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SURFACE ACOUSTIC WAVE (SAW) 
RESONATOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part under 37 C.F.R. 

§ 1.53(b) of, and claims priority under 35 U.S.C. § 120 from: 
U.S. patent application Ser. No. 14/835,679, filed on Aug. 
25, 2015, naming Stephen Roy Gilbert, et al. as inventors; 
U.S. patent application Ser. No. 15/009,801 filed on Jan. 28, 
2016 naming Stephen Roy Gilbert, et al. as inventors; and 
from U.S. patent application Ser. No. 15/136,866, filed on 
Apr. 22, 2016, naming Darius Burak, et al. as inventors. The 
entire disclosures of U.S. patent application Ser. No. 14/835, 
679, U.S. patent application Ser. No. 15/136,866, and U.S. 
patent application Ser. No. 15/009,801 are specifically incor-
porated herein by reference. 

BACKGROUND 

Electrical resonators are widely incorporated in modern 
electronic devices. For example, in wireless communica-
tions devices, radio frequency (RF) and microwave fre-
quency resonators are used in filters, such as filters having 
electrically connected series and shunt resonators forming 
ladder and lattice structures. The filters may be included in 
a duplexer (diplexer, triplexer, quadplexer, quintplexer, etc.) 
for example, connected between an antenna (there could be 
several antennas like for MIMO) and a transceiver for 
filtering received and transmitted signals. 

Various types of filters use mechanical resonators, such as 
surface acoustic wave (SAW) resonators. The resonators 
convert electrical signals to mechanical signals or vibra-
tions, and/or mechanical signals or vibrations to electrical 
signals. 

While certain surface modes are desired, certain standing 
spurious modes can exist between the opposing faces of the 
piezoelectric material of the SAW resonator. These spurious 
modes are parasitic, and can impact the performance of 
filters comprising SAW resonators. 

What is needed, therefore, is a SAW resonator structure 
that overcomes at least the shortcomings of known SAW 
resonators described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The example embodiments are best understood from the 
following detailed description when read with the accom-
panying drawing figures. It is emphasized that the various 
features are not necessarily drawn to scale. In fact, the 
dimensions may be arbitrarily increased or decreased for 
clarity of discussion. Wherever applicable and practical, like 
reference numerals refer to like elements. 

FIG. 1A is a top view of a SAW resonator structure 
according to a representative embodiment. 

FIG. lB is a graph of admittance versus frequency. 
FIG. 1C is the cross-sectional view of a SAW resonator 

structure of FIG. 1A along line iC-iC. 
FIG. 1D is a cross-sectional view of a portion of the SAW 

resonator structure of FIG. 1C. 
FIG. 1E is a cross-sectional view of a portion of a SAW 

resonator structure in accordance with a representative 
embodiment. 

FIG. iF is a cross-sectional view of a portion the SAW 
resonator structure of FIG. 1C. 

2 
FIG. 2 is a cross-sectional view of a portion of a SAW 

resonator structure in accordance with a representative 
embodiment. 

FIG. 3 is a simplified schematic block diagram of a filter 
5 comprising a SAW resonator structure according to a rep-

resentative embodiment. 

DETAILED DESCRIPTION 

10 In the following detailed description, for purposes of 
explanation and not limitation, representative embodiments 
disclosing specific details are set forth in order to provide a 
thorough understanding of the present teachings. However, 
it will be apparent to one having ordinary skill in the art 

15 having had the benefit of the present disclosure that other 
embodiments according to the present teachings that depart 
from the specific details disclosed herein remain within the 
scope of the appended claims. Moreover, descriptions of 
well-known apparatuses and methods may be omitted so as 

20 to not obscure the description of the representative embodi-
ments. Such methods and apparatuses are clearly within the 
scope of the present teachings. 

It is to be understood that the terminology used herein is 
for purposes of describing particular embodiments only, and 

25 is not intended to be limiting. Any defined terms are in 
addition to the technical and scientific meanings of the 
defined terms as commonly understood and accepted in the 
technical field of the present teachings. 

As used in the specification and appended claims, the 
30 terms 'a', 'an' and 'the' include both singular and plural 

referents, unless the context clearly dictates otherwise. Thus, 
for example, 'a device' includes one device and plural 
devices. 

As used in the specification and appended claims, and in 
35 addition to their ordinary meanings, the terms 'substantial' 

or 'substantially' mean to with acceptable limits or degree. 
For example, 'substantially cancelled' means that one 
skilled in the art would consider the cancellation to be 
acceptable. 

40 As used in the specification and the appended claims and 
in addition to its ordinary meaning, the term 'approximately' 
means to within an acceptable limit or amount to one having 
ordinary skill in the art. For example, 'approximately the 
same' means that one of ordinary skill in the art would 

45 consider the items being compared to be the same. 
Relative terms, such as "above," "below," "top," "bot-

tom," "upper" and "lower" may be used to describe the 
various elements' relationships to one another, as illustrated 
in the accompanying drawings. These relative terms are 

50 intended to encompass different orientations of the device 
and/or elements in addition to the orientation depicted in the 
drawings. For example, if the device were inverted with 
respect to the view in the drawings, an element described as 
"above" another element, for example, would now be 

55 "below" that element. Similarly, if the device were rotated 
by 90° with respect to the view in the drawings, an element 
described "above" or "below" another element would now 
be "adjacent" to the other element; where "adjacent" means 
either abutting the other element, or having one or more 

60 layers, materials, structures, etc., between the elements. 
In accordance with a representative embodiment, a SAW 

resonator structure comprises a substrate having a first 
surface and a second surface. The first surface of the 
substrate has a plurality of features. A piezoelectric layer is 

65 disposed over the substrate. The piezoelectric layer has a 
first surface and a second surface. A plurality of electrodes 
is disposed over the first surface of the piezoelectric layer, 
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and the plurality of electrodes is configured to generate 
surface acoustic waves in the piezoelectric layer. The SAW 
resonator structure also comprises a layer disposed between 
the first surface of the substrate and the second surface of the 
piezoelectric layer, the first surface of the layer having a 
smoothness sufficient to foster atomic bonding between the 
first surface of the layer and the second surface of the 
piezoelectric layer, wherein the plurality of features reflect 
acoustic waves back into the piezoelectric layer. 

FIG. 1A is a top view of a SAW resonator structure 100 
according to a representative embodiment. Notably, the 
SAW resonator structure 100 is intended to be merely 
illustrative of the type of device that can benefit from the 
present teachings. Other types of SAW resonators, includ-
ing, but not limited to dual mode SAW (DMS) resonators, 
and Coupled Resonator Filters (CRFs), are contemplated by 
the present teachings. The SAW resonator structure 100 of 
the present teachings is contemplated for a variety of appli-
cations. By way of example, and as described in connection 
with FIG. 3, a plurality of SAW resonator structures of the 
present teachings can be connected in a series/shunt arrange-
ment to provide a ladder filter. The use of the SAW reso-
nators for ladder filters is merely illustrative, and other filter 
arrangements including half ladder filters, and lattice filters 
are contemplated by the present teachings. 

The SAW resonator structure 100 comprises a piezoelec-
tric layer 103 disposed over a substrate (not shown in FIG. 
1A). In accordance with representative embodiments, the 
piezoelectric layer 103 comprises one of lithium niobate 
(LiNbO3), which is commonly abbreviated LN; or lithium 
tantalate (LiTaO3), which is commonly abbreviated LT. 

The SAW resonator structure 100 comprises an active 
region 101, which comprises a plurality of interdigitated 
electrodes 102 disposed over a piezoelectric layer 103, with 
acoustic reflectors 104 situated on either end of the active 
region 101. In the presently described representative 
embodiment, electrical connections are made to the SAW 
resonator structure 100 using the busbar structures 105. 

As is known, the pitch of the resonator electrodes deter-
mines the resonance conditions, and therefore the operating 
frequency of the SAW resonator structure 100. Specifically, 
the interdigitated electrodes are arranged with a certain pitch 
between them, and a surface wave is excited most strongly 
when its wavelength 1. is the same as the pitch of the 
electrodes. The equation f0=v/1. describes the relation 
between the resonance frequency (f0), which is generally the 
operating frequency of the SAW resonator structure 100, and 
the propagation velocity (v) of a surface wave. These SAW 
waves comprise Rayleigh or Leaky waves, as is known to 
one of ordinary skill in the art, and form the basis of function 
of the SAW resonator structure 100. 

Generally, there is a desired fundamental mode, which is 
typically a Leaky mode, for the SAW resonator structure 
100. By way of example, if the piezoelectric layer 103 is a 
42° rotated LT, the shear horizontal mode, having a dis-
placement in the plane of the interdigitated electrodes 102 
(the x-y plane of the coordinate system of FIG. 1A). The 
displacement of this fundamental mode is substantially 
restricted to near the upper surface (first surface 110 as 
depicted in FIG. 1C) of the piezoelectric layer 103. It is 
emphasized that the 42° rotated LT piezoelectric layer 103, 
and the shear horizontal mode are merely illustrative of the 
piezoelectric layer 103 and desired fundamental mode, and 
other materials and desired fundamental modes are contem-
plated. 

However, other undesired modes, which are often referred 
to as spurious modes, are established. Turning to FIG. 1B, a 

graph of admittance versus frequency is depicted for the 
illustrative 42° rotated LT piezoelectric layer 103. The 
desired fundamental mode, the shear horizontal mode 106, 
is substantially restricted to the upper surface of the piezo-

5 electric layer 103, and has a frequency at series resonance 
(Fr). However, a number spurious modes 107, having fre-
quencies greater than the frequency at parallel resonance 
(Fr), can exist in the piezoelectric layer 103. As described 
more fully below, these spurious modes 107 are created by 

10 acoustic waves generated in the piezoelectric layer 103 that 
establish standing waves of various kinds of modes (with 
different modal shapes and frequencies). More specifically, 
some of these spurious modes 107 may be created by 
reflections at the interface of the piezoelectric layer 103 and 

15 the substrate (see FIG. 1C) of the SAW resonator structure 
100. Moreover, bulk modes may be generated in the piezo-
electric layer, which may be reflected back into the piezo-
electric layer 103. These bulk modes are also spurious, and 
further reduce the performance of the SAW resonator. 

20 The spurious modes can deleteriously impact the perfor-
mance of SAW resonators, and devices (e.g., filters) that 
include SAW resonators, if not mitigated. Most notably, if a 
first filter is comprised of one or more SAW resonators, and 
is connected to a second filter having a passband that 

25 overlaps the frequency of the spurious modes, a sharp 
reduction in the quality (Q) of the second filter passband will 
occur. The spurious modes are observed on a so-called 
Q-circle (sometimes referred to as an S-circle) of a Smith 
Chart of the S parameter. These sharp reductions in Q-fac-

30 tor are known as "rattles," and are strongest in the southeast 
quadrant of the Q-circle. Beneficially, significant mitigation 
of the adverse impact of these spurious modes is realized by 
the various aspects of the present teachings as described 
below. 

35 FIG. 1C is a cross-sectional view of the SAW resonator 
structure 100 depicted in FIG. lAalong the lines iC-iC. The 
SAW resonator structure 100 comprises a substrate 108 
disposed beneath the piezoelectric layer 103, and an acoustic 
wave suppression layer 109 disposed between the substrate 

40 108 and the piezoelectric layer 103. 
As noted above, the piezoelectric layer 103 illustratively 

comprises one of LN or LT. Generally, in the representative 
embodiments described below, the piezoelectric layer 103 is 
a wafer that is previously fabricated, and that is adhered to 

45 the acoustic wave suppression layer 109 by atomic bonding 
as described more fully below. 

The materials selected for the piezoelectric layer 103 can 
be divided into two types: one which has been used for a 
long time and with a high degree of freedom in design is 

50 used for Rayleigh wave substrates; the other, with less 
freedom and limited in design, is for Leaky wave substrates 
with low loss characteristics and easily reaches the higher 
frequencies by high acoustic velocity, and are mainly used 
for mobile communications. LN and LT materials are often 

55 used for broadband filters, and according to the filter speci-
fications the manufacturing materials and cutting angles 
differ. Filters for applications that require comparatively low 
loss mainly generally require Leaky wave materials, while 
Rayleigh wave materials are predominately used for com-

60 munication equipment that requires low ripple and low 
group delay characteristics. Among Rayleigh wave materi-
als, ST-cut crystal has the best temperature characteristics as 
a piezoelectric material. 

In accordance with a representative embodiment, the 
65 substrate 108 comprises crystalline silicon, which may be 

polycrystalline or monocrystalline, having thickness of 
approximately 100.0 im to approximately 800.0 tim. As will 
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become clearer as the present description continues, the 
material selected for use as the substrate 108, among other 
considerations, is selected for ease of micromachining, using 
one or more of a variety of known techniques. Accordingly, 
other polycrystalline or monocrystalline materials besides 
silicon are contemplated for use as the substrate 108 of the 
SAW resonator structure 100. By way of example, these 
materials include, but are not limited to, glass, single crystal 
aluminum oxide (A120 3) (sometimes referred to as "sap-
phire"), and polycrystalline A120 3, to name a few. In certain 
representative embodiments, in order to improve the perfor-
mance of a filter comprising SAW resonator structure(s) 
100, the substrate 108 may comprise a comparatively high-
resistivity material. Illustratively, the substrate 108 may 
comprise single crystal silicon that is doped to a compara-
tively high resistivity. 

The acoustic wave suppression layer 109 is selected so 
that longitudinal modes, or shear modes, or both, traversing 
the layer have a velocity that is less than their respective 
velocities in either the piezoelectric layer 103, or in the 
substrate 108. Moreover, the acoustic wave suppression 
layer 109 comprises a material amenable to polishing to a 
high degree of smoothness, as described in U.S. patent 
application Ser. No. 14/835,679 and in U.S. patent applica-
tion Ser. No. 15/009,801. 

In accordance with certain representative embodiments, 
acoustic wave suppression layer 109 comprises carbon 
doped silicon oxide (CDO), for example CD026 and 
CDO4O. Here, for illustrative purposes CD026 designates a 
material layer where a CDO material is deposited onto 
substrate 108 (e.g., Si) at a pressure of 2.6 ton, and CDO4O 
designates a material layer where a CDO material is depos-
ited onto substrate 108 at a pressure of 4.0 torr. Of course 
other deposition conditions are possible leading to CDO 
materials with slightly different acoustic characteristics. In 
other embodiments, other materials may be employed for 
acoustic wave suppression layer 109. 

U.S. Pat. No. 8,390,397, issued to Jamneala et al. on Mar. 
5, 2013, and U.S. Pat. No. 8,587,391 to Gilbert et al., both 
of which incorporated herein by reference, describe some 
details regarding methods of producing devices which 
include SiLKTM and CDO material layers. 

Table 1 below lists some estimated characteristics for 
some materials which may be employed in various embodi-
ments of SAW resonator structure 100. 

TABLE 1 

Material Layer Density 
VL VS 

(mis) (mis) 
ZL 

(MR) 
ZS 

(MR) 

LiTaO3 Piezo-electric 7.45 6085 3568 45.3 26.6 
42deg LiTaO3 Piezo-electric 7.45 5885 3393 43.8 25.3 
LiNbO3 Piezo-electric 4.63 6940 3600 32.1 16.7 
Si Substrate 2.33 8437 5820 19.7 13.6 
Sapphire Substrate 3.98 10658 5796 42.4 23.1 
CD040 Absorbing Layer 1.16 2334 1459 2.7 1.7 
CD026 Absorbing Layer 1.43 3737 2336 5.3 3.3 

In Table 1, VL designates a longitudinal velocity of an 
acoustic wave in the material, VS designates a shear velocity 
of an acoustic wave in the material, ZL designates a longi-
tudinal impedance of the material, and ZS designates a shear 
impedance of the material. The values of acoustic imped-
ances ZL and ZS are provided in mega-Rayls (MR). As can 
be seen in Table 1, the shear velocities of CD026 and CDO 
40 are all less than the shear velocities of silicon, sapphire, 
LiTaO3, 42 degree LiTaO3, and LiNbO3. 

6 
In beneficial embodiments, acoustic wave suppression 

layer 109 may have a shear velocity (VS) greater than about 
1.5 km/s and a shear impedance (ZS) greater than about 1.7 
MR. 

5 The piezoelectric layer 103 has a first surface 110, and a 
second surface 111, which opposes the first surface 110. 
Similarly, the acoustic wave suppression layer 109 has a first 
surface 112 and a second surface 113. As depicted in FIG. 
1C, the first surface 112 of the acoustic wave suppression 

10 layer 109 is atomically bonded to the second surface 111 of 
the piezoelectric layer 103, as described more fully below. 

Certain known structures do not have the acoustic wave 
suppression layer 109, but rather have a layer of material in 
which the shear velocity of an acoustic wave is greater than 

15 its velocity inpiezoelectric layer 103 (e.g., 15%-25% greater 
shear velocity than LT or LN). As a result, a bulk wave 
originating from the first surface 110 of the piezoelectric 
layer 103 is substantially completely reflected back at the 
second surface 111 (interface of the piezoelectric layer and 

20 the other material) for a range of frequencies above the onset 
of spurious rattles. For illustrative purposes, that range of 
frequencies may be approximately 100 MHz. Notably, the 
bulk waves coming from the first surface 110 propagate at an
angle (relative to the x-y plane in the coordinate system 

25 depicted in FIG. 1C). By way of example, these bulk waves 
are incident on the x-y plane of the first and second surfaces 
110, 111, at an angle in the range of approximately 0 degrees 
to approximately 75 degrees measured relative to the y-axis 
of the x-y plane in the depicted coordinate system. The 

30 propagation angle of the bulk wave is determined by the 
fixed pitch of the interdigitated electrodes 102, by the 
varying frequency of the electrical signal applied to the 
interdigitated electrodes 102 (also called driving frequency), 
and by the elastic properties and the cut of the piezoelectric 

35 layer 103. For a driving frequency smaller than or approxi-
mately equal to the series resonance frequency Fs that 
propagation angle is 0 degrees relative to the x axis in the x-y 
plane of FIG. 1C, indicating that the acoustic wave is 
confined to the first surface 110 (i.e., air/piezoelectric layer 

40 interface), and that the acoustic wave is a surface acoustic 
wave (i.e., not a bulk acoustic wave). However, as the 
driving frequency increases, the acoustic wave loses con-
finement to the first surface 110 (i. e., the air/piezoelectric 
interface) and starts propagating as a bulk wave inside the 

45 piezoelectric layer 103. Once the bulk wave reaches the 
interface between the piezoelectric layer 103 and the acous-
tic wave suppression layer 109, the bulk wave can either be 
totally or partially reflected from that interface. Notably, if 
the propagation angle is within a certain range, for example 

50 between 0 degrees and 75 degrees relative to the x axis in the 
x-y plane of FIG. 1C, and the shear velocity of an acoustic 
wave in the acoustic wave suppression layer 109 is higher 
than the shear velocity of an acoustic wave in the piezo-
electric layer 103, then total internal reflection of the mci-

55 dent acoustic wave occurs, and the acoustic wave will be 
substantially fully reflected back towards the first surface 
110 of the SAW resonator structure 100. Notably, the angles 
of incidence are more generally a visualization tool. This is 
because there are at least two partial waves in the piezo-

60 electric layer 103 at this frequency range and only one of 
these waves is propagating (so it has a well-defined propa-
gation angle), while the other one is an evanescent wave. 

However, as the driving frequency increases, the propa-
gation angle of the bulk acoustic wave steepens (above 

65 approximately 75 degrees), and eventually the acoustic 
wave may start propagating into the acoustic wave suppres-
sion layer 109. This may result in frequency-dependent 
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suppression of rattles from spurious modes 107. As such, for 
driving frequencies above and relatively close to the series 
resonance frequency F, the rattles from spurious modes 107 
may not be significantly suppressed by the plurality of 
features 116 as described below, while for driving frequen-
cies significantly greater than F, the rattles from spurious 
modes 107 may be beneficially suppressed by the plurality 
of features 116. By way of example, the first six rattles 
caused by spurious modes 107 shown in FIG. lB in the 
frequency range from approximately 810 MHz to approxi-
mately 910 MHz may not be suppressed or only weakly 
suppressed, but the seventh rattle at the frequency of 
approximately 930 MHz may be significantly suppressed by 
the plurality of features 116 described below. 

By contrast, acoustic wave suppression layer 109 is made 
of CDO. Beneficially, the shear velocity of an acoustic wave 
in CDO is lower than in either LT or LN, and so the acoustic 
energy can penetrate through the acoustic wave suppression 
layer 109, and to the features 116 located at the second 
surface 113 at any driving frequency. To this end, and as 
should be appreciated by one skilled in the art, if the shear 
velocity of an acoustic wave in the acoustic wave suppres-
sion layer 109 is smaller than the shear velocity of an 
acoustic wave in the piezoelectric layer 103, then the total 
internal reflection phenomenon does not occur for any 
driving frequency. In other words, in such case the acoustic 
wave will be partially transmitted through the interface 
between the piezoelectric layer 103 and the acoustic wave 
suppression layer 109, and will interact with the plurality of 
features 116 underneath the acoustic wave suppression layer 
109 to beneficially suppress the rattles caused by spurious 
modes 107 as described below. In addition, being compara-
tively thin (300 A to one third of a wavelength of the 
resonance mode of the SAW resonator structure 100 (X/3)), 
the acoustic wave suppression layer 109 will introduce only 
minimal absorption to the acoustic waves therein. As such, 
reduction of the Q-factor of the SAW resonator structure 100 
from absorption of acoustic energy in the acoustic wave 
suppression layer 109 in the passband frequency range is 
acceptable. Finally, the CDO acoustic wave suppression 
layer 109 provides a suitable good planarization material to 
help the atomic bonding process. As a result, with CDO 
acoustic wave suppression layer 109 (and planarization 
layer) over the features 116 benefits rattle suppression, while 
at the same time providing suitable bonding. 

The substrate 108 has a first surface 114 and a second 
surface 115 opposing the first surface 114. The first surface 
114 has a plurality of features 116 there-across. As noted 
above, undesired spurious modes are launched in the piezo-
electric layer 103, and propagate down to the first surface 
114. As described more fully below in connection with 
portion 117 in FIG. 1D, the plurality of features 116 reflect 
undesired spurious modes at various angles and over various 
distances to destructively interfere with the undesired spu-
rious waves in the piezoelectric layer 103, and possibly 
enable a portion of acoustic energy confined in these waves 
to be beneficially converted into the desired electrical signal. 
Again as described more fully below, the reflections pro-
vided by the plurality of features 116 foster a reduction in the 
degree of spurious modes (i.e., standing waves), which are 
created by the reflection of acoustic waves at the interface of 
the second surface 111 of the piezoelectric layer 103 and the 
first surface 112 of acoustic wave suppression layer 109. 
Ultimately, the reflections provided by the plurality of 
features 116 serve to improve the performance of devices 
(e.g., filters) that comprise a plurality of SAW resonator 
structures 100. 

8 
As noted above, and as described more fully below in 

connection with the description of portion 118 in FIG. iF, 
the first surface 112 of acoustic wave suppression layer 109 
is polished, such as by chemical-mechanical polishing in 

5 order to obtain a "mirror" like finish with a comparatively 
low root-mean-square (RMS) variation of height. This low 
RMS variation of height significantly improves the contact 
area between the first surface 112 of the acoustic wave 
suppression layer 109 and the second surface 111 of the 

10 piezoelectric layer 103 to improve the atomic bonding 
between the first surface 112 and the second surface 111. As 
is known, the bond strength realized by atomic bonding is 
directly proportional to the contact area between two sur-
faces. As such, improving the flatness/smoothness of the first 

15 surface 112 fosters an increase in the contact area, thereby 
improving the bond of the acoustic wave suppression layer 
109 to the piezoelectric layer 103. As used herein, the term 
atomically smooth means sufficiently smooth to provide 
sufficient contact area to provide a sufficiently strong bond 

20 strength between the acoustic wave suppression layer 109 
and the piezoelectric layer 103, at the interface of their first 
and second surfaces 112, 111, respectively. 

FIG. 1D is a cross-sectional view of a portion 117 SAW 
resonator structure 100 according to a representative 

25 embodiment. Portion 117 is depicted in FIG. 1D in magni-
fied view to illustrate various aspects and functions of the 
plurality of features 116 of substrate 108 along the interface 
of the first surface 114 of the substrate 108 and the second 
surface 113 of the acoustic wave suppression layer 109. 

30 The shape, dimensions and spacing of the features 116 
depends on their method of fabrication. For example, using 
a known etching technique, the plurality of features 116 are 
formed in the substrate 108, and may have a generally 
pyramidal shape 120, with sides 121. Notably, some of the 

35 plurality of features 116 may have comparatively "flat" tops 
122. The features 116 also have a height 123 that may be 
substantially the same across the width of the interface 
between the substrate 108 and the acoustic wave suppression 
layer 109. Moreover, the width (x-dimension in the coordi-

40 nate system of FIG. 1C) of the features 116 may be the same, 
or may be different. Generally, however, the width of the 
features is on the order of the desired fundamental mode of 
the SAW resonator structure 100. 

Alternatively, and again depending on the method of 
45 fabrication, the height 123 of the features 116 may not be the 

same. Rather, by selecting the height 123 of the features to 
be different, a reduction in the incidence of more than one 
of the spurious modes can be realized. 

The representative method described presently for form-
50 ing features 116 are merely illustrative. Alternative methods, 

and thus alternative sizes and shapes of the features 116 are 
contemplated, and some are described below. Notably, 
regardless of the method used for their fabrication, the 
plurality of features 116 is beneficially not arranged in a 

55 repetitive pattern, and thus is non-periodic. Rather, the 
plurality of features 116 are typically randomly located on 
the substrate 108, in order to avoid establishing conditions 
that would support standing waves (i.e., resonance condi-
tions) in the piezoelectric layer 103, and thereby reduce the 

60 incidence of spurious modes in the piezoelectric layer 103. 
The substrate 108 is illustratively single-crystal silicon, or 

other material having crystalline properties. The present 
teachings make use of the etching properties of the substrate 
108 to realize the various characteristics of the features 116. 

65 In one representative embodiment, the features 116 are 
formed by etching the substrate 108 along crystalline planes. 
In this case, the features 116 having pyramidal shapes 120 
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and sides 121 that are on a "slant" foster reflections at 
off-angles relative to the incident direction of the acoustic 
waves 124. 

Turning again to FIG. 1C, acoustic waves 124 are trans-
mitted downwardly from the piezoelectric layer 103, having 
been generated by the SAW resonator structure 100, and 
travel through the acoustic wave suppression layer 109. The 
acoustic waves 124 are incident on one or more of the 
plurality of features 116, and are reflected therefrom. 

As noted above in connection with the description of FIG. 
1B, there are multiple spurious modes, each corresponding 
to a bulk acoustic wave having a different frequency and 
wavelength. In accordance with a representative embodi-
ment, the height 123 of the features 116 off the substrate 108 
is approximately one-fourth (¼)X of one or more of the 
spurious modes. Selecting the height 123 of the features to 
be approximately one-fourth (¼)X of a particular spurious 
mode alters the phase of the reflected waves, and results in 
destructive interference by the reflected waves, and substan-
tially prevents the establishment of standing waves, and thus 
spurious modes. 

In some embodiments, the height 123 of the features 116 
is substantially the same, and the height 123 is selected to be 
approximately one-fourth (¼)X of one (e.g., a predominant) 
of the spurious modes. In other embodiments, the height 123 
of the features 116 is not the same, but rather each different 
height is selected to be approximately equal to one-fourth 
(¼)X of one of the multiple spurious modes (e.g., the 
spurious modes 107 depicted in FIG. 1B). By selecting this 
one height or multiple heights, the phase of the reflected 
waves is altered, and results in destructive interference by 
the reflected waves, thereby substantially preventing the 
establishment of standing waves of multiple frequencies, 
thus preventing the establishment of multiple spurious 
modes. 

By way of example, if the spurious modes have a fre-
quency of 700 MHz, the wavelength X is approximately 6.0 
tim. As such, the height 123 would be approximately 1.5 tim. 
By contrast, if the spurious modes have a frequency of 4200 
MHz, the 1. is approximately 1.0 tm. In this example, the 
height 123 would be approximately 0.25 tim. More gener-
ally, the height 123 is in the range of less than approximately 
0.25 im (e.g., 0.1 tim) to greater than approximately 1.5 im 
(e.g., 2.5 tm). As will be appreciated, the range for the 
height depends on the frequency of the fundamental mode. 

The non-periodic orientation of the plurality of features 
116, the generally, angled surfaces (e.g., side 121) provided 
by the plurality of features 116, and providing the height 123 
of the features 116 to be in the noted range relative to the 
wavelength of the propagating spurious modes combine to 
alter the phase of the acoustic waves 124 incident on the 
various features. Beneficially, these factors in combination 
result in comparatively diffuse reflection of the acoustic 
wave back through the acoustic wave suppression layer 109 
and into the piezoelectric layer 103. This comparatively 
diffuse reflection of the acoustic waves from the features 116 
will generally not foster constructive interference, and the 
establishment of resonance conditions. Accordingly, the 
plurality of features 116 generally prevent the above-noted 
parasitic acoustic standing waves (i.e., spurious modes) 
from being established from the acoustic waves 124 gener-
ated in the piezoelectric layer 103, which travel down and 
into the substrate 108. 

One measure of the impact of the parasitic spurious 
modes on the performance of a device (e.g., filter) compris-
ing a SAW resonator is the quality (Q) factor. For example, 
the parasitic spurious modes couple at the interfaces of the 

10 
piezoelectric layer 103 and remove energy available for the 
desired SAW modes and thereby reduce the Q-factor of the 
resonator device. As is known, the Q-circle of a Smith Chart 
has a value of unity along its circumference. The degree of 

5 energy loss (and therefore reduction in Q) is depicted with 
the reduction of the parameter off the unit circle. Nota-
bly, as a result of parasitic spurious modes and other acoustic 
losses, sharp reductions in Q of known devices can be 
observed on a so-called Q-circle of a Smith Chart of the 

10 parameter. These sharp reductions in Q-factor are known as 
"rattles," and are strongest in the southeast quadrant of the 
Q-circle. Beneficially, because of the diffuse reflections, and 
attendant phase mismatch of the reflected acoustic waves 
124 realized by the plurality of features 116, compared to 

15 such known devices, a filter comprising SAW resonator 
structure 100 of representative embodiments of the present 
teachings, show lesser magnitudes of the "rattles," and a 
somewhat "spreading" of the reduced "rattles" is experi-
enced. 

20 As noted above, the plurality of features 116 may be 
formed by etching the substrate 108 to reveal crystalline 
planes, which thereby form the pyramidal shapes 120. In one 
embodiment, the substrate is substantially monocrystalline 
silicon that is selectively etched to reveal well defined 

25 crystalline planes with precise orientations. By way of 
example, selective masking of the substrate 108 having 
major surfaces lying in the (110) crystalline plane is initially 
carried. Illustratively, an etch resistant mask of 5i02 is 
patterned using a buffered HF, and etching is effected by the 

30 use of an anisotropic etchant such as KOH. As is known, the 
depth of the etch is directly proportional to the width of the 
etch in this self-limiting process. This particular orientation 
of substrate will allow for etching to reveal sides 121 in a 
certain (e.g., (111)) family of planes. 

35 In one representative method, the etch mask is patterned 
to provide "dots" in rather random locations over the first 
surface 114 of the substrate 108. After etching, these "dots" 
are removed, and show the flat tops 122 of certain ones of 
the plurality of features 116. The spacing of the "dots" and 

40 the duration of the etch, to the self-limiting end, determines 
the depth of each etch, and therefore, the height 123 of the 
resultant features 116. 

Again, the use of monocrystalline silicon for the substrate 
108 is merely illustrative, and other materials can be pro-

45 cessed to provide the plurality of features 116 described 
above. 

In other representative embodiments, the plurality of 
features 116 have random spacing, or random orientation, or 
random heights, or a combination thereof. As can be appre-

50 ciated, such random spacings, orientations and heights, 
alone or in combination can foster comparatively diffuse 
reflection of the acoustic waves 124 incident thereon. This 
diffuse reflection, in turn, alters the phase of the acoustic 
waves, and serves to reduce the propensity of standing 

55 waves (and thus spurious modes) from being established. 
The random spacing, orientation, and heights of the 

plurality of features can be effected by a number of methods. 
For example, the plurality of features 116 may be provided 
by simply using an unpolished wafer for the substrate 108. 

60 Alternatively, the second surface 115 of the substrate 108 
could be rough polished by CMP, for example. While the 
plurality of features 116 of such an embodiment would 
likely not have the height relative to the wavelength of the 
spurious modes, the random nature of such an unpolished 

65 surface would likely provide a useful degree of diffusive 
reflection to avoid the establishment of a resonant condition 
for the spurious modes. 
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FIG. 1E is a cross-sectional view of a portion of a SAW 
resonator structure according to a representative embodi-
ment. Many aspects and details of the various features and 
their methods of fabrication described in connection with the 
representative embodiments of FIG. 1E are common to 5 

those described above in connection with the representative 
embodiments of FIGS. lA-iD. Such common aspects and 
details are often not repeated in order to avoid obscuring the 
description of the present representative embodiments. 

Notably, the portion depicted in FIG. 1E is somewhat 10 

similar to portion 117 depicted in FIG. 1D, however differs 
in the depth of the polishing step used to provide first surface 
112. Specifically, rather than terminating the polishing of the 
acoustic wave suppression layer 109 at a height significantly 
above the features 116, the polishing step continues and in 15 

places reveals the features 116. This polishing step thus 
provides, in places, comparatively "flat" tops 122. By con-
trast, in other places, the features 116 are not altered by the 
polishing. 

Like the plurality of features 116 depicted in FIG. 1D, the 20 

features 116 are of the representative embodiments of FIG. 
1E are formed by etching the substrate 108 along crystalline 
planes. In this case, the features 116 having pyramidal 
shapes 120 and sides 121 that are on a "slant" foster 
reflections at off-angles relative to the incident direction of 25 

the acoustic waves 124. Similarly, like the plurality of 
features 116 of FIG. 1D, the height 123 of the plurality of 
features 116 of the representative embodiments of FIG. 1E 
is approximately one-fourth (¼)X of the one or more of the 
spurious modes. Selecting the height 123 of the features to 30 

be approximately one-fourth (¼)X of a particular spurious 
mode alters the phase of the reflected waves, and results in 
destructive interference by the reflected waves, and substan-
tially prevents the establishment of standing waves, and thus 
spurious modes. 35 

In some embodiments, the height 123 of the features 116 
is substantially the same, and thus the height 123 is selected 
to be approximately one-fourth (¼)X of one (e.g., a pre-
dominant) spurious modes. In other embodiments, the 
height 123 of the features 116 is not the same, but rather each 40 

different height is selected to be approximately equal to 
one-fourth (¼)X of one of the multiple spurious modes (e.g., 
one of the spurious modes 107 depicted in FIG. 1B). By 
selecting such multiple heights, the phase of the reflected 
waves is altered, and results in destructive interference by 45 

the reflected waves, thereby substantially preventing the 
establishment of standing waves of multiple frequencies, 
thus preventing the establishment of multiple spurious 
modes. 

In other representative embodiments, the plurality of 50 

features 116 have random spacing, or random orientation, or 
random heights, or a combination thereof. As can be appre-
ciated, such random spacings, orientations and heights, 
alone or in combination can foster comparatively diffuse 
reflection of the acoustic waves 124 incident thereon. This 55 

diffuse reflection, in turn, alters the phase of the acoustic 
waves, and serves to reduce the propensity of standing 
waves (and thus spurious modes) from being established. 

The random spacing, orientation, and heights of the 
plurality of features can be effected by a number of methods. 60 

For example, the plurality of features 116 may be provided 
by simply using an unpolished wafer for the substrate 108. 
Alternatively, the second surface 115 of the substrate 108 
could be rough polished by CMP, for example. While the 
plurality of features 116 of such an embodiment would 65 

likely not have the height relative to the wavelength of the 
spurious modes, the random nature of such an unpolished 

12 
surface would likely provide a useful degree of diffusive 
reflection to avoid the establishment of a resonant condition 
for the spurious modes. 

FIG. iF is a cross-sectional view of a portion 118 SAW 
resonator structure 100 according to a representative 
embodiment. Portion 118 is depicted in FIG. iF in magnified 
view to illustrate various aspects and functions of the 
acoustic wave suppression layer 109 along the interface of 
the acoustic wave suppression layer 109 and the piezoelec-
tric layer 103. 

Unfortunately, at the atomic level the surface of such 
deposited films are atomically very rough. However, by 
polishing the CDO surface, an atomically smooth surface is 
provided. The surface of the acoustic wave suppression layer 
109 is first planarized by polishing with a slurry, using a 
known CMP method. The remaining CDO can then be 
polished using a more refined slurry. Alternatively, a single 
more refined slurry can be used for both polishing steps if 
the additional polishing time is not objectionable. As noted 
above, the goal is to create a "mirror" like finish that is 
atomically smooth in order to foster strong atomic bonding 
between the acoustic wave suppression layer 109 and the 
piezoelectric layer 103, at the interface of their first and 
second surfaces 112, 111 respectively. 

FIG. iF depicts four "humps" 125 in the layer after the 
completion of the cleaning of the wafer described above. 
The "humps" depict variation in the first surface 112. The 
first hump has a first height, H1, the second hump has a 
second height, H2, the third hump has a third height, H3, and 
the fourth hump has a fourth height, H4. For the purposes of 
illustration, only four humps are shown. The root mean 
squared (RMS) variation in the height of the first surface 112 
of the acoustic wave suppression layer 109 comprised of the 
four humps is in a range that provides an atomically smooth 
surface. As noted above, the term atomically smooth herein 
means sufficiently smooth to provide sufficient contact area 
to provide a sufficiently large bond strength between the 
acoustic wave suppression layer 109 and the piezoelectric 
layer 103, at the interface of their first and second surfaces 
112, 111, respectively. Such an atomically smooth surface 
can be realized by providing the first surface 112 of acoustic 
wave suppression layer 109 having an RMS variation in 
height in the range of approximately 0.1 A to approximately 
10.0 A; although beneficially, the RMS variation in height is 
less than approximately 5.0 A. 

As noted above, the forming of an atomically smooth first 
surface 112 provides an increased contact area at the inter-
face of the first and second surfaces 112, 111, respectively, 
of the acoustic wave suppression layer 109 and the piezo-
electric layer 103. This increased contact area, in turn, 
fosters a comparatively strong atomic bond between the 
acoustic wave suppression layer 109 and the piezoelectric 
layer 103. Among other benefits, the strong atomic bond 
between the acoustic wave suppression layer 109 and the 
piezoelectric layer 103 reduces separation or delamination 
of the acoustic wave suppression layer 109 and the piezo-
electric layer 103, thereby increasing the reliability of 
devices comprising the SAW resonator structure 100 over 
time. 

FIG. 2 is a cross-sectional view of the SAW resonator 
structure 200 in accordance with another representative 
embodiment. Many aspects and details of the SAW resona-
tor structure 200 are common to the SAW resonator structure 
100 described above in connection with the representative 
embodiments of FIGS. lA-iF. These common aspects and 
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details are often not repeated in order to avoid obscuring the 
description of the presently described representative 
embodiments. 

The SAW resonator structure 200 comprises a substrate 
208 disposed beneath the piezoelectric layer 203, an acous-
tic wave suppression layer 209 is disposed over the substrate 
208, and a silicon layer 230 is disposed between the acoustic 
wave suppression layer 209 and the piezoelectric layer 203. 

As noted above, the piezoelectric layer 203 illustratively 
comprises one of LN or LT. Generally, in the representative 
embodiments described below, the piezoelectric layer 203 is 
a wafer that is previously fabricated. 

The materials selected for the piezoelectric layer 203 can 
be divided into two types: one which has been used for a 
long time and with a high degree of freedom in design is 
used for Rayleigh wave substrates; the other, with less 
freedom and limited in design, is for Leaky wave substrates 
with low loss characteristics and easily reaches the higher 
frequencies by high acoustic velocity, and are mainly used 
for mobile communications. LN and LT materials are often 
used for broadband filters, and according to the filter speci-
fications the manufacturing materials and cutting angles 
differ. Filters for applications that require comparatively low 
loss mainly generally require Leaky wave materials, while 
Rayleigh wave materials are predominately used for com-
munication equipment that requires low ripple and low 
group delay characteristics. Among Rayleigh wave materi-
als, ST-cut crystal has the best temperature characteristics as 
a piezoelectric material. 

In accordance with a representative embodiment, the 
substrate 208 comprises crystalline silicon, which may be 
polycrystalline or monocrystalline, having thickness of 
approximately 100.0 im to approximately 800.0 tim. As will 
become clearer as the present description continues, the 
material selected for use as the substrate 208, among other 
considerations, is selected for ease of micromaching, using 
one or more of a variety of known techniques. Accordingly, 
other polycrystalline or monocrystalline materials besides 
silicon are contemplated for use as the substrate 208 of the 
SAW resonator structure 200. By way of example, these 
materials include, but are not limited to, glass, single crystal 
aluminum oxide (A120 3) (sometimes referred to as "sap-
phire"), and polycrystalline A120 3, to name a few. In certain 
representative embodiments, in order to improve the perfor-
mance of a filter comprising SAW resonator structure(s) 
200, the substrate 208 may comprise a comparatively high-
resistivity material. Illustratively, the substrate 208 may 
comprise single crystal silicon that is doped to a compara-
tively high resistivity. 

The acoustic wave suppression layer 209 comprises a 
material selected so that longitudinal modes, or shear modes, 
or both, traversing the acoustic wave suppression layer 209 
have a shear velocity that is less than the velocity of the 
shear mode in the substrate 208, or the shear velocity of the 
shear mode in the piezoelectric layer 203, or the shear 
velocity of the shear mode in the shear mode in silicon layer 
230. Moreover, the acoustic wave suppression layer 209 
comprises a material amenable to polishing to a high degree 
of smoothness, as described in U.S. patent application Ser. 
No. 14/835,679 and in U.S. patent application Ser. No. 
15/009,801. 

In certain embodiments, the acoustic wave suppression 
layer 209 comprises carbon doped silicon oxide (CDO), for 
example CD026 and CDO4O as described above. Again, 
other deposition conditions are possible leading to CDO 
materials with slightly different acoustic characteristics. In 

14 
other embodiments, other materials may be employed for 
acoustic wave suppression layer 209. 

The acoustic wave suppression layer 209 is deposited by 
a known method, such as chemical vapor deposition (CVD) 

5 or plasma enhanced chemical vapor deposition (PECVD), or 
may be thermally grown. As described more fully below, the 
acoustic wave suppression layer 209 is polished to a thick-
ness in the range of approximately 0.05 im to approximately 
6.0 tim. 

10 The silicon layer 230 is illustratively polycrystalline sili-
con (poly-Si) and is deposited using a known method, such 
as plasma-enhanced chemical vapor deposition (PECVD) or 
similar method. After deposition is complete, a cleaning 

15 
step, such as a known sputtering step, is carried out to 
remove any oxide or debris from the first surface 231 of the 
silicon layer 230. This cleaning step fosters bonding of the 
first surface to the piezoelectric layer 203. This bonding 
provides good adhesion between the silicon layer 230 and 

20 the piezoelectric layer 203. 
Illustratively, the silicon layer 230 has a thickness in range 

of approximately 100 A to approximately one-third of the 
wavelength (X/3) of a SAW wave, where the wavelength is 
defined by the pitch of the interdigitated electrodes 202 

25 (IDT) and the velocity of sound in the medium (L=v,/ 
2*pitch). Generally, the thickness of the silicon layer 230 is 
selected to be thick enough so that it is atomically smooth 
and continuous, and not too thick that the desired scattering 
of spurious modes from the features 216 does not occur. To 

30 this end, if the silicon layer 230 is too thin, unevenness 
across the thickness can result in relative peaks and valleys 
across the first surface 231 and incomplete coverage of the 
underlying layer. These peaks and valleys deleteriously 
reduce the area of contact between the first surface 231 and 
the second surface 211 of the piezoelectric layer 203. By 
contrast, if the silicon layer 230 is too thick, the silicon layer 
230 is like a substrate without features 216, allowing unde-
sired spurious modes to propagate without incoherent reflec-

40 tion as is realized by the structure of the present teachings. 
The piezoelectric layer 203 has a first surface 210, and a 

second surface 211, which opposes the first surface 210. The 
acoustic wave suppression layer 209 has a first surface 212 
and a second surface 213, and the silicon layer 230 has a first 

45 surface 231 and a second surface 232. As depicted in FIG. 
2, the first surface 231 of the silicon layer 230 is atomically 
bonded to the second surface 211 of the piezoelectric layer 
203, as described more fully below. 

The substrate 208 has a first surface 214 and a second 
50 surface 215 opposing the first surface 214. The first surface 

214 has a plurality of features 216 there-across. As noted 
above, undesired spurious modes are launched in the piezo-
electric layer 203, and propagate down to the first surface 
214. As described more fully above and in above-incorpo-

55 rated U.S. patent application Ser. No. 15/009,801, the plu-
rality of features 216 reflect undesired spurious modes at 
various angles and over various distances to destructively 
interfere with the undesired spurious waves in the piezo-
electric layer 203, and possibly enable a portion of these 

60 waves to be beneficially converted into a desired electrical 
signal. Again as described more fully below, the reflections 
provided by the plurality of features 216 foster a reduction 
in the degree of spurious modes (i.e., standing waves), 
which are created by the reflection of acoustic waves at the 

65 interface of the second surface 211 of the piezoelectric layer 
203 and the first surface 212 of the acoustic wave suppres-
sion layer 209. Ultimately, the reflections provided by the 
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plurality of features 216 serve to improve the performance 
of devices (e.g., filters) that comprise a plurality of SAW 
resonator structures 200. 

As noted above, and as described in above-incorporated 
U.S. patent application Ser. No. 15/009,801, in accordance 
with a representative embodiment, the first (upper) surface 
231 of silicon layer 230 is polished, such as by chemical-
mechanical polishing in order to obtain a "mirror" like finish 
with a comparatively low root-mean-square (RMS) varia-
tion of height. This low RMS variation of height signifi-
cantly improves the contact area between the first surface 
231 of the silicon layer 230 and the second surface 211 of the 
piezoelectric layer 203. Accordingly, providing a low RMS 
variation in height improves the atomic bonding between the 
first surface 231 and the second surface 211. As is known, 
the bond strength realized by atomic bonding is directly 
proportional to the contact area between two surfaces. As 
such, improving the flatness/smoothness of the first surface 
231 fosters an increase in the contact area, thereby improv-
ing the bond of the silicon layer 230 to the piezoelectric 
layer 203. As used herein, the term atomically smooth means 
sufficiently smooth to provide sufficient contact area to 
provide a sufficiently strong bond strength between the 
silicon layer 230 and the piezoelectric layer 203, at the 
interface of their first and second surfaces 231, 211, respec-
tively. 

It is noted that the polishing sequence described above to 
provide the desired smoothness of the first side 231 of the 
silicon layer 230 may be foregone if the deposition sequence 
used to form the silicon layer 230 results in an atomically 
smooth first side 231. 

As noted above, when connected in a selected topology, 
a plurality of SAW resonators can function as an electrical 
filter. FIG. 3 shows a simplified schematic block diagram of 
an electrical filter 300 in accordance with a representative 
embodiment. The electrical filter 300 comprises series SAW 
resonators 301 and shunt SAW resonators 302. The series 
SAW resonators 301 and shunt SAW resonators 302 may 
each comprise SAW resonator structures 100, 200 described 
in connection with the representative embodiments of FIGS. 
1A2. As can be appreciated, the SAW resonator structures 
(e.g., a plurality of SAW resonator structures 100) that 
comprise the electrical filter 300 may be provided over a 
common substrate (e.g., substrate 108), or may be a number 
of individual SAW resonator structures (e.g., SAW resonator 
structures 100) disposed over more than one substrate (e.g., 
more than one substrate 108). The electrical filter 300 is 
commonly referred to as a ladder filter, and may be used for 
example in duplexer applications. It is emphasized that the 
topology of the electrical filter 300 is merely illustrative and 
other topologies are contemplated. Moreover, the acoustic 
resonators of the representative embodiments are contem-
plated in a variety of applications including, but not limited 
to duplexers. 

The various components, materials, structures and param-
eters are included by way of illustration and example only 
and not in any limiting sense. In view of this disclosure, 
those skilled in the art can implement the present teachings 
in determining their own applications and needed compo-
nents, materials, structures and equipment to implement 
these applications, while remaining within the scope of the 
appended claims. 

The invention claimed is: 
1. A surface acoustic wave (SAW) resonator structure, 

comprising: 
a substrate having a first surface and a second surface, the 

first surface having a plurality of features; 

16 
a piezoelectric layer disposed over the substrate, the 

piezoelectric layer having a first surface and a second 
surface; 

a plurality of electrodes disposed over the first surface of 
5 the piezoelectric layer, the plurality of electrodes con-

figured to generate surface acoustic waves in the piezo-
electric layer; and 

an acoustic wave suppression layer having a first surface 
and a second surface, the acoustic wave suppression 

10 layer being disposed between the first surface of the 
substrate and the second surface of the piezoelectric 
layer, the acoustic wave suppression layer having a 
thickness in a range of approximately 300 A to approxi-
mately one third of a wavelength (113) of a resonance 

15 mode of the SAW resonator structure, the first surface 
of the acoustic wave suppression layer having a 
smoothness sufficient to foster atomic bonding between 
the first surface of the acoustic wave suppression layer 
and the second surface of the piezoelectric layer, 

20 wherein the plurality of features reflect acoustic waves 
and reduce an incidence of spurious modes in the 
piezoelectric layer. 

2. A SAW resonator structure as claimed in claim 1, 
wherein the reflected acoustic waves destructively interfere 

25 with acoustic waves in the piezoelectric layer. 
3. A SAW resonator structure as claimed in claim 1, 

wherein the plurality of features in the first surface of the 
substrate are substantially pyramidal in shape. 

4. A SAW resonator structure as claimed in claim 3, 
30 wherein the plurality of features are substantially not in a 

regular pattern. 
5. A SAW resonator structure as claimed in claim 3, 

wherein the plurality of features have a height of approxi-
mately one-fourth of a wavelength (1/4 X) of a spurious 

35 mode. 
6. A SAW resonator structure as claimed in claim 3, 

wherein the plurality of features have a height in a range of 
approximately 0.25 im to approximately 1.5 tim. 

7. A SAW resonator structure as claimed in claim 3, 
40 wherein the plurality of features have a height in a range of 

approximately 0.1 im to approximately 2.50 tim. 
8. A SAW resonator structure as claimed in claim 3, 

wherein the plurality of features have a plurality of heights, 
and each of the pluralities of heights is approximately a 

45 height in a range of approximately one-fourth of a wave-
length (¼ X) of one of the spurious modes. 

9. A SAW resonator structure as claimed in claim 1, 
wherein a shear mode traveling in the piezoelectric layer has 
a first shear velocity, the shear mode traveling in the 

50 substrate has a second shear velocity, and the shear mode 
traveling in the acoustic wave suppression layer has a third 
shear velocity which is less than the first shear velocity and 
less than the second shear velocity. 

10. A SAW resonator structure as claimed in claim 9, 
55 wherein the first surface of the acoustic wave suppression 

layer has a root-mean-square (RMS) variation in height of 
approximately 0.1 A to approximately 10.0 A. 

11. A SAW resonator structure as claimed in claim 1, 
wherein the acoustic wave suppression layer comprises 

60 carbon doped silicon oxide (CDO). 
12. A SAW resonator structure as claimed in claim 11, 

wherein the CDO comprises one of CDO deposited at 2.6 
Ton and CDO deposited at 4.0 Ton. 

13. A SAW resonator structure as claimed in claim 1, 
65 wherein a shear velocity of an acoustic wave in the acoustic 

wave suppression layer is smaller than a shear velocity of the 
acoustic wave in the piezoelectric layer substantially pre-
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venting total internal reflection of the acoustic wave propa-
gating in a direction from the piezoelectric layer to the 
substrate. 

14. A surface acoustic wave (SAW) filter comprising a 
plurality of SAW resonator structures, one or more of the 
plurality of SAW resonator structures comprising: 

a substrate having a first surface and a second surface, the 
first surface having a plurality of features; 

a piezoelectric layer disposed over the substrate, the 
piezoelectric layer having a first surface and a second 
surface; 

a plurality of electrodes disposed over the first surface of 
the piezoelectric layer, the plurality of electrodes con-
figured to generate surface acoustic waves in the piezo-
electric layer; and 

an acoustic wave suppression layer disposed between the 
first surface of the substrate and the second surface of 
the piezoelectric layer, the acoustic wave suppression 
layer having a thickness in a range of approximately 
300 A to approximately one third of a wavelength (X/3) 
of a resonance mode of the SAW resonator structure, 
the first surface of the acoustic wave suppression layer 
having a smoothness sufficient to foster atomic bonding 
between the first surface of the acoustic wave suppres-
sion layer and the second surface of the piezoelectric 
layer, wherein the plurality of features reflect acoustic 
waves and reduce an incidence of spurious modes in 
the piezoelectric layer. 

15. A SAW filter as claimed in claim 14, wherein the 
reflected acoustic waves do not foster constructive interfer-
ence with acoustic waves in the piezoelectric layer. 

16. A SAW filter as claimed in claim 15, wherein the 
plurality of features are substantially not in a regular pattern. 

17. A SAW filter as claimed in claim 15, wherein the 
plurality of features have a height of approximately one-
fourth of a wavelength (¼ X) of a spurious mode. 
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18. A SAW filter as claimed in claim 14, wherein the 

plurality of features in the first surface of the substrate are 
substantially pyramidal in shape. 

19. A SAW filter as claimed in claim 14, wherein the 
5 plurality of features have a height in a range of approxi-

mately 0.25 im to approximately 1.5 tim. 
20. A SAW filter as claimed in claim 19, wherein the first 

surface of the acoustic wave layer has a root-mean-square 
(RMS) variation in height of approximately 1.0 A to 

10 
approximately 10.0 A or less. 

21. A SAW filter as claimed in claim 14, wherein the 
plurality of features have a height in a range of approxi-
mately 0.1 im to approximately 2.50 tim. 

22. A SAW filter as claimed in claim 14, wherein the 
plurality of features have a plurality of heights, and each of 

15 the pluralities of heights is approximately a height in a range 
of approximately one-fourth of a wavelength (¼ X) of one 
of the spurious modes. 

23. A SAW filter as claimed in claim 14, wherein the SAW 
filter is a ladder filter, comprising the plurality of the SAW 

20 resonator structures. 
24. A SAW filter as claimed in claim 14, wherein two or 

more of the plurality of SAW resonator structures are 
configured in a series and shunt configuration. 

25. A SAW filter structure as claimed in claim 14, wherein 
25 the acoustic wave suppression layer comprises carbon doped 

silicon oxide (CDO). 
26. A SAW filter structure as claimed in claim 25, wherein 

the CDO comprises one of CDO deposited at 2.6 Ton and 
CDO deposited at 4.0 Torr. 

30 27. A SAW filter as claimed in claim 14, wherein a shear 
velocity of an acoustic wave in the acoustic wave suppres-
sion layer is smaller than a shear velocity of the acoustic 
wave in the piezoelectric layer substantially preventing total 
internal reflection of the acoustic wave propagating in a 
direction from the piezoelectric layer to the substrate. 

* * * * * 
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