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1. Scope specimen, the dependence on specimen magnetization drops
1.1 This test method covers the measurement of the ferrut and the effective gyromagnetic ratio can be computed from
magnetic resonance linewidth and gyromagnetic ratio of isothe relationship:

tropic microwave ferrites. This test is restricted to spherical o = yH, 1)
specimens possessing resonance linewidths greater than 10 Oe
[796 A/m]. Where.2 .

T,

1.2 The values and equations stated in customary (cgs-em microwave frequency. MHz: and
and inch-pound) or Sl units are to be regarded separately as, _ resonance magneticyfield st’rength Oe [A/m]
standard. Within thls standard, Sl units are shown in br_ackets. 2.3 The second quantity characteristic of the absorption is
The values stated in each system may not be exact equwalen%

) Re ferrimagnetic resonance linewidtlAH, which for the
therefprg, each system shall be used independently .Of the oth ethod described shall be defined as the separation of the two
Combining values from the two systems may result in noncon-

. ) magnetic field values at which the power absorbed by the
formance with this standard. forri ial i half th X b i Th
1.3 This standard does not purport to address all of the errite_materia 'S one ha t € maximum a sorpthn. ©
safé concerns. if anv. associated with its use. It is théaerformance obtainable in specific devices such as isolators,
ty ! Y : fotators, and so forth, is related to the linewidth and gyromag-

responsibility of the user of this standard to establish appro- asic ratio.

Eirlli?teo??;e%:tg? hl?rzil::lti%r:scucrﬁi ?;isdeeterm|ne the applica- 2.4 This test method of measuring the ferrimagnetic reso-
y 9 y P ' nance linewidth and the gyromagnetic ratio of a ferrite material
2. Summary of Test Methods uses a cavity perturbation technique, which requires that the

2.1 Ferrite materials, in general, exhibit at microwave fre-SPECIMen be small compared 10 one quarter of the wavelength

quencies a power loss or absorption which is a function of ar?f the microwave radiation in the sample. Estimation of this

applied DC magnetic field. In many ferrites, this dependence ig\f[g\r/:f ng;z regrl:r']r:;bli("r,';meg?fhgfsthzcﬁzgvg:t'g:git{:ﬁ dCeOrn_
of a simple form, having a single maximum at some value ofrant.K, P ’ P

the magnetic field, which depends on the microwave frequencgéhe c%ndltlorl;str?f[hmfasurement. thue relatlv::‘_ [?c_erlrgek?btlllty
and on the specimen shape. For ferrite materials showing th cepends on bo € irequency and the magnetic ield, but can
behavior, it is useful to characterize the absorption by means e taken as -2 for. the resonance COf?d'“O”. in a sphere. _The
an effective gyromagnetic ratio and a resonance Iinewidth‘.'v"’“/e'ength n cent|r_net.res, in the specimen is then approxi-
Note that ferrite materials exist for which the absorption has " ated by the equation:
more complex behavior as a function of DC magnetic field; this A =3 x 107\ /k
method is not intended to apply to such materials. (2

2.2 The value of the field for maximum absorption or 2.5 The absorption in the specimen is measured by deter-
resonance may be computed in terms of the magnetization @fining the changes of power incident on the cavity required to
the sample, its geometry, thedfective gyromagnetic ratioy,  keep the output power from the cavity at a fixed reference
and the test frequency. For the case of a small sphericaével. It is necessary that the microwave frequency be adjusted

to cavity resonance for all measurements. The variations in

1 This test method is under the jurisdiction of ASTM Committee A0O6 on Input pO-WGIt may be charactenzedl by the variations of th?
Magnetic Properties and is the direct responsibility of Subcommittee A06.01 on Tes?‘ttenu_athn inserted between a monitored .SOUI‘.CG and the cavity
Methods. to maintain the reference output level.df is this attenuator
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corresponding to a specimen absorption of half the resonan@900 and 10 000 MHz, with a load&l(Q,) greater than 2000.
value is given by the equation: The specimen is positioned away from the cavity walls at a
point of minimum microwave electric field and maximum
) microwave magnetic field. In Fi@ a suitable cavity is shown
and the proper specimen position is indicated. The specimen is
3. Significance and Use mounted on a fused silica or other dielectric rod. The hole for
3.1 This test method can be used to evaluate materials sudhserting the specimen into the cavity is located in the narrow
as garnets and so forth for intrinsic loss factors that can be usetfivity wall and is no larger than 0.075 in. [1.90 mm] in
in the design of microwave devices such as absorbers, circ@iameter for the X-band cavity. The input and output lines to
lators, rotators, and so forth. the cavity are made to appear as matched loads by means of
3.2 This type of data is constantly reported in the literaturepads or isolators.
and research papers on these types of materials as a quality and
design factor for the applications at microwave frequencies. 6. Procedure

oy = g + 20l0g 2 — 20log (1020 4+ 1)

4. Apparatus 6.1 Establish, with no specimen present, an input level

4.1 Fig. 1is a schematic diagram of the equipment required*€@sured &, a settingo, on the precision attenuator, and an
to make these measurements. Power from a suitable micr@UiPut level measured af. Take this output level as a
wave sourced, operated either unmodulated or with amp"tude.reference for the remaining measurements. In'ser.t the specimen
modulation, but free of frequency modulation, is fed through dnto the cavity and vary the external magnetic field until the
precision variable attenuatd¥, to the cavityG, and the output  POINt of maximum specimen absorption is found, as indicated
power is detected and indicated on a suitable métefThe by minimum transmission. Determine the microwave fre-
power incident on the precision attenuator is monitoreBlag ~ duency,f, and magnetic fieldH,, at this point by suitable
means of a directional coupldd, and crystal detector, and this means. Thus may be measured with a wave meteiBaand
incident power is kept constant throughout the measurement by, by a rotating coil fluxmeter, Hall effect probe, nuclear
means of a variable attenuat@, The microwave frequency is magnetic resonance probe, and so forth. The gyromagnetic
variable and must be adjusted to cavity resonance for alatio may be computed by means of Eq 1.
measurements, as indicated by maximum power output with 6.2 Determine the attenuation,, required to obtain the
respect to frequency variation. An adjustable magnetic field iseference output level at resonance. Compute the attenuation,
applied across the specimen region perpendicular to the micrg-, required to obtain the reference output level at the half-
wave magnenq field. Th_e inhomogeneity of the applied fleIdpower points of specimen absorption from Eq 3. Insert this
over the specimen region must be small compared to thgmount of attenuation with the precision attenuator, and
linewidth being measured. determine the magnetic field at the two points at which the
output reaches the reference value. The difference in the

5. Test Specimen and Cavity e . ) g g
51 Th . is in the f ¢ Il vol alli magnetic fields at these two points is the ferrimagnetic reso-
. e specimen is in the form of a small polycrystalline o inewidth AH.

sphere. The maximum diameter of the specimen is restricted by .
both 2.4 and 2.5. At 9000 to 10 000 MHz, a diameter of 0.040 ©6-3 The value oAH andH, obtained from these measure-
in. [1.02 mm] will fulfill the requirements for most specimens. Ments shall satisfy the equation:

FIG. 1 Schematic Diagram of Equipment Required for Measurement of Ferrimagnetic Resonance Linewidth and Gyromagnetic Ratio

A typical cavity is of the transmission type, resonant between ap — o, |La20log[1 + (0.08Q,AH/H,)] (4)
(B) (E)
Frequency Power
Measurement Meter
(F)
Microwave Pad or variable B Precision
Source Isolator Attenuator Variable —
Attenuator
(A) (C)
Pad or
Isolator
(G) Cavity
(H)
Power Pad or
Meter Isolator



Ay A 883/A 883M

Coupling Iris (0.250 diam) 10—

Hole for Inserting Sample

Sample Location

! > Cavity Body

—_ UG 52/U Wavegquide
or Equivalent

Note 1—All dimensions are given in inches, the conversion factor for Sl units is 1 in. = 25.4 mm.
FIG. 2 Typical Cavity for Measurement of Ferrimagnetic Resonance Linewidth and Gyromagnetic Ratios at 9300 MHz

If the equation is not satisfied by the data, then the sphermay be given in units other than those implied by Eq 1; in any
diameter must be reduced until the loss difference meets thease, the appropriate units shall be explicitly stated. The unique
above requirement. identity of the specimen shall also be included in the report.

6.4 To check the sphericity and isotropy, the specimen
should be rotated in the cavity and the resonance field valug. Precision and Bias
H,, and the ferrimagnetic resonance linewidil, observed as
a function of specimen rotation. The value obtainedHpand
A H should not depend on specimen orientation. Allowabl
limits shall be 1 % variation iH, and 5 % variation imAH.

8.1 Frequencies shall be measured with a biast@f%
magnetic field with a bias of-2 %, and the field difference
hetween the half-power points of specimen absorption with a
bias of =5 %.

7. Report

7.1 Report values of gyromagnetic ratip, ferrimagnetic
resonance linewidthAH, and the frequency and temperature at 9.1 ferrimagnetic; ferrimagnetic resonance linewidth; fer-
which the measurements were made. The gyromagnetic ratiite; fmr linewidth; gyromagnetic ratio; linewidth
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