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(54) Piezoelectric MEMS Device

(57) A piezoelectric MEMS device, comprises a can-
tilever beam arrangement (16) with a piezoelectric actu-
ation layer (24) for actuating movement of the cantilever
beam arrangement between an open position and a
closed position in which the cantilever beam arrange-
ment causes contact with a first electrical contact (15).
The cantilever beam arrangement (16) comprises at least
three adjacent cantilever beams (40,42,44,46,48),
wherein the beams each have a fixed connection end
and are coupled together at their free contact ends to
define a single shared contact region (54).

The device thus comprises at least three cantilevers
actuated next to each other in such a way that all con-
tribute to the contact force. The contact force is thus in-
creased nearly linearly with the number of cantilevers.
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Description

[0001] This invention relates to piezoelectric MEMS
devices, particularly but not exclusively a MEMS galvanic
switch.
[0002] A piezoelectric MEMS galvanic switch compris-
es a first electrode that is present on a substrate and a
movable element that overlies at least partially the first
electrode and comprises a piezoelectric actuator. The
movable element is movable towards and/or away from
the substrate between a first and a second position by
application of an actuation voltage to the piezoelectric
actuator, in which first position is separated from the sub-
strate by a gap. The movable element comprises a sec-
ond electrode that faces the first electrode. In the second
position (closed switch) first and second electrodes are
in mechanical and electrical contact with each other.
[0003] Such an electronic device is for instance known
from GB-A 2,353,410. The known electronic device com-
prises a movable element such as a beam or a membrane
that is provided with a piezoelectric actuator. This actu-
ator comprises a layer of piezoelectric material between
actuation electrodes. The movable element further com-
prises a second electrode that overlies the first electrode
on the substrate. On application of the actuation voltage,
the movable element will bend, and the second electrode
will be brought towards the first electrode on the sub-
strate. In its second, ultimate position, the second elec-
trode may be in contact with the first electrode.
[0004] WO 2005/064701 discloses an arrangement in
which one of the actuation electrodes of the actuator is
simultaneously the second electrode through which con-
tact may be made with the first electrode in the second
(closed) position of the MEMS switch.
[0005] When a MEMS switch is to function as a gal-
vanic switch (i.e. an open circuit or a closed circuit rather
than as a variable capacitance as in capacitive MEMS
switches), low contact forces present a problem, espe-
cially when applying only a low actuation voltage. If a
series switch geometry is used, in which two electrical
contacts are needed, the available contact force per con-
tact is also reduced by half.
[0006] For beam like piezoelectric actuators the avail-
able contact force increases linearly with the beam width.
Hence, a wide beam is desired to achieve high contact
forces. However, the piezoelectric beam will not deform
only along the length of the beam, as desired, but there
will also be unwanted deformations across the beam
width. These deformations do not increase the contact
force, but instead lead to a decrease of the contact force
for a given energy input, because of the (virtual) work
needed for the deformation. This is particularly problem-
atic for wider cantilever beams. When the width of a can-
tilever is increased, the amount of cantilever bending in
the width direction increases. This leads to an increased
bending stiffness and to a decreased contact force.
[0007] Thus, there is a problem of providing good con-
tact force in the closed switch position, without requiring

high voltage actuation signals.
[0008] According to the invention, there is provided a
piezoelectric MEMS device, comprising:

a substrate;
a first electrical contact over the substrate;
a cantilever beam arrangement suspended over the
substrate, comprising a piezoelectric actuation layer
for actuating movement of the cantilever beam ar-
rangement between an open position in which the
cantilever beam arrangement is spaced from the first
electrical contact and a closed position in which the
cantilever beam arrangement causes contact with
the first electrical contact, the cantilever beam ar-
rangement comprising a fixed connection end which
is fixed with respect to the substrate and a free con-
tact end,
wherein the cantilever beam arrangement compris-
es at least three adjacent cantilever beams all ex-
tending within an angle of less than 90 degrees,
wherein the beams each have a fixed connection
end and are coupled together at their free contact
ends to define a single shared contact region.

[0009] The device thus comprises at least three can-
tilevers actuated next to each other in such a way that
all contribute to the contact force. The contact force is
thus increased nearly linearly with the number of canti-
levers. In the most preferable option, between 3 and 5
cantilevers are actuated next to each other.
[0010] In one example with 5 cantilevers, the contact
force is increased by a factor of 4.5 of the contact force
of a single cantilever. The total number of cantilevers is
limited depending on the width, length and thickness of
the cantilevers.
[0011] This enables the individual beams to be kept
narrow so that bending in the width direction can be sub-
stantially avoided. This lateral bending is particularly
problematic for wider cantilever beams. When the width
of a cantilever is increased, the cantilever starts to bend
significantly also in the width direction. For a 200 Pm long
and 2 Pm thick cantilever, this point is at around 30 Pm.
Thus by using multiple, thin cantilevers the resulting con-
tact force is higher than a comparable single, very wide
cantilever. At the same time, the required under etch dis-
tance is reduced or the need for etch holes in the canti-
levers can be eliminated. Etch holes in the multiple can-
tilevers might can however still be used if desired.
[0012] The use of relatively narrow cantilevers also
means the switching speed is not significantly reduced
by squeeze film damping, which will arise for a single,
wider cantilever.
[0013] Preferably, the cantilever beam arrangement
has less than 9 beams, for example 3, 4 or 5 beams.
[0014] The beams of the cantilever beam arrangement
can be parallel. This gives a compact arrangement which
is simple to implement. The beams of the cantilever beam
arrangement can be spaced by less than two times the
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width of either beam on opposite sides of the spacing, or
more preferably less than the width of either beam on
opposite sides of the spacing.
[0015] The beams of the cantilever beam arrangement
preferably each have a width of less than 40 Pm. The
length of each cantilever beam is for example longer than
30 Pm and shorter than 1000 Pm. Preferably the length
is between 50 and 200 Pm. The thickness is related to
the length of the cantilever beam. Typically, the thickness
is a factor of 30 to 200 less than the length of the canti-
levers.
[0016] In one arrangement, a central beam of the can-
tilever beam arrangement is longer than the other beams,
and has the contact region at its free end, the other beams
coupling to the central beam at a position set back from
free end. Thus, one longer beam carries the contact.
[0017] Instead, the width of the cantilever beam ar-
rangement at the location of the contact region can be
at least twice the width of a central beam. This gives a
greater area for heat dissipation, and means that the
beams connect to each other at the very end.
[0018] The actuator can comprise a galvanic MEMS
switch, although the invention can be applied to other
piezoelectric actuators in order to increase the contact
force in the closed configuration.
[0019] These and other aspects of the device of the
invention will be further explained with reference to the
Figures, in which:

Fig. 1 shows in schematic form a cross-sectional
view of a known galvanic piezoelectric MEMS switch,
and which structure can be used for the device of
the invention;
Fig. 2 shows diagrammatically a plan view a first em-
bodiment of the device of the invention;
Fig. 3 shows diagrammatically a plan view a second
embodiment of the device of the invention;
Fig. 4 shows diagrammatically a plan view a third
embodiment of the device of the invention; and
Fig. 5 shows diagrammatically a plan view a fourth
embodiment of the device of the invention.

[0020] The invention provides a galvanic piezoelectric
MEMS switch which comprises more than two cantilevers
actuated next to each other in such a way that all con-
tribute to the contact force. The contact force is increased
nearly linearly with the number of cantilevers. In the most
preferable option between 3 and 5 cantilevers are actu-
ated next to each other.
[0021] Figure 1 shows schematically the basic ele-
ments of a known piezoelectric MEMS switch. The switch
10 is fabricated onto a base substrate 12. The switch
includes a pair of contacts, one of which is shown as RF
lines 14 on the substrate 12, with shorting bar 15 poised
above the RF lines, in the open switch shown. The short-
ing bar 15 is formed on and supported by a cantilever 16.
[0022] The cantilever 16 has one end 17 anchored to
the substrate 12, and the larger portion of its structure is

suspended and spaced from substrate 12. This separat-
ing space 18 contained sacrificial material in the initial
fabrication stages.
[0023] The cantilever 16 has a layered structure in-
cluding a pair of electrode layers 20, 22 between which
is sandwiched a piezoelectric layer 24. On top of the can-
tilever beam a structural layer 25 is present to create a
bending moment upon actuation. Bending movement of
the cantilever 16 is induced by the actuator formed by
electrode layers 20 and 22 and the piezoelectric layer 24
and the structural layer 25. The cantilever 16 is flexible
and when bending, its outer end 30 can move up and
down (reciprocate) while the cantilever is held fixed at
opposite end 18. This reciprocation moves the shorting
bar 15 down into electrical communication with the RF
lines 14.
[0024] When not actuated, the cantilever 16 is in the
relaxed position, i.e. horizontal position based on the ori-
entation of the figures. The cantilever can include one or
more through-holes extending to the space 18 below the
cantilever from which sacrificial material was removed
via the through-hole.
[0025] The space 18 can be over the substrate (as
shown) or it may be defined by a region micro machined
into the substrate.
[0026] The design and manufacture of this type of
MEMS switch is now extremely well known, and for this
reason, details of the processes and materials used will
not be given. As will become apparent from the descrip-
tion below, the invention can be implemented simply by
changing the plan view layout of the device; no changes
to the processes or materials used compared to known
MEMS switches are required.
[0027] Figure 2 shows a first example of device of the
invention.
[0028] The cantilever is designed as a cantilever beam
arrangement, in this example with five parallel beams
40,42,44,46,48. In general, three or more cantilever
beams are actuated next to each other and connected
with each other to achieve a higher contact force at the
contacts.
[0029] The multiple cantilevers are connected with
each other at their fixed connection ends 50 (fixed with
respect to the substrate) and at their free contact ends
52 to define a single shared contact region 54.
[0030] The parallel beams can thus be connected only
at their ends, but intermediate connection points can also
be provided (preferably less than 10 connection bridges
in total, and more preferably only two or three).
[0031] The contact region 54 has (downward facing)
contact dimples 56.
[0032] Figure 2 shows the two RF lines 57, 58 which
are electrically shortcircuited by the contact region upon
actuation of the MEMS switch, i.e. in the second (closed)
state.
[0033] The top and bottom actuation electrodes of the
cantilever beam arrangement and the piezoelectric layer
have essentially the same shape, corresponding to the
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combined area of the five cantilever beams. The contact
pad 60 thus comprises a top pad for the top electrode
and a bottom pad for the bottom electrode.
[0034] The multiple cantilever beam arrangement en-
ables the gap between the beams to be used as the sac-
rificial etch holes. The sacrificial etch hole pattern is de-
fined by the combination of the strips shown as 62.
[0035] In the arrangement of Figure 2, a central beam
48 of the beam arrangement is longer than the other
beams, and has the contact region 54 at its free end, the
other beams coupling to the central beam at a position
set back from free end.
[0036] However, the contact region 54 can be placed
at or near the location where the cantilevers cross/con-
nect. This measure enables the heat conduction to be
increased to increase the power handling. Examples are
shown in Figures 3 and 4, in which the same reference
numbers denote the same components as in Figure 2.
[0037] In the example of Figure 3, the central three
beams 42,46,48 merge very near the contact region,
whereas the outer two beams 40,44 are slightly shorter.
[0038] In the example of Figure 4, all five beams merge
near the contact region.
[0039] The cantilever beams can have different
lengths to remove unwanted deformations and to prevent
touching of the substrate other than at the contact region.
[0040] The cantilever beam arrangement is preferably
straight (as shown) but it can also be curved, though pref-
erably with a curve less than 90 degrees.
[0041] The under etch process may require additional
etch holes. This may be necessary when several canti-
lever beams are used.
[0042] The cantilever beams are preferably parallel.
However, more generally they may be placed next to
each other with angle of less than 90 degrees for the
complete arrangement. An example is shown in Figure
5. Each beam has a free end 52 and a clamped end 50,
so that a double clamped beam geometry is avoided.
[0043] For the parallel versions, the cantilevers are
spaced from each other no more than two times their
width (i.e. the space is not more than two times the width
of the largest beam on opposite sides of the space- the
beams may not have equal width). Preferably they are
spaced less than one times the maximum beam width
on either side of the spacing.
[0044] The use of different width cantilever beams can
assist to achieve a homogeneous sacrificial layer under
etch.
[0045] The designs of the invention avoid the need for
stress reducing structures. The residual stress in the
width direction is relaxed because of the high length to
width ratio that can be employed for the individual beams.
The stiffness in the width direction is very small. Because
the cantilevers are clamped only at one end, the residual
stress can relax in the length direction. Compensation of
the bending moment caused by a residual stress asym-
metry in the layer stack can be implemented.
[0046] In contrast, in a double-clamped geometry the

residual stresses of the layers are compounded. In many
cases, these residual stresses are large and usually ten-
sile. This results in an increased effective bending stiff-
ness EIeff of the double clamped beam. 

EI is the bending stiffness of the double clamped beam
without residual stress

L is the length of the double clamped beam, S the lateral
forces (positive force means pulling at the ends of the
beam, e.g. created by tensile residual stress) 

ti is the thickness, bi the width and σi the residual stress
(tensile stress is positive) of the i-th layer of the layer
stack.
[0047] The increased effective bending stiffness can
be accounted for by making the double clamped beam
longer or by inserting stress-reducing designs. However,
these measures both result in larger lateral size.
[0048] The use of multiple free-clamped beams ac-
cording to the invention, actuated together, resolves
problems of residual stresses without drastically increas-
ing lateral space. Furthermore, the thermal expansion
coefficient is more easily controlled than in a double-
clamped beam.
[0049] Galvanic contacts situated at or near the tip of
a long cantilever suffer from poor heat conduction be-
cause of the thin and long geometry of the cantilever.
Other heat conduction mechanisms like radiation and
convection are negligible because of the low temperature
and the small surface area, respectively. This limits the
power handling of the galvanic contacts because of the
heat generated near the electrical contacts. By attaching
the individual beams at or near the contact region (for
example each individual beam extends at least 80% of
the length of the overall beam configuration, preferably
at least 90%), the heat conduction is increased by several
times, nearly linearly with the number of cantilevers. This
increases the power handling capabilities of the switch.
[0050] The invention can be implemented without in-
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creasing the complexity of the switch fabrication. The in-
vention can be implemented by changing the mask de-
sign only of existing designs.
[0051] The application is of particular interest for gal-
vanic switches (analog switches, RF switches, high pow-
er switches), but is also applicable to other piezoelectric
actuators with increased actuation force.
[0052] Various other modifications will be apparent to
those skilled in the art.

Claims

1. A piezoelectric MEMS device, comprising:

a substrate (12);
a first electrical contact (14) over the substrate;
a cantilever beam arrangement (16) suspended
over the substrate, comprising a piezoelectric
actuation layer (24) for actuating movement of
the cantilever beam arrangement between an
open position in which the cantilever beam ar-
rangement (16) is spaced from the first electrical
contact (14) and a closed position in which the
cantilever beam arrangement causes contact
with the first electrical contact (14), the cantilever
beam arrangement comprising a fixed connec-
tion end (17) which is fixed with respect to the
substrate (12) and a free contact end (30),
wherein the cantilever beam arrangement (16)
comprises at least three adjacent cantilever
beams (40,42,44,46,48) all extending within an
angle of less than 90 degrees, wherein the
beams (40,42,44,46,48) each have a fixed con-
nection end (50) and are coupled together at
their free contact ends (52) to define a single
shared contact region (54).

2. A device as claimed in claim 1, wherein the cantilever
beam arrangement (16) has less than 9 beams
(40,42,44,46,48).

3. A device as claimed in claim 1, wherein the cantilever
beam arrangement (16) has 3, 4 or 5 beams
(40,42,44,46,48).

4. A device as claimed in any preceding claim, wherein
the beams (40,42,44,46,48) of the cantilever beam
arrangement are parallel.

5. A device as claimed in claim 4, wherein the beams
(40,42,44,46,48) of the cantilever beam are spaced
by less than two times the width of either beam on
opposite sides of the spacing.

6. A device as claimed in claim 5, wherein the beams
(40,42,44,46,48) of the cantilever beam arrange-
ment (16) are spaced by less than the width of either

beam on opposite sides of the spacing.

7. A device as claimed in any preceding claim, wherein
the beams (40,42,44,46,48) of the cantilever beam
arrangement (16) each have a width of less than 40
Pm.

8. A device as claimed in any one of claims 1 to 6,
wherein a central beam (48) of the cantilever beam
arrangement (16) is longer than the other beams,
and has the contact region (54) at its free end, the
other beams (40,42,44,46) coupling to the central
beam at a position set back from free end (54).

9. A device as claimed in any preceding claim, wherein
the width of the cantilever beam arrangement (16)
at the location of the contact region (54) is at least
twice the width of a central beam.

10. A device as claimed in any preceding claim, com-
prising a galvanic MEMS switch.
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