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MSSW TRANSVERSAL FILTERS BASED ON CURRENT WEIGHTING IN NARROW (10 pm) TRANSDUCERS
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ABSTRACT

A Magnetostat ic Surface Wave,
tunabl e bandpass filter us i ng current
weighted transducer arrays based on
transversal filtering techniques has been
built. A 100 MHz bandpass filter was
real ized with a minimum insertion
loss of 15 dB and sidelobe suppression
of 20 dB. The usable tunabi 1 ity
range of the device was from 2 to 3.5 GHz.

INTRODUCTION

Magnetostat ic Wave (MSW) devices
have opened a new door to high frequency
signal processing above 1 GHz , where
Surface Acoustic Wave (SAW) devices have
high insertion loss and are difficult to
fabricate. One area that has el uded
researchers has’ been the development of
tunabl e MSW transversal filters. This
paper presents results on the real ization
of the first synthesized MSW transversal
filters. Progress in this area has been
slow, primarily as a result of the
dispersive nature of MSW’S, strong
coupl ing of radiating current el ements,
interaction between neighboring elements.
and reflections from the elements in the
array. To overcome the first problem, a
computer program was developed to
synthesize the desired bandpass filter.
This was based on theoretically calculated
insertion loss and Frequency data for a
zero-path length delay line with single
bar transducers on both the i nput and
the output. The program generated
the normal ized current distribution for
each transducer element. A bandpass
filter utilizing nondispersive waves
(e.g. SAW) , WOU 1d require a current
distribution of the form SIN(X)/X.
Conversely, for MSW “ S the current
distribution must be distorted to
compensate for the dispersion of the wave.
In order to reduce element interaction and
reflections from the array, transducer
elements were made as narrow as possible

(10 urn for operation with a 300 urn center–
band wavelength) , and in order to 1 imit
COUP1 ing short open circuited transducers

were used.

THEORY

Magnetostat ic Waves ( MSW ) are

basically magnetically coupled dispersive

waves that propagate in a magnetical ly

biased ferrite material such as Yttrium
Iron Garnet (YIG). The theoretical and

experiments 1 characteristics of the MSW
technology are well documented elsewhere
[l,2,1?,4].

Regardless of the type of the wave

in the propagating medium (SAW or MSW) and
independent of the weighting technique,
the procedure for synthesizing a filter is

fundamental ly the same [5,6]. For a

non-interacting N element transducer array

with a weighting factor of a for each

e 1ement and path–length ~, ‘the array

response can be written in tne form:

N. –K(u) In N.
G(u) = Z anA(u)e —— x Yn(u)

~=1 ~=1

(1)

where,

F(U) = array response

:(u) = a+jB (a and ~ are loss factor

and wave number, respectively)

Yn(@) = nth element response.

The quantity A(IJ) denotes the comp 1 ex

value of the transmission response for a

single-bar/single-bar transducer pair with

zero path. This transducer characteristic
is obtained by model ing the transducer

filaments as a simple lossless microstrip

in a manner discribed by WU [7]. A

pointing vector calculation is, used to

defi ne a radiation resistance

representative of the coupl ing to the

ferrite.

The 1 inearized array response given
in equation (1) can be made to Fit the

desired frequency response of the array,
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:((0) . The R.M.S error, E, can be

calculated from equation (2).

Setting the partial derivatives of the

error function with respect to each of the

N parameters to zero yields a matrix of N

1 i near, linearly independent equations.

For simplicity, parameters M+ ; and Qi are
defined as: ,.!

LIl)fli + i((.ll),tj

(50-!

-K(w)&

e }s= - P2{;[(LHN-anA(o:

~1
~=1

Qi =Real f~~~’(u)~(u)e
‘~*(@)~i

dti

The set of equations in (4) can

~=1

which shouid be minimized with respect
be

to
expressed as,

the weighting factors am:
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N -* -ii*(w)im
x anA (u)e }du

~=1
X{;*(U).

~2-*

+J’A
~1

-i*(Ld)Lm
u)e set of equations beThis can

algebraically inverted to

unnormal ized e 1ement

coeffici ents , once the

,bta i n the

weighting

numericalN. -i*((J) q
X{H(U)–Z anA(u)e }du] (3)

~=1 integration has been carried out on the

matrix elements. The weighting

coefficients were then constrained to be

real and normalized to unity (–1 to +1).

The integrals in equation (3) are

conjugate of each other, so the sum can be
expressed as twice the rea 1 part. Some

manipulation yields,

EXPERIMENTAL PROCEDURE

The 16 e 1 ement Fi lter in this

experiment was designed to have a passband
of 100 MHz at the center frequency,

f =2.7 GHz , and as much sidelobe

s~ppression as theoretical ly possible

using a 25 urn thick YIG film. The

current is distributed among the elements

via a simplified 16 way power–divider,

which provide phase equal ization for each

open circuited finger. Individual

-[i*(Ld Lm + R(u)in]
xe d(.u= O (4)
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transducers within the array are all 10 urn

wide and 4mm long, with only 3mm under

the YIG (see Figure 1 ). Transducers are

fed from both ends with the current

weighting in each transducer determined by

the placement of an open circuited gap,

positioned relative to the longitudinal

array axis. As an example, a gap

at the center of a transducer WOU 1d

result in a zero net current

contribut ion for that el ement . It was

assumed that in the case of an

open–circuited microstrip of 1ength

t <( A/4, with fr i nge effects

neglected, the current exhibits 1 i near

variation along the length. Therefore,

the gap in each e 1ement was
positioned so that the average current on

opposing el ements had the required

sign and value dictated by the synthesis

program. In order to reduce the harmonic

responses of the array, a shorted )./2

spaced 1Oop transducer is used on the

output .

The transducers are fabricated from

up-plated gold on 10 mi 1 thick,

l“xl” alumina substrates. The 3 mm wide,

25 pm thick YIG film is angle–lapped at

the ends to minimize reflections there.

-1
I

I

dI
Figure 1: Circuit pattern of the 100 MHz tunable

bandpass filter. The position of the

gap is marked with “.” at the left side

for each transducer.

Actual dimension: l“YJ”.

EXPERIMENTAL RESULTS

Figure 2 shows the tlneoretical
prediction of the insertion loss versus
Frequency for a typical filter with the
desired characteristics described earl ier.

The minimum insertion loss of the
fabricated device was observed to be
-Z5dB, which is mainly due to the
power-divider mismatch and associated 20:1
VSWR in the passband of the filter.
Figure 3 is the transmission response for

the device in the frequency rang(~ of 1.5

GHz to 3.0 GHz. In this picture the
output of the device is ampl ified to show
the sidelobe
clearly dist
breakthrough.

suppression. otherwise not
nguishabl e from di rect
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Figure 2: Theoretical prediction

1.5 0.15 GHz/div 3.0

GHz

Figure 3: The experimental S12 of the device.
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The theoretical simulation of the

tunabil ity of the filter is s hewn in

figure 4. This was done by superimpose ing

the calculated transmission responses of

the filter at four different bias

fields. Figure 5 shows the experimental

results obtained by varyi ng the

magnetic bias field. Figures 4 and 5

clearly demonstrate a decrease in the

passband for higher center frequencies.

This is due to

characteristics of

dictated by the app

the band limit

rlssw de ay 1

ied bias f eld.

t
f
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CONCLUSION

The current weighting technique
using open gap transducers to real ize MSSW

filters, demonstrates a good correlation
between the theoretical predictions and
obtained performance. With this
technique, it is possible to construct a
tunabl e bandpass filter with sidelobe
suppression as high dS 20 dB, with less
than 3 dB amplitude ripple . The

vriation of the minimum insertion loss in

the tunable range of the device can be as

low as 2 dB. An improvement of about 10

dB on the minimum insertion loss was
achieved by a narrow band matching of the

existing power-divider. Therefore, we
be] ieve further improvement in del ivering

the max i mum power to each finger via
construction of a better matched broad
band power–divider can bring the minimum
insertion loss close to –10 dB.

GHz

Figure f+: Theoretical prediction for tunability

of S12.
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