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FEM analysis on the effects of soft magnetic film as a noise suppressor
at GHz range

Ki Hyeon Kim, Shinji Ikeda, Masahiro Yamaguchi, and Ken-Ichi Arai
Research Institute of Electrical Communication, Tohoku University, Sendai 980-8577, Japan

(Presented on 15 November 2002

To investigate the rf electromagnetic noise attenuation properties by soft magnetic films, the finite
element method is applied to analyze electromagnetic field and loss generation in a coplanar
transmission line with soft magnetic thin film at GHz range. The coplanar transmission line is with
the total width of 40Qum and 50um width of signal line, 3um thickness, respectively, and has 50

Q) characteristic impedance. The change of the magnetic field distribution, the induced surface
current density on the coplanar transmission line and hence the rf noise suppression by magnetic
films are significant as a function of the magnetic film width/slit widt0/3, 20/3, and 50/3:m)

and magnetic film thicknes®.1, 0.3, 0.5, and km). © 2003 American Institute of Physics.

[DOI: 10.1063/1.1557766

I. INTRODUCTION wherea, b andt are the cross sectional dimensions of the

. . . .__coplanar line, as shown in Fi . Thek,, ki, k, andk
In GHz frequency devices, magnetic materials have im- P . g(d) o1 M1 B2 2
re the functions of cross sectional dimensiona,df, ¢ and

portant role of the improvements of signal and noise contro The Z,=500 line was designed witra=50 zm, b

devices such as phase_ sh_lfter, switches and yanable_attenuz:a—msﬂm, ¢=400 zm andh=3 zm on the glass substrate.
tors, whereas the applications of the magnetic materials and
the types of their device structure in high frequency devices

are limited* lll. CONSIDERATIONS OF THE MAGNETIC THIN

A new application of magnetic properties at radio fre- FILMS
quency (rf) fields is suggested by us as a countermeasure The primary concern with the magnetic thin film is to
material for the electromagnetic noise emission on rf intehaye a large loss generation in a high frequency range, espe-
grated transmission line? Utilization of ferromagnetic reso- cially in the GHz frequency range where most of the bulk
nance(FMR) losses is essential to get the effective noiseand the composite ferrite materials have only a small loss
attenuation. generation. FMR losses of uniaxial anisotropy films are use-
The degree of noise attenuation, however, was only lesg)| for this purpose rather than eddy current losses in this
than 1 dB in our previous demonstratibrTherefore, we frequency range. Controllability of the frequency range of
simulated this device using a finite element method commefihe FMR loss generation is significantly required to match
cial simulation packaggHFSS ver.8.h This method is the system design of pass-band and stop-band. To estimate
proved to be powerful in the modeling of radiation problems
in free space. Experimental verification is separately

discussed. (a) _ Magnetic film ¢ R
— b .
Il. DESIGN OF THE COPLANAR TRANSMISSION LINE ¢7-5 um 8 _, | polyimide
Ground line signal line Ground line

the rf noise suppression which is composed of magnetic film/ glass substrate, £=5.84
polyimide/Cu transmission line/glass substrate. The magnetic
film is employed the conventional CoNbZr film. In order to

intensify the ferromagnetic resonance effect, the easy axis of (b)

A model of the coplanar line was designed to examine Il’ — —
=

magnetic film is placed to the perpendicular with the micro- Magnetic film

wave magnetic fieldh,; as shown in Fig. 1. '_, I{Z
The characteristic impedancg,, and effective permit- : ﬁ ‘ <« 12

tivity of the coplanar lineg., are given as follows: Direction of easy axis

7o 1 Input

_ —
20 0o KKK (kT (b2 O 1 Attenuation |———>

. Transmission, S
Reflection, S, 2 =21

La ot K(k3)/K (kz) o

Eef= 1+ S , FIG. 1. The schematic of the cross sectional vi@vand top view with
2 [K( kl)/K(kl)] + (t/b —a) magnetic films(b) of coplanar transmission line.
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Dimension of the Magnetic film : 2 mm x 15 mm 0.0
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FIG. 2. Theoretical values of the frequency dependent relative permeability
with the increment of magnetic film thickness from Quin to 1 xm.

the noise suppression, an amorphous CoNbZr soft magnetic
film is employed whose saturation magnetizatidng) is 1

T, uniaxial magnetic anisotropyH() of 800 A/m (10 Os,
resistivity and damping constdn) are 120 u{) cm and
0.015, respectively.

In order to observe the effect of FMR loss, the hard axis
of the magnetic films should be in transverse to the wave
propagation ;) from the coplanar transmission line. The FIG. 4. The values of transmission parameSgr, and the power loss of the
FMR frequency {,) and the effective permeabilityu(;) ~ COPlanar line with magnetic films.
that are governed by the demagnetizing field due to the
change of patterned magnetic films shape as follows:

X ig. [
woly= \/[(MsHk+NdM§)/MO]’ &) 15 mm, Fig. 2 sho_yvs the calculated frequt_ancy_proﬂle of

the relative permeability. The FMR frequency is shifted from
Meii=Mg/(H+NgMy). (4) 1.3 GHz to 1.6 GHz with the increment of thickness, which
Ng, Hy is the demagnetizing factor and magnetic anisot-resullrgsofrrgg: ttg?r:ggr\]/%etﬁé iﬁi:rzgc];?eer?sztlizgo;arﬁtgorzs}'requency
ropy field. Ms is saturation magnetizatiomy, is ferromag- we use the patterned magnetic film with different slit width

netic resonance frequencyijs gyromagnetic ratio. When the o : i
magnetic film size is supposed infinite, relative permeability(WS) and magnetic film widthy). With the decrease of the

(1r=p! —ju”) can be obtained by the Landau-Lifshitz— vv_idth of magnetic film, the FMR frequency is _shifted to
Gilbert (LLG) equation, which is written 4s higher f_reqL_Jency than that of without magnetic slit pattern as
shown in Fig. 3.
Mg wS(wS—wz)

= : +1, 5
Kr Hy o (wg—w2)2+(4777\w)2 ®

Normalized Plo ss/Pin

10

1
Frequency ( GHz)

IV. SIMULATION FOR THE NOISE SUPPRESSION
Mg wg(477)\w)

Hito (03— 0?)2+(4mhw)?’

"__

My =

(6) Figure 4 shows the transmission parame®) and the
normalized power 10SsRyss/ Pin="1—(|S,1|?+|S14?), after
where\ (= ayMd/4mup) is the relaxation frequency. When extracting the ohmic loss of the coplanar line conductor, the
a dimension of the magnetic film is fixed with 2 mm magnetic film is without slits. Th&,, is attenuated entirely
due to eddy current loss as increasing thickness of the mag-
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FIG. 3. Theoretical values of the frequency dependent relative permeabilitfFlG. 5. The distribution and direction of the magnetic fildg;) in cross
with the change of the patterned magnetic film slit size. section view of the coplanar line with the magnetic films.
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0.00 total width of magnetic film and siit : 400 ym with the increment of magnetic film thickness.
_ — (a) Figure 6 shows the transmission parame&) and the
E \**\ A normalized power loss with the change of the magnetic film
w -0.05 A without mag. Y ] slit pattern(10/3, 20/3, and 50/@m: magnetic film width
° W/ W, /slit width). In the case of magnetic film slit pattern, the
o B. 10 um / 3um . .
aQ C. 20 um/ 3um magnitude of eddy current loss are less than that of without
~ -0.10{) D-50um/3um slit pattern and the signal attenuation due to the FMR loss is
@ w,_ : width of magnetic film | VD i more significant.
W, width of siit )4 T
-0.1&(}).1 B *1‘ 0 V. CONCLUSIONS
Frequency ( GHz ) The effgct of rf noise. suppressior! by magnetic. films
R U T - N shows dominant results with the variation of magnetic film
ot (b) L slit size and the thickness of magnetic film. The rf noise
T3 suppression using soft magnetic films is significant related to
o the eddy current and ferromagnetic resonance losses as well
§ 0.5 as layout of the model. As a result, the slit patterned mag-
S netic film is well applicable to the rf noise suppression in
g comparison with the unite magnetic film.
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FIG. 6. The values of transmission paramegr, and the power loss of the
coplanar line with the slit pattern of the magnetic films.
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