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Research Institute for Electrical and Magnetic Materials, Miyagi 982-0807, Japan

(Presented on 14 November 2002

We demonstrated the radio-frequer(cf) noise suppressor using soft magnetic films on a coplanar
transmission line from 0.1 to 20 GHz. The coplanar transmission line is composed of magnetic
film/polyimide/Cu transmission line/seed lay€u/Ti)/glass substrate with the dimension of &

width of the signal line and @m thicknesscharacteristic impedance: %0). The magnetic films
(CoPdAIO, CozrO, and CoNbZXas a noise suppressor are prepared by rf sputtering. The saturation
magnetization of each magnetic film is about 10 kG. The magnetic anisotropy field and the
ferromagnetic resonance frequency are 230, 89, and 6 Oe and 4.2, 2.5, and 0.7 GHz, respectively.
The power loss of the coplanar line with magnetic films is significantly larger than without magnetic
and nonmagnetic films due to ferromagnetic resonance losse2008 American Institute of
Physics. [DOI: 10.1063/1.1558084

I. INTRODUCTION film are deposited by rf magnetron sputtering on the glass
substrates, respectively, separating from transmission line. In

According to the progress of radio-frequengf) semi- der to alian the directi f spi di th
conductor electronics and integration of electronic compo—Or er to aign the direction of spins and increase the mag-

nents, the interests for the electromagnetic interferencggt'ctasno'ggtéogyr{'e;d;ﬂ\'l‘gi’thm?]gn)it'?nmlmrﬁ ar: zn?ie?:g at
(EMI) in the electronic devices and transmission lines hav ou urg an external magnetic fie

increased. In those rf devices, magnetic materials have i _G_Ii_after patterning with the size of 2 mxl.5 mm using ion
portant role as phase shifters, switches, variable attenuator@,I Ing.

etc.}~3 whereas the application of magnetic materials in de- The magnetic properties of the CoNbZr, CoZrO, and

vice structures has been limited except for a few types. _CO_IF_) dtfl\lol f'llr_?ls W'ﬂt] unt|_aX|aI magntgtlct_anls%lropyfatrﬁ shown
Recently, a countermeasure for the electromagnetic noigh 'avle 1. The saturalion magnetiza iontHl) ortheses
iims are about 10 kG and the in-plane magnetic anisotropy

emission on a rf integrated transmission line using the los .
generation of ferromagnetic thin films is briefly suggestéd. lelds (H ) are 6.8, 89, and 230 Qe, regpec.nvely. The ferro-
magnetic resonancéFMR) frequency is given byy/2m

We systematically studied the rf electromagnetic nois 112 ) . :
attenuation using various types of soft magnetic films on thir?g(sgkf:lrnﬁzg(ﬁi]bit ’at\),(\; Zfroe;' ZISGt:\i dgzrgrgﬁgn?gg :clzttli(\)/-el
transmission line. Actually, we demonstrated the noise supl-:. 5 sh h lai e b'I't. f th ' f.? 'tﬁ/-
pressor using CoPdAIO, CozrO, and CoNbZr magnetic \gure < shows the refative permeabliity of these Tims wi
films, whose performances are compared with that of non-
magnetic meta(Cu) and the coplanar line itself.

Il. EXPERIMENTAL PROCEDURE

The coplanar transmission line with characteristic im- 5
pedance of 5@ is designed with 5g:m width of signal line EI
£

Corning glass #7059 ¢,=5.84

and 3 um thickness on 7059 corning glagsermittivity, &,
=5.84) substrate, which is calculated using Muller and Hil-

berg equation$.As shown in Fig. 1, this structure is com- (b) _le 15 mm »| tm=0.1~2 um
posed of magnetic film/polyimide/Cu transmission line/seed Sk Magnetic fim = [
layer (Cu/Ti)/glass substrate, which is fabricated by the mi- : - 12
crofabrication process. The Cu/Ti seed layers are deposited _ - 1}2
by rf sputtering to the thicknesses of 1000 and 100 A, re- __ Direction of easy axis |~
spectively. The Cu transmission lines are deposited by elec- Input
troplating. The amorphous G#Nb;,Zr;, Cos7ZrgO,5, and
Cos3 Pd1 Alg 10151 magnetic films and nonmagnetic Cu Reflection, S, Transmission, Sy
FIG. 1. Cross sectiorfa) and top view with magnetic filmgb) of the
dElectronic mail: kee@riec.tohoku.ac.jp coplanar transmission line.
0021-8979/2003/93(10)/8002/3/$20.00 8002 © 2003 American Institute of Physics
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TABLE |. Comparison of the magnetic properties for CoNbZr, CoZrO, and 0
CoPdAIO magnetic films.
CoNbzr CozrO CoPdAIO -5+ . ]
Thickness(um) ~1 ~1 ~2 o A. without mag. \\ P
o T ol B Cu(nonmag.) “\‘
Resistivity (u{2cm) 120 470 220 5 |
n C. CoNbZr
47Ms (KG) ~85 ~10 ~10 5] D.CozIO E
Hc (Oe) Easy 0.8 4.8 11.6 E.CoPdAI0 | 4
Hard 0.8 1.5 4.0 -200‘1 p 10
H, (O®) 6.8 89 230 Frequency ( GHz )
w ' 85 125 a7 FIG. 3. Values of the transmission loss of the coplanar line with magnetic
(1 GH2) films in comparison with nonmagnetic metal and coplanar line itGetu-
w” 350 31 4.8 lating layer is fixed with 7.5um).
FMR Freq.(GH2) 0.7 2.6 43

propagation K;) of the coplanar line. Figure 3 shows the
values of the transmissiagparameter $,,) on the coplanar
the increment of frequency from 0.1 to 3 GHz. line without the magnetic film in comparison with that of
These magnetic films are p|aced on top of the Cop|anakl$ing the magnetic films and nonmagnetic metal. The trans-
line to suppress the noise signal. The electric performance Rlission signal on the coplanar line with nonmagnetic metal
measured with two ground-signal—ground pBSG type (Cu) is a little attenuated and has nearly the same tendency
wafer probes mechanically touched at the left- and rightas the coplanar line without the magnetic layer. In the case of
most ends of the transmission line using HP 8720D networlthe coplanar line with magnetic films, the attenuation is sig-

analyzer from 0.1 to 20 GHz. nificant increased in comparison with the coplanar line using
a nonmagnetic metallic film and without magnetic films. The
IIl. RESULTS AND DISCUSSION tendency of the attenuation is changed at a specific frequency

region, which is related to the loss generation of the FMR.
In Signal attenuation, the dielectric loss is smaller than’rhe d|p points in signa| attenuation are determined by the
the eddy current loss and the FMR in the coplanar transmisspmR frequency, which is governed by the natural FMR fre-
sion line. So, we focused on the FMR and eddy current lossguency and the demagnetizing effects with the change of
To observe the signal attenuation due to the FMR, the easyffective dimension of magnetic films.
axis of the magnetic films should be in parallel to the wave  Figure 4 is simulated by the commercial simulation
packaggHFSS Version 8.busing the finite element method
(FEM). It shows the behavior of the rf fields from the copla-

1000 ; X ; : : . .
. m CoNbZr nar line with the signal linewidth of 5@m, which has access
] Z t ) to only small area of magnetic filabout 100um) among

500 -evoomst : the total width of the magnetic filf2 mm). It means that the

FMR frequency is increased due to the increasing of demag-
netization as the narrow area of the magnetic field distribu-
tion. Figure 5 shows the values of transmission parameter
(S,7) of the coplanar transmission line using the CoPdAIO
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FIG. 2. Frequency dependence with permeabilities for the CoNbZr, CoZrOFIG. 4. Distribution and direction of the magnetic fiela§ in cross-section
and CoPdAIO magnetic films. view of the coplanar line with the magnetic films.
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FIG. 5. Values of the transmission loss of the coplanar line with CoPdAIO
magnetic films with the variation of insulating layer thickness. 0.4k E

magnetic film with the variations of the insulating layer

(polyimide) thickness between the magnetic film and copla-

nar line. The attenuation is decreased with the increment of

the thickness of insulating layer because magnetic field low-

ers with the distance from the transmission line surface. 0.0 - S
Figure 6 shows thé&,; and the generalized power loss 01 1 10

with the increment of the CoNbZr magnetic film thickness, Frequency ( GHz)

which is calculated using the reflectios,q) and transmis- FIG. 6. Values of the transmission paramesgy, (a) and power losgb) of

sion (S,7) parameters as fO||0WSiPGOSS/Pmput= 1- (|321|2 the coplanar line with CoNbZr magnetic film thickne@ssulating layer is

+|S11/%). The S, is attenuated entirely due to eddy current fixed with 7.5 um).

loss as increasing thickness of the magnetic films. In Fig.

6(b), it i_s noted that the dip point dye to th_e FMR is observed, -« NOWLEDGMENTS

and shifted to high frequency as increasing thickness of the
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