
Method for manufacturing a micromechanical motion
sensor, and a micromechanical motion sensor Field of
the invention The present invention relates to
measuring devices used in the measuring of physical
quantities, such as acceleration, angular
acceleration, or angular velocity, and more precisely
to micromechanical motion sensors. The object of the
present invention is to provide an improved method for
the manufacturing of a micromechanical motion sensor,
and a micromechanical motion sensor applicable for use
particularly in small micromechanical motion sensor
solutions . Background of the invention Measuring
based on a micromechanical motion sensor has proved to
be a method of simple principle and a reliable one in
measuring physical quantities, such as acceleration,
angular velocity, or pressure. In a micromechanical
motion sensor, the measuring is based on, for example,
the capacitive principle, wherein a change in the
motional state of the sensor causes a displacement of
a spring suspended seismic mass. The position of the
mass can be detected by means of the capacitance
between a pair of electrodes, the capacitance between
the surfaces being a function of their area and the
distance between the surfaces. Measuring based on a
micromechanical motion sensor can be used even at
quite 



small metering ranges of various physical
quantities.Generally, small micromechanical motion
sensors are based on micromechanical structures
manufactured on silicon. The term bulk micromechanics
denotes a thick micromechanical structure, typically
thicker than 100 mm , formed by etching a wafer
material. An advantage of bulk micromechanical sensors
is the large mass of the structures in relation to the
surface area, enabling the manufacturing of inertia
sensors of excellent performance. Connection and
encapsulation methods of prior art presently in use in
the manufacturing of professional and consumer
electronics, and the miniaturization of consumer
electronics have led to tight requirements regarding
the size and, especially, the height of components,
such as micromechanical motion sensors. Unfortunately,
in bulk micromechanics, particularly the height of a
sensor component in the direction perpendicular to the
plane of the wafer is generally large and difficult to
control, since, in hermetically sealing the wafer
plane, the mechanical structure often has to be sealed
on both sides. Thus, the sealing wafers significantly
increase the height of the sensor component. Below,
prior art will be described with exemplifying
reference to the accompanying drawings, of which:
Figure 1 shows a wafer structure, according to prior
art, used in the manufacturing of micromechanical
motion sensors, 



Figure 2 shows a component, according to prior art,
diced out of a wafer structure used in the
manufacturing of micromechanical motion sensors.Figure
1 shows a wafer structure, according to prior art,
used in the manufacturing of micromechanical motion
sensors. In the manufacturing, according to prior art,
of micromechanical motion sensors, the micro systems
formed on the central wafer 1 are sealed by attaching
two hermetically sealing wafers 2 , 3 on the top and
bottom sides of the wafer, by, for example, anodic
bonding. Figure 2 shows a component, according to
prior art, diced out of a wafer structure used in the
manufacturing of micromechanical motion sensors. The
component, according to prior art, diced out of a
wafer structure, typically comprises a moving
electrode structure of the micromechanical motion
sensor, formed on the central silicon wafer 4 , which
structure on both sides is sealed by means of two
glass/silicon elements 5 , 6 constituting the
micromechanical motion sensor's static electrode
structure. The height of the component, after dicing,
is almost unavoidably large, since the thickness of
the wafer stack 1 - 3 typically is 1.5 - 2.5 mm. A
problem in motion sensors, according to prior art, is
the excessive height of the sensor component. The
height of the sensor component can be reduced by
making the sealing wafers thinner. There is, however,
a limit to the thinning, and it 



is accompanied by new problems, such as an increased
sensitivity to thermal stress, torsion or
environmental disturbances . In the manufacturing of
professional and consumer electronics, there is an
increasing demand formicromechanical motion sensors,
which are lower than prior solutions and which are
applicable for use in reliable measuring of various
physical quantities, such as acceleration, angular
acceleration, or pressure. Summary of the invention
The object of the invention is an improved method for
the manufacturing of a micromechanical motion sensor,
and an improved micromechanical motion sensor. By
means of this invention, savings in the height of
circuit board components is achieved, and it is
applicable for use, in particular, in small
micromechanical motion sensor solutions. According to
a first characteristic of the invention, a method is
provided for manufacturing a micromechanical sensor
out of a wafer element, in which method a
micromechanical motion sensor component is diced from
a wafer stack obtained by joining at least two wafers,
such that - in the plane of the wafer surface, the
area of a motion sensor component is smaller than the
area of the motion sensor component diced and turned
by 90, and that - in the direction of the joint, the
height of the 



motion sensor component turned by 90 is smaller than
the thickness of the wafer stack formed by the joined
wafers. Preferably, in the method, the electrical
connection areas of the micromechanical motion sensor
are deposited onto its dice cutting surface, the area
of which is the largest. Preferably, in the method:-
the micromechanical motion sensor structures are
etched on one wafer, - at least two wafers are joined
together forming a wafer stack, - the wafer stack is
diced by cutting motion sensor components, which, in
the wafer plane, are narrow and long, - the motion
sensor components are turned onto one of their sides
by 90 sides, and - connection areas are metallized
onto a dice cutting side of the motion sensor
components. Preferably, before joining the wafers, at
least one of the wafers is covered with glass or
oxide. Preferably, the number of wafers to be joined
is three, one sealing wafer on each side of the wafer
comprising the sensor structures. According to a
second characteristic of the invention, a
micromechanical motion sensor diced from a wafer
stack, obtained by joining at least two wafers, is
provided, such that - the area of the motion sensor
component , in the plane of the wafer surface, is
smaller than the area of the motion 



sensor component having been diced and turned by 90,
and that - the height of the motion sensor component
turned by 90 is smaller, in the direction of the
joint, than the thickness of the wafer stack formed by
the joined wafers. Preferably, the electrical
connection areas of the micromechanical motion sensor
are deposited onto its dice cutting surface, the area
of which is the largest.Preferably, the seismic mass
of the motion sensor is a long, beam-like structure
supported at one edge on both sides. Alternatively,
the seismic mass of the motion sensor is a long,
beam-like structure supported at the center on both
sides. Further, alternatively, the seismic masses of
the motion sensor are structures positioned in various
lateral directions in a plane, the structures being
supported in one end at both edges. Further,
alternatively, the seismic masses of the motion sensor
are triangular structures positioned in various
oblique directions in a plane, the structures being
supported in one corner at both edges. Brief
description of the drawings Below, the invention and
its preferable embodiments are described in detail
with exemplifying reference to the attached figures,
of which: Figure 1 shows a wafer structure, according
to prior art, used in the manufacturing of
micromechanical motion sensors, Figure 2 shows a
component, according to prior art, diced 



from a wafer structure used in the manufacturing of
micromechanical motion sensors, Figure 3 shows a
component, according to the present invention, diced
out of a wafer structure used in the manufacturing of
micromechanical motion sensors, Figure 4 shows a
sectional view of a micromechanical motion sensor
component, according to the present invention, diced
out of a wafer structure,Figure 5 shows an alternative
structure solution, according to the present
invention, of the seismic mass of a micromechanical
motion sensor component, Figure 6 shows a second
alternative structure solution, according to the
present invention, of the seismic masses of a
micromechanical motion sensor component, Figure 7
shows a third alternative structure solution,
according to the present invention, of the seismic
masses of a micromechanical motion sensor component,
Figure 8 shows a method, according to the present
invention, of manufacturing a micromechanical motion
sensor, and Figure 9 shows an alternative method,
according to the present invention, of manufacturing a
micromechanical motion sensor . Figures 1-2 were
presented above. Below, the present invention and its
preferred embodiments are described with reference to
the Figures 3 through 9 . Detailed description of the
invention 



The micromechanical motion sensor solution according
to the present invention is characterized in, that the
motion sensor components are diced out of wafer
structure, such that, in the plane of the wafer, the
area of the diced component, is smaller than the area
of the component diced and turned by 90. The
electrical connection areas of themicromechanical
motion sensor according to the present invention are
deposited onto its dice cutting surface, the area of
which is the largest. In particular, the height, in
the direction of the joint, of the micromechanical
motion sensor component according to the present
invention, the component having been turned by 90, is
smaller than the thickness of the wafer stack formed
by the joined wafers. Figure 3 shows a component,
according to the present invention, diced out of a
wafer structure used in the manufacturing of
micromechanical motion sensors. The Figure shows
several diced micromechanical motion sensor components
7-9, one micromechanical motion sensor component 8 of
which is turned by 90 onto one of its sides. The
component's connection areas 11, 12 are deposited onto
a dice cutting side wall 10 of the diced
micromechanical motion sensor component 8. The
structure of the micromechanical motion sensor
according to the present invention is designed such,
that a dimension, in the direction of the wafer
surface, clearly smaller than the thickness of the
wafer stack, even well below 1 mm, is 



obtained. In manufacturing the micromechanical motion
sensors according to the present invention, extremely
narrow and long components 7-9 are cut out of the
wafer structure, contrary to the traditional
technique. In manufacturing micromechanical motion
sensors according to the present invention, after
joining and cutting the wafers, the connection areas
of the component are deposited onto its dice cutting
side, the area of which is the largest. After dicing,
the components 7-9 are turned onto one side and
thecomponent's connection areas 11, 12 are deposited
onto the other dice cutting side wall 10 of the
components 7-9. By means of the solution according to
the invention, the components become extremely low,
when joined to a substrate or a capsule. Figure 4
shows a sectional view of a micromechanical motion
sensor component, according to the present invention,
diced out of a wafer structure. In the micromechanical
motion sensor according to the invention, the seismic
mass 13 is a long, beam-like structure 13 supported at
one edge and both sides of the mass by means of thin
bending springs. Such a structure could serve as, for
instance, a capacitive acceleration sensor. In the
micromechanical motion sensor according to the present
invention, the dimensional proportions of the
structure differ from those of typical micromechanics
. Generally the micromechanical structures are wide in
the 



wafer plane compared to the thickness of the wafer. In
the solution according to the present invention,
narrow slices are cut out of the wafer, which slices,
when turned by 90, are thin in the direction of
joining and wide. Figure 5 shows an alternative
structure solution, according to the present
invention, of the seismic mass of a micromechanical
motion sensor component. In the alternative
micromechanical motion sensor according to the present
invention, the seismic mass 14 is a long, beam-like
structure 14 supported at its center on both sides by
means of thin or narrow torsion springs. Such a
structure could serve as, for example, a capacitive
sensor of angularacceleration . Figure 6 shows a
second alternative structure solution, according to
the present invention, of the seismic masses of a
micromechanical motion sensor component. In the second
alternative micromechanical motion sensor according to
the present invention, the seismic masses 15-18 are
structures 15-18 installed in various lateral
directions (0, 90, 180, 270) in a plane supported by
means of thin or narrow torsion springs at one end on
both edges. Such a structure could serve, for
instance, as an acceleration sensor having several
axes. Figure 7 shows a third alternative structure
solution, according to the present invention, of the
seismic masses of a micromechanical motion sensor
component. In the third 



alternative micromechanical motion sensor according to
the present invention, the seismic masses 19-22 are
triangular structures 19-22 installed in various
oblique directions (45, 135, 225, 315) in a plane, the
structures being supported by means of thin or narrow
torsion springs at one corner on both edges. Such a
structure could serve as, for example, an acceleration
sensor with several axes. Figure 8 shows a method,
according to the present invention, of manufacturing a
micromechanical motion sensor. In the method according
to the present invention, at first, the sensor
structures are etched 23 on at least one wafer. Next,
at least two wafers are joined together 24 by, for
example, anodic or fusion bonding. Typically, there
can be three wafers to be joined, one sealing wafer on
each side of the wafer comprising the sensor
structures. The joined wafersconstitute a wafer stack.
After the joining, the wafer stack is diced 25 into
narrow and long, in the wafer plane, motion sensor
components. Next, the motion sensor components 26 are
turned by 90 onto one side. Thereafter, connection
areas are metallized 27 onto a dice cutting side of
the motion sensor component. Figure 9 shows an
alternative method, according to the present
invention, of manufacturing a micromechanical motion
sensor. In the alternative method according to the
present invention, at least one of the sealing wafers
is preprocessed by, for example, glazing or oxidizing
28. In 



addition, the sensor structures are etched 23 on at
least one wafer. Next, at least two wafers are joined
24 to each other. There can, typically, be three
wafers to be joined, one sealing wafer on each side of
the wafer comprising the sensor structures. The joined
wafers constitute a wafer stack. After the joining,
the wafer stack is diced 25 into narrow and long, in
the wafer plane, motion sensor components. Next, the
motion sensor components 2 6 are turned by 90 onto one
side. Then, connection areas are metallized 27 onto a
dice cutting side of the motion sensor component. In a
micromechanical motion sensor manufactured by means of
the method according to the present invention, the
thickness of the wafers will not limit the height of
an encapsulated component provided with contact areas.
The height is solely determined by the design of the
exposure masks, the dimensioning of which, according
to the requirements of component packaging and
attachment as well as performance, is much
easier.Thus, the micromechanical motion sensor
solution according to the present invention enables
the maximization of the performance of an extremely
low micromechanical sensor, since the wafers sealing
the component do not increase its height. By means of
the solution according to the present invention,
almost all of the wafer plane area of the component
can be utilized as a motion sensor mass. On the edges
of the motion sensor according to the present 



invention, only a frame area, needed for joining and
hermetical sealing of the wafers, is required, the
width of which area being typically about 100-200 mm
.Patent claims 1 . A method for manufacturing a
micromechanical motion sensor out of a wafer element,
in which method a micromechanical motion sensor
component is diced out of a wafer stack obtained by
joining at least two wafers to each other,
characterized in, that the micromechanical motion
sensor component is diced such, that - in the wafer
surface plane, the area of the motion sensor component
is smaller than the area of the motion sensor
component having been dice cut and turned by 90, and
that - in the direction of the joint, the height of
the motion sensor component having been turned by 90
is smaller than the thickness of the stack formed by
the joined wafers. 2 . Method according to claim 1 ,
characterized in, that electrical connection areas of
the micromechanical motion sensor are deposited on the
dice cut surface, the area of which is the largest. 3
. Method according to claim 1 or 2 , characterized in,
that, in the method: - the micromechanical motion
sensor structures are etched (23) on one wafer, - at
least two wafers are joined together (24) forming a 



wafer stack, - the wafer stack is diced (25) into, in
the wafer plane, narrow and long motion sensor
components, - the motion sensor components are turned
(26) by 90 degrees onto one of their sides, and -
connection areas are metallized (27) onto the dice
cutside of the motion sensor components. 4 . Method
according to claim 3 , characterized in, that, prior
to the joining of the wafers, at least one of the
wafers is glazed or oxidized (28) . 5 . Method
according to claim 3 or 4 , characterized in, that
there are three wafers to be joined, one sealing wafer
on both sides of the wafer comprising the sensor
structures. 6 . A micromechanical motion sensor diced
out of a wafer stack obtained by the joining of at
least two wafers, the motion sensor being
characterized in, that - in the wafer surface plane,
the area of a motion sensor component is smaller than
the area of the motion sensor component dice cut and
turned by 90, and that - in the direction of the
joint, the height of the motion sensor component,
turned by 90, is smaller than the thickness of the
wafer stack formed by the joined wafers. 7 . Motion
sensor according to claim 6 , characterized in, that
electrical connection areas of the micromechanical
motion sensor are deposited on its dice cut surface,
the area which is the largest. 



8 . Motion sensor according to claim 6 or 7 ,
characterized in, that the seismic mass (13) of the
motion sensor is a long, beam-like structure (13)
supported at one side wall on both sides. 9 . Motion
sensor according to claim 6 or 7 , characterized in,
that the seismic mass (14) of the motion sensor is
along, beam-like structure (14) supported at its
center at both side walls. 10. Motion sensor according
to claim 6 or 7 , characterized in, that the seismic
masses (15) -(18) of the motion sensor are structures
(15) -(18) installed in a plane in various lateral
directions supported at one end at both edges. 11.
Motion sensor according to claim 6 or 7 ,
characterized in, that the seismic masses (19) -(22)
of the motion sensor are triangular structures (19)
-(22) installed in a plane in various oblique
directions supported at one corner at both edges . 


