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Abstract—A correlation between the frequency of natural feromagnetic resonance (NFMR) (1 to 12 GHz),
determined from the dispersion of permeability, andalloy composition (or magnetostriction between 1rad 40
ppm) of glass-coated microwires has been systematily stadied. Absorption properties of composite
(microwire pieces embedded in a polymer matrix) s&ens has been experimentally investigated.

Index Terms— glass-coated microwires, ferromagnetic resonancejicro — and nanocompositeabsorption

shielding.

wherepq, is static magnetic permeability ands the width
of the resonant curve. When very close to resondixce
I. INTRODUCTION (Q— ), Eq. (2) reduces to

Natural ferromagnetic resonand¢éRMR) occurs when W pge ~Q /T~ (10 + 16).

a sample is submitted to a microwave field without

application of any biasing field other than therimgic Note that in Fig. 1a the imaginary component ifigat

anisotropy field of the microwiresee [1-11]) symmetrically distributed aro_und_thg re_sonancedeam;y.
This is due to the symmetric distribution of thecuaiar

Near the natural ferromagnetic resonance frequengyermeability in the near surface layer, which isthim the

Q, the dispersion of permeability given by penetration depth. In contrast, in Fig. 1b, thegmary
component shows a non-symmetric feature around the

exhibits a peak ip" and a zero crossing af.

andFesgCsB16Siig (b) microwires K ~5um, x>8 (see [1-11]).

resonance frequency. This can be attributed to the
inhomogeneous character of the permeability inréggon
close to the surface of the microwire where meldsta
phases form, as demonstrated by X-ray studies.

Modulating the geometry of the microwire (e.g., its
\ diameter) and the magnetostriction through its cositjpn

e =p' (@) +ip” (), 1)

W0y enables one to fabricate microwires with tailor eabl
permeability dispersion and for radioabsorption
application:

a00 |
i) Determining the resonant frequency in a range ftoup

e to 12 GHz,

1|n ii) Controlling the maximum of the imaginary part of

n \/5 » 8 g\/ o(GEy magnetic permeability.

@ (GHz)
r 100 + Il. RADIO-ABSORPTIONSHIEDING
a b
Fig.1 a, b. Frequency dispersion of real and inmagirrelative . . . . .
permeability components around NFMR for sg&e,sB16Si (a) High-frequency properties, pieces of microwires enav

been embedded in planar polymeric matrices to form
composite shielding for radio absorption protection

Figures 1a and 1b show resonance frequencidsdof Experiments were performed employing commercial

and 9.0 GHz, and resonance widths of 1 and 0.5 Gz, polymeric rubber around (2 + 3) mm thick. Microvere

two compositions. When near resonangéjs expected to
be described by

were spatially randomly distributed within the nivajprior
to its solidification. Concentration is kept beld8+ 10) g
of microwire dipoles ((1 + 3)mm long) per 100g rebb
" - PR 2 [11]. A typical result obtained in an anechoic ch&mis
W tae~ T QI (Q-w) 2+ T2, ) shown in Fig. 2 for a screen with embeddegyE&sB16Siio
microwires. As observed, an absorption level deast 10
dB is obtained in the frequency range from 8 toGl2z
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with a maximum attenuation peak of 30 dB at aroiid
GHz. In general, optimal absorption is obtained hwitwhere a=2X,/Z,, andp=2 Y/Z,, with Z,=1207/Q, and the
microwires with metallic nuclei of diameter 2 (1+3)um complex impedance Z=X% iY.
(2R ~ 2Qum (x>10)) and length. = (1+3) mm. Such pieces The absorption function, G, is correlated with the
of microwires can be treated as dipoles whose kegtis generalized high-frequency complex conductivEy (or
comparable to the half value of the effective wawmgths, high-frequency impedance Z).
Aeif2, of the absorbed field in the composite mateiial,,( Here, we use the analogy between the case of a
in connection to a geometric resonance). conductor in a waveguide and that of a diffractipating.

The absorption function, given by:

T Gl =1- [P} IRP= 20 /[(1+0) 2+ B
_____ L 1 _ (4)
. ¢ = has a maximum,
2 ' 1G+I=0,52 |G|,
g -15 e 7 }\/ ]
g \ 7 for simultaneous=1, ands=0, for which
S 20 S ~ 2 —#1 ]
< DA B w #2 2
N N T R #3 | ITF= |RF=0,25.
§ 3 Lo — #4
| A The minimum, |G|=0, occurs @&t0, # positive number).
20 L Theoretical estimations taking into account onlg th
I [ I g active résistance of microwires result in atteraratvithin
3 , T ] the range (5 + 15) dB that is much lower than eixpental
10 11 12 13 results, which for spacing of microwires Q ZIh ranges

between 18 and 15 dB, while for a spacing Q £ aDit
increases up to 20 to 40 dB. Thus, it becomes dhestr
shielding exhibit anomalously high absorption fasto
which cannot be explained solely by the resistinapprties
of microwires.

The high-frequency conductivityy,,, of a stochastic
mixture of microwires in the polymeric matrix care b
expressed as a function of the conductivitigs,of non-

Fig. 2 also shows how the frequency absorptioconducting (polymeric matrix) and conducting (miene)
spectrum of shielding with E§CsB16Siie microwires elements, denoted by sub-indicesrid 2, respectively, in
changes when it is rotated (90° each spectrum). Wee form of [13]:
attribute such attenuation change to the lack ofepe
angular distribution of microwires which length radtvays
fit within the shielding thickness. The effect doésven
have mirror symmetry (the measurement error was leshere
than 10% for the frequency, and while the spreadhef
attenuation factor was 5 dB).

Small fluctuations in concentration of dipoles at a
concentration of dipoles near the percolation thoéss can
lead to fluctuation of the absorption curve. Similasults X is fractional volume:

Frequency, GHz

Fig. 2. Absorption characteristics of shielding by a miire

composite with NFMR in the HF - field in the range of
frequencies 10-12 GHz. Curve 1 represents an irgtiahtion of
the screen; then 2, 3, 4: the screen is turned (by @bout a
perpendicular axis each time.

In=B+(B+AZ%,)” (5)

B=1/2{[Z1(X1-AX ) +Zo(X -AX ))];

were presented in [12]. In addition, as observeathb (X1+X2)=1;
frequency dependences (Fig. 1b and Fig. 2) ardasim
except for the half-width value of the permeability

Although the design of absorption shielding carbged A=1/(3;-1), with J1~ (3+Y/IX))

on disposing the dipolar pieces in a stochastic, wes
consider, for simplicity, a theoretical analysisr fa
diffraction grating with spacing between wires Q\<A is
wavelength of absorbed field). (Another simple eglaris
in Appendix).

being the fractal dimension of the system is the
geometrical dimension of the system) and

The propagation of an electromagnetic wave through
absorption shielding with microwire-based elemeigs
characterized by transmittancl,|, and reflectance|R|,
coefficients given by:

YI X, ~(r/ OF.

Fig. 3 shows that in the case of a thick microwirdr

>0 =1um), the conductivity of the system becomes very
large, even in the case of small microwire conegiun,
indicating the case of an antenna resonance astedpio
[11].

ITI = @+ B°) /[(1+ o) *+ B7];

IRI= 1/[(1+ o) *+ B7, ®)
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Fig. 3. Generalized conductivity calculated usiagrfula (18) for
s, /13,~10%

1 thin microwire (K O~1um) J =2, Y =0

2 thin microwire ( <0~ 1pum) J =3, Y =0

3 thick microwire £ >J~1um) J, =4, Y/X; =1

10

Let us consider the effective absorption functias in
Eq. (4))

|Geff| ~ et Qet / [(Qeff _Q)z + l—‘effz]- (6)
where Tg > T (see Eq. (12)) anQ ~ Qg =2nC/A.

A microwave antenna will resonate when its lendth,
satisfies

LA 2(er)” . (7)

The maximum absorption (see Fig. 2) occurs for

Qe ~ 10 GHz (A ~ 3 cm) andi e ~ 10, (according to
Fig. 1). This corresponds to:

L~(1,5+2) mm, (8)

when the microwire concentratigsee Fig.3) %<0,2) is
much less than the percolation threshold.. A tgrea
concentration of dipoles increases absorptif@By;|, but
also increases reflectance,1|R which can be simply
evaluated to be [14]:

IR|~1- 2/ (Q/2n%,) )
whereQ/2m~10°Hz.

The formula is applicable, and calculation of small
reflectance|R4| is possible, only if

Th~10"Hz,
for concentration below the percolation threshold
(asX, ~ 10" Hz).

Thus, for very thin microwires (i.e., thinner thanum
diameters) embedded in a composite matrix with
concentration larger than the percolation level~X0,2 a
noticeable absorption effect should be expected.

[ll. CONCLUSION

The microwave electromagnetic response has been
analyzed for a composite consisting of dipoles of
amorphous magnetic glass-coated microwires in a
dielectric. This material can be employed for radio
absorbing screening. The spontaneoublFMR
phenomena observed in glass-coated microwires has
opened the possibility of developing novel matsriaith
broadband radioabsorption.
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APPENDIX

Sample

Antenna  Detector

>_

Source Attenuator  Antenna

__<

It is well known, that the simple model relatingeth
contact of vacuum with the absorbing material gitles
following equations [14] (the general theory isgmeted in
Ref. [15]; see also Ref. [16]):
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1+R T, (A. 1)
(a+iB)(1-R)=T,
that gives
=3 =ﬂ, (A. 2)
1+a+if
and at B =0 ,0 =1 ,we find
RO. (A.3)

From the above it is possible to obtain a simpieigon
for matching the vacuum with a radio absorbingemat

Um~Zm/ Q, (A. 4)
(where pn is effective magnetic permeability of
composite).  This condition cannot be satisfied for

composites containing amorphous magnetic wiress Thi
forces us to use other physical principles for tingaradio
absorbing materials presented above).

We note that similar results were also obtainedRéd.
[16].
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