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(54) Device for measuring force components, and method for its production

(57) A device for measuring force components
formed from a single crystal material, wherein the device
comprises at least one cantilever beam inclined to a wafer
plane normal and formed in one piece with a mass body,
which mass body provides a mass of inertia. The mass
body has a first and a second major surface which are
substantially parallel with a wafer plane. A mass body
cross section presents a portion which is substantially
symmetrical along a centrally (in the thickness direction)
located plane parallel with the wafer plane. Disclosed is
also a method for its production and an accelerometer
comprising at least one such device. The device allow
for a more compact 3-axis accelerometer.
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Description

Technical Field

[0001] The present disclosure relates to a device for
measuring force components, an accelerometer com-
prising at least one such device and a method for man-
ufacturing such a device.

Background

[0002] Accelerometers measure acceleration and
may, for example, be used in car safety applications, for
machinery health monitoring, in medical applications, in
navigation systems, in consumer electronics and in geo-
physical applications.
[0003] A single-axis, or "one dimensional", accelerom-
eter may comprise an acceleration sensor having a mass
suspended by a beam or multiple beams on a support
structure. To enable simultaneous acceleration meas-
urements in more than one dimension, multiple one di-
mensional accelerometers may be used, or a three-axial
accelerometer may be used.
[0004] A force or acceleration applied on the acceler-
ometer results in displacement of a mass from a refer-
ence point and/or stress in one or more beams suspend-
ing the mass. The displacement or stress is converted
into an electrical out-put signal which is proportional to
the acceleration. Several different principles may be used
for the read-out of accelerometer signals, such as piezo-
electric, piezoresistive and/or capacitive detection. The
choice of method depends on the intended use of the
accelerometer and affects the design as well as the per-
formance of the accelerometer. These read-out princi-
ples, as well as the related processing required for de-
riving an acceleration vector and/or value are known to
the skilled person.
[0005] Capacitive detection and piezoresistive detec-
tion are the dominant read-out principles in commercially
available accelerometers. A piezoresistor changes its re-
sistance depending on mechanical stress. Piezoresistiv-
ity may be implanted in a monocrystalline silicon wafer
or deposited on a wafer as polycrystalline silicon. A volt-
age output is achieved.
[0006] In basic capacitive detection, the displacement
of the seismic mass is measured by measuring the ca-
pacitance between a fixed plate and the mass body, or
a part of the mass body. As the separation of, and/or
overlap of, two surfaces (one on the mass and one on a
reference structure) changes, the capacitance is also
changed. Capacitive read-out electrodes, placed above
and/or below the seismic mass, may be utilized for elec-
trostatic actuation. In a capacitive closed-loop feedback
system, electrostatic forces are applied to the mass by
the electrodes to counter acceleration forces and thereby
keep the mass body in its neutral position independent
of the applied acceleration. The applied force is a meas-
ure of the acceleration.

[0007] Many commercially available 3-axis accelerom-
eters are built up of three separate single-axis acceler-
ometers mounted with their sensing axis along the x, y
and z axes. This type of accelerometer often, however,
suffers from cross-talk between the three axes.
[0008] Other 3-axis accelerometer topologies utilize
three, or more, identical single-axis sensing elements in-
tegrated into the same chip, having their respective sen-
sitive axes inclined with respect to the chip surface. A
major advantage with this 3-axis accelerometer topology
compared to the one above is that they can be designed
such that the transverse sensitivity does not suffer from
crosstalk between the different axes, since all single-axis
elements are mechanically isolated from each other.
[0009] In WO94/12886, a device for measuring force
components is disclosed, and the entire disclosure of this
document is hereby incorporated by reference into this
specification. The "slanted beam" device of WO94/12886
is formed in one piece and consists of up to four identical
sensing elements, each having a seismic mass or mass
body, where each mass is suspended on at least one
thin slanted beam. The slanted beams are inclined to the
wafer plane normal, i.e. inclined 57.74° along the {111}
-plane of the crystal material, a {100} silicon wafer, the
device is formed in. The device is produced by anisotropic
wet etching, which works from two opposite crystal
planes of the single crystal material. Due to the aniso-
tropic wet etching process, a mass body is produced with
slanted side-walls, where the center of mass of the mass
body automatically appears at the extension of the
beam’s natural plane, which reduces cross-axis sensi-
tivity. The mass body is asymmetrical around a wafer
plane normal and first and second major surfaces of the
mass body are displaced in relation to each other. Such
a "slanted beam" device is shown in Fig. 2a of this spec-
ification. The mass body is also asymmetric about a plane
parallel with the wafer plane.
[0010] A double beam embodiment of the device de-
sign presented in WO94/12886 has been evaluated by
G.I. Andersson as a 3-axis accelerometer with piezore-
sistive detecting read-out principle (G.I. Andersson, "A
novel 3-axis monolithic silicon accelerometer", The 8th
Int. Conf. On Solid-State Sensors and Actuators, Trans-
ducers ’95/Eurosensors IX, Vol. 2, Stockholm, Sweden,
pp. 156-160.) and is shown in Fig. 3a of this specification.
The double beam embodiment has an M-shape, wherein
the inclined beams 21, 22 are attached to the seismic
mass 20, i.e. has connecting points 25, 26, at the same
side of the seismic mass.
[0011] Fig. 2a shows a cross-sectional view along the
wafer normal plane Wpn of the prior art "slanted beam"
design of a device for measuring force components of
WO94/12886. The shape and inclination of the mass
body 20 creates dead space between the mass body 20
and the beams 21, 22, which cannot be used as electrode
area 23, 24. When utilizing capacitive detection as read-
out principle, electrodes 23, 24 are asymmetrically
placed around the centre of gravity of the mass body 20.
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Due to the asymmetric shape of the mass body 20 a
torque may be generated when electrostatic forces are
applied to the mass body 20 to counter acceleration forc-
es.
[0012] S. Bütefisch et al. ("Three-Axes Monolithic Sil-
icon Low-g Accelerometer", J. Microeletromech. Syst.,
v. 9, No. 4, Dec 2000) disclose a 3-axis accelerometer
design similar to the device in WO94/12886 and manu-
factured in a similar way. The accelerometer is used with
capacitive detection read-out principle.
[0013] It would be desirable to provide a more compact
3-axis accelerometer, which makes better use of the
space available on the wafer it is produced from, and
which has equal or better accuracy than existing devices.

Summary of the Invention

[0014] It is a general object of the present disclosure
to provide a more compact device for measuring force
components. It is a specific object to provide a device for
measuring force components in which a large proportion
of the device surface area may be utilized as electrode
area.
[0015] The invention is defined by the appended inde-
pendent claims. Embodiments are set forth in the de-
pendent claims, in the attached drawings and in the fol-
lowing description.
[0016] According to a first aspect, there is provided a
device for measuring force components formed from a
single crystal material wafer, wherein the device com-
prises at least one cantilever beam inclined to a wafer
plane normal and formed in one piece with a mass body,
which mass body provides a mass of inertia. The mass
body has a first and a second major surface which are
substantially parallel with a wafer plane. A mass body
cross section presents a portion which is substantially
symmetrical along a centrally (in the thickness direction)
located plane parallel with the wafer plane..
[0017] Due to the symmetry of the portion of the mass
body cross section along the centrally located plane par-
allel with the wafer plane , there is little dead space be-
tween the mass body and the inclined cantilever beams.
A large proportion of the device surface area may thereby
be utilized as electrode area. A large electrode area re-
quires less applied voltage to the electrode than a smaller
electrode area. With this design, having little dead space,
it would also be possible to make a small and compact
device.
[0018] By the first and second major surfaces being
substantially parallel with a wafer plane is here meant
that the angular deviation between the wafer plane and
the first and second major surfaces, respectively, is less
than 10°, less than 5°, less than 1° or less than 0.5°.
[0019] By a mass body cross section portion is here
meant a portion which constitutes at least 90%, at least
95% or at least 99% of the mass body cross section along
the centrally located plane parallel with the wafer plane.
[0020] In one embodiment the first and second major

surfaces may be substantially aligned along the wafer
plane normal.
[0021] By the first and second major surfaces being
substantially aligned along the wafer plane normal is here
meant that the first and second major surfaces may be
aligned so as to overlap each other to at least 90%, to at
least 95% or to at least 99% of the area of one of the
surfaces.
[0022] In one embodiment of the device, the mass
body may be substantially symmetrical along a plane per-
pendicular to the wafer plane.
[0023] With such a symmetrical mass body, electrodes
may be placed symmetrically above and below the mass
body, which is an advantage when the device is used in
a capacitive closed-loop feedback system. An asymmet-
ric mass body and asymmetrically placed electrodes
would, when electrostatic forces are applied to the asym-
metric mass body to counter acceleration forces, gener-
ate torques, which act on the mass body. Torque forces
should be avoided in order not to excite unwanted me-
chanical resonance modes. To reach high performance
of the device may be desirable to suppress higher order
modes efficiently. Signal levels and noise are highly de-
pendent on how efficiently these modes can be handled.
The symmetric mass body and the symmetrically placed
electrodes may alleviate or solve this problem.
[0024] The first and second major surfaces may have
substantially the same area.
[0025] By substantially the same area is here meant
that the area of the first major surface is at least 90 %,
at least 95%, or at least 99% of the area of the second
major surface, or vice versa.
[0026] In one embodiment of the device a cross-sec-
tional area of the mass body along the wafer plane nor-
mal, starting from one of the major surfaces, tapers to-
wards a cross-section minimum and then increases to-
wards the other major surface.
[0027] This shape of the mass body, compared to prior
art mass bodies with slanted sidewalls, does not con-
sume space that cannot be used as electrode area.
Thereby, the mass body may be better utilized from an
electrode placement point of view.
[0028] The tapering and the increase may, respective-
ly, substantially coincide with respective crystal planes
of the wafer.
[0029] In one embodiment, the device presents at least
two connecting points for connection between at least
two respective cantilever beams and the mass body, the
connecting points being placed at substantially diamet-
rically opposite portions of the mass body.
[0030] The use of this so called S-shaped device, the
S-shape referring to the placement of the connecting
points on the mass body for connection to the cantilever
beams, in an accelerometer with capacitive closed-loop
feedback system allow for higher separation in frequency
for second and third modes than when using traditional
M-shaped devices, in which the cantilever beams are
attached to the mass body at the same side of the mass
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body.
[0031] Each cantilever beam may have its principal
length extension along an edge portion of the mass body.
[0032] The cantilever beams may extend in different
directions, preferably in substantially opposite directions,
from the respective connecting point.
[0033] The single crystal material may in one embod-
iment be chosen from a group consisting of silicon, silicon
carbide, gallium arsenide, germanium, gallium nitride/sil-
icon carbide, aluminum nitride, gallium nitride, alumi-
num/gallium nitride, or indium/gallium nitride.
[0034] According to a second aspect there is provided
an accelerometer comprising at least one device as de-
scribed above.
[0035] The accelerometer may be suitable for car safe-
ty applications, for machinery health monitoring, in med-
ical applications, in navigation systems, in consumer
electronics and in geophysical applications.
[0036] In other embodiments, an accelerometer could
comprise two, three or four of the devices as described
above.
[0037] These devices are then all formed on the same
chip, e.g. with device wafers formed in one piece from
the same material.
[0038] The accelerometer may be provided with at
least one electrode on a device wafer surface.
[0039] The at least one electrode may be split into sev-
eral smaller electrodes.
[0040] In one embodiment, the accelerometer may uti-
lize capacitive detection as read-out principle.
[0041] Often electrodes are provided both above and
below the mass body.
[0042] According to a third aspect there is provided a
method for manufacturing a device for measuring force
components in a single crystal material, the method com-
prising the steps of:

- dry etching a wafer of the single crystal material to
provide a pattern extending substantially perpendic-
ular to the wafer surface plane; and

- subsequently anisotropically wet etching the wafer
along at least one wafer crystal plane to provide a
structure in the wafer, which is undercut, as seen
from both major surfaces.

[0043] By combining dry etching with a subsequent wet
etching step it is possible to produce slanted cantilever
beams and non-slanted mass bodies in the same crystal
material wafer. By non-slanted mass body is here intend-
ed a mass body that differs from the shape of the mass
body shown in prior art WO94/12886. The mass body
derived by this method is a symmetrical mass body hav-
ing a cross-sectional area along a wafer plane normal,
starting from one of its major surfaces, tapers towards a
cross-section minimum and then increases towards its
other major surface.
[0044] Further, with this combination of dry etching and
wet etching large open areas on the etch masks are not

required to etch through the full wafer thickness. This
causes less etch losses and increases the total chip area
of the device compared to if only wet etching is used for
the manufacturing of the device.
[0045] With this method little dead space is created
between the inclined cantilever beams and the mass
body. Therefore, it would be possible to make a smaller
and more compact device using this method than when
using wet etching alone. Also, a large proportion of the
device surface area may be utilized as electrode area.
[0046] This method may be used for manufacturing a
device for measuring force components or an acceler-
ometer as described above.
[0047] In one embodiment, the method further com-
prises steps of:

- selectively covering the wafer surfaces in a wafer
plane with a respective wet etch mask; and

- selectively covering the wafer surfaces and/or the
patterned protective films with a respective dry etch
mask.

[0048] In yet an embodiment, the method further com-
prises a preceding step of creating a gap recess in the
wafer surfaces along the wafer plane.

Brief Description of the Drawings

[0049] The above, as well as other aspects, objects
and advantages of the present disclosure, will be better
understood through the following illustrative and non-lim-
iting detailed description, with reference to the appended
drawings.

Fig. 1 shows an isometric view of a device wafer for
measuring force components.
Fig. 2a shows a cross-sectional view, along a wafer
normal plane, of a prior art "slanted beam" design of
a device for measuring force components.
Fig. 2b shows a cross-sectional view, along a wafer
normal plane, of an embodiment of a device for
measuring force components.
Fig. 3a shows a top view of a prior art "slanted beam"
design of a device wafer for measuring force com-
ponents.
Fig. 3b shows a top view of an embodiment of a
device wafer for measuring force components.
Fig. 4a shows a top-view sketch of a multi-electrode
design.
Fig. 4b shows a cross section sketch of a multi-elec-
trode design taken along line A-A’ in Fig. 4a.
Fig. 5a-5e schematically shows the steps for manu-
facturing a device wafer for measuring force compo-
nents.

Detailed Description

[0050] As shown in Fig. 1 and Fig. 2b, a device 1 for
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measuring force components comprises a device wafer
10 (in one piece) comprising a mass body 2, two station-
ary bases 3, 4 and two cantilever beams 5, 6. The device
1 further comprises electrodes 11, 12 applied to first 13
and second 14 major surfaces of the mass body 2. A top
cap wafer 15 is coupled to the mass body 2 and includes
at least one top capacitor electrode 16. A bottom cap
wafer 17 is also coupled to the mass body 2 and includes
at least one bottom capacitor electrode 18.
[0051] The cap wafers 15, 17 have connections for the
electrodes 11, 12, 16, 18, which may extend through the
cap wafer 15, 17. Such cap wafers 15, 17 could for ex-
ample be of a composite type comprising glass for iso-
lation and silicon feedthroughs for the electrodes 11, 12,
16, 18. Another cap wafer 15, 17 may comprise silicon
with silicon dioxide as isolation.
[0052] As may be seen in Fig. 2b, the first 13 and a
second 14 major surfaces of the mass body 2 are sub-
stantially parallel with a wafer plane Wp and substantially
aligned along the wafer plane normal Wpn. The mass
body 2 cross section (c.f. Fig 2b) may present a portion
which is substantially symmetrical along a centrally (in
the thickness direction) located plane parallel with the
wafer plane Wp. In particular, such cross section may be
substantially perpendicular to the main direction of at
least one, possibly both, beams 5, 6 suspending the mass
body 2. The mass body 2 may further be substantially
symmetrical along a plane perpendicular to the wafer
plane Wp and the first and second surfaces 13, 14 may
have substantially the same area. A cross-sectional area
of the mass body 2 along the wafer plane normal Wpn,
starting from one of the major surfaces 13, 14, may taper
towards a cross-section minimum 19 and then increase
towards the other major surface 13, 14. The tapering and
the increase may coincide with respective crystal planes
of the wafer Cp1, Cp2.
[0053] Each mass 2 may be suspended on two or more
thin inclined cantilever beams 5, 6, Fig. 1. In the embod-
iment with two cantilever beams, there are two (i.e. one
for each beam) connecting points 7, 8 for connection be-
tween the respective cantilever beam 5, 6 and the mass
body 2. The connecting points 7, 8 may be placed at
substantially diametrically opposite portions of the mass
body 2. The cantilever beams 5, 6 may have their re-
spective principal length extension along (e.g. substan-
tially parallel with) a respective edge portion of the mass
body 2 and may extend in different directions from the
respective connecting points 7, 8. These directions may
be substantially opposite. The cantilever beams 5, 6 are
connected to the respective base 3, 4 with their other
end. The device is also shown in top-view in Fig. 3b. The
shape of the device 1 may be seen as an S.
[0054] A device such as the one shown in Fig. 1 may
be used in an accelerometer for measuring acceleration
in one dimension. For measuring acceleration along
three axes (x, y and z), multiple, such as two, three or
four such devices may be integrated on the same wafer
of an accelerometer.

[0055] In a capacitive closed-loop feedback system,
an electrostatic feedback force is applied to the mass
body by the electrodes placed above and below the mass
body in order to counter acceleration forces and thereby
keep the mass body in its neutral position independent
of the applied acceleration. The force exerted by the con-
trol system is a measure of the acceleration. The fre-
quency used is high to give low quantization noise. FEM
model analysis has shown that higher separation in fre-
quency may be achieved for second and third modes for
the S-shaped device shown in Fig. 1 and Fig. 3b than for
the M-shaped prior art device shown in Fig. 3a. M- and
S-shaped sensors are, however, equivalent regarding
placement in frequency of the first mode and the basic
function.
[0056] In Fig. 4a a top-view sketch of a multi-electrode
design is shown and in Fig. 4b a cross section sketch of
the multi-electrode design taken along line A-A’ in Fig.
4a is shown. Each mass body 2 may have one electrode
11 above and/or one electrode 12 below to enable meas-
urements of the mass 2 position and the application of
electrostatic feedback forces. To reduce the power sup-
plied in capacitive read-out, the ASIC (Application Spe-
cific integrated Circuit) may be designed to apply either
zero voltage or the supply voltage during the feedback
phase. The frequency should be high to give low enough
quantization noise. Charging and discharging the capac-
itances at this high frequency consumes power. Instead,
the electrodes 11, 12 may be divided into several smaller
electrodes where each electrode has either zero voltage
or the supply voltage. In Fig. 4a and Fig. 4b each elec-
trode 11, 12 has been divided into four smaller electrodes
11, 11’, 11", 11"’, 12, 12’, 12", 12"’. This yields a low
quantization noise using lower frequency. Thus the mul-
tiple electrodes 11, 11’, 11", 11"’, 12, 12’, 12", 12"’ allow
a higher resolution of the electrostatic control force with
minimum power consumption. The mass body 2 itself is
still one electrical node, however. Hence, each major sur-
face of the mass 2 may be provided with two or more
electrodes. Each such electrode may be individually
readable.
[0057] Single electrodes 11, 12 can only control the
up-down movement of the mass body. Higher modes
cannot be suppressed with single electrodes 11, 12. By
using multi-electrodes 11, 11’, 11", 11"’, 12, 12’, 12", 12’"
with independent feedback voltage, it is possible to both
measure the higher modes and apply forces that sup-
press them. The multiple electrode design may require
cap wafers 15, 17 with through wafer via connections for
each electrode 11, 11’, 11", 11"’, 12, 12’, 12", 12"’.
[0058] In one embodiment, an accelerometer may
comprise four of the multi-electrode devices shown in
Fig. 4a, 4b. In other embodiments an accelerometer may
comprise two or three such multi-electrode devices. In
yet further embodiments, five or even six such devices
may be used in an accelerometer.
[0059] A seen from the cross-sectional view along the
wafer normal plane Wpn for the device design of the
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present specification, Fig. 2b, there is little "dead space"
between the mass body 2 and the cantilever beam 5, 6.
Thereby, there is a large electrode 11, 12 surface area
available in the device embodiment in Fig. 2b. The whole
wafer area may be therefore be decreased and a large
proportion of the device 1 surface may be utilized as elec-
trode 5, 6 area. Electrodes 5, 6 may be placed above
and below the mass 2 symmetrically around the center
of gravity of the mass body 2. With this shape of the mass
body 2, the mass body 2 does not consume space that
cannot be used as electrode 5, 6 area and hence the
inert mass 2 is utilized better than in the device shown
in Fig. 2a.
[0060] In Fig. 5a-5e, steps in a method for manufac-
turing an embodiment of the device 1 are shown.
[0061] First a wafer 60 is supplied, Fig. 5a. The wafer
material may be any monocrystalline material such as
(but not limited to) silicon, silicon carbide, gallium arse-
nide, germanium, gallium nitride/silicon carbide, alumi-
num nitride, gallium nitride, aluminum/gallium nitride, or
indium/gallium nitride. In the described embodiment, a
(100)-oriented silicon wafer is used.
[0062] In a next step, Fig. 5b, a gap recess 50 (which
may be optional) may be created in the wafer 60 surface
along the wafer plane Wp. This gap recess 50 creates
space for movement of the mass body 2 so that the mass
body 2 will not be clamped between cap wafers 15, 17
when the device 1 is used with cap wafers 15, 17 in an
accelerometer design. The gap recess 50 also creates
channels for air.
[0063] Thereafter, the wafer 60 surface is, in a wafer
plane Wp, provided on both major surfaces with a first
patterned mask, which may be a wet etch mask 51,
adapted for anisotropic wet etching. Such a wet etch
mask 51 may, for example, if the wafer material is silicon,
be produced by thermal oxidation of the (100) silicon sub-
strate, which provides a protective silicon dioxide layer
aligned along the (110)-directions. Alternatively, silicon
nitride, gold, chromium and various other materials can
be used as etch masks, alone or in combination, depend-
ing on what etch solution is to be used. The provision of
such masks 51, as well as the etching processes as such,
are known per se, and need no further description herein.
[0064] The wafer 60 surface and/or the wet etch mask
51 may then be provided with a second patterned mask,
which may be a dry etch mask 52, adapted for anisotropic
dry etching, Fig. 5c. The wet etch mask 51 and dry etch
mask 52 may form a so-called double mask. The dry etch
mask 52 may be a photo resist or any other type of mask
suitable for the selected dry etching technique.
[0065] The wafer 60 is then dry etched to provide a
pattern, the depth of which extends substantially perpen-
dicular to the wafer surface plane Wp, Fig. 5c. Dry etching
follows the geometries of the mask 52 and the wafer 60
may be etched at a substantially right angle relative to
the wafer plane Wp.
[0066] Different dry etching techniques may be used
alone or in combination, such as plasma etching, sput-

tering and reactive ion etch (RIE) or deep reactive ion
etch (DRIE). Using DRIE, 90° walls may be fabricated.
The dry etching creates symmetrical masses. A preferred
dry etching technique is an anisotropic dry etching tech-
nique.
[0067] The dry etch mask 52 may subsequently be re-
moved; Fig. 5d, and the back and front etch patterns
cleaned from the symmetrical masses.
[0068] Thereafter, anisotropical wet etching, Fig. 5e,
is performed of the masses along at least one wafer crys-
tal plane to promote a structure in the wafer 60, which is
undercut, as seen from both major surfaces of the wafer,
forming the device wafer 10. The wet etching may be an
anisotropic etching, in which etching occurs from two
equivalent opposite crystal planes Cp1, Cp2 of said sin-
gle crystal material. In anisotropic wet etching, the {100}
- and {110}-crystal planes are being etched much faster
than the stable {111} planes, which act as natural restric-
tion surfaces for the etch.
[0069] The wet etch may be applied from both major
surfaces of the wafer.
[0070] The wet etching used may be the common KOH
anisotropic wet etching. Other etch solutions which may
be used are KOH, NaOH, LiOH, CsOH, RbOH, EDP (Eth-
ylene-Diamine/Pyrocatechol), TMAH (TetraMethyl Am-
monium Hydroxide), etc. Wet etching of various monoc-
rystalline materials is known per se, and need no further
description.
[0071] The choice of etch solution depends on the ma-
terial to be etched. Wet etching is dependent on temper-
ature, where an increased temperature gives an in-
creased etch speed and a smoother surface. By etching
from both sides of the substrate and using the natural
etch stop that the (111)-planes constitute, the cantilever
beam 5, 6 thickness is easily determined by the displace-
ment of the front etch mask relative the back etch mask.
When the wafer 10 is etched through in principle all free
surfaces constitute (111)-planes, the etching process
stops automatically.
[0072] Wet anisotropic etching has a convex corner
undercut effect. Undercutting of convex corners may be
prevented by different corner compensation structures,
as is discussed by S. Bütefisch et al.
[0073] By combining dry etching with a subsequent wet
etching it is possible to produce slanted cantilever beams
5, 6 and non-slanted mass bodies 2.
[0074] Further, with this combination of dry etching and
wet etching, large open areas on the etch masks 51 are
not required to etch through the full wafer 10 thickness.
This causes less etch losses and increases the total chip
area of the device 1 compared to if only wet etching is
used for the manufacture of the device.

Claims

1. A device (1) for measuring force components formed
from a single crystal material wafer, wherein said
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device (1) comprises:

at least one cantilever beam (5, 6) inclined to a
wafer plane normal (Wpn) and formed in one
piece with a mass body (2), providing a mass of
inertia,
wherein said mass body (2) has a first (13) and
a second (14) major surface which are substan-
tially parallel with a wafer plane (Wp), and
wherein a mass body (2) cross section presents
a portion which is substantially symmetrical
along a centrally (in a thickness direction) locat-
ed plane parallel with said wafer plane (Wp).

2. Device (1) according to claim 1, wherein said first
(13) and second (14) major surfaces are substan-
tially aligned along said wafer plane normal (Wpn).

3. Device (1) according to claim 1, wherein said mass
body (2) is substantially symmetrical along a plane
perpendicular to said wafer plane (Wpn).

4. Device (1) according to claim 1, wherein said first
(13) and second (14) major surfaces have substan-
tially the same area.

5. Device (1) according to claim 1, wherein a cross-
sectional area of said mass body (2) along said wafer
plane normal (Wpn), starting from one of said major
surfaces (13, 14), tapers towards a cross-section
minimum (19) and then increases towards the other
major surface (13, 14).

6. Device (1) according to claim 5, wherein said taper-
ing and said increase, respectively, substantially co-
incide with respective crystal planes (Cp1, Cp2) of
the wafer.

7. Device (1) according to claim 1, wherein said device
presents at least two respective connecting points
(7, 8) for connection between at least two cantilever
beams (5, 6) and said mass body (2), said connecting
points (7, 8) being placed at substantially diametri-
cally opposite portions of said mass body (2).

8. Device (1) according to claim 7, wherein each can-
tilever beam (5, 6) has its principal length extension
along an edge portion of said mass body (2).

9. Device (1) according to claim 7, wherein said canti-
lever beams (5, 6) extend in different directions, pref-
erably in substantially opposite directions, from the
respective connecting point (7, 8).

10. Device (1) according to claim 1, wherein said single
crystal material may be chosen from a group con-
sisting of silicon, silicon carbide, gallium arsenide,
germanium, gallium nitride/silicon carbide, alumi-

num nitride, gallium nitride, aluminum/ gallium ni-
tride, or indium/gallium nitride.

11. An accelerometer comprising at least one device (1)
according to claim 1.

12. Accelerometer according to claim 11, wherein at
least one electrode (11, 12) is provided on a device
wafer surface.

13. A method for manufacturing a device (1) for meas-
uring force components in a single crystal material,
said method comprising steps of:

- dry etching a wafer (60) of said single crystal
material to provide a pattern extending substan-
tially perpendicular to a wafer surface plane
(Wp); and
- subsequently anisotropically wet etching said
wafer (60) along at least one wafer crystal plane
to provide a structure in said wafer (60), which
is undercut, as seen from both major surfaces
of said wafer (60).

14. Method according to claim 13, wherein said method
further comprises steps of:

- selectively covering said wafer surfaces in a
wafer plane (Wp) with a respective wet etch
mask (51); and
- selectively covering said wafer surfaces and/or
said wet etch masks (51) with a respective dry
etch mask (52).

15. Method according to claim 13, further comprising a
preceding step of creating a gap recess (50) in said
wafer (60) surfaces along said wafer plane (Wp).
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