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SURFACE WAVE DEVICE CONNECTED TO A BASE WITH A
CONDUCTIVE ADHESIVE

The field of the invention is that of surface wave
components wused in the field of electronics, in
particular as RF or IF filters for the purpose of
selecting frequency bands.

These components use the principle of acoustic
propagation of surface waves, on the surface of a
piezoelectric substrate. To ensure satisfactory surface
acoustic wave propagation, the surface of the component
must be protected against any contamination and any
mechanical loading.

Furthermore, since the acoustic waves Propagate on the
surface of the piezoelectric substrate, this surface
must be left free so as not to disturb the Propagation
of the waves, this constituting a further constraint at
the level of the encapsulation packages.

The current technologies of encapsulation of surface
wave filters rely on a two- -part package, as illustrated
in figure 1: a ceramic or organic base 01, and a
ceramic, metal or organic cover 02, closure of which by
welding or gluing ensures that the component is
hermetically sealed while the necessary cavity is
allowed for. In packageé of this type, the surface wave
devices (SWD) 03, can be assembled by gluing to the
base. The electrical connections between the internal
pads 011, 012 of the SWD and external pads 071 and 072
are provided for by metallized vias through the base
01.

Figure 1 illustrates an example of the prior art, in
which the electrical connections of the SWD with the
exterior are of wire type. To provide Dbetter
compactness, the rflip chip" type technique (the
component being turned over) is currently employed.
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Figure 2 illustrates an example of an encapsulated SWD
according to the known art, which constitutes a variant
of figure 1. The flip-chip type method is developed in
detail in the Patent US 5 252 882. The SWD is
transferred active face towards the base by way of
metal beads known as "bumps" which provides both for
the electrical connection between the SWD and the base
and the mechanical efficacy of this assembly. However,
the limited number and the small size of these beads
limit the mechanical efficacy of the assembly.

This is the reason that some have proposed the use of
an encapsulation resin for enhancing the mechanical
efficacy of these beads which provide for the
electrical connections between the SWD and the base.
Such resins are described in particular in European
Patent EP 0 896 427 a2.

In this context, the invention proposes a new surface
wave component comprising an SwWD mounted active face
towards a base and assembled to the said base with the
aid of an anisotropic conductive adhesive.

The anisotropic conductive adhesive advantageously
provides for an electrical connection function.

More precisely the subject of the invention is an

encapsulated surface wave component comprising:

~ a surface wave device on the surface of a
piezoelectric substrate, the so-called active
surface, the said device comprising interdigital
electrodes linked to conducting buses;

- a base comprising . electrodes linked to external
conducting pads;

characterized in that: the active surface of the

surface wave device is assembled to the base by way of

a8 conductive adhesive which is anisotropic along an

axis Z perpendicular to the plane of the surface wave

device, at the level of the conducting buses opposite
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the electrodes of the base in such a way as to provide
for electrical connections.

According to a variant of the invention, the
anisotropic conducting adhesive can also be situated on
the entire periphery of the surface wave device in such
a way as to achieve the encapsulation of the said
device.

The electrodes of the base have a structure suitable
for compressing the anisotropic condﬁctive adhesive
locally, a necessary condition for squashing the
conducting particles. According to the invention, it is
therefore unnecessary to make bumps on the base or on
the SWD. This structure comprises a succession of local
thickenings allowing local compression, possibly of the
order of a few tens of microns.

According to a preferred variant of the invention, the
anisotropic conductive adhesive is a composite material
comprising conducting particles and a binder material.

According to a variant of the invention, the electrodes
of the base constitute barriers against the creeping of
the anisotropic conductive adhesive towards the active
zones of the surface wave device. Advantageously these
electrodes can be in the form of a comb whose teeth are
perpendicular to the direction of propagation of the
acoustic waves of the surface wave device.

The invention will be better understood and other
advantages will become apparent on reading the
following description, . given by way of nonlimiting
example and by virtue of the appended figures, among
which:

- Figures 1 and 2 illustrate surface wave devices,
encapsulated according to techniques of the known
art.
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- Figure 3 illustrates the assembly procedure used
in the invention. Figure 3a shows the anisotropic
conductive material unstressed between two
electrodes, figure 3b shows the anisotropic
conductive material under compression between two

electrodes.

- Figure 4 illustrates an example of a surface wave
device comprising two transducers.

- Figures 5a to 5c illustrate examples of a base
which can be used in the invention.

- Figure 6 illustrates an example of an anisotropic
conductive material overlaid on a surface acoustic
wave device.

- Figure 7 illustrates an example of a device
encapsulated according to the invention.

- Figure 8 illustrates an example of a device
according to the invention, encapsulated in a
standard package.

In general, the component of the invention comprises a
surface wave device which has the feature of being
mounted active face towards a base and assembled to
this base, via an anisotropic conductive adhesive which
provides both for an electrical function and a
mechanical function. The same adhesive can also provide
for an acoustic absorbent function.

The anisotropic conductive adhesive material exhibits
the property of being conducting in a favored
direction, as illustrated in figure 3 which
diagrammatically shows a conductive adhesive film
consisting of a binder material and conducting
particles. Typically, this material inserted between
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two electrodes, then hot pressed is able to provide for
electrical contact, only along the Z direction. Figure
3a shows the ACF film unstressed, figure 3b illustrates
the operation of hot Pressing which makes it possible
to provide for the electrical contact between the two
electrodes. More Precisely these figures illustrate a
variant in which the base E comprises electrodes in the
shape of combs whose teeth DE are represented in
section, opposite the electrode of the SwD.

Electrical conductivity is achieved by squashing the
particles in the z [sic] axis, corresponding to the
axis of conduction, during transfer by pressure between
the two surfaces to be assembled.

Within the framework of the invention, one of the
electrodes, corresponds to that of the surface acoustic
wave device, the other electrode can have been made on
the surface of the base, as will be described in
greater detail later.

To provide for the sought-after anisotropy of the
material binding the two conducting surfaces to be
connected, it is advantageously possible to use a
thermosetting or thermoplastic polymer filled with
polymer particles metallized by in particular
deposition of gold or nickel. The size of the particles
can vary between a few microns and about twenty
microns. The density of the particles can typically be
of the order of 1000 beads/mm? to 15000 beads /mm?.

Within the framework of the invention, the anisotropic
conductive material makes it possible to bind the
acoustic wave device to a base.

In more detail, we shall describe an example of g
surface acoustic wave device made on the surface of a
piezoelectric substrate of quartz type, lithium
tantalate, on which are made by wvacuum evaporation, the
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interdigital electrode combs which constitute the
active surface which generates acoustic waves, and
buses generally made of aluminum which enable the combs
to be powered electrically. an example of such a device
is illustrated in figure 4. Two transducers T1 and T,
are made on the surface of the piezoelectric substrate,
each respectively comprises two buses Bi1, Bia, Bz1, By,
and electrode combs P, and P;. The rear face of the
surface wave device can be striated so as to absorb the
bulk waves.

The base E is represented in figure 5a. On one of its
faces it comprises electrodes E;;, E;,, Ez1, Ejz; intended
to provide for the contact of the buses B;;, B;,, B21, Ba;
of the transducers T; and T, previously described, and
on the other face (not represented) conducting pads
make it possible to provide for electrical contact with
the exterior, possibly involving for example a printed
circuit to be connected to the surface wave device.
Conducting wvias made through the base provide for the
electrical link between the electrodes E;,, Ei2, E21, Eai;
and the external conducting pads. In this technology,
the base can be made from ceramic (Al 03) or from
filled polymer (for example epoxy-glass resin) or else
from a polyimide film (Kapton for example).

The function of the anisotropic conductive material is
to mechanically assemble and electrically connect the
acoustic wave device to the base. To do this, the
anisotropic conductive material (ACM), can equally well
be deposited base side or device side. When a film of
ACM is chosen, it is in particular possible to use a
preform precut mechanically, by laser or by any other
method. When a paste is chosen, a deposition can be
carried out by screen printing, syringe deposition. It
is also possible to effect a deposition covering the
entire surface of the substrate or of the base and then
localized by chemical, mechanical etching or by laser
ablation so as to clear the free Space necessary for
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the propagation of the surface waves. In all cases, the
material is débosited at the level of the opposite
electrical connection 1lands (bus/electrodes of the
base), but the anisotropic nature of the conductive
material, allows deposition on more extensive surfaces
than those to be connected, without short-circuiting
the independent conducting lands, situated in one and
the same plane. The material can in particular,
advantageously be localized at the following sites:

- On the nonactive surfaces of the surface wave
device, so as to enhance the mechanical efficacy
of the assembly by increasing the gluing area and
by distributing the mechanical stresses.

- On specific zones of the surface wave device, so
as to absorb the surface acoustic waves if
necessary (this may typically involve eliminating
reflections from the edges of the device,
elimination of acoustic coupling between various
active zones).

- Over the entire periphery of a surface wave
device, so as to provide for the sealing thereof
as illustrated in figure 6.

Moreover, to provide a gaged thickness of conducting
anisotropic material, and to gage the height of the
cavity thus defined, it is possible to use metal beads
(known as bumps) deposited surface wave device side.

It is also possible to make structures in relief device
side or base side so as to compress the anisotropic
conductive adhesive locally, so as to control the
creeping of the anisotropic conductive material and in
particular prevent its migration towards the active
surfaces of the device. This involves comb-shaped
electrodes, as illustrated in figure 5b. Specifically,'
when making the base substrate assembly, the



10

15

20

25

30

35

-8 -

anisotropic conductor is advantageously placed on the
fingers of the electrode combs. Under the effect of
pPressure and temperature, the creeping of the
anisotropic conductor is arrested by the barriers
constituted by the electrodes and more particularly the
haft of the combs, as illustrated in figure 5c. The
teeth DE;; have a structure consisting of thickenings
making it possible to compress the adhesive locally in
the zones 2. According to the invention it is not
therefore necessary to make bumps on the base or on the
SWD. The zones 2. reéepresent zones of creep in relation
to the uncompressed conductive adhesive. The zones Zy
constituted by the haft of the comb constitute barrier
zones to the creeping of the anisotropic conductive
adhesive ACF towards the active regions.

When the desired patterns are made at the level of the
anisotropic conductive material, the three elements
device/conductive material/base are assembled. This
operation is performed at a temperature and at a
pressure which are determined as a function of the kind
of anisotropic conductive material. Typically, the
pressure necessary to obtain the gluing and. the
establishment of electrical contact varies between 10
and 30 bar and the temperature varies between 150°C and
220¢°cC.

In the example cited above, the anisotropic conductive
material also provides for a sealing function which
makes it possible to design a particularly compact
surface acoustic wave device since it exhibits no lost
Space as revealed by figure 7 which illustrates the
device of figure 6 assembled to a base, in a sectional
plane AA'.

For applications in which the sealing constraints and
robustness constraints are very high, the assembly
illustrated in figure 7 can equally well be integrated
into a standard encapsulation package as shown
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diagrammatically in figure 8, the ACM material still
provides for the electrical connection between the base
and the surface acoustic wave device. Small walls m and
a4 cover C constitute the upper part of the
encapsulation package.
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Encapsulated surface wave component comprising:

- a surface wave device (SWD) on the surface of
a piezoelectric substrate, the so-called
active surface, the said device comprising
interdigital electrodes linked to conducting
buses;

- a base (E) comprising electrodes linked to
external conducting pads;

characterized in that: the active surface of the
surface wave device is assembled to the base by
way of a conductive adhesive which is anisotropic
along an axis Z perpendicular to the plane of the
surface wave device, at the 1level of the
conducting buses opposite the electrodes of the
base in such a way as to provide for electrical
connections.

Surface wave component according to claim 1,
characterized in that the set of electrodes has a
structure comprising a succession of 1local
thickenings (2Z.) making it possible to compress
the anisotropic conductive adhesive (ACF) locally.

Surface wave component according to either of
claims 1 and 2, characterized in that the
electrodes of the base constitute structures in
relief constituting barriers against the creeping
of the anisotropic conductive adhesive towards the
active zones of the surface wave device.

Surface wave component according to claim 3,
characterized in that the electrodes of the base
have an architecture in the form of a comb
exhibiting a haft (ME;2) and teeth (DE;;), the said
teeth being perpendicular to the direction of
Propagation of the acoustic waves of the surface

wave device.

_—
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12.

This Sheet Has Been Re la
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Surface wave component according to claim 4,

characterized in that the anisotropic conductive
adhesive is deposited at the level of the teeth of
the comb (DE;;).

Surface wave component according to one of claims
2 to 5, characterized in that the thickenings are
of the order of a few tens of microns.

Surface wave component according to one of claims
1 to 6, characterized in that the anisotropic
conductive adhesive is a composite material
comprising conducting particles and a binder
material.

Surface wave component according to claim 7,
characterized in that the binder material is a
thermosetting or thermoplastic polymer.

Surface wave component according to one of claims
7 or 8, characterized in that the conducting
particles are metallized polymer particles.

Surface wave component according to either of
claims 7 and 8, characterized in that the
conducting particles are metal prarticles.

Surface wave component according to one of claims
7 to 10, characterized in that the particles have
a diameter of between around a few microns and
about twenty microns.

Surface wave component according to one of claims
1 to 11, characterized in that the anisotropic
conductive adhesive bossesses acoustic absorbent
Properties.

T
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Surface wave component according to one of claims
1 to 12, characterized in that the conducting
anisotropic adhesive is also situated on the
entire periphery of the surface wave device in
such a way as to achieve the encapsulation of the
said device.
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