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ABSTRACT

This paper describes a new magnetostatic surface wave (MSSW) component : an adjustable MSSW directional cou-

pler. This device, similar to the surface-acoustic-wave (SAW) multistrip couplerl, has been realized on an yttrium
iron garnet (YIG) film. A 100Z power transfer from one track to the other has been obtained at 2.5 GHz. The uni-

directional coupling has frequency filtering characteristics due to the dispersion of MSSW. The device presents a
feature very important for applications : the coupling is continuously adjustable by an applied magnetic field,

a variation of about 50 Oe being necessary to switch the power from one track on to the other.

Introduction

The adjustable directional coupler considered here
is presented schematically in fig.1. The structure of
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Fig.1- Configuration of an adjustable
magnetostatic surface wave directio-
nal coupler.

this new MSSK component is similar to that of the SAW
multi strip couplerl. It consists of a grating of paral-
lel metallic strips on a YIG film. The shorted bar gra-
ting is connected to the metallic film deposited on the

bottom face of the substrate. Referring to fig:l, if a

MSSW, with a wave vector k perpendicular to the strips,
impinges on one half of the structure (along track A

for instance), a current is set up in the loop constitu-
ted by a strip and the metallic film under the YIG. This

current also appears in track B where it generates a
new MSSW. As in the case of the SAW coupler, the beha-
vior of the MSSW coupler can be described in terms of

a symmetric and an antisymmetric modes having different

propagation constants. The power of the MSSW goes back

and forth from one track to the other as a consequence

of the interference of these two modes. The frequency
dependent coupling constant K is given by K = (ka - k.s)

2
where k~ and ks are the wavenumbers of the antisymme-

tric and symmetric modes respectively. The power trans-

ferred from track A to track B is given by PB (L) =
P. sin2 (KL) where P. is the input power and L the cou-
pling length. A total power transfer is obtained for

LT=(2n+l) ~:_ where n = 0,1,2,...

The results reported in this paper include the varia–
tion of the coupling with frequency and with number of

coupling strips. The measured coupling constant is com–
pared to that calculated from the experimental values
of the symmetric and antisymmetric mode wavenumbers.
Taking into account the reeults of this work, a new
device has been implemented and tested.

Experimental Results

Firet experiments are carried out on the coupler-
traneducer configuration shown in fig.2. The MSSW are
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Fig.2- Coupler-transducer pattern

of the first device.

propagated ima 20 }Im thick YIG film grown by liquid
phase epitaxy on a gadolinium gallium garnet (GGG) subs–

trate. A magnetic field H = 288 Oe is applied in the
plane of the film perpendicular to the propagation di-

rection of the waves. The coupler consists of 20 alumi-

num strips, 9 mm long, 75 pm wide and eeparated by 75

pm. The coupler and three microstrip transducers (T],
T2?T3), 3 mm long by 30 pm wide are etched in a 5 Urn

thick aluminum film deposited on the YIG surface. Micro–
wave energy is applied at T1 and output signals are de–

tected at transducers T2 and T3. The insertion loss bet–

ween T1 and T2 (11-2) and between T] and T3 (11-3)

are measured as a function of frequency and number of
coupling strips. This number N in the ‘coupler is varied

by chemical etching, Fig, 3 shows the frequency depen-

dence of coupling between, 2,4 GHz and 2.7 GHz for devi-

ces without strip grating (N=O; fig.3a) and with a 18
etrip array (N = 18; fig. 3b). The coupling between the
two tracks is observed at 2,49 GHz for N = 18. The in-
sertion 10SS 11_3 at this frequency are 20 dB while.,

they are 35 dB forN=O. Ae can be seen in fig.3b, COU=

pling is a periodic function of MSSW frequency. This
has been previously shown in the case of the coupling
between two distinct YIG filmez, because the MSSW are

etrongly dispersive, the coupling constant changes with
frequency. tthenthe two tracks are coupled, @he high in-

eertion loss observed is due to the reflection of the
MSSW by the metal plate deposited between transducers

T2 and T3. The variation of 11~3 vs number of cou-

pling strips has been measured for different frequencies.
An example at 2.45 GHz is given in fig. 4. 11-3 is a

periodic function of N, the periodicity in the given
example is 975 pm corresponding to a coupling conetant

K = 3.2 mm-l. K has been measured for different frequen-
cies. The results are summarized in table 1.
The symmetric mode when propagating through the perio-
dic structure generates a current in the parallel metal-

lic strips. No current is generated by the antisymmetric

one. In consequence, the propagation constants of these



‘r-l

1

a/N=O

50

60u
2.4 2.5 2.6 2.7

FREQUENCY (G Hz)

b/ N=18

Fig.3- Frequency dependence of di-

rectional coupling for the first
coupler.
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114-3 vs number of coupling strips

are different. ka has been obtained by measu–

variation of phase versus frequency Of a MS’SW. .
propagating under an open–circuited strip array whereas
for k~ the strips were electrically shorted. Fig.5 re–

presents the experimental dispersion curves of these mo–

des and the dispersion after the periodic structure has
been removed. Also shown on this figure are theoretical

variation of wave number with frequency of MSSW propa–
gating on a ferrite slab without and with a metal coa–
ting. These results show that in the case when the me–
tal is Femoved, there is a difference between the theo-
retical and experimental dispersion curves. This diffe–
rence is attributed to a small variation of the magneti–

zation ( 4 TM = 1750 Oe for the calculated curve). The
antisymmetric mode dispersion curve is close to that
for a single film showing that this mode is practically

unperturbed by the periodic grating. The symmetric mode,
on the other hand, is perturbbd by this structure. From
those results, the coupling constant K’ and its varia-
tion with frequency can be deduced. Values of K obtained
from variation of insertion loss 11-+3 versus coupling
strip number and K’ are compared in table 1. The agree–

ment is satisfactory for frequencies above 2.7 G’dz. The
discrepancy observed for frequencies below 2.7 GHz is
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f (GHz)

2.45
2.50
2.55
2.60
2.65
2.70

2.75

2.80
2.85

2.90

2,95

3,00

K (mm-l)

3.2

3.7

4.2
4.6

4.6
4.9

5.2

6.0
6.0

6.3

6.8
8.6

K’ (~-1)

1.9

2.3

2.8

3.3
3.8
4.4

5.0

5.6
6,3

7.1
8.0
8.9

Table 1. Comparison of the coupling

constant K obtained from variation

of insertion loss versus number of
coupling strips and K’ deduced from

the variat;on of phase versus frequen–

cy for the symmetric and antisymmetric
modes .
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Fig.5– Theoretical and experimental
dispersion curves for the studied
configurations.

explained by the MSSW wavelengths which, at those fre-
quencies, are ranging about the coupler size.

Taking into account these results, a new MSSW cou-
pler has been designed. The coupler schematic is shown

in figure 6. The 45 period “shorted bar” grating is et–

ched in a 3 pm thick aluminum film deposited on the

surface of a 19 pm thick YIG film. The array micros-
trips are 4 mm long, 10 pm wide and separated by 10vm.
The three aluminum microstrip transducers, 1,8 mm long
by 30 Urn wide, are 1.5 mm distant along the propagation
direction. The frequency response between 2.4 GHz and

2.8 GHz of this structure for an applied magnetic field

H = 220 Oe is shown in fig.7. A quasi perfect power
transfer from track A to track B is obtained at 2.528
GHz. At this frequency, the insertion loss is 9 dB
between TI and T3 whereas it is 52 dB between T, and

T2. This figure shows that the coupling constant chan–
ges with frequency, as already shown. The coupler lengt
is 0.89 mm corresponding to a coupling constant Ko=
1.8 mm-’ and K1 = 5.3 mm-l. K also depends of the value
of the applied magnetic field as can be seen on fig.8
showing the magnetic field dependence of directional
coupling. Owing to this property, the power transfer
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of the second device.
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Fig.7- Frequency dependence of di-

rectional coupling for the second

coupler.
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Fig.8- Magnetic field dependence of

directional coupling for the second
coupler.

between the two tracks is continuously tunable. In

this case, a variation of about 50 Oe is necessary to
switch the power from one track on to the other.
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199 Oe and 220 Oe corresponding res-

pectively to no power transfer, half
power transfer and full power trans-

fer between the two tracks.

strips, the coupling constant has been deduced and com-

pared to that obtained from the measurement of symmetric
and antisymmetric mode wave numbers. The agreement is

satisfactory between these two values. A full power

transfer from one track to the other has been obtained

at 2.528 GHz for an applied magnetic field H = 220 Oe.

The coupling is continuously adjustable by an applied

magnetic field; in the reported experiments, a variation

of about 50 Oe is necessary to switch the power from one

track on to the other. This feature makes this component

very attractive and it can be used advantageously to
design new microwave devices.
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The following experiment has been performed to de-

monstrate the operation of the coupler : 10 vs wide mi-
crowave pulses are applied at transducer T] and output

signals are detected at transducers T2 and T3. Oscil–
loscope traces of fig.9 have been registered for three

different cases : no power transfer, half power trans-

fer and full power transfer between the two tracks. The
signal frequency for this experiment is 2.500 GHz.

Conclusion

A new adjustable microwave directional coupler

using the propagation of magnetostatic surface wave in
a YIG film has been performed. From the variation of

the coupling with frequency and with number of coupler
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