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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a method for manufacturing an acceleration sensor and/or angular velocity
sensor by using a method for correcting the mask pattern as explained in claim 1.

Background Art

[0002] In recent years, development of a small-sized sensor utilizing the so-called MEMS (Micro Electromechanical
Systems) technology has been advanced, wherein application of a sensor for detecting acceleration and/or angular
velocity to various devices or machines, such as portable phones and/or game machines, has been studied. Generally,
the acceleration sensor and/or angular velocity sensor of this type is manufactured by using an SOI wafer having a
three-layer structure composed of a silicon layer, a silicon-oxide layer and another silicon layer. More specifically, the
sensor of this type includes a frame having an opening (or through hole) provided to extend through the SOI wafer, and
a weight supported by the frame via a plurality of beams and provided to be displaced when applied with external force.
Namely, when the external force (i.e., the acceleration or angular velocity) is applied to the weight, this sensor serves
to measure such acceleration or angular velocity by detecting displacement of the weight (Patent Documents 1 and 2).
[0003] For instance, the sensor for measuring the acceleration by detecting the displacement includes a piezo-resist-
ance-type sensor, which has piezo-resistance elements respectively provided to the beams and is adapted for detecting
change of resistance caused by bending of each beam, and a capacitance-type sensor adapted for detecting change
of capacitance associated with the displacement of the weight.
[0004] While the sensor for measuring the angular velocity by detecting the displacement has substantially the same
configuration as the capacitance-type one, the weight of this sensor is grounded and designed to be moved in a simple
harmonic manner when an alternating current is applied to an associated counter electrode. Thus, this sensor is configured
to detect the Coriolis force from the change of capacitance caused by the application of the external force to the sensor.

Patent Document 1: JP2003-329702A
Patent Document 2: JP2004-144598A

[0005] The conventional MEMS-type sensor as described above is provided to the SOI wafer in a multiple pattern. In
this case, in a step of forming each weight, a dry-etching process, such as DRIE (Deep Reactive Ion Etching) or the
like, is employed for etching the silicon layer by using a reactive gas excited by plasma.
[0006] However, in a usual dry-etching process provided to the silicon wafer, the plasma may tend to be non-uniform
in the surface of the silicon wafer, resulting in some in-plane distribution of the plasma changing from the center of the
silicon wafer toward the periphery thereof. Thus, an unwanted tapered and/or tilted portion is formed in each necessary
hole or opening formed by the etching. This leads to deterioration of accuracy of the etching.
[0007] Similarly, such a tapered and/or tilted portion is also formed upon the formation of each weight by the dry-
etching process provided to the SOI wafer. Namely, in each tapered portion of the etched silicon wafer, the width of a
deeper portion of the hole or opening formed by the etching (i.e., a region from which the silicon-oxide layer of the SOI
wafer is exposed) tends to be greater than the width of the opening in the surface of the wafer at which the etching
process is started. Accordingly, such a tapered portion should make it difficult to form each weight as designed in
advance. For instance, if an etching speed of an etching apparatus used for the etching process is increased as one
goes toward a central portion of the SOI wafer, the degree or size of the tapered portion will be greater toward the central
portion of the wafer.
[0008] Meanwhile, the formation of the tilted portions can be attributed to the fact that the direction in which the reactive
gas penetrates into the silicon layer is not always vertical to the surface of the SOI wafer. Namely, the center of the
deeper portion of each formed opening (i.e., the region from which the silicon-oxide layer of the SOI wafer is exposed)
tends to be shifted toward the periphery of the wafer, relative to the center of the opening in the surface at which the
etching process is started. Such a tilted portion should shift the center of gravity of each weight from a designed position
(desired position) thereof, leading to deterioration of operational properties of the sensor. The degree or size of such a
tilted portion will be increased as one goes toward the periphery of the SOI wafer. It is true that the degree or size of
such tapered and tilted portions depends on the apparatus used for the etching process, conditions of the process,
thickness of the silicon wafer and/or SOI wafer, and the like. However, it is quite difficult to successfully prevent the
formation of the tapered and tilted portions, by only controlling the apparatus and/or process conditions. Document EP
1 491 901 A1 discloses a method of manufacturing a semiconductor acceleration sensor formed of a substrate having
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a stack of a first layer, a semiconductor layer and a second layer, which is sandwiched between the first layer and the
semiconductor layer and has an etching rate different from each of the first layer and the semiconductor layer, the
semiconductor acceleration sensor comprising:

a rectangular frame having sides and an opening inside thereof, and further having corner portions each being of
each two neighboring sides of the frame;
plural flexible beams extending from the frame to the inside of the opening of the frame, and having an intersection
portion at an intersection therebetween;
a weight being suspended from and supported by the intersection portion of the beams, and being positioned in the
opening as seen in plan view so as to be freely movable, and having corner portions facing the corner portions of
the frame, respectively;
damper plate portions provided at the corner portions of the frame, respectively, for limiting displacements of the
corner portions of the weight, respectively, beyond a predetermined amount; and
piezoresistors being mounted on the beams and varying the resistance values with distortions generated in the
beams due to displacement of the weight,
the method comprising the steps of:

etching an exposed surface of the first layer to form a recess having a bottom surface in the surface of the first
layer;
etching a peripheral portion and roughly long rectangular areas of the bottom surface of the recess up to an
end of the first layer at border with the second layer to form the frame and the weight, wherein each of the
roughly long rectangular areas spans toward inside of the bottom surface of the recess from a roughly central
position of each of sides of the bottom surface of the recess;
etching an area of the semiconductor layer corresponding to the opening of the frame up to an end of the
semiconductor layer at border with the second layer to form the damper plate portions and the beams;
forming a plurality of through-holes in each of the damper plate portions in at least an area, facing the weight,
of the each of the damper plate portions; and
removing a part of the second layer, leaving a further part of the second layer corresponding to the frame and
the intersection portion of the beams.

[0009] Document JP 7 152 147 A discloses a process for producing a mask for exposing constituted to form a mask
film on a transparent substrate and to form mask patterns by selective etching of this mask film. The mask working
process parameter of the conditions under which the mask patterns subjected to correction are formed on the mask is
selected in such a manner that the designed transfer patterns are obtained on a material to be exposed by the mask for
exposing according to the working conditions of the mask for exposing in stages up to a light shielding film etching stage
after the formation of the resist patterns at the time of forming the mask film on the transparent substrate and forming
the mask patterns consisting of the mask film by selectively etching the mask film.
[0010] Document JP 2005 017 080 A discloses to provide a method for manufacturing a semiconductor acceleration
sensor. In a sensor body, an overlapped section is arranged inside a rectangular frame section. The overlapped section
is supported by the frame section via four bending sections. Additionally, resistors are is arranged at the four bent
sections. The width dimension of the bending section increases gradually, as the bent section is away from a main
weight section and approaches the frame section.

SUMMARY OF THE INVENTION

[0011] Thus, according to an aspect, it is a problem to provide a method for manufacturing an acceleration sensor
having an improved reliability and a smaller size.
[0012] This problem is solved by a method having the features disclosed in claim 1. Preferred embodiments are defined
in the dependent claims.
[0013] The present invention is a method for manufacturing an acceleration sensor or an angular velocity sensor, as
described in claim 1.
[0014] The method for manufacturing the acceleration sensor and angular velocity sensor according to an aspect of
this invention further comprises the method steps of claim 2.
[0015] In the method for manufacturing the acceleration sensor and angular velocity sensor according to another
aspect of this invention, the correction for the tilted portion, related to the width of the opening of the mask pattern, is
performed, by setting an amount of correction for the tilted portion to be expressed by Cx and Cy, in regions having
influence on the length of the corresponding beam, while setting the amount of correction for the tilted portion to be
expressed by Cx/2 and Cy/2 in the other regions.
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[0016] This invention is intended for providing the method for manufacturing the acceleration sensor and/or angular
velocity sensor having a significantly small size and higher reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Fig. 1 is a plan view of a piezo-resistance-type acceleration sensor, which is one example of sensors manufactured
by a method according to the present invention.
Fig. 2 is a cross sectional view, taken along line I-I, of the sensor shown in Fig. 1.
Fig. 3 is a cross sectional view, taken along line II-II, of the sensor shown in Fig. 1.
Fig. 4 is a cross section, taken along line III-III, of the sensor shown in Fig. 1.
Fig. 5 is a perspective view of the sensor shown in Fig. 1.
Fig. 6 is another perspective view of the sensor shown in Fig. 1, in which a silicon-oxide layer is separated from a
silicon layer (or base silicon), while a supporting substrate is separated from the silicon layer (or base silicon).
Figs. 7(A) through 7(C) are views, respectively showing one exemplary procedure of the method for manufacturing
the sensor related to the present invention.
Fig. 8 is a plan view of the sensor when it is seen on the side of the silicon layer (or base silicon) having an opening
(shown in Fig. 7(B)) formed therein.
Fig. 9 is a cross sectional view taken along line IV-IV shown in Fig. 8.
Fig. 10 is a graph showing one example of distribution of the size of expansion of a tapered portion.
Figs. 11(A) to 11(C) are views, each illustrating correction for the tapered portion, related to an opening of a mask
pattern, wherein Fig. 11(A) shows an SOI wafer, Fig. 11(B) shows the mask pattern located at a point P0 at a center
of the SOI wafer, and Fig. 11(C) shows the mask pattern located at a point P at a distance r from the center.
Fig. 12 is a cross sectional view taken along line V-V shown in Fig. 8.
Figs. 13(A) to 13(D) are views showing state in which tilted portions are formed, as well as illustrating correction for
the tilted portions.
Fig. 14 is a view showing a pattern of the opening of the mask pattern.
Fig. 15 is a graph showing distribution of the size of the tilted portion, as well as illustrating one exemplary approx-
imation of the distribution by using a straight line.
Fig. 16 is a graph showing another example of the distribution of the size of the tilted portion, as well as illustrating
the approximation thereof by using a quadratic-curve.
Figs. 17(A) to 17(C) are views, each illustrating the correction for the tapered portion, related to the opening of the
mask pattern, wherein Fig. 17(A) shows the SOI wafer, Fig. 17(B) shows the mask pattern located at the point P0
at the center of the SOI wafer, and Fig. 17(C) shows the mask pattern located at the point P at the distance r from
the center.
Fig. 18 is a view illustrating each amount of correction for the tapered portion and tilted portion, related to the mask
pattern.

DETAILED DESCRIPTION OF THE INVENTION

[0018] Hereinafter, one exemplary embodiment of the present invention will be described, with reference to the draw-
ings.
[0019] Fig. 1 is a plan view of a piezo-resistance-type acceleration sensor, which is one example of sensors manu-
factured by a method according to the present invention, Fig. 2 is a cross section, taken along line I-I, of the sensor
shown in Fig. 1, Fig. 3 is a cross sectional view, taken along line II-II, of the sensor shown in Fig. 1, and Fig. 4 is a cross
sectional view, taken along line III-III, of the sensor shown in Fig. 1. In these drawings, the sensor 1 includes a sensor
body 2 and a supporting substrate 3 joined to the sensor body 2. The sensor body 2 is formed of an SOI (Silicon On
Insulator) substrate 11 having a three-layer structure including a silicon-oxide layer 13 interposed between a silicon layer
12 (or active-layer silicon) and another silicon layer 14 (or base silicon). Fig. 5 is a perspective view of the sensor 1
shown in Fig. 1, and Fig. 6 is another perspective view of the sensor 1 shown in Fig. 1, in which the silicon-oxide layer
13 is separated from the silicon layer 14 (or base silicon), while the supporting substrate 3 is separated from the silicon
layer 14 (or base silicon).
[0020] As shown in Figs. 1 through 6, the silicon layer 12 (or active-layer silicon), i.e., one component of the sensor
body 2, includes a weight junction 21, four beams 22 respectively supporting the weight junction 21, a frame 23, and
four windows 24 respectively surrounded by the beams 22 and frame 23. The four beams 22 are provided with piezo-
resistance elements 28, respectively. More specifically, four piezo-resistance elements 28x, each adapted for detecting
external force applied in an X-axial direction, four piezo-resistance elements 28y, each adapted for detecting the external
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force applied in a Y-axial direction, and four piezo-resistance elements 28z, each adapted for detecting the external
force applied in a Z-axial direction, are provided to the four beams 22, respectively.
[0021] The silicon layer 14 (or base silicon), which is another component of the sensor body 2, includes a weight 25
and a frame 26 located around the weight 25 via an opening 27. The weight 25 has a thickness less than the thickness
of the frame 26, and includes a base portion 25A and four projections 25B, each projecting from the base portion 25A
toward a space between the crossing beams 22. The base portion 25A of the weight 25 is joined to the weight junction
21 of the silicon layer 12 (or active-layer silicon) via the silicon-oxide layer 13.
[0022] In the sensor 1 as described above, when some external force is applied, in the X-axial, Y-axial or Z-axial
direction, to the weight 25 supported by the four beams 22, the weight 25 will be displaced in the same direction. With
such displacement, each beam 22 will be bent. Consequently, the external force applied to the weight 25 can be detected
by the respective piezo-elements 28.
[0023] Figs. 7(A)-7(C) are views showing one exemplary procedure of the method according to the present invention,
in which the sensor body 2 of the sensor 1 is manufactured. It is noted that Figs. 7(A)-7(C) illustrate parts corresponding
to the cross section shown in Fig. 3.
[0024] In Figs. 7(A)-7(C), a necessary multi-faced process is performed on an SOI wafer 11’ having the three-layer
structure composed of the silicon layer 12 (or active-layer silicon), silicon-oxide layer 13 and silicon layer 14 (or base
silicon). First, for each face of the SOI wafer 11’, grooves 16 are formed in the silicon layer 12 (or active-layer silicon)
in order to form the weight junction 21, beams 22 and frame 23, while a recess 17 is formed in the silicon layer 14 (or
base silicon) in order to provide a desired thickness of the weight 25 (see Fig. 7(A)). The formation of the grooves 16
and recess 17 can be performed, for example, by the so-called DRIE (Deep Reactive Ion Etching) method, i.e., a dry-
etching method utilizing plasma, via a mask pattern. Alternatively, the grooves 16 and recess 17 may be formed by a
sand-blast method, a wet-etching method, a femto-second-laser method or the like.
[0025] Next, for each face of the SOI wafer 11’, the opening 27 is formed by processing the silicon layer 14 (or base
silicon) on the side of the recess 17 of the SOI wafer 11’, via a mask pattern 31, until the silicon-oxide layer 13 is exposed.
As a result, the weight 25 (or base portion 25A and projections 25B) and frame 26 can be formed, respectively (see Fig.
7(B)). Thereafter, each portion of the silicon layer 13, exposed to the opening 27 and the grooves 16, is removed (see
Fig. 7(C)). In this way, the sensor body 2 can be obtained. The formation of the opening 27 can be performed, for
example, by the DRIE method, via the mask pattern 31. Meanwhile, the silicon-oxide layer 13 can be removed, for
example, by an appropriate dry-etching process using a proper reactive gas. It is noted that the method for forming the
mask pattern 31 is not limited in particular. Any suitable method for forming such a mask pattern, such as by employing
photolithography using a photosensitive resist or by forming a proper resin layer and/or metal layer on the wafer and
then directly patterning the formed resin layer by utilizing laser plotting, or the like, can be used.
[0026] In this case, the method of this invention is designed for correcting the mask pattern 31, such that formation
or occurrence of a tapered portion and/or tilted portion in each opening 27 can be appropriately controlled when the
opening 27 is formed by the DRIE method, via the mask pattern 31, on the side of the silicon layer 14 (base silicon).
Now, this method will be described more specifically.
[0027] First, as the method for controlling the formation of the tapered portion in each opening 27, one method for
manufacturing the sensor 1 while correcting the mask pattern is described by way of example. Fig. 8 is a plan view of
the sensor 1 when it is seen on the side of the silicon layer 14 (or base silicon) having the opening 27 (shown in Fig. 7
(B)) formed therein, and Fig. 9 is a cross section taken along line IV-IV shown in Fig. 8. For clarity, the mask pattern 31
is not shown in Fig. 8. As shown in Fig. 9, the opening 27 formed by the DRIE method usually includes the tapered
portion expanded or spread toward the silicon-oxide layer 13 (for convenience, however, the opening 27 is not tapered
in Figs. 2 through 7). Namely, a width b of a deeper portion of the opening 27 (i.e., the width of a region from which the
silicon-oxide layer 13 is exposed) is usually greater than a width a of the opening in a surface at which the etching
process is started (i.e., the width of a corresponding opening of the mask pattern 31). Thus, such a tapered portion
makes it difficult to form the weight as designed in advance. Besides, the degree or size of the tapered portion tends to
be greater as one goes toward the central portion of the SOI wafer 11’, due to distribution or change of the etching speed
in the surface of the SOI wafer 11’. Further, this tendency varies with an apparatus used for the etching, conditions of
the etching process, and the thickness of the SOI wafer 11’.
[0028] Thus, while allowing the formation of such a tapered portion, the method of this invention is intended for
controlling the tapered portion, by setting the width of the opening of the mask pattern 31 to be narrower (as depicted
by a’ in Fig. 9), such that the width of the deeper portion of the opening 27 (i.e., the width of the region from which the
silicon-oxide layer 13 is exposed) can be changed into a designed value (i.e., the width a, as shown in Fig. 9, of the
opening of the mask pattern 31).
[0029] In this case, the etching process is first performed, by using a predetermined apparatus under desired conditions,
with the mask pattern set at the designed value thereof and hence not yet corrected for the tapered portion. Then,
distribution of the size of expansion of the tapered portion formed in the SOI wafer 11’ (i.e., a difference (b-a) between
the width b and the width a of the opening shown in Fig. 9) is measured. Fig. 10 is a graph showing one example of the
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measured distribution of the size of expansion, wherein the origin is the center of the SOI wafer 11’ (having a thickness
of 626mm), the X-axis expresses a distance from the center of the SOI wafer 11’, and the Y-axis designates the size of
expansion relative to the distance in the X-axial direction. As shown in Fig. 10, the size of expansion (i.e., b-a) of the
tapered portion can be approximated by using a quadratic curve (Y=AX2+B) having a peak at the center of the SOI wafer
11’. For instance, the quadratic curve shown in Fig. 10 can be expressed by Y=-0.00532·X2+106. Thus, a desired amount
t (see Fig. 9) of correction for narrowing the width of the opening of the mask pattern in a position at a distance r from
the center of the SOI wafer 11’ can be obtained by the following equation. 

[0030] In this case, the correction amount t is set on both sides of a center line 31a (see Figs. 11(B) and 11(C)) of the
opening of the mask pattern 31.
[0031] Accordingly, with respect to the center P0 of the SOI wafer 11’ and a point P corresponding to the position at
the distance r from the center P0 of the SOI wafer 11’ as shown in Fig. 11(A), the correction for the tapered portion or
narrowing the width of opening of the mask pattern 31 is carried out, respectively, as shown in Figs. 11(B) and 11(C).
Namely, Figs. 11(B) and 11(C) show a pattern of the opening (or opening pattern) of the mask pattern 31, respectively,
wherein the opening pattern is designated by oblique lines. In these drawings, the mask pattern 31 includes an opening
portion 36 having a corridor-like shape and four opening portions 32 projected inward from the corridor-like opening
portion 36. In this case, as shown in Fig. 11(B), the correction amount (to), at the center P0 of the SOI wafer 11’, for the
tapered portion, relative to the designed value, is expressed by t0 = B/2. Because the expansion of the tapered portion
is the maximum at the point Po, the width of the opening portions 32, 36 of the mask pattern 31 at this point P0 should
be set narrowest. Meanwhile, as shown in Fig. 11(C), the correction amount (t), at the point P, for the tapered portion,
relative to the designed value, is expressed by t = (Ar2+B)/2.
[0032] It is noted that the size of expansion (b-a) of the tapered portion can be obtained, on the assumption that the
value a designates the designed value of the width of the opening in the surface at which the etching process is started,
while the value b designates the width of the etched deeper portion of the opening actually measured by taking a
photograph thereof by using a metallurgical microscope.
[0033] Next, as the method for controlling the tilted portion in each opening 27, one method for manufacturing the
sensor 1 while correcting the mask pattern will be described by way of example. Fig. 12 is a cross section taken along
line V-V shown in Fig. 8. Usually, as shown in Fig. 12, an unwanted tilted portion is also formed when the opening 27
is formed by the DRIE method. In such a tilted portion, the center of the deeper portion of the formed opening (i.e., the
region from which the silicon-oxide layer of the SOI wafer is exposed) is shifted toward the periphery of the SOI wafer
11’ relative to the center of the opening in the surface at which the etching process is started (or opening of the mask
pattern 31). For convenience, however, the tilted portion is not shown in Figs. 2 through 7. With formation of such a tilted
portion, the center of gravity of the weight is substantially shifted from a designed position thereof. For instance, as
shown in Fig. 13(A), if the tilted portion is not formed, the weight junction 21 can be joined to the weight 25, while the
center of gravity G of the weight 25 can be positioned such that each length of the two beams 22 respectively supporting
the weight junction 21 can be equally set as designed in advance (i.e., corresponding to the length defined between two
dotted lines L1, L2). However, if the tilted portion is formed as shown in Fig. 13(B), the joined portion between the weight
junction 21 and the weight 25 as well as the center of gravity G of the weight 25 are shifted from designed positions
thereof (as designated by the two dotted lines L1, L2), respectively. Thus, the length of the two beams 22 respectively
supporting the weight junction 21 should be different from each other. The degree or size c (see Fig. 12) of such a tilted
portion tends to be increased as one goes toward the periphery of the SOI wafer 11’. Further, this tendency varies with
the apparatus used for the etching, conditions of the etching process, the thickness of the SOI wafer 11’ and the like.
[0034] Thus, while allowing the formation of such a tilted portion, the method of this invention is intended for controlling
the tilted portion by correcting the mask pattern, in a combination of 50% correction (i.e., the correction amount = C/2)
as shown in Fig. 13(C), in which the center of gravity G of the weight 25 is set in the designed position thereof (as
designated by the dotted line L2) while the joined portion between the weight junction 21 and the weight 25 is shifted
from the designed position thereof (as designated by the dotted line L1) and 100% correction (i.e., the correction amount
= C) as shown in Fig. 13(D), in which the joined portion between the weight junction 21 and the weight 25 is set in the
designed position thereof (as designated by the dotted line L1) while the center of gravity G of the weight is shifted from
the designed position thereof (as shown in the dotted line L2). Fig. 14 shows the opening pattern of the mask pattern
31, wherein the opening pattern is designated by oblique lines. As described above, the mask pattern 31 includes the
corridor-like opening portion 36 and four opening portions 32 projected inward from the corridor-like opening portion 36.
The four opening portions 32 are respectively provided for forming the opening 27 configured for separating the four
projections 25B respectively constituting the weight 25, while defining the joined portion between the base portion 25A
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constituting the weight 25 and the weight junction 21. Therefore, the length of each beam 22 is also determined by the
opening portions 32. Thus, in order to equally set the length of the four beams 22 supporting the weight junction 21, the
aforementioned 100% correction is provided to regions 32a, 32b respectively depicted by thick lines in the mask pattern
31, while the 50% correction is provided to the other regions of the mask pattern 31.
[0035] In this correction for the tilted portion, the etching process is first performed, by using a predetermined apparatus
under desired conditions, with the mask pattern set at the designed value thereof and hence not yet corrected for the
tilted portion. Then, distribution of the size (tilting amount) c of the tilted portion (see Fig. 12) formed in the SOI wafer
11’ is measured.
[0036] Fig. 15 is a graph showing one example of the distribution of the size (tilting amount) c of the tilted portion,
wherein the origin designates the center of the SOI wafer 11’ (having a thickness of 626mm), the X-axis expresses the
distance from the center of the SOI wafer 11’, while the Y-axis designates the distribution of the size of the tilted portion.
If the distribution of the size (tilting amount) c of the tilted portion is approximated by using a straight line (Y = kX) passing
through a central portion of the SOI wafer 11’, as shown in Fig. 15, this line can be expressed by, for example, Y = 0.17X.
Accordingly, the correction amount C of the width of the opening of the mask pattern, in a position corresponding to a
position vector r having coordinates (x, y) relative to the center of the SOI wafer 11’, can be obtained as the following
equations (2-1) and (2-2), in which the correction amount in the X-axial direction is expressed by Cx, while the correction
amount in the Y-axial direction is expressed by Cy. 

[0037] Alternatively, if the distribution of the size c of the tilted portion is approximated by using a quadratic curve (Y
= k1X2+k2X) passing through the central portion of the SOI wafer 11’, as shown in Fig. 16, this curved line can be
expressed by, for example, Y = 0.0012X2+0.080X. In this case, the correction amount C of the width of the opening of
the mask pattern, in the position corresponding to the vector r having coordinates (x, y) relative to the center of the SOI
wafer 11’, can be obtained as the following equations (3-1) and (3-2), in which the correction amount in the X-axial
direction is expressed by Cx, while the correction amount in the Y-axial direction is expressed by Cy. 

[0038] Although the distribution of the size c of the tilted portion shown in Fig. 15 might be seen as a cubic curve on
the Cartesian coordinate system, it can be rather approximated by the quadratic curve as described above on the polar
coordinate system.
[0039] Accordingly, the correction for the tilted portion, at the center P0 of the SOI wafer 11’ and the point P(x, y) at
the distance r from the center of the SOI wafer 11’, respectively shown in Fig. 17(A), can be shown in Figs. 17(B) and
17(C), respectively. Namely, Figs. 17(B) and 17(C) show the opening pattern of the mask pattern 31, respectively,
wherein the opening pattern is designated by oblique lines. Again, the mask pattern 31 includes the opening portion 36
having the corridor-like shape and the four opening portions 32 projected inward from the corridor-like opening portion
36. As shown in Fig. 17(B), since the tilted portion is not formed at center P0 of the SOI wafer 11’, the correction for the
tilted portion in this position is not necessary (i.e., Cx = 0, Cy = 0). Thus, the opening pattern can be used as one designed
in advance. Meanwhile, at the point P(x, y), the amount of correction for the tilted portion relative to the designed value
(desired value) thereof is set, by using the equations (2-1) and (2-2) or equations (3-1) and (3-2). In addition, as shown
in Fig. 14, the 100% correction (Cx, Cy) is performed for the regions 32a, 32b respectively depicted by thick lines in the
mask pattern 31, while the 50% correction is provided to the other regions of the mask pattern 31. Thus, the openings
32, 36 of the mask pattern 31 will have shapes as shown in Fig. 17(C), respectively. It is noted that the shapes depicted
by dotted lines in Fig. 17(C) designate the opening pattern corresponding to the designed value (i.e., the opening pattern
at the center P0), respectively.
[0040] For instance, the size c of the tilted portion can be determined by forming a hole shallower (e.g., having a 1mm
depth) and greater (in the diameter) than each opening to be formed, in advance, in an opposite surface of the wafer
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(i.e., a surface opposite to the surface from which the etching process is started). Then, the opening is formed by etching
the wafer, with the center of this shallower hole being coincident with the center of the opening of the mask pattern.
Thereafter, the amount of shift of the center of the opening formed by the etching process from the center of the shallower
hole is obtained by taking an image of the deeper portion of the so-formed opening, by using the metallurgical microscope.
It is noted that whether the distribution of the size of the tilted portion is approximated by the straight line (Y = kX) or by
the quadratic curve (Y = k1X2+k2X) can be optionally determined from each state of the distribution of the size of the
tilted portion. However, it should be appreciated that if the distribution of the size of the tilted portion tends to show a
profile like a quadratic function, the approximation with a proper quadratic curve can be selected for setting the correction
amount more accurately.
[0041] Next, the mask pattern that is corrected for the tapered portion and tilted portion will be described.
[0042] As described above, at the center P0(0, 0) of the SOI wafer 11’ shown in Fig. 17(A), only the correction for the
tapered portion is performed, while the correction for the tilted portion is not required. Meanwhile, at the point P(x, y)
located at the distance r from the center of the SOI wafer 11’, the correction for both of the tapered portion and tilted
portion should be performed. Now, the correction for both of the tapered portion and tilted portion, related to each region
or part of the mask pattern 31 at the point P(x, y), will be described in more detail with reference to Fig. 18. In the mask
pattern 31 located at the point P(x, y), eight regions, respectively designated by P1 to P8, are first set as shown in Fig.
18, depending on difference in positions in the X-axial direction and Y-axial direction, i.e., depending on difference in
regions respectively corrected by utilizing the 50% correction and 100% correction for the tilted portion. Then, the
correction for the tapered portion and/or tilted portion is performed for each set region. Specifically, the regions P1 to
P4 are respectively provided with the 100% correction for the tilted portion, while P5 to P8 are subjected to the 50%
correction for the tilted portion. Namely, each amount (h1 to h8) of correction of the regions P1 to P8 can be expressed
as follows.
[0043]

P1 

P2 

P3 

P4 

P5 

P6 

P7 



EP 2 110 847 B1

9

5

10

15

20

25

30

35

40

45

50

55

P8 

[0044] It is noted that if each correction amount h1 to h8 of the regions P1 to P8 is a positive value, the correction will
be performed in the positive direction in the X-axial direction or Y-axial direction, and that if each correction amount h1
to h8 is a negative value, the correction is performed in the negative direction in the X-axial direction or Y-axial direction.
[0045] It should be appreciated that the present invention is not limited to the above embodiment. For instance, while
the mask pattern 31 has been formed on the silicon layer 14 (or base silicon) of the SOI wafer 11’ in the above embodiment,
a metal mask or the like having a desired opening may be provided, in place of the mask pattern 31, in the vicinity of
the silicon layer 14 (or base silicon).
[0046] In addition, while the piezo-resistance-type acceleration sensor has been discussed by way of example in the
above embodiment, this invention is also applicable to the capacitance-type acceleration sensor and/or angular velocity
sensor.
[0047] Furthermore, while the SOI wafer has been discussed, as an object to be etched, in the method of this invention
for correcting the mask pattern, in other examples not comprised by the claimed invention this method can be applied
to any other suitable object, such as a silicon wafer, a metallic substrate or the like, to which the dry-etching process
can be provided.

Industrial applicability

[0048] The present disclosure can be applied to various fields, for which a high-precision dry-etching process is
required, and also applied to various field, for which a significantly small-sized and highly reliable acceleration sensor
and/or angular velocity sensor is required.

Claims

1. A method for manufacturing an acceleration sensor or an angular velocity sensor, comprising:

dividing a SOI wafer (11, 11’) having a three-layer structure composed of an active-layer silicon (12), a silicon-
oxide layer (13) and a base silicon (14), into multiple faces, and then providing a first frame (23), a plurality of
beams (22) respectively projecting inward from the first frame (23) and a weight junction (21) supported by the
beams (22), to the active-layer silicon (12), for each divided face of the SOI wafer (11, 11’);
forming a second frame (26) and a weight (25) to the base silicon (14), the weight (25) being positioned inside
the second frame (26), in a non-contact manner to the second frame (26), and joined to and held by the weight
junction (21) via the silicon-oxide layer (13);
removing the silicon-oxide layer (13) exposed to the outside; and
joining a supporting substrate (3) to the second frame (26) of the base silicon (14), in a non-contact manner to
the weight (25),
wherein, in forming the second frame (26) and weight (25) to the base silicon (14), the second frame (26) and
weight (25) are formed, respectively, by forming an opening, by dry-etching the base silicon (14), via a mask
pattern (31) having a corresponding opening, until the silicon-oxide layer (13) is exposed,
wherein the mask pattern (31) has been corrected, in advance, to have a desired width of the opening thereof, and
wherein the correction of the mask pattern (31) comprises:

etching a SOI wafer (11, 11’), by dry-etching, with a desired etching apparatus using a reference mask
pattern which is not yet corrected, and then measuring a distribution of the size of expansion of a tapered
portion formed in a surface of the SOI wafer (11, 11’); and
approximating the measured distribution of the size of expansion of the tapered portion by using a quadratic
curve (Y = AX2+B), so as to determine A and B, and then setting an amount t of correction for the tapered
portion, expressed by the following equation (1) and
related to the width of the opening of the mask pattern (31) in a position at a distance r from a center of the



EP 2 110 847 B1

10

5

10

15

20

25

30

35

40

45

50

55

SOI wafer (11, 11’), thereby performing the correction for the tapered portion, such that the width of the
opening can be set narrower than a designed value thereof: 

2. The method for manufacturing the acceleration sensor and angular velocity sensor, according to claim 1, further
comprising:

measuring a distribution of the size of a tilted portion formed in the SOI wafer (11, 11’); and

(A) approximating the measured distribution of the size of the tilted portion by using a straight line (Y = kX),
so as to determine k (k>0), and then setting an amount Cx of correction in the X-axial direction and an
amount Cy of correction in the Y-axial direction, respectively expressed by the following equations (2-1)
and (2-2) and
related to the width of the opening of the mask pattern in a position corresponding to a position vector r
having coordinates (x, y) relative to the center of the SOI wafer (11, 11’), thereby performing the correction
for the tilted portion, based on the amounts Cx and Cy of correction: 

or
(B) approximating the measured distribution of the size of the tilted portion by using a quadratic curve (Y
= k1X2+k2X), so as to determine k1, k2 (k1>0, k2>0), and then setting the amount Cx of correction in the X-
axial direction and the amount Cy of correction in the Y-axial direction, respectively expressed by the
following equations (3-1) and (3-2) and
related to the width of the opening of the mask pattern (31) in a position corresponding to the position vector
r having the coordinates (x, y) relative to the center of the SOI wafer (11, 11’), thereby performing the
correction for the tilted portion, based on the amounts Cx and Cy of correction: 

3. The method for manufacturing the acceleration sensor and angular velocity sensor, according to claim 2, wherein
the correction for the tilted portion, related to the width of the opening of the mask pattern (31), is performed, by
setting the amount of correction for the tilted portion to be expressed by Cx and Cy, in regions having influence on
the length of the corresponding beam, while setting the amount of correction for the tilted portion to be expressed
by Cx/2 and Cy/2 in the other regions.

Patentansprüche

1. Verfahren zum Herstellen eines Beschleunigungssensors oder eines Winkelgeschwindigkeitssensors, umfassend:

Teilen eines SOI-Wafers (11, 11’), der eine Dreischichtstruktur aufweist, die aus einem Aktivschichtsilizium
(12), einer Siliziumoxidschicht (13) und einem Basissilizium (14) besteht, in mehrere Flächen und dann Bereit-
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stellen eines ersten Rahmens (23), einer Mehrzahl von Balken (22), die jeweils von dem ersten Rahmen (23)
nach innen ragen, und einer Gewichtskreuzung bzw. -zusammenführung (21) bzw. -knotenpunkt, die bzw. der
von den Balken (22) gestützt bzw. getragen wird, an dem bzw. für das Aktivschichtsilizium (12) für jede geteilte
Fläche des SOI-Wafers (11, 11’);
Bilden eines zweiten Rahmens (26) und eines Gewichts (25) an dem bzw. für das Basissilizium (14), wobei das
Gewicht (25) im Inneren des zweiten Rahmens (26) auf eine Nichtkontaktweise mit dem bzw. an dem zweiten
Rahmen (26) positioniert wird und mit der Gewichtskreuzung (21) über die Siliziu-moxidschicht (13) verbunden
und durch diese gehalten wird;
Entfernen der Siliziumoxidschicht (13), die zur Außenseite freigelegt ist; und
Verbinden eines Stütz- bzw. Trägersubstrats (3) mit dem zweiten Rahmen (26) des Basissiliziums (14) auf eine
Nichtkontaktweise mit dem bzw. an dem Gewicht (25),
wobei beim Bilden des zweiten Rahmens (26) und des Gewichts (25) an dem Basissilizium (14) der zweite
Rahmen (26) und das Gewicht (25) jeweils durch Bilden einer Öffnung, durch Trockenätzen des Basissiliziums
(14), über ein Maskenmuster (31) mit einer entsprechenden Öffnung gebildet werden, bis die Siliziumoxidschicht
(13) freigelegt ist,
wobei das Maskenmuster (31) im Vorhinein korrigiert wurde, um eine gewünschte Breite der Öffnung davon
aufzuweisen, und
wobei die Korrektur des Maskenmusters (31) umfasst:

Ätzen eines SOI-Wafers (11, 11’) durch Trockenätzen mit einer gewünschten Ätzvorrichtung unter Ver-
wendung eines Referenzmaskenmusters, das noch nicht korrigiert ist, und dann Messen einer Verteilung
der Größe der Ausdehnung eines verjüngten Abschnitts, der in einer Fläche bzw. Oberfläche des SOI-
Wafers (11, 11’) gebildet wird; und
Annähern der gemessenen Verteilung der Größe der Ausdehnung des verjüngten Abschnitts durch Ver-
wendung einer quadratischen Kurve (Y=AX2+B), um A und B zu bestimmen, und dann Festlegen eines
Betrags t an Korrektur für den verjüngten Abschnitt, ausgedrückt durch die folgende Gleichung (1) und
verbunden mit der Breite der Öffnung des Maskenmusters (31) in einer Position mit einem Abstand r von
einer Mitte des SOI-Wafers (11, 11’), dadurch Durchführen der Korrektur für den verjüngten Abschnitt, so
dass die Breite der Öffnung schmäler festgelegt werden kann als ein entworfener Wert davon: 

2. Verfahren zum Herstellen eines Beschleunigungssensors oder eines Winkelgeschwindigkeitssensors nach An-
spruch 1, ferner umfassend:

Messen einer Verteilung der Größe eines geneigten Abschnitts, der in dem SOI-Wafer (11, 11’) gebildet wird; und

(A) Annähern der gemessenen Verteilung der Größe des geneigten Abschnitts durch Verwendung einer
geraden Linie (Y=kX), um k (k>0) zu bestimmen, und dann Festlegen eines Betrags Cx an Korrektur in der
X-axialen Richtung und eines Betrags Cy an Korrektur in der Y-axialen Richtung, jeweils ausgedrückt durch
die folgenden Gleichungen (2-1) und (2-2), und
verbunden bzw. in Beziehung mit der Breite der Öffnung des Maskenmusters in einer Position entsprechend
einem Positionsvektor r mit Koordinaten (x, y) relativ zu der Mitte des SOI-Wafers (11, 11’), dadurch Durch-
führen der Korrektur für den geneigten Abschnitt basierend auf den Beträgen Cx und Cy an Korrektur: 

oder
(B) Annähern der gemessenen Verteilung der Größe des geneigten Abschnitts durch Verwendung einer
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quadratischen Kurve (Y=k1X2+k2X), um k1, k2 (k1>0, k2>0) zu bestimmen, und dann Festlegen des Betrags
Cx an Korrektur in der X-axialen Richtung und des Betrags Cy an Korrektur in der Y-axialen Richtung,
jeweils ausgedrückt durch die folgenden Gleichungen (3-1) und (3-2), und
verbunden bzw. in Beziehung mit der Breite der Öffnung des Maskenmusters (31) in einer Position ent-
sprechend einem Positionsvektor r mit Koordinaten (x, y) relativ zu der Mitte des SOI-Wafers (11, 11’),
dadurch Durchführen der Korrektur für den geneigten Abschnitt basierend auf den Beträgen Cx und Cy an
Korrektur: 

3. Verfahren zum Herstellen eines Beschleunigungssensors oder eines Winkelgeschwindigkeitssensors nach An-
spruch 2, wobei die Korrektur für den geneigten Abschnitt, verbunden mit der Breite der Öffnung des Maskenmusters
(31), durchgeführt wird durch Festlegen des Korrekturbetrags für den geneigten Abschnitt, der durch Cx und Cy
auszudrücken ist, in Regionen, die einen Einfluss auf die Lenge des entsprechenden Balkens haben, während der
Korrekturbetrag für den geneigten Abschnitt, der durch Cx/2 und Cy/2 auszudrükken ist, in den anderen Regionen
festgelegt wird.

Revendications

1. Procédé de fabrication d’un capteur d’accélération ou d’un capteur de vitesse angulaire comprenant :

diviser une tranche SOI (11, 11’) ayant une structure à trois couches composée d’un silicium à couche active
(12), d’une couche d’oxyde de silicium (13) et d’un silicium de base (14) en de multiples faces, puis fournir un
premier cadre (23), une pluralité de poutres (22) faisant respectivement saillie vers l’intérieur depuis le premier
cadre (23) et une jonction de poids (21) supportée par les poutres (22) au silicium à couche active (12) pour
chaque face divisée de la tranche SOI (11, 11’) ;
former un second cadre (26) et un poids (25) sur le silicium de base (14), le poids (25) étant positionné à
l’intérieur du second cadre (26), sans contact avec le second cadre (26), et relié à et maintenu par la jonction
de poids (21) par le biais de couche d’oxyde de silicium (13) ;
éliminer la couche d’oxyde de silicium (13) exposée à l’extérieur ; et
relier un substrat de support (3) au second cadre (26) du silicium de base (14) sans contact avec le poids (25),
dans lequel, lors de la formation du second cadre (26) et du poids (25) sur le silicium de base (14), le second
cadre (26) et le poids (25) sont respectivement formés en formant une ouverture par gravure sèche du silicium
de base (14) par le biais d’un motif de masque (31) ayant une ouverture correspondante jusqu’à ce que la
couche d’oxyde de silicium (13) soit exposée,
dans lequel le motif de masque (31) a été corrigé à l’avance pour avoir une largeur souhaitée de l’ouverture de
celui-ci, et
dans lequel la correction du motif de masque (31) comprend :

graver une tranche SOI (11, 11’) par gravure sèche avec un appareil de gravure souhaité en utilisant un
motif de masque de référence qui n’est pas encore corrigé, puis mesurer une distribution de la taille de
dilatation d’une portion évasée formée dans une surface de la tranche SOI (11, 11’) ; et
approcher la distribution mesurée de la taille de dilatation de la portion évasée en utilisant une courbe
quadratique (Y = AX2+B) de manière à déterminer A et B, puis régler une quantité t de correction pour la
portion évasée, exprimée par l’équation suivante (1) et liée à la largeur de l’ouverture du motif de masque
(31) dans une position à une distance r d’un centre de la tranche SOI (11, 11’), réalisant de ce fait la
correction pour la portion évasée de sorte que la largeur de l’ouverture peut être réglée de manière plus
étroite qu’une valeur désignée de celle-ci : 
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2. Procédé de fabrication du capteur d’accélération et du capteur de vitesse angulaire selon la revendication 1, com-
prenant en outre :

mesurer une distribution de la taille d’une portion inclinée formée dans la tranche SOI (11, 11’) ; et

(A) approcher la distribution mesurée de la taille de la portion inclinée en utilisant une ligne droite (Y = kX)
de manière à déterminer k (k>0), puis régler une quantité Cx de correction dans la direction axiale X et une
quantité Cy de correction dans la direction axiale Y, respectivement exprimées par les équations suivantes
(2-1) et (2-2) et
liées à la largeur de l’ouverture du motif de masque dans une position correspondant à un vecteur de
position r ayant des coordonnées (x, y) par rapport au centre de la tranche SOI (11, 11’), réalisant de ce
fait la correction pour la portion inclinée en fonction des quantités Cx et Cy de correction : 

ou
(B) approcher la distribution mesurée de la taille de la portion inclinée en utilisant une courbe quadratique
(Y = k1X2+k2X) de manière à déterminer k1, k2 (k1>0, k2>0), puis régler la quantité Cx de correction dans
la direction axiale X et la quantité Cy de correction dans la direction axiale Y, respectivement exprimées
par les équations suivantes (3-1) et (3-2) et
liées à la largeur de l’ouverture du motif de masque (31) dans une position correspondant au vecteur de
position r ayant les coordonnées (x, y) par rapport au centre de la tranche SOI (11, 11’), réalisant de ce
fait la correction pour la portion inclinée en fonction des quantités Cx et Cy de correction : 

3. Procédé de fabrication du capteur d’accélération et du capteur de vitesse angulaire selon la revendication 2, dans
lequel la correction pour la portion inclinée liée à la largeur de l’ouverture du motif de masque (31) est réalisée en
réglant la quantité de correction pour la portion inclinée devant être exprimée par Cx et Cy dans des régions ayant
une influence sur la longueur de la poutre correspondante tout en réglant la quantité de correction pour la portion
inclinée devant être exprimée par Cx/2 et Cy/2 dans les autres régions.
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