in Fig. 2.

3. Significance and Use Note 1—High Qs are obtainable by using waveguide and end plates of

3.1 This test method can be used to evaluate batch type 8?(ygen'free high-conductivity copper or by silver plating.

continuous production of material for use in microwaveg procedure

applications. It may be used to determine the loss factors of . . -

microwave ferrites or help evaluate absorption materials for 6-1 Introduce an attenuation of 3 dB with the precision

use in microwave ovens and other shielding applications. ~ attenuator. Without the specimen in the cavity, adjust the
3.2 The values obtained by use of this practice can be usdgicrowave frequency to cavity resonance, as indicated by

as quality assurance information for process control, or bot@Ximum power output with respect to frequency variation.

when correlated to the chemistry or process for manufacturingmte the indication of the output power level and measure the
the material. esonant frequency,’, with a wavemeter or other suitable

means aB. Remove the 3 dB of attenuation and locate the two
4. Apparatus frequencies at which the output power is the same as at cavity

4.1 Fig. 1is a schematic diagram of the equipment requirediesonance with the 3-dB attenuation in. Determine the separa-
for the measurement. Power from a suitable unmodulated dion in frequency of these two half-power points Bitby a
amplitude modulated microwave sourde, is run through a heterodyning technique using a frequency stabilized sotxce,
variable attenuatoB), and kept at a constant level throughout The loaded) of the cavity is then given bf/'/Af '1/2 whereA
the measurement with the aid of a directional couptera  f'1/2 is the frequency separation of the half-power points.
crystal detector, and a power-indicating mekerThis constant 6.2 Alternatively, instead of the 3 dB of attenuation speci-
power is run through a precision variable attenua®ro the  fied above, a larger amount,decibels, may be used. Mf " is
cavity, H, and the cavity output power is detected and indicatedhe separation of the two frequencies at which the output power
on a suitable metet, without attenuation is the same as the output power at cavity

. . resonance with tha decibels of attenuation inserted, tQds
5. Test Specimen and Cavity given by the equation:

5.1 The specimen shall be in the form of a rod. It is inserted
in a transmission-type cavity so that the axis of the rod is along Q = (f/Af) /107~ 1
a line of constant microwave electric field and zero microwave ©)
magnetic field. The ends of the rod shall pass through holes in 6.3 By choosing a value af sufficiently large, it is possible
both cavity walls. to make the measurement &ff" with a precision wavemeter,

5.2 The rod diameter shall be 0.041 + 0.000, - 0.002 ingliminating the need of the heterodyning technique.

[0.10 + 0.00, - 0.05 mm] at X-band unless this violates the 6.4 Position the specimen in the cavity and then repeat the

conditions of 2.3. measurements of ' and Q. The change inf’ (a negative
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FIG. 1 Schematic Diagram of Equipment Required for Measurement of Complex Dielectric Constant
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Coupling Iris (0.200"diameter)
Plate 0.028% 0.002" thick

Sample in Place

”
i~
|
//
127, ‘0
///l' \,:’6;
” -
> L < S
< / ;
i /," I
L2l
//
P CAVITY BODY
RG 52/U WAVEGUIDE
OR EQUIVALENT
in. 0.002 0.028 0.200 1.350 2.700
[mm] [0.05] [0.71] [5.08] [34.29] [68.58]

FIG. 2 Typical Cavity for Measurement of Dieletric Constant at
9300 MHz

guantity) is the desiredff ', and the change in @¥/is the desired 8.1.2 Temperature of the material during the measurement,
5 (1/Q). Nonzero microwave magnetic field at the specimen g 1.3 Frequency at which the measurement was made,
can introduce magnetic loss into this measurement. A suitable 8.1.4 Specimen diameter, and
magnetic bias can be applied to the ferrite to avoid this loss 815 Uni identit ftr,1 .
contribution. The measurement of dielectric loss tangent must ~ nique identity of the specimen.
be independent of the applied magnetic field.

6.5 The recommended standard test temperature is 2
5°C. 9.1 The bias of the measurements shall be such that the error
contributed tdk ’ will be within =3 % and the error contributed

7. Caleulation to the loss tangent will be withir-0.001 or+5 %, whichever
7.1 Calculate the values &’ andk” by means of Eq 3. s greater.

Obtain the loss tangent, as defined in 2.4, from these values of

5 9. Precision and Bias

k" andk”. 10. Keywords

8. Report 10.1 absorption; dielectric; dielectric constant; ferrimag-
8.1 The report shall include the following: netic; ferrite; loss factor; loss tangent; microwave; permittivity;
8.1.1 Values ok ' and loss tangent, shielding
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