
0885–3010/$25.00 © 2010 IEEE

1655IEEE TransacTIons on UlTrasonIcs, FErroElEcTrIcs, and FrEqUEncy conTrol, vol. 57, no. 7, jUly 2010

Abstract—Interface acoustic waves (IAWs) propagate along 
the boundary between two perfectly bonded solids. For a leak-
age-free IAW, all displacement fields must be evanescent along 
the normal to the boundary inside both solids, but leaky IAWs 
may also exist depending on the selected combination of mate-
rials. When at least one of the bonded solids is a piezoelectric 
material, the IAW can be excited by an interdigital transducer 
(IDT) located at the interface, provided one can fabricate the 
transducer and access the electrical contacts. We discuss here 
the fabrication and characterization of IAW resonators made 
by indirect bonding of lithium niobate onto silicon via an or-
ganic layer. In our fabrication process, IDTs are first patterned 
over the surface of a Y-cut lithium niobate wafer. A thin layer 
of SU-8 photo-resist is then spun over the IDTs and lithium ni-
obate to a thickness below one micrometer. The SU-8-covered 
lithium niobate wafer then is bonded to a silicon wafer. The 
stack is subsequently cured and baked to enhance the acoustic 
properties of the interfacial resist. Measurements of resona-
tors are presented, emphasizing the dependence of propagation 
losses on the resist properties. Comparison with theoretical 
computations based on periodic finite element/boundary ele-
ment analysis allows for explanation of the actual operation of 
the device.

I. Introduction

Wafer bonding for piezoelectric substrates currently 
appears to be a key technology to manufacture pas-

sive devices for high-frequency signal processing. saW 
devices typically have been used for the fabrication of 
frequency references, sensors, and filters. several points 
related to aging, quality factor limitation, low-cost pack-
aging, or surface pollution (electric, acoustic) have to be 
addressed in modern saW devices. Interface acoustic 
waves (IaWs) are, at least in principle, able to push back 
these restrictions. IaWs, also named boundary waves, 
were first described by stoneley [1]. Theoretical studies 
and the conditions of existence of IaW for some piezo-
electric substrates have been reported [2], [3]. analysis 
methods used for saWs, i.e., the effective permittivity and 

the harmonic admittance computed within the Blötekjaër 
approach [4] were extended to IaWs in classical piezo-
electric cuts to estimate the phase velocity, attenuation, 
and electromechanical coupling of IaW at the interface 
between standard piezoelectric materials, i.e., quartz, lith-
ium tantalate, and lithium niobate [5]. These first theo-
retical calculations more or less agree with Hashimoto’s 
results computed in a very similar approach [6]. More ac-
curate predictions were achieved using our periodic mixed 
finite element analysis/boundary element method (FEa/
BEM) computation code to account for the actual shape 
of one transducer’s period [7], [8]. although this approach 
provides a better analysis of the actual device operation 
than the Blötekjaër approach [5], similar conclusions were 
deduced from these works.

Experimental results for IaWs were claimed to be ob-
tained with a liTao3 substrate covered with a thick sili-
con oxide layer [9]. However, we consider that because the 
higher interface between sio2/air or sio2/vacuum is seen 
by the waves, they are much closer to sezawa modes than 
to actual IaWs. note that other groups progress in the 
development of technological approach capable to provide 
true IaW devices [10], [11].

Wafer bonding is a promising alternative to the de-
position of thick layers. The main problem in bonding 
pre-processed wafers is the effect of surface roughness. We 
report here on the design and fabrication of a device us-
ing a y-cut lithium niobate (linbo3) wafer bonded using 
a thin epoxy-based photo-resist layer (sU-8) to a silicon 
wafer [12]. The developed process exploits Ic-compatible 
micro-machining technologies which, in our case, allow for 
batch fabrication of complete 3-inch wafers and wafer-lev-
el packaging. The presence of this adhesive layer between 
the linbo3 substrate and the silicon wafer yields guiding 
conditions significantly different than the ideal wafer-to-
wafer bounding hypothesis as considered in [5].

The first section of the paper shows theoretical work 
dedicated to understanding the waveguide operation, ac-
counting for the presence of the sU-8 adhesive layer. Par-
ticularly, one can see the influence of the bounding thick-
ness on the spectral density and the electromechanical 
coupling of the IaW guided at the interface. The following 
part presents technological developments used to build 
real devices (single-port synchronous resonators). The 
third section is dedicated to experimental measurements, 
emphasizing the pertinence of our theoretical analysis. as 
a conclusion, we propose new perspectives for IaW-based 
devices.
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II. Theoretical analysis

Fig. 1 shows a schematic view of the structure con-
sidered in the analytical simulations. The effect of an in-
termediate layer has been studied for such a structure, 
accounting for actually manufactured devices. We have 
adapted our periodic FEa/BEM code [7] to simulate 
acoustic radiations at both surfaces of the mesh, not 
only on one side as described in [7]. although the general 
lagrangian formulation of the problem remains the same 
as for standard surface waveguide simulation, particular 
care must be dedicated to the Green’s function calcula-
tion to correctly account for the radiation direction in the 
BEM integrals. The boundary element integration then is 
achieved on each side of the mesh with the appropriate 
Green’s function and the associated Bloch-Floquet devel-
opment [7]. note that the numbers of harmonics of the lat-
er development on each side of the mesh are independent 
and may be optimized for controlling the computation ac-
curacy and/or duration. Basic principles of the modeling 
approach remain identical to those of [7].

Practically, the aluminum IdTs are deposited on the 
lithium niobate surface. Their actual thickness is not tak-
en into account when simulating using the effective per-
mittivity method [5]. The silicon wafer is assumed to be a 
(yX)-cut semi-infinite substrate, the sU-8 resist is 1 µm 
thick, the sio2 layer is a 360 nm thick, physical vapor de-
posited (PVd) layer, and the lithium niobate semi-infinite 
medium corresponds to a (yX)-cut. The physical con-
stants (elastic, dielectric, and piezoelectric) of the various 
materials are well-known in the literature, except for the 
sU-8 resist. although this resist is not dedicated to this 
kind of application, we intend to prove that it allows for 
manufacturing IaW test devices, even if this organic resist 
presents more acoustic losses than mineral materials. The 
sU-8 resist parameters (considered as an isotropic dielec-
tric) are as follows:

density: 1190 kg/m•	 3,
young’s modulus: 4.02 GPa,•	
Poisson’s ratio: 0.22,•	

dielectric constant: 3.•	

The young’s modulus is particularly low (nearly 50 
times lower than the lithium niobate elastic constant c11). 
sU-8 actually is far from rigid and has very low longitu-
dinal and transverse acoustic velocities. The components 
of the sU-8 elastic tensor deduced from the above figures 
are: c11 = 4.59 GPa, c12 = 1.29 GPa, and thus c66 = 
1.65 GPa.

simulations were first carried out with different values 
of sU-8 losses to check the influence of this fundamental, 
but initially unknown, parameter. losses are measured by 
a viscoelasticity coefficient η, so that an imaginary part 
equal to the viscoelasticity coefficient by the angular fre-
quency product ωη [13] is added to the real (conservative) 
elastic constant.

once these parameters are fixed, one can simulate the 
structure to be fabricated. a first computation is per-
formed considering the assembly of (yX) silicon and (yX) 
linbo3, but neglecting the presence of the adhesive sU-8 
layer and considering the silicon to be perfectly dielectric. 
a shear-polarized interface mode is found with a phase ve-
locity close to 4600 m·s−1, exhibiting an electromechanical 
coupling of 4%. considering the sU-8 layer in the compu-
tation process significantly changes the spectral behavior 
of the device, showing two modes contributing to the har-
monic admittance at lower frequencies (phase velocities 
near 3800 m·s−1 and 4200 m·s−1). The slowing down of the 
wave is easily explained by the presence of the sU-8 adhe-
sive layer, for which bulk wave velocities are in the vicin-
ity of 2000 m·s−1 (longitudinal) and 1200 m·s−1 (shear). 
Fig. 2 compares the two situations by superposing the 
corresponding harmonic admittances. note that whatever 
the analysis conditions, the surface skimming bulk wave 
(ssBW) threshold of the linbo3 persists in the present 
configuration, yielding an objective wave guidance limit.

one can observe the increase of losses caused by the 
adhesive layer, but also the strong value of the electro-
mechanical coupling coefficient of the second mode (16%) 
that approaches the one of the leaky shear (sH)-type 
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Fig. 1. one period of a linbo3/sU-8/si IaW structure with an aluminum 
electrode structured on the linbo3 wafer. Indication of typical interface 
parameters considered both for computation and fabrication. Fig. 2. Harmonic admittances computed using the Blötekjaër model, 

without and with the adhesive layer accounted for. 



mode on the free surface of linbo3 (yX) cut. We then 
compare both cases of saW excitation at the surface of 
a semi-infinite (yX)-cut linbo3 medium and at the si/
linbo3 interface accounting for a 1-µm-thick adhesive 
layer. The corresponding harmonic admittances are re-
ported in Fig. 3.

This plot tends to demonstrate that a wave exhibiting a 
polarization close to the one of the rayleigh wave still ex-
ists but is accelerated at the silicon/niobate interface be-
cause of the influence of the silicon via the adhesive layer, 
whereas the leaky shear-horizontal wave of the free surface 
is slowed down because of the very small shear velocity in 
the sU-8 layer. consequently, we assume that reducing 
the sU-8 layer first should increase the wave velocities, 
then reduce the electromechanical coupling for sH-type 
mode, and finally yield the spectral behavior of the device 
closer to the one without the adhesive layer. This is shown 
in Fig. 4, in which the sU-8 thickness has been reduced 
to 0.5 µm, and the corresponding admittance is compared 
with that of device with a 1-µm-thick sU-8 layer.

In Fig. 4 it clearly appears that the rayleigh-like wave 
velocity increases and its coupling decreases when reduc-
ing the sU-8 thickness. at the same time, the quality fac-
tor q of the sH-like mode tends to increase and its elec-
tromechanical factor decrease. Further reduction of the 
adhesive layer thickness is expected to cause rayleigh-like 
wave to vanish, the admittance tending asymptotically to-
ward that of the Blötekjaër analysis without sU-8 (c.f. 
Fig. 2).

To confirm these results, mainly concerning the nature 
of the waves and their polarization, we have computed 
the harmonic admittance considering the nominal adhe-
sive layer thickness using our periodic FEa/BEM code [7] 
and compared it to the Blötekjaër analysis results. The 
implemented mesh is shown in Fig. 5, giving the definition 
of the computation conditions.

Fig. 6 shows a very nice agreement between both theo-
retical approaches (as expected), the only difference being 

caused by the massive electrode taken into account in the 
FEa/BEM computation. Figs. 7 and 8 show deformed 
mesh sequences illustrating the rayleigh-like and sH-like 
mode polarizations. They correspond to a decomposition 
of one time period in a 4-phase sequence (φ = 0 to 3π/4), 
providing clear evidence for the previous analysis of the 
wave polarization. The iso-values correspond to displace-
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Fig. 3. Harmonic admittances computed using the Blötekjaër model. com-
parison between IdT response on a semi-infinite (yX) linbo3 wafer and 
at the silicon/niobate interface accounting for the adhesive layer. 

Fig. 4. Harmonic admittances computed using the Blötekjaër model. 
comparison between IdT response at the silicon/niobate interface for 2 
different thicknesses of the adhesive layer. 

Fig. 5. Implemented mesh for the simulation of interface wave excita-
tion and guiding using our periodic FEa/BEM computation code. The 
boundary numbers correspond to the applied boundary conditions, i.e., 
a unit voltage excitation applied on boundary #1, periodicity conditions 
applied to boundaries #4 and #5, radiation in silicon applied to bound-
ary #3, and radiation in lithium niobate applied to boundary #2. 

Fig. 6. comparison between harmonic admittances of the si/sU-8/linbo3 
IaW guide provided by the Blötekjaër and the FEa/BEM analyses. The 
slight differences between the two results are due to mass loading account-
ed for in the FEa/BEM simulation (200-nm-thick al electrode). 



ment along x1 (propagation direction). For both modes, 
the polarization is general, but one can easily recognize 
the dominance of elliptic (Fig. 7) and shear polarizations 
(Fig. 8).

III. IaW device Fabrication

General wafer bonding technology can be divided into 
two main branches: direct bonding [12] and intermediate 
layer bonding [13]. currently, wafer bonding of piezoelec-
tric substrates receives a certain interest [14]. However, 
wafer surface waviness and roughness are critical issues 
in direct bonding. Therefore, a low-temperature bonding 
method using a photosensitive material as adhesive inter-
mediate layer was developed in this work, based on chemi-
cal surface hydrophilization and the sU-8 resist. First, 
aluminum (al) inter-digital transducers (IdT) are pat-
terned on a lithium niobate wafer. an sU-8 layer is spun 
onto the linbo3 wafer. a silicon wafer with wet-etched 
vias then is bonded onto the linbo3 substrate. We also 
intend to demonstrate the interest in IaWs propagating 
on silicon-based compound substrate, assuming further 

co-integration possibilities (acoustics and electronics). 
The fabrication and wafer bonding process are schemati-
cally summarized in Fig. 9.

The starting substrate is a 0.5-mm-thick 3-inch (yX)-
cut linbo3 wafer. a 220-nm-thick chromium-aluminum 
layer is sputtered onto the polished side of the wafer. The 
photo-resist then is spun to form a 1.4-µm thin layer, onto 
which pre-bake and hard-bake are applied. The mask used 
for the photolithography step has typical IdT patterns 
with a minimum finger width of 0.7 µm.

once the resist developed, the metal layer is wet etched, 
providing the usual IdT’s grating pattern. The linbo3 
substrate then can be passivated using a sio2 layer. This 
silicon dioxide layer is assumed to protect the aluminum 
resonators during the harsh cleaning treatment before 
bonding, but this step can be omitted because the sU-8 
also acts as an insulating layer.

Before any bonding operation, vias must be achieved in 
the silicon plate to access the electrodes and to probe the 
device. The starting substrate is a 0.25-mm-thick 3-inch 
silicon wafer (100) covered with a uniform 1.4-µm thermal 
oxide layer. The sio2 layer then is etched locally using a 
standard lithography process, creating an in situ mask for 
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Fig. 7. quadrature sequences of the dynamic deformation of the rayleigh-like (elliptically polarized) mode: (a) φ = 0, (b) φ = π/4, (c) φ = π/2, 
(d) φ = 3π/4. 



potassium hydroxide (KoH) silicon anisotropic deep etch. 
afterward, a re-oxidation of the wafer is done to obtain a 
sio2 thickness of 0.4 µm.

The wafers are cleaned to remove any kind of contami-
nants from the process. Hydrophilic treatment of the si/
sio2 is performed. The exact cleaning process is detailed 
in [9]. after this step, Epon sU8-2001 is conventionally 
spun on the linbo3 wafer to obtain a 1-µm-thick layer. a 
30-min relaxation time on a flat support is used to get an 
uniform coating on the wafer. The si and linbo3 wafers 
are aligned in an EVG 620 aligner (EV Group, st. Florian 
am Inn, austria). The pair is subsequently transferred to 
an EVG 501 bonder (EV Group). The chamber of the 
wafer bonding machine is purged and evacuated to 10−3 
mbar. The temperature rate in the heating process of the 
wafers is 1°c/min from room temperature to 65°c. Bond-
ing occurred at 65°c under a pressure of about 11 Mpa (a 
500 n force applied on a 3-inch wafer) for 1 h. after bond-
ing, the stacked wafers are annealed at 65°c, for 1 h in at-

mospheric n2 ambiance to enhance the bonding strength. 
The temperature then is decreased to room temperature 
with a 1°c/min slope. Fig. 10 displays the result obtained 
after the low-temperature wafer bonding process.

cross-sectional cuts are made with a dicing saw on the 
bonded device to analyze the bonding process, by imaging 
the bonded interface using scanning electron microscopy 
(sEM). an example of an sEM picture in Fig. 11, showing 
a very high quality bonding between the two wafers.

after the bonding process, sU-8 and sio2 layers still 
remain inside the via devised for electrical contact. sU-8 
hashing and sio2 etching are performed in a Plassys re-
active ion etching reactor (Marolles-en-Hurepoix, France). 
The remaining resist is dry etched with a gas mixture 
composed of oxygen and c2F6. We chose to dry etch sio2 
using cHF3 and c2F6 reactive ion etching (rIE). a thin 
resist layer is deposited on the linbo3 back side to reduce 
spurious bulk acoustic wave (BaW) reflections. The stack 
then is diced for measurement.
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Fig. 8. quadrature sequences of the dynamic deformation of the sH-like mode: (a) φ = 0, (b) φ = π/4, (c) φ = π/2, (d) φ = 3π/4. 



IV. Measurements

The devices first have been characterized under rF 
probes connected to a rohde & schwarz ZVcE network 
analyzer (Munich, Germany). The wavelength of the test-
ed devices has been set to 5, 3.3, and 2.8 µm, yielding 
a minimum strip width of 0.7 µm, near the very limit 
of our mask aligner. Most devices have been successfully 
tested but were also found to suffer from parasitic ele-
ments limiting the measurement quality. Therefore, we 
focus only on the 2.8 µm wavelength devices, providing 
the best experimental results and allowing for a reliable 
assessment and analysis of theory and experiment. Fig. 
12 shows the experimental admittance of a typical one-
port IaW resonator. We easily identify the two main 
contributions respectively at 1.39 and 1.62 GHz as the 
rayleigh-like and the sH-like modes, corresponding to 
phase velocities close to 3900 and 4500 m·s−1. The weak 
contribution near 1 GHz was not expected and must be 
identified using theoretical analysis. Fig. 13 shows the har-
monic admittances computed with Blötekjaër and FEa/
BEM approaches, providing a reliable prediction of the 
observed resonator responses. It must be indicated that 
this agreement was obtained after adjusting the sU-8 re-
sist thickness from 1 µm down to 0.6 µm. Even though 
the experimental measurement is strongly perturbed by 

parasitic contributions, it can be emphasized that relative 
amplitudes of the different admittance contributions are 
correctly predicted by both theoretical approaches. We 
also point out that the electrode loading accounted for 
in the FEa/BEM computations was overestimated com-
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Fig. 9. Flowchart for the adhesive wafer bonding process. 

Fig. 10. Picture of the 3-inch bonded wafers (ln/si) from the silicon 
side. 



pared with experimental and Blötekjaër analysis results. 
The sensitivity of the device response to the interface pa-
rameters thus suggests the need for a perfect control of 
the resonator fabrication to reach the level of agreement 
between theory and experiment usually met for saW de-
vices. nevertheless, the FEa/BEM analysis allows a reli-
able identification of the mode polarizations. Figs. 14, 15, 
and 16 show the dynamically deformed mesh (for φ = 0) 
of the three observed admittance peaks. The first (1 GHz) 
contribution corresponds to a weakly coupled pure sH-like 
mode mainly localized within the sU-8 layer. The exis-
tence of this mode strongly depends on the sU-8 thickness 
and it tends to vanish when the resist layer is thicker than 
0.8 µm. The second (1.39 GHz) contribution consists of a 
combination of a weak shear displacement with a strong 
elliptic motion, corresponding to the so-called rayleigh-
like contribution. Finally, the third (1.6 GHz) contribu-
tion, corresponds to a strongly coupled sH-like mode with 

a small elliptic residual motion. In comparison with the 
first shear contribution, the mode distribution along the 
interface height corresponds to a whole sine alternation 
of the displacement normal to the saggital plane. How-
ever, there is no obvious harmonic relation between the 
two modes. For the two latter modes, the vibration is, of 
course, stronger near the linbo3 medium because it is the 
actual location of the vibration source.

V. conclusion

a theoretical analysis of the operation of IaW has been 
proposed to describe the characteristics of a waveguide 
composed of a silicon wafer and a lithium niobate wafer 
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Fig. 11. scanning electron micrograph of the stack after dicing. It shows 
the lithium niobate wafer, the adhesion interface, and the silicon sub-
strate.

Fig. 12. Experimental admittance of the 2.8-µm-wavelength IaW devices. 
The rayleigh-like mode is found to propagate near 3900 m·s−1 whereas 
the sH-like mode exhibits a phase velocity close to 4500 m·s−1. 

Fig. 13. Harmonic admittances of the 2.8-µm-wavelength IaW devices 
computed using the Blötekjaër and FEa/BEM approaches. The sU-8 
resist thickness has been adjusted to fit the experimental results of Fig. 
14. all the observed modes are predicted, but the electrode loading ef-
fects are overestimated by the FEa/BEM analysis. 

Fig. 14. Polarization of the first (1 GHz) contribution, corresponding to a 
weakly coupled pure sH-like mode mainly localized within the sU-8 layer 
(isovalues are along the normal to the saggital plane). 



bonded together using an adhesive layer, accounting for 
the presence of the excitation/detection electrode grat-
ing. Two modes are guided at the interface, the first be-
ing close to the free-surface rayleigh wave atop linbo3 
and the second exhibiting a quasi-shear polarization. a 
low-temperature wafer hetero-bonding process of lithium 
niobate onto silicon also has been achieved, exploiting 
a thin spin-coated sU-8 film as an adhesive layer. It is 
the first experimental demonstration of interface acoustic 
wave devices made with this wafer bonding technique and 
operating at frequencies higher than 1 GHz. It is found 
that the presence of an adhesive layer between the linbo3 
wafer and the silicon wafer leads to strong losses of the 
IaW modes for any practical use, but allows for the ex-
citation of a highly coupled sH-like mode (Ks

2 > 10%). 

Experiments are ongoing to increase device frequencies up 
to 2 GHz.

although it was clearly demonstrated that waves can 
be excited and propagate at the interface between lithi-
um niobate and silicon, it is also clear that this particu-
lar combination of materials with the bonding technique 
implemented cannot give rise to any practical applica-
tion. consequently, investigations are under way to de-
crease losses caused by the adhesive wafer bonding by 
using harder layers obtained, for instance, by spin-on-
glass (soG). The extension of the developed processes to 
other piezoelectric substrates such as lithium tantalate is 
also planned.
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