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High-frequency surface acoustic waves (SAWs) in the GHz range can be generated using absorption
from an ultrafast laser in a patterned metallic grating on a substrate. Reducing the attenuation
at these frequencies can yield better sensors as well as enable them to better probe phonon and
electron-phonon interactions near surfaces. It is not clear from existing experiments which mecha-
nisms dominate damping at high frequencies. We calculate damping times of SAWs due to various
mechanism in the 1-100 GHz range to find that mechanical loading of the grating on the substrate
dominates dissipation by radiating energy from the surface into the bulk. To overcome this and en-
able future measurements to probe intrinsic damping, we propose incorporating distributed acoustic
Bragg reflectors (DABRs) in the experimental structure. Layers of alternating materials with con-
trasting acoustic impedances embedded a wavelength away from the surface serve to reflect energy
back to the surface. Using numerical simulations, we show that a single Bragg reflector is sufficient
to increase the energy density at the surface by more than five times. We quantify the resulting
damping time to find that it is longer than the intrinsic damping time. The proposed structure can
enable future measurements of intrinsic damping in SAWs at ∼100 GHz.
DOI: http://dx.doi.org/10.1063/1.4946848

I. INTRODUCTION

Surface acoustic waves (SAWs) find use in diverse
applications[1] from radar and communication systems to
consumer electronics to non-destructive evaluation. The
attenuation of SAWs has been extensively studied in the
low-frequency regime (∼MHz)[2] where most SAW fil-
ters operate. Higher frequency (∼1-100 GHz) SAWs are
important for sensing mass change, liquid density and
temperature, and for probing semiconductor surfaces.
Measured lifetimes, however decrease rapidly from ∼9
ns at ∼6 GHz[3] to ∼60 ps at ∼48 GHz[4]. Improv-
ing lifetimes beyond these figures requires a thorough
quantification of diverse damping mechanisms and a di-
rect measurement of intrinsic limits to damping at high
frequencies. Despite fundamental understanding of in-
trinsic (such as thermoelastic[5], Landau-Rumer[6] and
Akhiezer [7]) damping mechanisms, little experimental
data is available to quantify the intrinsic limits on damp-
ing of SAWs at &GHz frequencies.

Existing experimental literature on intrinsic dissipa-
tion mechanisms[8, 9] almost exclusively focuses on bulk
longitudinal or transverse acoustic phonons. For exam-
ple, the effect of Akhiezer and thermoelastic damping[10–
12] on the lifetimes of longitudinal and transverse waves
in dielectric materials has been extensively studied. At-
tenuation contributed by both mechanisms depends on
the polarization of the phonon. Recent measurements on
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the attenuation of 50 and 100 GHz longitudinal acous-
tic modes in silicon[13] show that Akhiezer is the domi-
nant mechanism at 300 K. In comparison, quantitative
measurements on the intrinsic damping of SAWs are
relatively unexplored. The temperature and frequency
dependence of attenuation for SAWs are expected to
be markedly different[5, 6] from that of longitudinal or
transverse phonons. While guidance from theory exists
for several damping mechanisms[5, 6, 14], their reliability
is largely untested.

Generally, GHz high-frequency SAWs are generated
using femtosecond laser absorption in metallic gratings
on substrates [15–19] that are usually non-piezoelectric.
While recent work[3, 20] has established the dynamics
in the generation process, a complete quantitative un-
derstanding of attenuation is still lacking. In the typical
pump-probe experiment, all mechanisms are simultane-
ously active. Distinguishing between extrinsic and in-
trinsic damping in existing measurements remains chal-
lenging. In this paper, we use theory to quantitatively
compare damping times for thermoelastic dissipation,
Akhiezer damping, phonon-electron scattering and ex-
trinsic mass loading respectively. We find that extrinsic
damping due to mass loading dominates SAW attenua-
tion in the 1-100 GHz range. The mechanism is progres-
sively dominant at higher frequencies.

Experimental structures that are relatively insensitive
to mechanical loading are necessary to measure intrinsic
damping. Here, we propose structures with alternating
material layers of contrasting acoustic impedances sand-
wiched in the substrate. These layers act as distributed
acoustic Bragg reflectors (DABRs) and reflect the en-
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ergy dissipated into the bulk, back to the surface. The
reflection confines energy in the SAW to the surface and
greatly limits dissipation from mechanical loading. We
show that the introduction of even a single-layer DABR
reduces extrinsic damping by at least an order of mag-
nitude. From our calculations, the reduction of extrinsic
damping is sufficient to allow intrinsic damping mecha-
nisms to dominate. We therefore anticipate that mea-
surements on the proposed structure can provide quan-
titative insight into intrinsic damping.

The paper is organized as follows. Section II presents
a theoretical formulation of damping caused by different
dissipation mechanisms. In particular, we explore the
frequency dependence of the damping time, τ for each
mechanism and compare damping times due to different
dissipation mechanisms across the GHz range. We rely
on previous theory for intrinsic mechanisms and mainly
focus on extrinsic mechanical loading. We conclude that
mechanical loading is the dominant mechanism. In Sec.
III we use finite element calculations to quantify the im-
provement in the damping time of a GHz SAW in the
presence of a DABR. This work outlines a rational design
of experimental structures that can enable a comprehen-
sive study of the effect of intrinsic damping mechanisms
in surface acoustic phonons in the ∼1-100 GHz range.

II. COMPARISON OF DISSIPATION
MECHANISMS

In this section, we briefly review the key attenua-
tion mechanisms that are relevant to this work. We as-
sume that the SAW is generated by ultrafast laser il-
lumination of a metallic grating on a non-piezoelectric
substrate[3, 21]. We further assume a clean surface
and ignore attenuation due to surface impurities/defects
of any kind except nominal surface roughness. Intrin-
sic damping mechanisms have been studied in detail
previously[5, 7, 13, 22–24]. Here, we retrace the rele-
vant ones for completeness and then consider the extrin-
sic mechanism of mass loading in depth.

A. Intrinsic Mechanisms

1. Phonon-phonon interaction

The attenuation of high frequency ultrasound in di-
electric crystals due to interaction with thermal phonons
has been reviewed[22] in detail. There are two distinct
approaches to model the interaction of surface acous-
tic phonons with thermal phonons. In the Landau-
Rumer model[23], the interaction of thermal and acoustic
phonons proceeds via anharmonic three phonon scatter-
ing. This is valid when ωτth >> 1, where ω is the angular
frequency of the acoustic wave and τth is the average ther-
mal phonon relaxation time. In the alternate Akhiezer
model [7], the SAW acts as a driving force to perturb the

equilibrium population of thermal phonons. The colli-
sions of non-equilibrium phonons increases entropy and
removes energy from the original wave. This approach is
valid when ω << kBT

~ where, kB is Boltzman’s constant,
T is the temperature and kBT/~ is the average thermal
phonon frequency. It is difficult to demarcate the fre-
quency at which the Akhiezer regime should cross over to
the Landau-Rumer regime. The main difficulty lies in es-
timating the average thermal relaxation time. For silicon
at room temperature, the average thermal phonon relax-
ation time, τth is estimated to be tens of picoseconds[13].
Since we are primarily interested in ∼1-100 GHz frequen-
cies, the appropriate condition is ωτth ∼ 1 and therefore,
Akhiezer’s model appears to be the correct choice. A sim-
plified expression for calculating the attenuation τ due to
Akhiezer mechanism is given by [13]

τ−1 =
CT

ρVL
2

ω2τth
1 + ω2τ2th

(< γ2 > − < γ >2), (1)

where C is the volumetric heat capacity, VL is the lon-
gitudinal wave speed, γ is the grüneisen parameter and
<> denotes an average over all modes.

2. Thermoelastic Damping

The attenuation of elastic surface waves propagating
on a dielectric crystal due to thermoelastic damping has
been previously studied[5]. Here, we simplify the results
for a Rayleigh wave traveling on an isotropic substrate.
Thermoelastic damping is different from Akhiezer in that
phonons achieve equilibrium through spatial redistribu-
tion rather than through Normal and Umklapp processes.
A SAW passing through a solid creates regions of oppo-
site strain. The compressed regions become hotter com-
pared to the expanded regions which results in diffusive
transport of heat between the two. The irreversible flow
of heat removes energy from the wave. In order to es-
timate the attenuation due to heat conduction, we first
consider the governing equations of thermoelasticity

σij = Lεkkδij + 2Gεij − βδijθ, (2)

ρCvṪ + 3BαTo ˙εii = k∇2T, (3)

where σij , εij are the components of stress and strain
tensor, L is the Lamè parameter, G is the shear modulus,
θ = T − To is the excess temperature, ρ is the density,
Cv is the specific heat at constant volume, B is the bulk
modulus, k is the thermal conductivity and β = αE/(1−
2ν). Here, α is the thermal expansion coefficient, E is
the Young’s modulus, and ν is the Poisson’s ratio. The
average rate of entropy production resulting from heat
flux, h is
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Ṡ = −
∫
<
∇ · h

To + ∆T
>dV =

∫
<

k∇2T

To + ∆T
>dV. (4)

We can evaluate the above expression for entropy gen-
eration from Eq. (2) and Eq. (3)[5]. The rate at which
energy is dissipated is given by

Pth = T Ṡ = −9TkB2α2

2ρ2C2
v

∫
< εii∇2εii >dV. (5)

3. Phonon-electron Interaction

Another mechanism for attenuation is the interaction
of surface acoustic phonons with conduction electrons in-
side the metallic structures. At low frequencies, when
the electron mean free path, Λ is much smaller than
the acoustic wavelength, λ, we can simplify Pippard’s
[24] formulation to evaluate the attenuation caused by
phonon-electron interactions as

τ−1 =
2nemev

2
Fω

2τe
15ρV 2

L

, (6)

where ne is the number of free electrons per unit volume,
me is the rest mass of an electron, vF is the Fermi velocity
and τe is the relaxation time of the electron.

B. Extrinsic Mechanisms

1. Bulk Radiation

Amongst extrinsic damping, the primary one is that
due to mass loading from the metallic grating patterned
on the substrate. In experiments, the grating is illumi-
nated by an ultrashort laser pulse. Disparate absorption
between the grating and the substrate causes expansion
of the metal leading to a non-zero stress at the metal-
substrate interface. The normal component of this stress
forces the metal to follow the motion of the surface. The
equation of motion is given by

ρM
∂2uz
∂t2

=
∂σzz
∂z

, (7)

where ρM is the density of the metal, σzz is the normal
component of the stress tensor at the interface, and uz is
the displacement of the surface in the z-direction. If the
thickness, wM of the metallic grating is small, the dis-
placement in the grating can be assumed to be constant.
Therefore, σzz can be estimated from Eq. (7) as [25]

σzz = ρMwMuzω
2. (8)
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FIG. 1. Surface energy fraction calculated at different duty
cycles, η using finite element simulations. The peak corre-
sponds to the frequency of the SAW in each case. (Inset)
Damping times of SAWs at different duty cycle calculated
analytically (solid line) and using finite element simulations
(dashed line). The data is adapted from Ref. 21. All calcu-
lations are for aluminum gratings on silicon substrates with
periodicity, p = 400 nm.

The above stress has the same spatial period as the
grating and therefore can be spectrally decomposed into
components with wavenumbers 2πn/p, where p is the pe-
riodicity of the grating and n is an integer. It has been
previously shown [17, 25] that only the n = 0 compo-
nent radiates energy into the bulk. We calculate the rate
of radiation per unit area for a given grating using the
n = 0 component and applying Poynting’s theorem

dE

dt
=
ρ2Mw

2
Mω

4u2z0(1− cos(2πη))
2

8π2VLρs
, (9)

where η is the fraction of the substrate surface covered
with metal (duty cycle), ρs is the density of the substrate
and uz0 is the maximum displacement at the surface.

Equation (9) reveals that radiation of energy into the
bulk depends on the duty cycle of the grating. If there
were no metallic grating, the SAW would exist as an
eigenmode of the system and no radiation should be ex-
pected. Conversely, if the entire surface is covered with
the metal, there would be a shift in the velocity of the
SAW but energy would again not be dissipated into the
bulk. Theory predicts maximum damping at η = 0.5,
which is in agreement with experimental data[21], as
shown in the inset of Fig. 1 and discussed below.

Figure 1 further plots the surface energy fraction at
different duty cycles. We define the surface energy frac-
tion as the fraction of kinetic energy confined within one
wavelength from the surface. Inset in Fig. 1 is the varia-
tion in damping time with duty cycle. We show both the
analytical result (solid line) from above, and a more ex-
act finite element calculation (dashed line) without using
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FIG. 2. Damping times associated with different dissipation
mechanisms. We assume the SAW to be generated using an
aluminum grating on silicon. The thickness of the metal is 40
nm and the duty cycle is 0.8.

a thin film approximation. The trend is similar in both
cases though the finite element calculations agree better
with experimental data. We note that the analytical the-
ory predicts the order of magnitude of the damping time
correctly.

2. Surface Scattering

Roughness of the surface also serves to attenuate
SAWs. The height of the surface above an average (x, y)
plane is given by the function f(x, y) where < f(x, y) >=
0 and < f(x, y)2 >= δ2. We assume that the correla-
tion between two points on the surface follows Gaussian
statistics such that < f(0)f(rxy) >= δ2 exp(−rxy2/a2)
where a is the roughness correlation length. The atten-
uation coefficient has been derived previously in detail
and is given by[26]

τ−1 =
δ2a2

π

(
ω

VR

)5

F (x), (10)

where VR is the Rayleigh speed of the wave and the func-
tion F depends only on material properties when the
wavelength of the SAW is longer than the correlation
length. The latter condition is typical in experiments.
In our calculations, we assume typical surface roughness
parameters for cleanroom processed silicon surface, with
δ ∼1 nm and a ∼ 15 nm[27].

C. Overall Damping

The total attenuation for a SAW is a summation over
individual dissipation mechanisms. Figure 2 compares
the magnitudes of damping time associated with each
dissipation mechanism. The damping due to extrinsic
mass loading from the grating emerges as the dominant
mechanism across the 1-100 GHz range. Mass loading has
a strong dependence on frequency (∼ ω4). In the GHz
regime, this is the dominant attenuation. Above 10 GHz,
this attenuation exceeds others by more than an order of
magnitude. While the exact magnitudes depend on the
size of the grating and the choice of metal/substrate, the
overall trend will be similar for other structures due to
the strong frequency dependence for mass loading. We
conclude that experiments employing gratings to gener-
ate SAWs in the GHz range only measure the damping
time associated with extrinsic mass loading.

III. DISTRIBUTED ACOUSTIC BRAGG
REFLECTOR (DABR)

As discussed above, SAWs generated through opti-
cal excitation of patterned metallic gratings are damped
dominantly due to radiation of energy into the bulk. In
this section, we propose an experimental structure that
mitigates damping due to extrinsic mass loading and
should enable direct measurements of the intrinsic dis-
sipation of SAWs.

We first note some qualitative features of the bulk ra-
diation. Since SAWs are excited using a metallic grating
with a period p, the resulting radiation must have a wave
vector whose component along the propagation direction
(assumed to be x-) should be an integral multiple of 2π/p
and satisfy

ω = VL(T )

√
k2z + (

2πn

p
)2, (11)

where kz is the wavevector in the z-direction (into the
depth), n is an integer and VL(T ) is the speed of lon-
gitudinal (or transverse) waves. Since, dissipation only
occurs for n = 0, the radiation of energy into the sub-
strate occurs at normal incidence.

The propagation direction can be exploited to signifi-
cantly reduce the damping through the use of distributed
acoustic Bragg reflectors (DABRs). A DABR consists of
multiple layers of alternating materials with contrasting
acoustic impedances (Z = ρVL). Each layer causes par-
tial reflection of the dissipated radiation such that the
reflections combine constructively at the surface. Table
1 lists the acoustic impedances of some common mate-
rials that can be used for Bragg layers. Among these,
the greatest contrast in acoustic impedances arises be-
tween tungsten (Z = 101) and SiO2 (Z = 12.5) due to
a large difference in density. We note that Table I lists
bulk properties and the properties for thin films may vary
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TABLE I. Acoustic properties for some common bulk materials[28].

Material Longitudinal Speed Transverse Speed Density Acoustic Impedance
(m/s) (m/s) (g/cm3) (MRayls)

Tungsten 5200 2900 19.4 101
Nickel 5600 3000 8.8 49.5
Copper 5010 2270 8.9 44.6
Silicon 8430 5840 2.3 19.7

Aluminium 6420 3040 2.7 17.3
Silica 5700 3750 2.2 12.5

depending on deposition conditions. We find the impact
of this variation to be insignificant and discuss it later.

We now compute improvements in the damping time
in the presence of a DABR. Figure 3 shows a schematic
of the DABR structure. The structure consists of al-
ternating layers of tungsten and SiO2 sandwiched inside
silicon. Acoustic energy dissipated into the bulk is in-
cident at the interface with tungsten and is separated
into reflected and transmitted components. The trans-
mitted component travels through the SiO2 layer and is
reflected and transmitted again at the interface with the
next Bragg layer. This is repeated at every interface and
the fraction of energy reflected due to each Bragg layer
is a summation over all the reflections.

The thicknesses (δx) of the layers (W/SiO2) is impor-
tant in the performance of the DABR. Based on wave
propagation theory, we expect maximum reflection when
the thickness of each layer is chosen to produce a phase
shift of a quarter of the wavelength (ωδx = VLπ/4).
The phase shift criteria requires the two alternating ma-
terials to have different thickness if they have different
acoustic velocities. However, for materials such as tung-
sten and SiO2, the acoustic velocity differs only by 8
percent and therefore, the thicknesses of the two layers
may be assumed to be the same. To obtain an approxi-
mate estimate of the efficacy of the Bragg layers, we can
evaluate the reflection coefficients[29] based on acoustic
impedances. Since the mismatch in acoustic impedances
between tungsten and SiO2 is large, a single-layer ap-
pears sufficient in reflecting most of the radiant energy
back to the surface. An analysis reveals a broadband of
frequencies (0.75 < ν/νSAW < 1.75) over which the re-
flected energy is &95 percent. There is only a marginal
increase in the fraction of energy reflected when increas-
ing the number of Bragg layers from one to two.

We now employ numerical calculations to further quan-
tify damping in the presence of a single Bragg reflector.
The system is modeled as a continuum composite of a
silicon substrate with an aluminum grating on top, as de-
picted in Fig. 3. The individual metal lines have width
d and height h. The depth of the silicon device layer be-
tween the grating and the Bragg layers is considered to
be the same as the periodicity of the grating. To model
experimental conditions, the height of the metal is chosen
to be 40 nm. We choose a grating period of 300 nm that
corresponds approximately to 14 GHz. The thicknesses

FIG. 3. Schematic of the structure showing Bragg layers
sandwiched in a silicon substrate. The period, p of the grating
is 300 nm and the height of the aluminum film, h is 40 nm.
The thicknesses of the tungsten and SiO2 films are 75 nm
each.

of the tungsten and the SiO2 films are chosen to be one-
quarter wavelength or 75 nm each. The elastic equation
of motion governing the displacement u(t) of the system
is given by

∂j [cijmn(r)∂num] = ρ(r)üi, (12)

where ρ(r) and cijmn(r) are the position dependent mass
and elastic stiffness tensor. For simulation purposes, all
the materials are assumed to be isotropic. To extract the
normal modes of this structure, we assume u(t) to have
a harmonic dependence (eiωt) and insert it into Eq. (1)

∂j [cijmn(r)∂num] = −ρ(r)ω2ui. (13)

We solve the eigenvalue problem using the finite ele-
ment method (FEM) on ANSYS[30]. Figure 3 shows the
simulated unit cell. We employ meshes with 2-D struc-
tural solid elements that possess 4 nodes. The elements
have two degrees of freedom at each node: translations
in the x- and the z- directions. Since the thickness of
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FIG. 4. Displacement fields for different normal modes
(at phase angle, φ = 0) with (a) odd and (b) even symme-
try. White dotted lines represent the undeformed edge of the
structure. Displacement amplitudes are magnified to reveal
the difference between the deformed and the undeformed con-
figurations of the structure is visible.

the substrate is very large compared to the wavelength,
λ as well as the dimensions of the grating, a zero dis-
placement boundary condition is used at the bottom. In
order to simulate the entire composite from this unit cell,
a periodic Bloch condition (u1 = u2e

ikxp) is chosen for
the sides. All calculations are performed at kx = 0 and
p = λ, corresponding to the first harmonic at the center
of the surface Brillouin zone. The mesh size determines
the convergence and accuracy for the solution obtained
using FEM. Since the displacement field for a SAW is
mostly near the surface, the region comprising the alu-
minum grating, the top silicon and the Bragg layers re-
quires a fine mesh. A coarser mesh is adopted for the
remaining bulk of the substrate to decrease computation
time. We performed a mesh sensitivity analysis by re-
ducing the size of elements and monitoring the change in
the frequency of normal modes. We found that elements
with sizes of 8 nm and 120 nm for the fine and the coarse
mesh respectively are sufficient for our calculations. We
extract the normal modes of the system in the desired
frequency range using the Block Lanczos method. The
convergence criteria is that the normalized change in the
frequency of normal modes between successive iterations
is less than 10−5.

Modes obtained using this method may possess an odd
or an even symmetry in their displacement fields as shown
in Fig. 4. To further select the excited mode, we note
that the heating from the laser possesses radial symme-
try. The initial excitation of the system should also ex-
hibit even symmetry and therefore, modes with odd dis-
placement profiles cannot be excited. We only consider
solutions with even symmetry. The probability of excita-
tion for a particular mode is proportional to the concen-
tration of energy at the surface for that mode. A surface
mode is identified as possessing the maximum surface en-

FIG. 5. Kinetic energy density of the normal mode (at φ = 0)
corresponding to the SAW for a structure (a) without and (b)
with a DABR. The amplitudes of kinetic energy density are
magnified.

FIG. 6. Surface energy fraction for SAWs excited with and
without a DABR. The calculations are for a grating period,
p = 300 nm that corresponds to a SAW of ∼ 14 GHz.

ergy fraction amongst the different modes. As previously
noted, the surface energy fraction is defined as the frac-
tion of energy present within one wavelength from the
surface. The quality factor is then the full width at half
maximum (FWHM) of the distribution around the peak
frequency.

Figure 5 compares the kinetic energy density field with
and without a DABR. In Fig. 5(a), without a DABR,
surface modes are coupled to bulk modes which enables
leakage of energy into the bulk. The use of the DABR
clearly confines energy at the surface, as shown in Fig.
5(b). Figure 6 further compares the fraction of energy
confined to the surface with and without a DABR. In
the normal experimental situation without a DABR, the
surface energy fraction is ∼12 %. This increases to ∼70
% with the use of a single DABR layer.
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Indeed the peak in the surface energy fraction with a
DABR is too sharp to enable us to accurately estimate
the quality factor from our simulations. Here we pro-
vide a lower side estimate of the quality factor. At a
duty cycle, η = 0.5, the quality factor, Q associated with
extrinsic mass loading improves from 30 to 637 with a
DABR, a factor >20. This corresponds to a damping
time of 22 ns for the SAW at 14 GHz. This is a higher
side estimate of the damping, and we expect the actual
damping time to be possibly lower in the presence of the
DABR. In comparison, we estimate the damping time for
the Akhiezer process to be 8 ns.

In practice, experimental structures incorporating
DABRs will likely not be as ideal as the ones consid-
ered thus far. Non-ideality can stem from actual layer
thicknesses being different from the design figures. Fur-
ther, material properties are known to differ from the
bulk in thin films depending on growth/fabrication con-
ditions. In particular, the top layer silicon is likely to be
polycrystalline. We have investigated whether such non-
idealities affect the functioning of the DABR. First, we
find that the confinement of SAW energy at the surface
is reasonably insensitive to changes in the layer thick-
nesses of DABR materials for changes of as much as 20%
from the design values. We find that SAWs are essen-
tially similarly confined in all cases. Thus, the influence
of the Bragg layers is not overtly sensitive to the exact
thicknesses of the layers within reasonable bounds.

The thickness of the top (device) layer affects the per-
formance of the DABRs in a different manner. In our
previous calculations, we assumed the thickness of the
silicon device layer to be the same as the periodicity, p of
the grating. We now consider thicknesses of the silicon
device layer to be twice and thrice the periodicity respec-
tively. Figure 7 plots the kinetic energy density field for
the SAW in each case. While the energy of the SAW is
still confined to the device layer in each case, the surface
energy fraction (within a depth of one wavelength) re-
duces as the device layer is made thicker. On the other
hand, choosing a sub-wavelength silicon device layer will
clearly distort the propagation of the SAW. Therefore, it
is necessary to target the device layer thickness to be as
close to the periodicity of the grating as possible. How-
ever, modest excursions (for example, 10-20 %) do not
affect the performance dramatically.

Finally, the properties of thin films are typically differ-
ent from that of bulk materials and depend on deposition
techniques. Typically, it is only the Youngs modulus that
has been measured to different. Both the Poisson’s ratio
and density are typically similar to bulk values for rea-
sonable quality films. From the literature, the increase in
Young’s modulus in polycrystalline versus single crystal
silicon is ∼ 30 % [31, 32], and the increase between thin
film tungsten and bulk tungsten is ∼ 22 %[33–35]. The
properties of thin film SiO2 are in close agreement with
their bulk values[36, 37]. Using simulations, we have con-

firmed that the confinement of energy is unaffected by
such changes in film properties. However, a change in

FIG. 7. Kinetic energy density of the normal mode (at φ =
0) corresponding to the SAW with different depths of silicon
device layer: (a) d = p (b) d = 2p (c) d = 3p. Amplitude of
kinetic energy density have been magnified.

the properties of the top layer silicon does alter the fre-
quency of the generated SAW, as expected. For example,
there is an increase of 2 GHz between single crystal and
polycrystalline silicon.

IV. CONCLUSIONS

In summary, we have investigated the damping of
SAWs generated through optical excitation of a periodic
metal grating. Various mechanisms such as bulk radia-
tion, Akhiezer, thermoelastic and phonon-electron inter-
actions serve to attenuate SAWs. At the lower (MHz) fre-
quencies, the most dominant mechanism for attenuation
is the interaction with thermal phonons with frequency
dependence τ−1 ∼ ω2. In the GHz range, however, bulk
radiation is several orders of magnitude more dissipative
than any other mechanism due to a stronger frequency
dependence, τ−1 ∼ ω4. Apart from metal and substrate
properties, bulk radiation also depends on the duty cycle
and is maximum at η = 0.5. We propose that the use of
a one-layer acoustic Bragg reflector is sufficient to reduce
damping due to bulk radiation. Our calculation show
that the resulting damping time is larger than that due
to the intrinsic damping time. We anticipate that the use
of this structure will enable future measurements of the
intrinsic damping times for SAWs at GHz frequencies.
Such data can provide a good test of the various theories
for intrinsic damping of SAWs at high frequencies.
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