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Description

[0001] Thisinvention relates to micro electro-mechan-
ical system (MEMS) switches. In particular it relates to
radio frequency (RF) MEMS switches, which may be par-
ticularly suitable for use in compact phase-shifting
switching arrays for example for phased-array antennas
and in some aspects also to other MEMS devices, not
necessarily RF.

[0002] Prior art MEMS switches can suffer from poor
insertion loss when operated at high (e.g. microwave)
radio frequencies. The performance of nominally-identi-
cal switches can vary widely, in both direct-contact (ohm-
ic) and indirect-contact (capacitative) types in which at
least one of the contacting pads of the switch has a layer
of dielectric material on its surface.

[0003] WO 03/023805A discloses a MEMS switch for
high voltage switching having a pair of relatively movable
contact-making surfaces, one surface being carried by a
flexible element, and actuator means to open and close
the switch, closing of the switch occurring when the flex-
ible element deforms to bring the contact-making surfac-
es together.

[0004] We have concluded that the source of this prob-
lem lies in the contacting surfaces of the switch not being
presented to each other in a consistent manner from
switch to switch, or even in successive operations of the
same switch. This may be the result of contamination
between contacting surfaces and/or the alignment of the
contacts themselves. This has the result that instead of
the surfaces contacting and conforming to each other
over substantial areas, there is instead contact only over
arelatively small area, in an extreme case approximating
to just point or line contact. Poor contact such as this
case can be particularly detrimental in a capacitative
switch.

[0005] According therefore to one aspect of the inven-
tion there is provided a MEMS switch comprising a pair
of contact-making surfaces, atleast one of which is move-
able relative to the other to open or close the switch, a
said surface being carried by a flexible element, and ac-
tuator means configured to effect said relative move-
ment, the arrangement being such that when the switch
is closed the flexible element is deformed to conform the
contacting surface defined thereon to the other contact-
ing surface.

[0006] By "switch" we mean a device in which a pair
of contacting surfaces can be opened or closed: there
may be more than one pair of such contacts in a single
device, (e.g. in multi-pole single terminal switches),
and/or one contact may be shared between two other
contacts e.g. in a double terminal switch.

[0007] Inone form of this aspect of the invention a said
contacting surface may be on a first portion of the flexible
element which is attached to a further portion of the flex-
ible element, internal stresses in the flexible element hav-
ing been chosen so as to control the shape of the first
portion and/or its angular disposition relative to the further
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portion.

[0008] In another form, a said contacting surface may
be on a first portion of the flexible element which is at-
tached to a further portion of the flexible element, the
flexible element comprising atleast two layers of different
coefficients of thermal expansion chosen so as to control
the shape of the first portion and/or its angular disposition
relative to the further portion.

[0009] In afurther form, a said contacting surface may
be on a first portion of the flexible element which is at-
tached to a further portion of the flexible element, the
flexible element comprising at least two layers which
have been formed at different elevated temperatures so
as to control at ambient temperature the shape of the
first portion and/or its angular disposition relative to the
further portion.

[0010] These three forms can be used singly or in any
combination, according to the claims.

[0011] Preferably the contact-making surface of the
flexible element presents a deformable at least partially
concave shape towards the other contact-making sur-
face when spaced therefrom.

[0012] When the contact-making surfaces are spaced
apart, the said surface on the first portion of the flexible
element may be parallel to or inclined towards the other
contacting surface from its point of attachment to the fur-
ther portion of the flexible element.

[0013] The first portion may be attached to the further
portion at a fold or hinge line.

[0014] The fold or hinge line may comprise a line of
weakness which is disposed on the opposite side of said
construction from a layer which tends to impart said con-
cave shape to the first portion.

[0015] The shape of the flexible element may inflect
between the first and further portions.

[0016] The actuator means may comprise a first part
deflectable thermally, electrostatically or electromagnet-
ically relative to a further actuator part so as to effect said
relative movement.

[0017] The first actuator part may be disposed on the
flexible element.

[0018] Alternatively, the actuator means may be move-
able relative to the flexible element.

[0019] The actuator means may be adapted to apply
a closing force along a line of action which passes
through the contacting surfaces.

[0020] The actuator means may be supported from a
fixed structure separately from the flexible element.
[0021] The actuator means may comprise at least one
cantilever beam having a part which overlaps the flexible
element to effect said relative movement.

[0022] The flexible element may comprise a cantilever
beam.
[0023] Thus, in one embodiment the actuator means

may comprise cantilever beams extending on each side
of the flexible element, end parts of the cantilever beam
being joined together to form the overlapping part.

[0024] The cantilever beams of the actuator means
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and the flexible element may be substantially co-planar
except for the overlapping portion.

[0025] A said cantilever beam may have a curved
cross-section perpendicular to its longitudinal axis.
[0026] The switch may be contained in a package
which is at least partially transparent to permit inspection
of the switch, in particular of the state of the contacts
during manufacture or subsequently when in use.
[0027] This packaging feature is of wider applicability
than just for MEMS switches. For example, itcan be used
in the effective packaging of an optoelectronic compo-
nent which hitherto would have been left exposed on the
circuit substrate.

[0028] Thus, another aspect of the invention provides
a packaged MEMS device wherein a package in which
the device is contained is at least partially optically trans-
parent.

[0029] The package may comprise atransparentglass
cover.
[0030] There may be a separate wall structure which

spaces the glass cover from a circuit substrate.

[0031] The wall structure may be of glass or an oxide
of silicon.

[0032] The cover may be frit-bonded to the wall struc-
ture.

[0033] There may be a viaextending through the circuit

substrate beneath the wall structure to form an electrical
connection to the device.

[0034] Also or alternatively there may be a via through
the wall structure to form an electrical connection to a
conductor on the substrate.

[0035] Inanotheraspecttheinvention provides a meth-
od of manufacturing a MEMS switch according to claim
11.

[0036] The invention now will be described merely by
way of example with reference to the accompanying
drawings, wherein:

Figure 1 shows a prior art MEMS switch;

Figure 2 and 3 show MEMS switches according to
the invention;

Figure 4, 5, 6 and 7 show further switches according
to respective embodiments of the invention;

Figure 8 illustrates a problem with prior art switches;

Figures 9 and 10 show portions of switches accord-
ing to the invention;

Figure 11 shows further switches according to em-
bodiments of the invention;

Figure 12 shows part of the manufacture of switches
according to the invention;

Figures 13 and 14 show further switches according
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to embodiments of the invention.

Figures 15 and 16 show switch packages according
to the invention, and

Figure 17 shows the manufacture of the switch of
figure 15.

Figure 1 shows diagrammatically a prior art normally-
open MEMS switch. So far as relevant here, it com-
prises a substrate 10 on which is mounted a switch
contact 12. Aflexible cantilever beam 14 is mounted
on the substrate via structure 16. The free end 18 of
the cantilever has an undersurface 19 constituting
the other switch contact. The beam 14 is moveable
towards the substrate 10 by a pair of electrodes 20,
one on the substrate the other on the beam. When
a voltage is applied across them, sufficient electro-
static force is generated to deflect the beam and
close the switch. The switch here is of the normally-
open type, the natural resilience of the beam 14 hold-
ing the contact portion 18 normally spaced from the
contact 12.

[0037] The MEMS switch is manufactured by the dep-
osition of successive layers of material on the substrate,
and the selective removal of some of them so as to leave
spaces (e.g. the space between the beam 14 and the
substrate 10). The techniques are known to those skilled
inthe artand are based on those used in the manufacture
of integrated circuits, and so will not be described further
here except so far as relevant to the invention.

[0038] The beam 14 in particular typically consists of
a multi-layer structure of a nitride layer sandwiched be-
tween two metal layers, discrete parts of one of which
layers operate respectively as an actuator electrode and
as a switch contact surface.

[0039] The beam 14 is shown as having a shape which
illustrates the problem with prior art switches. Whilst the
portion 22 of the beam proximal to the mounting structure
16 has an acceptable shape, the end portion 18 is unde-
sirably tilted upwards, resulting in a poor contact with the
switch surface 12. Indeed the area of contact may be so
small as to be little more than line contact. This is unac-
ceptable, especially if the switch is capacitative rather
than ohmic, where a consistent area of contact is critical
for repeatable performance from switch to switch and,
for a particular switch, for each switching operation.
[0040] We have concluded that a likely cause of this
problem is uncontrolled residual stress in the multi-layer
structure of the beam, and have devised two basic ap-
proaches to alleviating it. These approaches are illustrat-
ed in figures 2 and 3: both have the objective of causing
the flexible end portion 18 of the beam 14 to conform its
contacting surface 19 to the corresponding surface of the
switch contact 12.

[0041] In figure 2, the beam 14 is manufactured (e.g.
by a method such as described hereafter) so that its end
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portion 18 presents a concave shape to the switch con-
tact 12. Preferably it is concave both viewed from the
side as illustrated, and when viewed end-on, i.e. in cross-
section relative to the longitudinal axis of the beam 14.
When the end portion 18 is so shaped, the closing force
applied by the electrodes 20 causes it to flatten on to (i.
e. conform to) the surface of the switch contact 12, there-
by ensuring a large enough area of contact for effective
operation. The end portion 18 is tilted downwards relative
to its point of attachment 24 to the proximal portion 22 of
the beam, so that the tip of the beam touches the contact
12 first, and the remainder of the undersurface 19 of por-
tion 18 is progressively brought into contact with it as the
beam is depressed. This form of beam is suitable for
actuation by electrodes positioned so far described, and
is also suitable for use in the alternative approach illus-
trated in Figure 3.

[0042] In Figure 3, the switch is closed by a force ap-
plied directly to the end portion 18 along a line of action
26 which passes through the contacting surfaces of that
portion and the switch contact 12. This ensures that even
if the end portion 18 is tilted upward as in figure 3, it is
pushed down onto the switch contact 12 and, due to its
concave shape, spreads itself into conformity with it. In-
deed, this solution can be applied even if the portion 18
is convex towards the switch contact 12, provided that
the force is applied via a plate-like element large enough
effectively to cover all of the end portion 18 and to spread
its surface 19 into conformity with the surface of the
switch contact. In this embodiment, and usefully also in
that of figure 2, the connection 24 between the portions
18 and 22 of the beam 14 is in the form of a fold or hinge
line, to facilitate the conformance of the end portion 18
to the surface of the switch contact 12 after the connec-
tion 24 has come into contact with that surface.

[0043] Figure 4 shows another embodiment of an in-
directly-actuated switch. By indirect actuation we mean
an arrangement in which the actuating force is applied
other than on a line of action which passes through the
contacting switch surfaces. In contrast direct actuation
is where the line of action of the actuating force passes
through these surfaces.

[0044] Infigure 4, and alsoin subsequentfigures, parts
already described have the same reference numerals.
This embodiment differs from that of figure 2 in that there
are two flexible contact-making portions 18, 18’ carried
transversely of the longitudinal extent of the beam on a
concave intermediate part 28 via folds 24, 24’. When the
switch is closed, the portions 18, 18’ connect two sepa-
rate switch contacts 12, 12’; thereby the RF signal flows
only in the beam portions 18, 28, and does not have to
be taken through the proximal portion 22 of the beam
where it may be subject to interference from the beam-
actuation circuitry.

[0045] The end portions 18, 18 are concave both
viewed from the side as at 30, and from the end as at 32.
This assists in causing them to deform reliably into con-
formance with the surface of switch contacts 12, 12’, pro-
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vided that care is taken to ensure that the stiffening effect
of the compound curvature 30, 32 does not reduce the
compliance of the portion 18, 18’ below that necessary
for conformance of their undersurfaces 19, 19’ to the sur-
faces of switch contacts 12, 12’. Although shown as con-
cave, the shape of the intermediate portion 28 is not crit-
ical, provided that it is adequately stiff so that deformation
takes place primarily in the portions 18, 18’, and the por-
tion 28 remains spaced from the switch contacts 12, 12’
at least until the switching surfaces 19, 19’ have been
conformed thereto.

[0046] The embodiment of figure 5 is an example of a
directly actuated MEMS switch according to the inven-
tion. In this embodiment, the components 12, 14, 16, 18,
22, 24 are arranged as described with reference to figure
2, but the actuating electrodes 20 are instead arranged
to deflect a separate relatively stiff cantilever beam 34
mounted on the substrate 10. The beam 34 is positioned
so that upon deflection its end, which carries a suitable
force-applying part 36, applies a force along line 26 di-
rectly to the end portion 18 of the flexible cantilever 14.
This directly-applied force reliably splays the portion 18
into conforming contact with the switch contact 12. Once
again, the RF signals can be kept well-separated from
the switch-actuating circuitry.

[0047] Figures 6A and 6B show in side elevation and
plan section another direct-acting embodiment which has
a more compact footprint than that of figure 5. Here the
actuating cantilever 34 is superimposed above the
switching cantilever 14. Applying an appropriate voltage
to the electrodes 20 pulls the actuating cantilever down
onto the end portion 18 of the cantilever 14, which de-
flects downwards, the portion 18 pivoting about the hinge
24 into conforming contact with the switch contact sur-
face 12.

[0048] The beams 14, 34 are shown as straight, and
indeed the switch would work in accordance with the in-
vention in such a configuration provided that the pad 36
applies force to the portion 18 over a sufficient area to
flatten any local deformities and conform it to the switch
contact 12.

[0049] The beam 14 and 34 are of sandwich construc-
tion in which dielectric (silicon nitride or silicon nitride/ox-
ide/nitride as described hereafter) layers are disposed
between metal layers 38, 40, (for beam 14) and 20, 41
(for beam 34). These metal layers provide a thermally-
balanced structure which is relatively resistant to distor-
tion with change in temperature. If the layers 38 and 41
were omitted there would be a tendency for the beams
to curl with change in temperature due to stresses arising
from the difference in thermal expansion coefficients be-
tween the dielectric layers and the metal layer 40, 20.
[0050] In the variant of figure 7, there are two parallel
cantilever actuating beams 34 disposed one on each side
of the switching beam 14, and co planar with it except
for a raised portion 44 at the end which stands over the
portion 18 of the beam 14. This arrangement reduces
the separation between the electrodes 20 on the actuator
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beam and those on the substrate 10. Thereby the oper-
ating voltage can be reduced.

[0051] Figures 8A and 8B illustrate the origin of unde-
sirable tilt or curvature in the cantilever beam 14 in prior
art switches. The beam is of sandwich construction with
a silicon nitride layer 46 between two metal layers 45,
47, parts of the lower of which constitute the actuator
electrode 20 and the switch surface 19 of portion 18.
When laid down by conventional CVD techniques, the
silicon nitride layer 46 is of reduced thickness in the hinge
portion 48 of the beam between the metal layer portions
19, 20, and residual stresses in it cause the end of the
beam to be curved and/or tilted upwards.

[0052] One solution we have identified for this is to re-
place the single silicon nitride layer with a three-layer
construction of a silicon oxide layer 50 between two sil-
icon nitride layers 52, 54, as shown in figure 9. Then by
appropriate control of the process parameters during
deposition of the layers so as to utilise the difference in
the coefficients of expansion of silicon oxide and silicon
nitride, a stress can be established in the silicon oxide
layer to counteract the stresses in the nitride layers, or
indeed to provide an up or down tilt as required. Tilt or
curvature can be provided by depositing the silicon nitride
layers at different temperatures. Then differential con-
traction between those layers upon return to ambient
temperature results in the required shape being imposed
on the structure. A similar result can be achieved by de-
positing the two silicon nitride layers at different pres-
sures. The lower-pressure layer will be less stiff per unit
thickness then the higher pressure layer and thus the
structure will curve away from that layer when returned
to ambient temperature.

[0053] Figure 10 shows another solution. Here a silicon
nitride structure is formed between the metal layers 45,
47 in two parts. First, a silicon nitride layer is deposited
as in figure 8B. However, instead of then depositing the
metal layer 45, the silicon nitride layer is etched back
(planarised) to the upper surface of the metal layer 47,
leaving only a portion 54 of the nitride layer in the region
between the electrode 20 and the switching surface 19.
A further silicon nitride layer 56 is then laid down on the
resulting uninterrupted flat surface. Because this layer
56 is of even thickness it has relatively little residual
stress, and a substantially straight beam can be
achieved.

[0054] Figures 11A and 11B show a directly-actuated
capacitive switch which has a flexible element in which
the contact surfaces 19, 19’ are, on a section 18, 28 of
gull-winged shape. By ’'gull-winged’ we mean that the
curvature of the section reverses or inflects, as at 58.
This provides clearance over the edges of the switch con-
tacts 12, 12’, which here are shown as having a dielectric
surface coating 60. The switch beam 14 is generally sim-
ilar to that of figure 6 except for the gull-winged portion.
[0055] A further actuator beam 34 is provided above
the flexible beam 14 and a force-applying pad 36 contacts
the gull-winged section 18, 28 to conform the contact
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surfaces 19, 19’ on to the switch contacts 12, 12'.
[0056] In a variation of this embodiment, shown in fig-
ure 11C, a stop block 62 is provided between the switch
contacts 12, 12’. This is contacted by the central portion
28 of the gull-wing section after predetermined spreading
of the contact surfaces 19, 19’ on to the switch contacts.
This prevents excessive deformation of the gull-wing sec-
tion.

[0057] Figure 12A, B and C illustrate the manufacture
of a gull-winged portion 18, 28 of a flexible switch beam
such as in figure 11B or 11C. The fixed switch contacts
12,12’ are deposited on to the substrate 10 so as to leave
a gap 64 between them. A sacrificial layer e.g. of poly-
imide is deposited on top of the contacts and the sub-
strate and then selectively removed to leave an infill block
66 in the gap 64. The block 66 has shoulders 68 which
are raised over the edges of the contacts 12, 12’ which
define the gap. A further layer 70 of polyimide or other
suitable known sacrificial material is deposited which has
the effect of providing more rounded shoulders 68 so that
the shape of the upper surface of the resist layer 70 pro-
vides the required profile for the underside 76 of the gull-
winged portion 18, 28. This is then deposited using e.g.
the stress-controlling technique described with referenc-
es to figures 8, 9 and 10. The extent to which the gull-
winged portion is cranked upwards as at 58 to provide
an intermediate inflected region between the contact po-
sition and the centre section is determined by the choice
of thickness of the first polyimide layer. The thicker the
layer, the more pronounced are the shoulders which re-
main over the edge of the contacts 12, 12'.

[0058] Figure 12D shows a less pronounced gull-wing
shape which nevertheless still inflects at 58. With this
component (obtained by reducing the thickness of the
block 66), a tendency for the ends 18, 18’ of the gull-
winged section to tilt upwards can be reduced. Thereby
consistent contact between the surfaces 19, 19’ and the
switch contacts 12, 12’ is more likely to be repeatably
achieved. A stop-block as at 62 in figure 11C may be
also provided if desired in the embodiments of figure 12C
and 12D.

[0059] Figure 13 shows another embodiment in which
stresses are controlled to provide a desired shape of flex-
ible cantilever switch beam. It is similar to the multi-layer
beam 14 of figure 6A, (corresponding parts having the
same reference numerals) and in principle can be used
in both directly-actuated and indirectly-actuated config-
uration. The beam comprises a central silicon nitride lay-
er 37 which in the shank portion 22 of the beam is dis-
posed between outer upper and lower layers 38, 40 of
aluminium/silicon/copper alloy. In the contact portion 18
of the beam the silicon nitride layer is disposed between
the lower layer 40 of aluminium alloy and an upper layer
39 of either titanium or of aluminium alloy which has been
deposited at lower pressure than the layer 40. When the
layer 39 is of titanium, advantage is taken of the differing
coefficients of thermal expansion of titanium and alumin-
ium to impose the preferred shape on the contact portion
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18 of the beam when it is at ambient temperature. Be-
cause aluminium has a higher coefficient of expansion
than titanium, the aluminium layer contracts more on
cooling from the elevated deposition temperature to am-
bient than does the titanium layer. This results in the con-
tract portion 18 of the beam adopting a concave - down-
wards shape as at 71.

[0060] A similar control of the shape of the portion 18
can be achieved when both the layers 39 and 40 are of
aluminium (and thus have similar co efficients of thermal
expansion) by depositing the layers at different elevated
temperatures. The layer deposited at the higher temper-
ature will contract more on cooling to ambient than will
the other layers. Thus, depositing layer 40 at a higher
temperature than layer 39 results in the beam portion 19
having a concave-down shape. Alternatively or in addi-
tion, other deposition parameters (e.g. pressure) can be
varied so that the layers 39 and 40 have different char-
acteristics (e.g. grain size) and thereby different residual
internal stresses. This too can be used to achieve shap-
ing of the portion 18. Indeed, if one of the layers 39. 40
is relatively thick, a gradation of internal stress can be
provided across its thickness by varying e.g. its grain
size. Then the layer can by itself impose a required cur-
vature on the portion 18.

[0061] If the metal layer 40 of the shank portion is uti-
lised as one of the actuator electrodes, application of the
appropriate operating voltage between it and the elec-
trode 20 can be used to overcome any residual upward
curvature (e.g.as at73). The applied voltage can straight-
en the shank portion by the so-called "zipper effect" and
pull the contact portion 18 down into conforming contact
with the other switch electrode (not shown), the beam
flexing as necessary at the hinge 24.

[0062] The switch beam of figure 14 is similar to that
of figure 13, and only the point of difference will be de-
scribed. In this embodiment, the hinge 24 comprises a
gap in the layer 40 which is overlaid on the opposite sur-
face of the beam by an extended portion of the layer 39.
The tendency of that layer to produce a concave-down
shape as described above is assisted by the compliance
of the line of weakness provided by the gap 75, resulting
in the end portion 18 being tilted bodily downwards at 77.
[0063] The switches so far described are packaged on
the substrate 60 as shown in figure 15. Just the contact
beam 14 and the switch contact electrodes 12, 12’ are
shown in the figure as representative of a typical switch
as a whole.

[0064] The switch is encased in a glass dome-shaped
lid 80, at least the internal and external top surfaces of
which are polished, so that the lid is optically transparent,
and the condition of the switch and if necessary its op-
eration can be inspected. The side walls of the lid are
bonded and sealed by known techniques in a reduced
pressure or inert gas environment to the silicon substrate
10 on which the switch is constructed. The volume within
the lid thus is in a controlled atmosphere and care must
be taken to ensure that the making of connections to the
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switch from outside do not break the hermetic seal be-
tween the lid and the substrate. Normally such connec-
tions are made to aluminium tracks as at 88 which extend
through the lid/substrate bond, but here the invention of-
fers an alternative solution. A portion 90 of the wall of the
lid 80 is made thicker so that a via 92 can be formed
through the substrate within the width of the wall without
compromising the seal. A connection can then be made
directly to a connection track 94 of the switch from aback-
plane track 96 of the substrate 10. In addition to preserv-
ing the integrity of the seal, this approach permits an all-
surface-mounted configuration for the switch, and also
avoids the difficulty of having to de-oxidise an exposed
aluminium track before making a wire-bonded or sol-
dered connection to it at 88. Further, by incorporating the
connection within the perimeter of the package walls, not
only is the footprint of the device is reduced, allowing for
greater packing density both during manufacture and in
the finished product, but the package wall provides ad-
ditional structural strength during formation of the via and
thereafter, improving long term reliability of the assembly.
[0065] Figure 16 shows an alternative form of the lid
80. Here the wall 98 is formed as a separate component,
either of glass or of silicon. The wall 98 is first bonded to
the substrate 10, and then the transparent glass lid is
bonded onto it, e.g. by frit bonding. Figure 14 also illus-
trates that a via 100 may be provided through the wall
98 to provide access to a track on the substrate to permit
a connection to be made thereto if a backplane connec-
tion is not available.

[0066] Figures 17A-E illustrate the process of packag-
ing MEMS switches (here shown as in figure 11C) in bulk
on awafer. Infigure 17A, the top surface of the substrate
10 first is cut back around the switches on the wafer (only
one shown) to leave a peripheral pad 102 around each
switch to form a mounting for the lid 80. An array of lids
80 are then bonded to their respective pads 102 (Figure
17B). A wax layer or tape 104 is applied to the polished
top surface of the lid to protect it during subsequent han-
dling (fig 17C), and the underside of the wafer substrate
10 is ground at 105 in preparation for the deposition of
gold backplane tracks 106 (fig 17D). The packaged
switches are then sawn-through at 108 to separate them
into individual units (figure 17E).

Claims

1. A MEMS switch for use at radio or microwave fre-
quencies, comprising a pair of contact-making sur-
faces (12, 19), atleast one (19) of which is moveable
relative to the other (12) to open or close the switch,
asaid surface (19) being carried by a flexible element
(14), and actuator means (20, 20) configured to ef-
fect said relative movement, and wherein a said con-
tacting surface (19) is on a first portion (18) of the
flexible element (14) which Is attached to a further
portion (22) of the flexible element, internal stresses
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in the flexible element (14) having been chosen so
as to control the shape of the first portion (18) and/or
its angular disposition relative to the further portion
(22). characterised by the arrangement being such
that when the switch is closed the flexible element
(14) is deformed to conform the contacting surface
(19) defined thereon to the other contacting surface
(12).

The switch of claim 1 wherein a said contacting sur-
face (19) is on a first portion (18) of the flexible ele-
ment (14) which is attached to a further portion (22)
ofthe flexible element, the flexible element (14) com-
prising at least two layers (50, 52, 54) of different
coefficients of thermal expansion chosen so as to
control the shape of the first portion (18) and/or its
angular disposition relative to the further portion (22).

The switch of claim 1 or 2 wherein a said contacting
surface (19) is on a first portion (18) of the flexible
element (14) which is attached to a further portion
(22) of the flexible element, the flexible element (14)
comprising atleasttwolayers (50, 52, 54) which have
been formed at different elevated temperatures so
as to control at ambient temperature the shape of
the first portion (18) and/or its angular disposition
relative to the further portion (22).

The switch of any of claims 1 to 3 wherein the actu-
ator means (20, 34) is moveable relative to the flex-
ible element (14) and is adapted to apply a closing
force along a line of action (26) which passes through
the contacting surfaces (12, 19).

The switch of any preceding claim wherein the ac-
tuator means (20, 34) is supported from a fixed struc-
ture separately from the flexible element (14).

The switch of any preceding claim wherein the ac-
tuator means comprises atleast one cantilever beam
(34, 34) having a part (44) which overlaps the flexible
element (18) to effect said relative movement.

The switch of claim 6 wherein the actuator means
comprises cantilever beams (34, 34) extending on
each side of the flexible element (14), end parts of
the cantilever beam (34, 34) being joined together
to form the overlapping part (44).

The switch of any preceding claim wherein the con-
tact-making surface (19) of the flexible element (14)
presents a deformable at least partially concave
shape towards the other contact-making surface
(12) when spaced therefrom.

The switch of any preceding claim wherein when the
contact-making surfaces (12, 19) are spaced apart
the said surface (19) on the first portion (18) of the
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flexible element (14) is parallel to or is inclined to-
wards the other contacting surface (12) from its point
of attachment (24) to the further portion (22) of the
flexible element (14).

The switch of claims 8 or 9 wherein the shape of the
flexible element (14) inflects between the first (18)
and further (22) portions.

A method of manufacturing a MEMS switch accord-
ing to any preceding claim wherein the flexible ele-
ment (14) is of layered construction, a first layer (47)
comprising a plurality of spaced metal areas (19, 20)
separated by a dielectric material (48), the method
including the steps of planarising the dielectric ma-
terial (48) so that the metal areas (19, 20) and the
dielectric material (54) provide an uninterrupted sur-
face, and depositing a further layer of dielectric ma-
terial (56) on that surface.

The method of claim 11 comprising forming the die-
lectric material (54) between the metal areas (19,
20) by depositing a layer (46) of the material on the
metal layers (19, 20) so thatitintrudes into the space
between them, and then removing that layer (46) ex-
cept for the material (54) between the metal areas
(19, 20) by said planarisation.

Patentanspriiche

1.

MEMS-Schalter zur Verwendung bei Hoch- oder Mi-
krowellenfrequenzen, der ein Paar von einen Kon-
takt herstellenden Oberflachen (12, 19), von denen
zumindest eine (19) bezliglich der anderen (12) zum
Offnen oder SchlieRen des Schalters bewegt wer-
den kann, wobei diese Oberflache (19) von einem
biegsamen Element (14) getragen wird, und Aktua-
tormittel (20, 20), die ausgelegt sind, diese Relativ-
bewegung zu bewirken, umfasst, wobei sich eine ei-
nen Kontakt herstellende Oberflache (19) auf einem
ersten Abschnitt (18) des biegsamen Elements (14)
befindet, der an einem weiteren Abschnitt (22) des
biegsamen Elements befestigt ist, wobei innere
Spannungen in dem biegsamen Element (14) ge-
wahlt wurden, um die Form des ersten Abschnitts
(18) und/oder dessen Winkelanordnung in Bezug
aufden weiteren Abschnitt (22) zu steuern, dadurch
gekennzeichnet, dass bei der Anordnung, wenn
der Schalter geschlossenist, das biegsame Element
(14) verformtist, damit die darauf ausgebildete einen
Kontakt herstellende Oberflache (19) mit der ande-
ren einen Kontakt herstellenden Oberflache (12)
Ubereinstimmt.

Schalter nach Anspruch 1, wobei sich eine einen
Kontakt herstellende Oberflache (19) auf einem ers-
ten Abschnitt (18) des biegsamen Elements (14) be-
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findet, der an einem weiteren Abschnitt (22) des
biegsamen Elements befestigt ist, wobei das bieg-
same Element (14) mindestens zwei Schichten (50,
52, 54) mit unterschiedlichen thermischen Ausdeh-
nungskoeffizienten umfasst, die gewahltwurden, um
die Form des ersten Abschnitts (18) und/oder des-
sen Winkelanordnung in Bezug auf den weiteren Ab-
schnitt (22) zu steuern.

Schalter nach Anspruch 1 oder 2, wobei sich eine
einen Kontakt herstellende Oberflache (19) auf ei-
nem ersten Abschnitt (18) des biegsamen Elements
(14) befindet, der an einem weiteren Abschnitt (22)
des biegsamen Elements befestigt ist, wobei das
biegsame Element (14) mindestens zwei Schichten
(50, 52, 54) umfasst, die bei verschiedenen erhéhten
Temperaturen ausgebildet wurden, um die Form des
ersten Abschnitts (18) und/oder dessen Winkelan-
ordnung in Bezug auf den weiteren Abschnitt (22)
bei Umgebungstemperatur zu steuern.

Schalter nach einem der Anspriiche 1 bis 3, wobei
die Aktuatormittel (20, 34) in Bezug auf das beweg-
liche Element (14) bewegt werden kénnen und aus-
gelegt sind, eine SchlieRkraft Iangs einer Wirklinie
(26) auszuliben, die durch die einen Kontakt herstel-
lenden Oberflachen (12, 19) verlauft.

Schalter nach einem der vorhergehenden Anspri-
che, wobei die Aktuatormittel (20, 34) von einem be-
festigten Aufbau getrennt von dem biegsamen Ele-
ment (14) getragen werden.

Schalter nach einem der vorhergehenden Anspri-
che, wobei die Aktuatormittel zumindest einen Aus-
leger (34, 34) umfassen, der ein Teilstlick (44) be-
sitzt, das mit dem biegsamen Element (18) uber-
lappt, um die Relativbewegung zu bewirken.

Schalter nach Anspruch 6, wobei die Aktuatormittel
Ausleger (34, 34) umfassen, die sich auf beiden Sei-
ten des biegsamen Elements (14) erstrecken, wobei
Endstiicke der Ausleger (34, 34) miteinander ver-
bunden sind, um das Uberlappende Teilstlick (44)
zu bilden.

Schalter nach einem der vorhergehenden Anspri-
che, wobei die einen Kontakt herstellende Oberfla-
che (19) des biegsamen Elements (14) eine verform-
bare und zumindest teilweise konkave Form in Rich-
tung der anderen einen Kontakt herstellenden Ober-
flache (12) aufweist, wenn sie davon beabstandet ist.

Schalter nach einem der vorhergehenden Anspri-
che, wobei dann, wenn die einen Kontakt herstellen-
den Oberflachen (12, 19) voneinander beabstandet
sind, die Oberflache (19) auf dem ersten Abschnitt
(18) des biegsamen Elements (14) von ihnrem Befes-
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tigungspunkt (24) zu dem weiteren Abschnitt (22)
des biegsamen Elements (14) parallel zu der ande-
ren einen Kontakt herstellenden Oberflache (12)
oder geneigt dazu verlauft.

Schalter nach Anspruch 8 oder 9, wobei sich die
Form des biegsamen Elements (14) zwischen dem
ersten (18) und weiteren (22) Abschnitten krimmt.

Verfahren zur Herstellung eines MEMS-Schalters
nach einem der vorhergehenden Anspriiche, wobei
das biegsame Element (14) aus Schichten aufge-
baut ist, wobei eine erste Schicht (47) mehrere be-
abstandete Metallbereiche (19, 20), die durch ein
dielektrisches Material (48) getrennt sind, umfasst,
wobei das Verfahren die Schritte der Planarisierung
des dielektrischen Materials (48), so dass die Me-
tallbereiche (19, 20) und das dielektrische Material
(54) eine ununterbrochene Oberflache bilden, und
die Abscheidung einer weiteren Schicht aus einem
dielektrischen Material (56) auf dieser Oberflache
umfasst.

Verfahren nach Anspruch 11, das das Ausbilden des
dielektrischen Materials (54) zwischen den Metall-
bereichen (19, 20) durch Abscheiden einer Schicht
(46) des Materials auf den Metallbereichen (19, 20),
so dass dieses in den Raum dazwischen eindringt,
und daraufhin das Entfernen jener Schicht (46) mit
Ausnahme des Materials (54) zwischen den Metall-
bereichen (19, 20) durch Planarisierung umfasst.

Revendications

Commutateur MEMS destiné a étre utilisé aux ra-
diofréquences ou aux hyperfréquences, compre-
nant une paire de surfaces d’établissement de con-
tact (12, 19), dont au moins une (19) est mobile par
rapport a l'autre (12) pour ouvrir ou fermer le com-
mutateur, une dite surface (19) étant portée par un
élément souple (14), et un moyen actionneur (20,
20) configuré pour produire ledit mouvement relatif,
et dans lequel une dite surface d’établissement de
contact (19) se situe sur une premiére portion (18)
de I'élément souple (14) qui est attachée a une por-
tion supplémentaire (22) de I'élément souple, des
contraintes internes dans I'élément souple (14)
ayant été choisies de maniere a conditionner la for-
me de la premiere portion (18) et/ou sa disposition
angulaire par rapport a la portion supplémentaire
(22) ; caractérisé en ce que I'agencement obtenu
est tel que la fermeture du commutateur provoque
la déformation de I'élément souple (14) de sorte que
la surface d’établissement de contact (19) définie
sur celui-ci vienne épouser l'autre surface d’établis-
sement de contact (12).
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Commutateur selon la revendication 1, dans lequel
une dite surface d’établissement de contact (19) se
situe sur une premiére portion (18) de I'élément sou-
ple (14) qui est attachée a une portion supplémen-
taire (22) de I'élément souple, I'élément souple (14)
comprenant au moins deux couches (50, 52, 54) pré-
sentant des coefficients de dilatation thermique dif-
férents choisis de maniere a conditionner la forme
de la premiére portion (18) et/ou sa disposition an-
gulaire par rapport a la portion supplémentaire (22).

Commutateur selon la revendication 1 ou 2, dans
lequel une dite surface d’établissement de contact
(19) se situe sur une premiére portion (18) de I'élé-
ment souple (14) qui est attachée a une portion sup-
plémentaire (22) de I'élément souple, I'élément sou-
ple (14) comprenant au moins deux couches (50,
52, 54) qui ont été formées a des températures éle-
vées différentes de maniére a conditionner, a tem-
pérature ambiante, la forme de la premiére portion
(18) et/ou sa disposition angulaire par rapport a la
portion supplémentaire (22).

Commutateur selon I'une quelconque des revendi-
cations 1 a 3, dans lequel le moyen actionneur (20,
34) est mobile par rapport a I'’élément souple (14) et
est adapté a exercer une force de fermeture suivant
une ligne d’action (26) passant par les surfaces
d’établissement de contact (12, 19).

Commutateur selon I'une quelconque des revendi-
cations précédentes, dans lequel le moyen action-
neur (20, 34) est soutenu par une structure fixe sé-
parément de I'élément souple (14).

Commutateur selon I'une quelconque des revendi-
cations précédentes, dans lequel le moyen action-
neur comprend au moins une poutre en porte-a-faux
(34, 34) comportant une partie (44) qui chevauche
I’élément souple (18) pour produire ledit mouvement
relatif.

Commutateur selon la revendication 6, dans lequel
le moyen actionneur comprend des poutres en porte-
a-faux (34, 34) s’étendant de chaque c6té de I'élé-
ment souple (14), des parties d’extrémité des pou-
tres en porte-a-faux (34, 34) étantreliées pour former
la partie en chevauchement (44).

Commutateur selon I'une quelconque des revendi-
cations précédentes, dans lequel la surface d’éta-
blissement de contact (19) de I'élément souple (14)
présente une forme déformable au moins partielle-
ment concave en direction de 'autre surface d’éta-
blissement de contact (12) lorsqu’elle en est espa-
cée.

Commutateur selon I'une quelconque des revendi-
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cations précédentes, dans lequel, lorsque les surfa-
ces d’établissement de contact (12, 19) sont espa-
cées l'une de l'autre, ladite surface (19) sur la pre-
miere portion (18) de I'élément souple (14) est pa-
rallele a l'autre surface d’établissement de contact
(12), ou inclinée dans sa direction, depuis son point
d’attache (24) jusqu’a la portion supplémentaire (22)
de I’élément souple (14).

Commutateur selon la revendication 8 ou 9, dans
lequel la forme de I'élément souple (14) s’infléchit
entre la premiére portion (18) et la portion supplé-
mentaire (22).

Procédé de fabrication d’'un commutateur MEMS se-
lon I'une quelconque des revendications précéden-
tes, dans lequel I'élément souple (14) présente une
structure en couches, une premiére couche (47)
comprenant une pluralité de régions métalliques es-
pacées (19, 20) séparées par un matériau diélectri-
que (48), le procédé comprenant les étapes de pla-
narisation du matériau diélectrique (48) de maniére
a ce que les régions métalliques (19, 20) et le ma-
tériau diélectrique (54) procurent une surface inin-
terrompue, et de dépdt d’'une couche supplémentai-
re de matériau diélectrique (56) sur cette surface.

Procédé selonlarevendication 11, comprenant|'éta-
pe de formation du matériau diélectrique (54) entre
les régions métalliques (19, 20) par dépét d’'une cou-
che (46) du matériau sur les régions métalliques (19,
20) de maniéere a le faire pénétrer dans I'espace sé-
parant celles-ci, puis par élimination de cette couche
(46) a I'exception du matériau (54) entre les régions
métalliques (19, 20) au moyen de ladite planarisa-
tion.
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