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Abstract

In this paper, we investigate the implementation schemes of a single-scale wavelet transform processor using
magnetostatic surface wave (MSSW) devices. There are three implementation schemes: the interdigital
transducer, the meander line transducer and the grating transducer. Because the interdigital transducer has
excellent properties, namely, good frequency characteristic and low insertion loss, we use the interdigital
transducer as the implementation scheme of a single-scale wavelet transform processor using MSSW device.

In the paper, we also present the solutions to the three key problems: the direct coupling between the input
transducer and the output transducer, the insertion loss, and the loss characteristics of the gyromagnetic film
having an influence on the wavelet transform processor. There are two methods of reducing the direct coupling
between the input transducer and the output transducer: increasing the distance between the input transducer and
the output transducer, and placing a metal “wall” between the input transducer and the output transducer. There
also are two methods of reducing the insertion loss of a single-scale wavelet transform processor using a MSSW
device for scale: the appropriate thickness of the yttrium iron garnet (YIG) film and the uniform magnetic
field. The smaller the ferromagnetic resonance linewidth of the gyromagnetic film , the smaller the magnetostatic
wave propagation loss.

Keywords: wavelet transform processor, magnetostatic surface wave (MSSW), interdigital transducer, direct
coupling, insertion loss.
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1. Introduction

Wavelet transform finds its application in many disciplines and fields such as in
pronunciation, pictures, communication, radar, water-sound, earthquakes, biomedicine,
mechanical vibration, chemical industry and torrent analysis. It has pushed the information
industry to a new era. However, its algorithms are very complicated and difficult to
implement in engineering application fields. In order to solve this problem, many methods
such as very large scale integration (VLSI) [1-2], optical devices [4-5] and SAW devices [6-8]
have been employed in implementing a wavelet transform processor.

In the method of implementation of wavelet transform with SAW devices, [6] and [7]
found that, if the electrode-overlap envelope of the input interdigital transducer (IDT) for
SAW device is designed according to the envelope of wavelet function, the input IDT of the
SAW device can implement the convolution of f(t) and wavelet function, i.e. wavelet
transform. Also [6] and [8] proposed the implementation of wavelet inverse-transform with
SAW devices.
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The wavelet transform processor and wavelet inverse-transform processor that use SAW
devices can benefit from the excellent properties of the SAW devices: passive, small size, low
cost, excellent temperature stability, high reliability and reproducibility, which overcome the
complicated algorithms and high power for VLSI, and big size and low reproducibility for
optical devices, but in microwave band, the propagation losses of the wavelet transform
processor and wavelet inverse-transform processor using SAW devices are very high, and
their transducer fabrication is also difficult [9-12].

Magnetostatic Surface Wave Devices (MSSW) were developed in the 80°s . These devices
were applied as delay lines and filters in radar technology [13-15]. In this research, MSSW
devices are used to implement the wavelet transform processor in the microwave band, and
the wavelet transform processor using MSSW devices can benefit from the excellent
properties of the MSSW devices which have low propagation loss and simple transducers (as
shown in Table 1). In Table 1, the propagation loss of a MSSW device is much lower than
that of a SAW device, and the conducing strip width of the MSSW device is much wider than
the one of a SAW device (i.e. the transducers of the wavelet transform processor using
MSSW devices are easily fabricated). When the envelope of the conducting strips of the input
transducer for a MSSW device is designed according to the wavelet-function envelope, the
impulse-response function of the input transducer for the MSSW device is equal to a wavelet
function, so a single-scale wavelet transform processor using a MSSW device can be
fabricated.

In this paper, we investigate the implementation schemes of single-scale wavelet transform
processors using magnetostatic surface wave (MSSW) devices, and we also present the
solutions to the three key problems: the direct coupling between the input transducer and the
output transducer, the insertion loss, and the loss characteristics of the gyromagnetic film
having an influence on the wavelet transform processor.

Table 1. Comparison of parameters of SAW devices and MSSW devices.

SAW device MSSW device
frequency 10MHz~3GHz 0.5 GHz ~40GHz
Substrate 128%/x — LiNbO, substrate yttrium-iron-garnet (YIG) film
Propagation loss 100dB/us(10GHz) 12dB/us(10GHz)
Conducing strip width 0.099um(5GHz) 40um(5GHz)
Spacing between the conducing strips 0.099um 310um

This paper is organized as follows. After this introductory section, in Section 2 we propose
the implementation schemes of a single-scale wavelet transform processor using a MSSW
device. In Section 3, we give the solutions to three key problems of the wavelet transform
processor. Conclusions are drawn in Section 4.

2. Implementation schemes of a single-scale wavelet transform processor using a MSSW
device

The wavelet function is [6-14]:
1t
w(t) = TW(_)’
S S (1)

where s denotes the scale of the wavelet function.

The wavelet transform of signal f (t) is [6-14].
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In (1), when v (0) is a Morlet wavelet function, (1) is converted into
1 2y jexor
ws(t)=Ee 2re o, @)

1 _1(1)2 i . f .
where —e 25 is the envelope of the Morlet wavelet function, ?0 is the center frequency.
S

When s = 2% the wavelet function shown in (3) is converted into the Morlet dyadic
wavelet function [6-12].

The microwave communication equipment of our design needs a single-scale wavelet
transform processor with the center frequency 3.830 GHz, bandwidth 48.000 MHz and
insertion loss —17dB as a band-pass filter. Through analysis and research we found that , as
long as the input transducer of MSSW device is designed according to a scale wavelet
function shown in the formula (4), a single-scale wavelet transform processor using a MSSW
device can be implemented. We know from [6-12] that a single-scale wavelet transform
processor using the Morlet wavelet function can be used as a band-pass filter.

Sy jee

S

1
l//s(t) _ﬁe
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where the scale s =1.492%, 1 4f°2k is the center frequency, k is an integer from — oo to + oo.

When k is —13, the scale s is equal to 1.492%, so the wavelet function for the scale 1.492°

13 s:

2 P 3
W1.492—13 (t) — 134746—16480083 e—J2ﬁ1.4921 fot

_ 13.4746—164800832e7j27rf,13t , (5)

. _ _ 13¢
where 5 is the center frequency for the scale 1492 | f.1s =1.49271, =3.830GH,

The wavelet transform of signal f (t) for the scale 1.4927* is:

WT1.49213 =f (t) * V. 49213 (t)
- I f (t)l//l.wz13 (7 —t)dt
R

-16480083(7—t)?

= j f (t)13.474e gi2Aaslr g, (6)
R

We take the single-scale wavelet transform processor for scale 1.4927% as an example to
illustrate the design method of the single-scale wavelet transform processor (as shown in Fig.
1).
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Fig. 1. Schematic diagram of a single-scale wavelet transform processor using a MSSW device.

There are three implementation schemes of the input transducer for scale 1.492%: the
interdigital input transducer, the meander line input-transducer, and the grating input-
transducer. We will discuss the three implementation schemes of the input transducer for
scale 1.492% in detail, as shown below.

Fig. 2 is the implementation scheme of the interdigital input transducer. The interdigital
input transducer has excellent properties, namely, good frequency characteristics and low
insertion loss. Fig. 3 and Fig. 4 are respectively the meander line input-transducer and the
grating input-transducer. When the properties of the meander line input-transducer and the
grating input-transducer are compared with those of the interdigital input transducer, their
properties are relatively poor.

Through the above analysis and research, the implementation scheme of the interdigital
input transducer is applied to fabricate the single-scale wavelet transform processor using a
MSSW device in the paper.
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Fig. 2. Implementation scheme of the interdigital input transducer.

The transducer substrate of scale 1.492™*shown in Fig. 2 is fabricated on a GGG substrate.
The fabricated transducer substrate of scale 1.492*2 is shown pasted in Fig.1.
In Fig. 2, when the conducting-strip envelope of the input transducer for scale 1.492% is

designed according to the envelope (i.e. 13.474e75%3%82" ) of the wavelet function W, 4opis ()

the impulse-response function ,1:(t) of the input transducer for scale 1.492°5 s equal to

h
1.49
the wavelet function v , .. (t) of scale 1.492°5 50 the input transducer of scale 1.492 can

implement the wavelet transform of scale 1.492™" shown in formulas (6), i.e. the convolution

of ft) and Yiaez (t). The output transducer of scale 1.492™* only converts the MSSW
signal into an electrical signal.

The design parameters of the input transducer and output transducer of scale 1.492%°
shown in Fig. 2 are presented in Table 2.
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Fig. 3. Implementation scheme of the meander Fig. 4. Implementation scheme of the
line input transducer. grating input-transducer.

Table 2. Design parameters of input transducer and output transducer of scale 1.4927%,

Width of Number of the
Propagatlng Centre 2B inserti condlfctlng Spacing conducting strips
velocity of X on strips between the Envelope of
Scale substrate frequency bandwidth . . .
MSSW (GHy) (MHy) loss (the conducting Input Output conducting strips
(km/s) “ “ (dB) conducting strips (pum) transducer transducer
strips)
YIG film
thick
1 agp% | (thickness 142 3.830 48.030 17 40 310 1 2 13.474¢ 154600
of YIG is
235um)

3. Solutions to three problems of the wavelet transform processor
3.1. Solution to direct coupling between the input transducer and the output transducer

The direct coupling between the input transducer and the output transducer can produce
pass-band ripples, cause amplitude and phase distortions, and also increase the insertion loss.
There are two methods of reducing the direct coupling between the input transducer and the
output transducer: increasing the distance between the input transducer and the output
transducer, and placing a metal “wall” between the input transducer and the output transducer.
When the width of the input transducer is smaller than the distance between the input
transducer and the output transducer, the problem of direct coupling between the input
transducer and the output transducer can be solved. The width L; of input transducer is
3540.m), the distance L, between the input transducer and the output transducer is 8000m,
as shown in Fig. 2.

When a metal “wall” is placed between the input transducer and the output transducer, the
direct coupling between the input transducer and the output transducer can be reduced and the
resonant structure of the cavity also can be destroyed.

3.2. Solutions to the insertion loss

There are two methods of reducing the insertion loss of the single-scale wavelet transform
processor using MSSW device of scale 1.49273: appropriate thickness of the YIG film, and a
uniform magnetic field.
3.2.1. Using an appropriate thickness of the YIG film to compensate the insertion loss

We know that the greater the YIG film thickness of MSSW device, the smaller the

insertion loss , on the other hand, the smaller the thickness of YIG film, the narrower the
bandwidth of the MSSW device. Because the bandwidth of the single-scale wavelet transform
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processor using a MSSW device of scale 1.492*° is 1.25%, its bandwidth is smaller.
Therefore, we must take both above requirements into account. In the paper, the YIG film
thickness is23.5um, as shown in Table 2.

3.2.2. Using a uniform magnetic field to compensate the insertion loss

In order to reduce the insertion loss caused by the anisotropy of MSSW energy
propagation, we must apply a uniform magnetic field to the single-scale wavelet transform
processor using a MSSW device of scale 1.492™°. When the length L of the permanent
magnet is much larger than the sum of the width L, of the input transducer, the width L, of

the output transducer, and the distance L2 hetween the input transducer and the output
transducer (i.e. L>L, +L,+L;, as shown in Fig. 2 ), the magnetic field produced by the
permanent magnet is uniform.

3.3. Loss characteristics of the gyromagnetic film having an influence on the wavelet
transform processor

The magnetostatic wave propagation loss is:
IL(dB) = 0.96qAH, (7
where 1< q<[1+(M,/2f,)?], M,is the saturation magnetization of the gyromagnetic film

(i.e. the YIG film), yis the gyromagnetic ratio constant, f,is the microwave frequency, AH

is the ferromagnetic resonance linewidth of the gyromagnetic film , 7 is the group delay from
the input transducer to the output transducer.
We know from the formula (7) that 1L(dB)is directly proportional to AH , i.e. the smaller

AH ,the smaller IL(dB). The insertion loss of MSSW strictly depends on the linewidth of the

yttrium iron garnet (Y1G). The current technology guaranty of this parameter is at the level of
about 80-100 A/m. In this work, AH used is less than 180 A/m. When q=1.3, 7 =0.05;s,

and AH =180A/m, we get from the formula (7) that 1L(dB)=11.23dB which meets the
requirements of design and manufacturing.

4. Experiments
A single-scale wavelet-transform processor using a MSSW device of scale 1.492™% was

fabricated (as shown in Fig. 5). It was measured with the E838B network analyzer and its
experimental parameters are shown in Table 3.

Fig. 5. Single-scale wavelet transform processor using a MSSW device of scale 1.4927%2,
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Table 3. Comparison of experimental and theoretical parameters of the single-scale wavelet-transform
processor using a MSSW device of scale 1.4927%,

. Experimental | Theoretical bandwidth (MHz) Experimental bandwidth (MHZ)
Experimental centre
Scale insertion loss f
requency
(dB) (GHz2) -3dB | -6dB | -9dB [ -12dB | -3dB | -6dB | -9dB | -12dB
1.4927% -15. 180 3.843 48 .030 | 67.924 | 83.190 gggg 48.042 | 66.357 | 77.785 | 104.361

The theoretical bandwidths shown in Table 3 are the magnitudes obtained from (8), i.e.

2
(0-0_y3)

1
W, ygpea (@) = 227.538e 09920532 | ©

where @ ,, is the center frequency.

We know from Fig. 5 and Table 3 that the interdigital transducer of the MSSW device can
implement a single-scale wavelet transform processor.

5. Conclusion

Theory and the experimental results confirm that the interdigital transducer of a MSSW
device can implement a single-scale wavelet transform processor. In the paper we also present
the solutions to the three key problems: the direct coupling between the input transducer and
the output transducer, the insertion loss, and the loss characteristics of the gyromagnetic film
having an influence on the wavelet transform processor.

There are two methods of reducing the direct coupling between the input transducer and
the output transducer: increasing the distance between the input transducer and the output
transducer, and placing a metal “wall” between the input transducer and the output transducer.
When the width of the input transducer is smaller than the distance between the input
transducer and the output transducer, the problem of the direct coupling between the input
transducer and the output transducer can be solved. When a metal “wall” is placed between
the input transducer and the output transducer, the direct coupling between the input
transducer and the output transducer also can be reduced.

There are the two methods of reducing the insertion loss of a single-scale wavelet
transform processor using a MSSW device: the appropriate thickness of the YIG film and a
uniform magnetic field. We know that the greater the YIG film thickness of MSSW device,
the smaller the insertion loss, on the other hand, the smaller the thickness of YIG film, the
smaller the bandwidth of the MSSW device. Therefore, we must take account both above
requirements. In the paper, the YIG film thickness is 23.5 gm. In order to reduce the insertion
loss caused by the anisotropy of MSSW energy propagation, we must apply a uniform
magnetic field to the single-scale wavelet transform processor using a MSSW device. When
the length of the permanent magnet is much larger than the sum of the width of the input
transducer, the width of the output transducer, and the distance between the input transducer
and the output transducer , the magnetic field produced by the permanent magnet is uniform.

The smaller the ferromagnetic resonance linewidth of the gyromagnetic film, the smaller
the magnetostatic wave propagation loss.
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