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Magnetostatic Wave Resonators Using
Microstrip Disk

Makoto Tsutsumi, Member, IEEE, and Toshihito Umegaki

Abstract—We propose a magnetostatic wave resonator using
yttrium iron garnet film with a microstrip disk. Assuming a
magnetic wall at the edge of the disk, a dispersion relation is
derived and solved numerically to obtain the resonant fre-
quency. Resonant mode charts are given for various parame-
ters of resonator. The quality factor is also given as a function
of the resonator dimensions. Resonant characteristics are con-
firmed experimentally using 40 pm and 13.5 pm thick YIG films
with 5§ mm diameter strip disk at S band.

I. INTRODUCTION

ANY types of magnetostatic wave resonators using

yttrium iron garnet (YIG) films have been reported
extensively [1]. For rectangular shape resonators the
straight edge resonant mode has been studied [2]. Another
type of the straight edge mode excited by a comb trans-
ducer has been studied to obtain low insertion loss [3].
For disk shaped resonators, uniform precession mode ex-
cited by two orthogonal microstrips has been investigated
to achieve high quality factor [4]. Recently magnetostatic
wave resonator of microstrip disk type has been proposed,
but insertion loss was high of more than 10 dB [5].

This paper treats magnetostatic wave resonator of mi-
crostrip disk type of low insertion loss. Assuming mag-
netic wall at the edge of the microstrip disk resonant mode
charts were calculated for various resonator parameters.
Characteristics of the resonator were confirmed experi-
mentally at S band. '

II. ANALYSIS

A cross section of the microstrip resonator is shown in
Fig. 1. A microstrip disk having radius a is bonded on the
YIG film of thickness b epitaxially grown on gadolinium
gallinm garnet (GGG) substrate of thickness w. Bias mag-
netic field uo H, is applied perpendicular to the YIG film.

From magnetostatic approximation:

VXH=0, V:-B=0

The scalar magnetic potential ¢ in the YIG film from
H = -V satisfies the differential equation
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where p is the diagonal component of permeability tensor
of the YIG.
The solution of (1) is expressed as

Y = AJ,(k.r)e™ cos k,(z — b), (2)

where A is an arbitrary constant, phase constant k, is

given by
k, = V¥ —pk,.

Equation (2) satisfies zero normal component of magnetic
flux density to microstrip disk at z = b.

A magnetic wall at r = a is assumed. Hence the phase
constant k. is given by

where y,,; is the 7ith root of Bessel function of mth order.
Boundary condition on the magnetic wall around the metal
disk has been assumed to analyze electromagnetic field in
the ferrite media [6], but it has not been used for mag-
netostatic wave problem and for magnetostatic potential
variation in the z direction.

The magnetic potential ¢ in the GGG satisfies the dif-
ferential equation -

19 [ 9 10% 8%

——r— ———5 + —5 =0, 3

r or <r 6r> * r? 36> = 9872 3
the solution of (3) is expressed as

¢ = BJ,,(k.r)e™™ cosh k.(z + w). @)

Equation (4) satisfies zero normal component of magnetic
flux density at z = —w. )

The magnetic potentials (2), (4) and normal component
of magnetic flux densities in the YIG and in the GGG are
matched at the interface z = 0. These boundary condi-
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Fig. 2. Resonant mode chart as a function of radius a.

tions lead to dispersion relation
k, tan (k,b — nw) = k, tanh (k.w), 3

where n is integer.

Fig. 2 shows resonant mode chart as a function of ra-
dius a for various mode number wheré b and w are 40 um
and 400 um, respectively. Modes are characterized by
three integers (7, m, n) which signify the mode numbers
in the r, 6, and z directions, respectively.

We define the resonant mode whose magnetic potential
varies exponentially in the direction of the bias magnetic
field as the (1, 1, 0) mode, as shown in Fig. 3(a). The RF
magnetic field H, of (1, 1, 0) mode is bounded tightly to
the interface between the YIG film and the GGG sub-
strate. In Fig. 2, the (1, 0, 0) mode is fundamental and is
independent of circular @ direction. It seems to be difficult
to excite (1, 0, 0) mode by the antenna configuration dis-
cussed in Section III, hence the second resonant (1, 1, 0)
mode is considered in our numerical calculation. While
the magnetic potential for (1, 1, 1) mode confines only in
the YIG film with sinusoidal distribution as shown in Fig.
3(b).

Fig. 4 shows resonant frequency for two modes (1, 1,
0) and (1, 1, 1) as a function of the radius a for different
GGG thicknesses where b is 40 um. Strong dependence
of resonant frequency on GGG thickness is found for (1,
1, 0) mode while for (1, 1, 1) mode, it is not sensitive for
resonator geometries.

Fig. 5 shows the resonant frequency for (1, 1, 0) and
(1, 1, 1) modes as a function of radius a for various values
of YIG film thicknesses where w is 400 um.

The rf magnetic field distribution within microstrip disk
is also calculated at z = b for (1, 1, 0) mode as shown in
Fig. 6. It can be seen that the rf field is confined in the
center of disk.

The quality factor of the microstrip resonator consists
of two factors. One is the quality factor due to the mate-
rial loss as defined by

2
Oun = —7rf0

= Jho AR ©

where f; is the resonant frequency, and AH is the line-
width of the ferrimagnetic resonance of the YIG film,
which is about 1 Oe for commercial available YIG film.
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Fig. 3. Magnetic potential distributions in the YIG film. (a) (1, 1, 0) mode.
(b) (1, 1, 1) mode.
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Fig. 4. Resonant frequency of (1, 1, 0) and (1, 1, 1) modes for different
GGG thicknesses.

Second is the quality factor Q,, defined by the dissipated
energies (P;; + P;,), where P;; and P,, are those due to
the surface resistivity of the microstrip disk and ground
plane, respectively, and can be expressed as

27 fy
= —— (U, + U,),
Oum Py, +Pd2( 1 2)
1 aﬁ.w *
Ui =35 mo a_Hl'Hl dv,
v W

U2=%uoSH2-H§‘dv,

Py =3 S R.H, - H} ds,

DI =

Py = SS R.H, - H} ds, (N
where U; and U, are the stored energies in the YIG film
and the GGG substrate, respectively, fi is the permeability
tensor of the YIG film, H,, and H,, are the peak values
of the tangential magnetic field in the YIG film and GGG
substrate, respectively, and R is the surface resistivity.

Total quality factor is defined by the sum of two fac-
tors:

1,
Oan Ou

1
0
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Fig. 5. Resonant frequency of (1, 1, 0) and (1, 1, 1) modes for different
YIG thicknesses.
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Fig. 6. RF field distribution in the microstiip disk.
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Fig. 7. Quality factor of metal disk for different modes as a function of
resonant frequency.

The @y, is evaluated numerically from (7), and is shown
in Fig. 7 as a function of resonant frequency and for var-
ious mode numbers. The surface resistivity R, is assumed
tobe2.61 X 10'7\/170 ) for copper. The quality factor Qy,
is higher for higher order modes. From the numerically
estimated results shown in figures 4 and 5, it is found that
the resonant mode (1, 1, 0) depends strongly on the di-
mension of metal disk which may reduce the quality fac-
tor. However it can be seen from Fig. 7 that (1, 1, 0)
mode possesses high quality factor over 10* beyond 5
GHz. Hence the quality factor of resonator is governed
mainly by the material loss rather than the metallic loss.

3
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disk
Fig. 8. Microstrip disk resonator using YIG film substrate.
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Fig. 9. Measured resonant frequency for various bias magnetic fields.
(a) Without disk. (b) With disk.

1. EXPERIMENTS

The structure of the resonator consists of a microstrip
disk placed on the center of a YIG film as shown in Fig.
8. The YIG film dimension is 9.5 X 9.5 mm?. Bias mag-
netic field is applied perpendicularly to the YIG film. Two
orthogonal coupled fine wire antennas of diameter of 200
pm were used to excite magnetostatic wave to the mi-
crostrip disk as shown in figure. Each wire antenna is in-
sulated by 10 um thick mica film. Several resonators were
fabricated and tested with different radii for the disk.

To confirm the effect of metal disk on resonance be-
havior, the characteristics of resonator without disk are
investigated first. Its typical frequency response is shown
in Fig. 9(a) for different bias magnetic fields with 40 um
thick YIG film on 400 pm GGG substrate. Resonant be-
havior is resulted by the reflection of magnetostatic waves
from the edges of rectangular YIG sample. Next a mi-
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Fig. 10. Measured resonator characteristics as a function of frequency.
(a) Insertion loss and loaded Q. (b) Resonant frequency.

crostrip disk of Aluminum with 2 ym thick and diameter
of 5 mm is evaporated on the same YIG sample. Its fre-
quency response is shown in Fig. 9(b) for different bias
magnetic fields.

By comparing the results of Fig. 9(a) and (b), it is found
that the large ripples appeared in Fig. 9(a) are suppressed
by the presence of aluminum disk and by the confinement
of magnetostatic wave energy within the disk.

In Fig. 9(b) resonant characteristic with average inser-
tion loss of few dBs is observed with maximum off reso-
nance rejection of 25 dB. The input antenna is arranged
orthogonal to the output antenna as shown in Fig. 8. In
such antenna configurations, RF field from the source dis-
tributes inhomogeneously in the circular 6 direction.
Therefore observed resonance mode of Fig. 9(b) will be
the (1, m, 0) and m = 1 mode is considered because higher
order modes m = 2 were insensitive for microstrip disk
dimensions.

From point of view of comparison between theory of
Fig. 2 and experiment, small ripples of resonant charac-
teristics of Fig. 9(b) may be due to excitation of the ad-
jacent higher resonant mode and to the weak concentra-
tion of RF energy of (1, 1, 0) mode within microstrip
disk.

The bias magnetic field dependence of resonator on the
loaded Q,, insertion loss I.L. and resonant frequency were
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Fig. 11. Measured resonant frequency of resonator with YIG film disk
substrate. (a) Without microstrip disk. (b) With microstrip disk.

measured ranging from 1.8 GHz to 4.2 GHz and shown
in Fig. 10. Minimum insertion loss of 0.6 dB near 1.8
GHz is observed in Fig. 10(a) and it may be attribute to
a good impedance matching of the RF source. Maximum
0, of 200 is measured at 4 GHz, which is lower than the-
oretically estimated Q value. Reduction of quality factor
will be caused by the tight coupling between input, output
wire transducers and resonator. Fig. 10(b) shows resonant
frequency versus magnetic field. Theoretical value of (1,
1, 0) mode is also depicted in the figure, which take into
account of demagnetizing field about 1810 Gauss. It can
be seen that resonant frequency changes according to the
relation of 2.8 MHz - ugH,, where uo H, is the bias mag-
netic field. \

An additional experiment on resonator was carried out
using 13.5 um thick YIG film disk having diameter of 9.5
mm and 6 mm diameter strip disk. The result is shown in
Fig. 11. Ripples due to film edge is found to be consid-
erably reduced compared to the rectangular YIG film sub-
strate of 40 pm thickness. But insertion loss is slightly
high as shown in Fig. 11(b).

IV. ConcLusioN

Characteristics of the magnetostatic wave resonators
using microstrip disk have been analyzed by modeling the
magnetic wall around the disk edge. Mode chart for var-
ious resonator dimensions have been given and quality
factor has also been calculated.
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Experiments were carried out using rectangular 40 ym
thick YIG film substrate with 5 mm diameter microstrip
disk and 13.5 pm thick YIG film disk substrate with 6 mm
strip disk. Typical resonant characteristics reveal loaded
Q; = 200 at 4 GHz, average insertion loss of 1.5 dB and
dynamic range of 25 dB. These experimental results were
discussed with theory.

If we adjust YIG film and disk dimensions, and by
changing the thickness of GGG, further improvement of
the resonant characteristics are possible w1th high dy-
namic range.
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