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ABSTRACT

A Magnetostatic Surface Wave,
tunable bandpass filter wusing current
weighted transducer arrays based on
transversal filtering techniques has been
built. A 100 MHz bandpass filter was
realized with a minimum insertion
loss of 15 dB and sidelobe suppression
of 20 dB. The usable tunability

range of the device was from 2 to 3.5 GHz.

INTRODUCTION

Magnetostatic Wave (MSW) devices
opened a new door to high frequency

processing above 1 GHz, where
Surface Acoustic Wave (SAW) devices have
high insertion loss and are difficult to
fabricate. One area that has eluded
researchers has been the development of
tunable MSW transversal filters. This
paper presents results on the realization
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
coupling of radiating current elements,
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 1line with single
bar transducers on both the input and
the output. The program generated
the normalized current distribution for
each transducer element. A bandpass
filter utilizing nondispersive waves
(e.g. SAW), would require a current
distribution 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 um for operation with a 300 um center-
band wavelength), and in order to 1imit
coupling short open circuited transducers

have
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were used.
THEORY

Magnetostatic Waves (MSW) are
basically magnetically coupled dispersive
waves that propagate in a magnetically
biased ferrite material such as Yttrium
Iron Garnet (YIG). The theoretical and
exper imental characteristics of the MSW
technology are well documented elsewhere
[1,2,3,4}.

Regardliess 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
fundamentally the same [5,6]. For a
non-interacting N element transducer array

with a weighting factor of a_ for each
element and path-length &,, the array
response can be written in the form:
~ N ~ -K(w) &y N ~
G{w) =2 apAfw)e = I Yh (w)
n= n=
€8]
where,
élm) = array response
ﬁ}w) = a+jB (a and B are loss factor
and wave number, respectively)
@;(w) = nth eltement response.
The quantity A(w) denotes the complex
value of the transmission response for a

single-bar/single-bar transducer pair with
zero path. This transducer characteristic
is obtained by modeling the transducer
filaments as a simple lossless microstrip
in a8 manner discribed by Wu [7]. A
pointing vector calculation is used to
define a radiation resistance
representative of the coupling to the
ferrite. )
The linearized array response given
in equation (1) can be made to fit the
desired frequency response of the array,
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The R.M.S error, €, can be
calculated from equation (2).
1 Wo ~ N ~ -K(w) &p
e = = S {H(w) -2 apA(w)e
Wa=Wwi w1 n=1
K" (w) 2
~ N ~ - w
* * n
XH(w)-2 aphA (w)e } dw (2)
n=1
which should be minimized with respect to
the weighting factors am:
Je _ 1 Wo ~ —K(w)ﬂm
Sag EZ:ET[fwlA(w)e
~ ok
~% N ~ % =K (w) &y
{H (w)-Z anA (w)e Yaw
n=1
~ ok
Wa~y -K (w)lm
+ J A (we
W1
~ %
~ N ~ ~K (w)4p
{H(w)-% apA(w)e Yaw] (3
n=1
The integrals in equation (3) are
conjugate of each other, so the sum can be
expressed as twice the real part. Some
manipulation yields,
K" ()
de _ -2 Wa o - w ’Q’m
Sag wz_wl{RefwlA(w)H(w)e dw
N Wa . 2
-Re¥ anfwllA(w][
n=1
~ % ~
-[K (w) 8y + K(w) 2n]
xe dw= 0 (4)
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Setting the partial derivatives of the
error function with respect to each of the
N parameters to zero yields a matrix of N
1 inear, Tineariy independent equations.
For simplicity, parameters M., and Q. are
defined as: v !

Wz o 2 ~[K"(0) 25 + K(w) L
Mij=Real fwll )| e i w) J]d

Aw o
Wo Sk

_ X% ~ -K (w) 24
Q; =Real fwlA (w)H(w)e 14w
The set of equations 1in (4) can be
expressed as,

. .. a Q

My Mz Mis Y 1 1

Moy . e e e e a, Q2

X -

M, . .. e eMGy ay Qy
This set of equations can be
algebratically inverted to obtain the
unnormal ized element weighting
coefficients, once the numerical
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).
EXPERIMENTAL PROCEDURE

The 16 element filter in this
experiment was designed to have a passband
of 100 MHz at the center frequency,
f =2.7 GHz, and as much sidelobe
o . . .
sUppression as theoretically possible
using a 25 wm thick YIG fitm. The
current is distributed among the elements
via a simplified 16 way power-divider,

which provide phase equalization for
open circuited finger.

each
Individuatl



transducers within the array are all 10 um
wide and 4mm long, with only 3mm under
the YIG (see figure | ). Transducers are
fed from both ends with the current
weighting in each transducer determined by
the placement of an open circuited gap,

EXPERIMENTAL RESULTS

Figure 2 shows the theoretical
prediction of the insertion loss versus
frequency for a typical filter with the
desired characteristics described earlier.

positioned relative to the longitudinal T - -

array axis. As an example, a gap The _minimum insertion loss of the

at the center of a transducer would fabricated device was observed to be

result in a zero net current -25dB, which is mainly due to the

contribution for that element. 1t was power-divider mismatch and associated 20:1

assumed that in the case of an V$WR in the passband of the filter.

open-circulted microstrip of length Figure .3 i§ the transmission response for

N << r/4, with Fringe effects the device in the FrequencY range of 1.5

neglected, the current exhibits linear GHz to 3.0 GHZZ }n th]s. Plcture the

variation along the length. Therefore, OUtPUt.OF the device 15_amp11F1ed t? show

the gap in each element was tWe s1delope 'supQrESSIOn, otherwise not

positioned so that the average current on grzzalzrouggstlngu1shable from direct

opposing elements had the required -

sign and value dictated by the synthesis

program. In order to reduce the harmonic

responses of the array, a shorted x/2

spaced loop transducer is used on the ; T T

output. L ]
The transducers are fabricated from

up-plated gold on 10 mil thick, L J

1"x1" alumina substrates. The 3mm wide,
25 wm thick YIG film is angle-lapped at I
the ends to minimize reflections there.

10 dB/div

1.5 0.15 GHz/div 3.0
GHz

Figure 2: Theoretical prediction of S5y,.
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Figure 1: Circuit pattern of the 100 MHz tunable
bandpass filter. The position of the 1.5 0.15 GHz/div 3.0
gap is marked with "." at the left side
for each transducer. GHz

Actual dimension: 1"XI".
Figure 3: The experimental Sy, of the device.
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The theoretical simulation of the
tunabiiity of the filter 1is shown in
figure 4. This was done by superimposing
the calculated +transmission responses of

the filter at four different bias
fields. Figure 5 shows the experimental
results obtained by varying the

magnetic bias field. Figures 4 and 5
clearly demonstrate a decrease in the
passband for higher center frequencies.
This is due to the band limiting
characteristics of MSSW delay l1ine
dictated by the applied bias fieild.

T

10 dB/div

2.0 0.15 GHz/div 3.5
GHz

Figure 4: Theoretical prediction for tunability
of Sy,.

10 dB/div

2.0 0.15 GHz/div 3.5
GHz

Figure 5: Tunability of Sy, (200 - 450 Qe).

CONCLUSION

The current weighting technique
using open gap transducers to realize MSSW
filters, demonstrates a good correlation
between the theoretical predictions and
obtained performance. With this
technique, it is possible to construct a
tunable bandpass filter with sidelobe
suppression as high as 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
believe further improvement in delivering
the maximum power to each finger via
construction of a better matched broad
band power-divider can bring the minimum
insertion loss close to -10 dB.
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