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Effect of radio-frequency noise suppression on the coplanar transmission
line using soft magnetic thin films

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

Hideaki Nagura and Shigehiro Ohnuma
Research Institute for Electrical and Magnetic Materials, Miyagi 982-0807, Japan

~Presented on 14 November 2002!

We demonstrated the radio-frequency~rf! 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 layer~Cu/Ti!/glass substrate with the dimension of 50mm
width of the signal line and 3mm thickness~characteristic impedance: 50V!. The magnetic films
~CoPdAlO, CoZrO, and CoNbZr! as 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 losses. ©2003 American Institute of
Physics. @DOI: 10.1063/1.1558084#
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I. INTRODUCTION

According to the progress of radio-frequency~rf! semi-
conductor electronics and integration of electronic com
nents, the interests for the electromagnetic interfere
~EMI! in the electronic devices and transmission lines h
increased. In those rf devices, magnetic materials have
portant role as phase shifters, switches, variable attenua
etc.,1–3 whereas the application of magnetic materials in
vice structures has been limited except for a few types.4

Recently, a countermeasure for the electromagnetic n
emission on a rf integrated transmission line using the l
generation of ferromagnetic thin films is briefly suggested5,6

We systematically studied the rf electromagnetic no
attenuation using various types of soft magnetic films on
transmission line. Actually, we demonstrated the noise s
pressor using CoPdAlO, CoZrO, and CoNbZr magne
films, whose performances are compared with that of n
magnetic metal~Cu! and the coplanar line itself.

II. EXPERIMENTAL PROCEDURE

The coplanar transmission line with characteristic i
pedance of 50V is designed with 50mm width of signal line
and 3mm thickness on 7059 corning glass~permittivity, « r

55.84) substrate, which is calculated using Muller and H
berg equations.7 As shown in Fig. 1, this structure is com
posed of magnetic film/polyimide/Cu transmission line/se
layer ~Cu/Ti!/glass substrate, which is fabricated by the m
crofabrication process. The Cu/Ti seed layers are depos
by rf sputtering to the thicknesses of 1000 and 100 Å,
spectively. The Cu transmission lines are deposited by e
troplating. The amorphous Co85Nb12Zr3 , Co67Zr8O25, and
Co53.4Pd19.4Al8.1O18.1 magnetic films and nonmagnetic C
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film are deposited by rf magnetron sputtering on the gl
substrates, respectively, separating from transmission line
order to align the direction of spins and increase the m
netic anisotropy field (Hk), magnetic films are annealed a
about 300 °C during 1 h with an external magnetic field~;3
kG! after patterning with the size of 2 mm315 mm using ion
milling.

The magnetic properties of the CoNbZr, CoZrO, a
CoPdAlO films with uniaxial magnetic anisotropy are show
in Table I. The saturation magnetization (4pMs) of theses
films are about 10 kG and the in-plane magnetic anisotr
fields (Hk) are 6.8, 89, and 230 Oe, respectively. The fer
magnetic resonance~FMR! frequency is given byg/2p
@Hk(Hk14pMs)#1/2, where g is the gyromagnetic ratio
These films exhibit about 0.7, 2.6, and 4.3 GHz, respectiv
Figure 2 shows the relative permeability of these films w

FIG. 1. Cross section~a! and top view with magnetic films~b! of the
coplanar transmission line.
2 © 2003 American Institute of Physics
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the increment of frequency from 0.1 to 3 GHz.
These magnetic films are placed on top of the copla

line to suppress the noise signal. The electric performanc
measured with two ground–signal–ground pin~GSG! type
wafer probes mechanically touched at the left- and rig
most ends of the transmission line using HP 8720D netw
analyzer from 0.1 to 20 GHz.

III. RESULTS AND DISCUSSION

In signal attenuation, the dielectric loss is smaller th
the eddy current loss and the FMR in the coplanar transm
sion line. So, we focused on the FMR and eddy current lo
To observe the signal attenuation due to the FMR, the e
axis of the magnetic films should be in parallel to the wa

TABLE I. Comparison of the magnetic properties for CoNbZr, CoZrO, a
CoPdAlO magnetic films.

CoNbZr CoZrO CoPdAlO

Thickness~mm! ;1 ;1 ;2

Resistivity ~mVcm! 120 470 220

4pMs ~kG! ;8.5 ;10 ;10

Hc ~Oe! Easy 0.8 4.8 11.6

Hard 0.8 1.5 4.0

Hk ~Oe! 6.8 89 230

m
~1 GHz!

m8 85 125 47

m9 350 31 4.8

FMR Freq.~GHz! 0.7 2.6 4.3

FIG. 2. Frequency dependence with permeabilities for the CoNbZr, CoZ
and CoPdAlO magnetic films.
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propagation (hrf) of the coplanar line. Figure 3 shows th
values of the transmissions parameter (S21) on the coplanar
line without the magnetic film in comparison with that o
using the magnetic films and nonmagnetic metal. The tra
mission signal on the coplanar line with nonmagnetic me
~Cu! is a little attenuated and has nearly the same tende
as the coplanar line without the magnetic layer. In the cas
the coplanar line with magnetic films, the attenuation is s
nificant increased in comparison with the coplanar line us
a nonmagnetic metallic film and without magnetic films. T
tendency of the attenuation is changed at a specific freque
region, which is related to the loss generation of the FM
The dip points in signal attenuation are determined by
FMR frequency, which is governed by the natural FMR fr
quency and the demagnetizing effects with the change
effective dimension of magnetic films.

Figure 4 is simulated by the commercial simulatio
package~HFSS Version 8.5! using the finite element metho
~FEM!. It shows the behavior of the rf fields from the copl
nar line with the signal linewidth of 50mm, which has access
to only small area of magnetic film~about 100mm! among
the total width of the magnetic film~2 mm!. It means that the
FMR frequency is increased due to the increasing of dem
netization as the narrow area of the magnetic field distri
tion. Figure 5 shows the values of transmission param
(S21) of the coplanar transmission line using the CoPdA

,

FIG. 3. Values of the transmission loss of the coplanar line with magn
films in comparison with nonmagnetic metal and coplanar line itself~insu-
lating layer is fixed with 7.5mm!.

FIG. 4. Distribution and direction of the magnetic field (hrf) in cross-section
view of the coplanar line with the magnetic films.
e or copyright; see http://jap.aip.org/about/rights_and_permissions
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magnetic film with the variations of the insulating lay
~polyimide! thickness between the magnetic film and cop
nar line. The attenuation is decreased with the incremen
the thickness of insulating layer because magnetic field l
ers with the distance from the transmission line surface.

Figure 6 shows theS21 and the generalized power los
with the increment of the CoNbZr magnetic film thicknes
which is calculated using the reflection (S11) and transmis-
sion (S21) parameters as follows: (Ploss/Pinput512(uS21u2

1uS11u2). TheS21 is attenuated entirely due to eddy curre
loss as increasing thickness of the magnetic films. In F
6~b!, it is noted that the dip point due to the FMR is observ
and shifted to high frequency as increasing thickness of
magnetic films. When the rf field (hrf) accesses the magnet
film, the accessed effective area of the magnetic film narro
practically near the width of transmission signal line,
shown in Fig. 4. Therefore, the FMR frequency is increas
as increasing the demagnetizing factor for thick of magn
films.

IV. CONCLUSIONS

The noise suppression on the coplanar transmission
has been demonstrated using soft magnetic films. As a re
the insertion loss due to the resistivity of the magnetic fil
is extremely low~maximum;0.5 dB at 1 GHz! in compari-
son with the main attenuation signal~maximum;14 dB at
10 GHz! by the FMR loss. Therefore, the noise suppress
can be tuned to the signal frequency and the magnitud
attenuation by controlling the dimension of the magnetic fi
with the relation to the demagnetizing factors as well as
eddy current loss and FMR loss generation.

FIG. 5. Values of the transmission loss of the coplanar line with CoPdA
magnetic films with the variation of insulating layer thickness.
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