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On the YIG Film Filters
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Abstract — A newt ype of YIG film filter is proposed which
consists of a microstrip line with a substrate of YIG films
sandwiched between two dielectric slabs. The dispersion and
transmission characteristics are calculated numerically. A
sharp stop band characteristics are observed experimentally
wit h half-power bandwidth of 16.4 MHz. Alternative y, in
the same line with an air gap band-pass characteristic is ob-
served with quality factor of 43o. These experimental results
are discussed with theory.

I. INTRODUCTION

Yttrium Iron Garnet (YIG) film epitaxially grown on
Gadolinium Gallium Garnet (GGG) substrate is an attrac-
tive medium for applications to microwave ferrite devices.
Magnetostatic wave (MSW) devices using YIG film have
been studied extensively to find high quality factor of res-
onators, and good tunability of filters and delay lines [1 .

JIn these MSW devices shorted input and output tram uc-
ers have been separately used in the YIG film waveguide,
and magnetostatic approximation has been assumed for the
analysis, which neglects the electric field.

This paper proposes a new type of YIG film wavegnide,
in which input and output ports are not sepazate but con-
structed in a microstrip line configuration on the YIG films.
The stop and pass band filter characteristics of the rni-
crostrip line are demonstrated experimentally.

II. THEORY

Fig. 1 shows the geometry of the problem. It consists
of microstrip line on two YIG films grown epitaxially on
both sides of GGG substrate and sandwiched between two
dielectric slabs. The dc magnetic field If. is applied in the
direction perpendicular to the plane of microstrip line. Since
the thickness c of the substrate is very small compared to
the wavelength, electromagnetic field can be assumed to be
independent of the dc magnetic field in z direction. Thus
field components E=, H=, and HV are taken into considera-
tion. Boundary condition of magnetic walls at both edges of
the strip at z = +: are also assumed to get the dispersion

relation [2].

From Maxwell equations, Hehnholtz equation for E, can
be derived in the GGG substrate and the dielectric slabs
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Fig. 1. Geometry of the problem.

where
P2 - K2

/Jeff = — ,
P

where p and ~ are the diagonal and off-diagonal coefficients
of the permeability tensor which include magnetic loss as a
function of ferromagnetic resonance line width AH.

Solution of equations (1) and (2) are expressed as

E= = (Al sin ~Xz + A2 cos ~Zx)e–i~~ ; in GGG (3)

E= = (Bl sinh kzx + B2 cosh k=x)e-~~~ ; in YIG (4)

E= E ce–~=(z–~)e–jflv ; in dielectric (5)

2_ 2_where ~~ = W2EoeG/J0 -@2j k: = @2 ‘LJ2&O&,UrI#ef f, ?/Z -P

w2~o&D~(). Al, A2, Ill, B2 and C are arbitrary constants
and /3 is the propagation constant in y direction.

Matching tangential electromagnetic fields E= and H9 at

the boundaries z = A ~, +(; + t) and assuming magnetic

wall of Hy = O at z = + ~, the homogeneous equation in

the matrix form with arbitrary constants is obtained, and
by making its determinant to zero, dkpersion relation is de-
rived.

Fig. 2 shows typical dispersion curve for real part of
the moDazation constant estimated numerically from dis-
persion ‘re~ation. The material parameters are ~epicted in
the inset of th~ figure. The dispersion curve is almost
same as that of TEM mode except around the frequency

f,= ~~Ho(Ho + M).
Fig. 3. shows enlarged dispersion curve of complex prop

agation constant near ~,. Phase constant shown in Fig. 3(a)
shows mixed curves of quasi-TEM mode and magnetostatic
surface wave mode (MSS W). Attenuation constant a shown
in Fig. 3(b) changes abruptly at ~,.
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Fig. 2. Dispersion diagram.
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Fig. 3. Comparison between dispersion curve

of electromagnetic and magnetostatic modes.

(a) phase constant, (b) attenuation constant.

To confirm the effect of substrate thickness c = 2 mm,
dispersion relation under magnetostatic approximation has
been estimated under three dimensional analysis, and is
shown as dotted lines in Fig. 3. It is noted that dotted lines
coincide with the solid lines in the case of electromagnetic
field analysis of two dimensions except for dispersion curve
of quasi-TEM mode.

Transmission characteristics of the waveguide in terms of
scattering parameters are estimated theoretically based on
the numerical values of dispersion curves of Figs. 2 and 3,
and with characteristic impedance defined by

(6)

Transmission coefficient of S21 for line length of 10 mm at
C band are estimated numerically for two different AH val-
ues, and shown in Fig. 4. It can be seen from figure that
S21 depends strongly on the AH values. Sharp notch char-
acteristic is found around j, = 8 GHz, where strong in-
teraction between quasi-TEM and MSSW modes occurs for
AH = 0.5 Oe.
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Fig. 4. Transmission characteristics of the line.

(a) AH= 0.9 Oe, (b) AH= 0.5 Oe.
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III. EXPERIMENT

The basic experimental configuration of the line is shown
in Fig. 5. It consists of YIG illms of dimensions 2 x 10 mm2
with 10.98 pm thickness grown epit axially on GGG of thick-
ness 400 pm and the ferromagnetic resonance line width
AH of 1 Oe. To concentrate RF energy under the mi-
crostrip line, YIG-GGG-YIG films are sandwiched between
two high dielectric ceramic slabs of CD=38 and dimension of
5 x 2 x 10 mm3. A magnetic field If. is applied normal to
the plane of microstrip line. Thus MSSW will be excited by
the electric field of quasi-TEM mode in the microstrip line,
which is effective in the near cut off region of MSSW and in
a narrow bandwidth.

of 5 GHz to 6 GHz, which is in similar performance as pre-
dicted from theory in Fig. 4. The quality factor of Qe=335
can be read from figure at resonance frequency of 5.5 GHz.
However it is experimentally found that the resonance fre-
quency can be tuned up to 8 GHz with few dB insertion
loss by the bias magnetic field, but beyond 7 GHz the filter
characteristics are degraded with large ripples. In another
study, the microstrip line on YIG film substrate which was
report ed in [3] has wider bandwidth with large ripples.

Next, a gap of 0.8 mm width is fabricated in the center
of the microstrip line to cut off the quasi-TEM mode and
to allow the MSSW mode to pass through the gap as shown
in Fig. 7. Using the line with air gap the band-pass charac-
teristic observed is shown in Fig. 8. It can be seen that the
quality factor Q, is w430 with insertion loss of -2.6 dB but
spurious response of the filter is found below 20 dB.

A-H= 1 oe

Fig. 5. Experimental configuration of band-stop filter.

The width of the microstrip is adjusted to match 50 Cl
impedance of RF source and to obtain good filter charac-
teristic at C band.

A typical transmission characteristic of the line is shown
in Fig. 6. A sharp stop band characteristic is observed with
3 dB bandwidth of 16.4–23. 1 MHz, maximum attenuation of
N25 dB, and insertion loss of w 1.4 dB in the frequency range
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Fig. 6. Measured frequency response of band-stop filter.

Fig. 7. Experimental configuration of band-pass filter.

Fig. 8. Measured frequency response of band-pass filter.

Filter characteristics of microstrip line of multi layered
YIG film are examined. Two cells of YIG-GGG-YIG films
smdwiched between ceramic slabs are used as substrate and
its stop and pass band characteristics are shown in Figs. 9
and 10. It can be seen from figures that sharp notch char-
acteristics of filter is reduced with large ripples and that
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Fig. 9. Measured frequency response of band-stop filter

for two cells of YIG-GGG-YIG films,

Fig. 11 Experiment al configuration of edge guide isolator.

Fig. 10. Measured frequency response of band-pass filter

for two cells of YIG-GGG-YIG films.

dynamic range of pass band filter characteristic is also re-
duced with many spurious responses. These ripples and spu-
rious responses may be due to the multiple coupling between
MSSWS propagating through each YIG films.

Finally the edge-guided mode isolator using thirteen cells
of YIG-GGG films was fabricated. The 10 dB isolation ratio
is found in a narrow bandwidth as shown in Fig. 12,

IV. CONCLUSIONS

A new YIG film microstrip line has been studied and its
filter characteristics are experimentally observed . It has an
advantage to give both stop and pass band characteristics
in the same line structure. If we use the waveguide of the
multi layered structure of thin YIG film less than 10 pm,
filter characteristics could be further improved, and might
find another application such as edge-guided mode isolator.

P I , 8 1 1 I I J
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Fig. 12. Edge guide isolator characteristic.
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