
;e3eiddeLgFgi6RiTifqAWO 03/023414   DESCRIPTION Microstructure with Movable
Mass TECHNICAL FIELD  PCT/JP02/08879  The present invention relates
generally to a microstructure with a movable mass (or moving mass). The
present invention particularly relates to an accelerometer, which detects
physical movement of a mass. BACKGROUND ART There are a variety of types of
sensors using a movable mass (moving mass). For example, there is an
inertial sensor such as an accelerometer and an angular accelerometer
(vibration gyroscope). An accelerometer, which detects an acceleration of a
vehicle, generally uses a piezoresistive effect. According to such a
sensor, for example, a box shape of seismic mass (i.e. moving mass) is
contained in a cavity of a silicon base member (fixed frame). The movable
mass is suspended by beams on which a piezoresistance are formed, so that a
stress is applied to the piezoresistance in response to movement of the
mass. The variation of stress applied to the piezoresistance is detected as
a variation of resistance. Such technology can be used for cruise control
of vehicles. The above-described mass is required to move freely, however,
if -1   WO 03/U2344
PCT/JP02/08879 the mass over moves, the sensor may be broken or damaged.
According to an invention shown in Japanese Patent Publication Kokoku H5
71448, a glass stopper is used for inhibiting over-move of the mass.
However, a glass stopper is arranged above the mass, so that the 



thickness of the sensor is increased. Further, fabrication steps are
complicated and fabrication costs are increased. In addition, a stress
generated between a glass and silicon member may affect negatively to
characteristics of the sensor. DISCLOSURE OF INVENTION Accordingly, it is
an object of the present invention to provide a microstructure, in which
over-move of a mass can be inhibited without significant increase of
thickness. Another object of the present invention is to provide a
microstructure, in which an over-move inhibiting mechanism is realized
without negative affect to characteristics thereof and complication or
increase of costs of fabrication. Additional objects, advantages and novel
features of the present invention will be set forth in part in the
description that follows, and in part will become apparent to those skilled
in the art upon examination  of the following or may be learned by practice
of the invention. The objects and advantages of the invention may be
realized and attained by means of the instrumentalities and combinations
particularly pointed out in the appended claims. -2   WO 03/023A.1
PCT/JP02/08879 According to a first aspect of the present invention, a
microstructure includes a mass a base member in which the mass is movably
contained. The mass includes a surface, which is exposed out of the base
member, and a stopper wire, which is arranged above the surface of the mass
so as to inhibit over move of the mass. As compared to a conventional
technology using a glass stopper, a microstructure of the present invention
can be fabricated to have a smaller thickness. When stopper wires are
fixed, no stress is applied to the base member and the mass. As a result,
no negative affection to characteristics of the microstructure, such as an
accelerometer, is made. Further, the stopper wires can be fixed in a
wire-bonding process, so that fabrication process can be prevented from
being complicated and therefore, fabrication costs may be minimized.
Especially, for an accelerometer, the stopper wires can be formed at the
same time when electrode pads of a sensor chip and lead pads of a package
are wire bonded for electrical connection. According to a second aspect of
the present invention, a package structure, containing the above-described
microstructure, includes at least one lead pad used for electrical
connection with the microstructure. At least one end of the stopper wire is
connected to the lead pad. The stopper wires can be arranged freely and be
changed easily in design. When one end of the stopper wire is connected to
an electrode pad of the base member and the other end is connected to a
lead pad of the package, the stopper wire can be used not only for
mechanical protection 



but also for electrical connection. -3   WO 03/02344 PCT/JP02/08879
According to a third aspect of the present invention, the stopper wire
includes ends to be fixed at positions which are relatively lower in level
than the surface of the mass. It is difficult to arrange a bonding wire
having a height or clearance. If a clearance of a bonding wire is less than
100 u m, the clearance would be made irregularly. According to the present
invention, a distance ox clearance between an upper surface of a mass and a
stopper wire can be decreased without increasing a distance in vertical
direction between ends and top of the wire. As a result, a thickness of a
microstructure can be reduced without increasing irregularity of clearance
or heights of stopper wires. According to a fourth aspect of the present
invention, an accelerometer includes a mass a silicon base member in which
the mass is movably contained, wherein the mass comprises a surface which
is exposed out of the base member a stopper wire which is arranged above
the surface of the mass so as to inhibit over move of the mass and a
package which contains the base member with the mass. BRIEF DESCRIPTION OF
DRAWINGS . Fig. 1 is a perspective view illustrating an accelerometer
according to a first preferred embodiment of the present invention.  Fig. 2
is a plane view showing the accelerometer shown in Fig. l, in which small
elements like metal interconnection are omitted. -4   W O 113/023414
PCT/JP02/08879 Fig. 3 is a cross-sectional view taken on line I-I in Fig.
1. Fig. 4 is a cross-sectional view showing a part of the accelerometer
shown in Fig. 1. 



Fig. 5 is a plane view showing another arrangement of stopper wires used
for an accelerometer according to the first preferred embodiment. Fig. 6 is
a plane view showing another arrangement of stopper wires used for an
accelerometer according to the first preferred embodiment. Fig. 7 is a
cross-sectional view showing a package structure containing and an
accelerometer according to a second preferred embodiment of the present
invention. Fig. 8 is a plane view showing an arrangement of stopper wires
used for an accelerometer according to the second preferred embodiment.
Figs. 9-12 are plane views showing other arrangements of stopper wires used
for the second preferred embodiment, shown in Fig. 7. Fig. 13 is a
cross-sectional view showing a package structure containing and an
accelerometer according to a third preferred embodiment of the present
invention. Fig. 14 is a plane view showing an arrangement of stopper wires
used for an accelerometer according to the third preferred embodiment. Fig.
15 is a plane view showing another arrangement of stopper -5   WO 03/023414
PCT/JP02/08879 wires used for an accelerometer according to the third
preferred embodiment. Fig. 16 is a cross-sectional view showing an
accelerometer 



according to a fourth preferred embodiment of the present invention. Fig.
17 is a perspective view illustrating an accelerometer according to a fifth
preferred embodiment of the present invention. Fig. 18 is a plane view
showing an arrangement of stopper wires used for an accelerometer according
to the fifth preferred embodiment. Fig. 19 is a cross-sectional view
illustrating an accelerometer according to a sixth preferred embodiment of
the present invention. Figs. 20A-20D are cross-sectional views showing one
example of fabricating steps of the accelerometer according to the sixth
preferred embodiment, shown in Fig. 19. Figs. 21A-21G are cross-sectional
views showing another example of fabricating steps of the accelerometer
according to the sixth preferred embodiment, shown in Fig. 19. Figs.
22A-22F are cross-sectional views showing another example of fabrication
steps of the accelerometer according to the sixth preferred embodiment,
shown in Fig. 19. Fig. 23 is a cross-sectional view illustrating an
accelerometer  according to a seventh preferred embodiment of the present
invention. Figs. 24A-24E are cross-sectional views showing an example of -6
WO 03/023414
PCT/JP02/08879 fabrication steps of the accelerometer according to the
seventh preferred embodiment, shown in Fig. 23. Fig. 25 is a perspective
view illustrating an accelerometer according to an eighth preferred
embodiment of the present invention. Fig. 26 is a cross-sectional view
illustrating an accelerometer according to the eighth preferred embodiment,
shown in Fig. 25. BEST MODE FOR CARRYING OUT THE INVENTION 



In the following detailed description of the preferred embodiments,
reference is made to the accompanying drawings which forma part hereof, and
in which is shown by way of illustration specific preferred embodiments in
which the inventions may be practiced. These preferred embodiments are
described in sufficient detail to enable those skilled in the art to
practice the invention, and it is to be understood that other preferred
embodiments may be utilized and that logical, mechanical and electrical
changes may be made without departing from the spirit and scope of the
present inventions. The following detailed description is, therefore, not
to be taken in a limiting sense, and scope of the present inventions is
defined only by the appended claims. Now the present invention is
described. The present invention is applicable to a variety of types of
inertial sensor, such as an accelerometer, and an angular accelerometer
(vibration gyroscope). The    WO 03/023414
PCT/JP02/08879 present invention is also applicable to any kinds of
microstructure (MEMS) having a movable member, such as an actuator. Figs. 1
and 2 show an accelerometer 10 according to a first preferred embodiment of
the present invention. In Fig. 2, small parts, such as metal
interconnection, are not shown for better understanding of overall of the
accelerometer 10. Fig. 3 shows an inside structure of the accelerometer 10.
The accelerometer 10 includes a silicon base member 12, and a movable mass
14, which is contained in a cavity of the silicon base member 12. The mass
14 is provided so as to be able to move up-and-down and right-and-left,
namely in three-dimensional directions. The silicon base member 12 is
proved at its center with a squire shape cavity, in which the mass 14 is
contained. The movable mass 14 is shaped to be a cloverleaf having four
square regions, which are connected at the center thereof, in order to
increase inertia force. An upper surface of the movable mass 14 and an
upper surface of the base member 12 are arranged in the same level. The
accelerometer 10 further includes four beams 1G, which connect the mass 14
and base member 12; and eight of piezoresistance elements 18. The
piezoresistance elements 18 are arranged at the boundaries between the mass
14 and the beams 16, and between the base member 12 and the beams 16. Each
of the beams 16 is arranged at a gap formed between two adjacent square
pats of the mass 14. The silicon base member 12 is provided at the upper
surface with electrode pads, which are connected to the piezoresistance
elements 18 with a metal interconnection (not shown). 8   W O 03/023414
PCT/JP02/08879 Electrode pads 20, which are not connected to the
piezoresistance elements 18 are connected to ends of stopper wires 22. Four
of the wires 22 are arranged above a11 the corners of the movable mass 14.
Each wire 22 is arranged to extend across a corner of the movable mass 14.
The ends of the wire 22 are fixed to the electrode pads 20 by a
conventional wire-bonding process. As shown in Fig. 3, the silicon base
member 12 is fixed on to a die bond surface 24. Downward over move of the
movable mass 14 is inhibited by the die bond surface 24. Horizontal
over-move of the mass 14 is inhibited by inner walls of the silicon base
member 12. Upward over-move of the mass 14 is inhibited by the wires 22.
The clearance between the mass 14 and the wires 22 can be adjusted by
controlling the wire bonding device. "Over-move" means movement resulting
that the accelerometer 10 does not work. For example, if the mass 14 over
moves, the accelerometer 10 would be broken or would output a signal at a
level over its maximum rated level. Fig. 4 shows a structure around an end
of the wire 22 connected to the pad 20. According to the present invention,
connecting regions between the wire 22 and the electrode pad 20 can be
covered with a resin 28. As a result, reliability of connection between the
wire 22 and the pad 20 would be increased. In fabrication of the
above-described accelerometer 10, a SOI wafer is formed from a silicon
layer (Si), a buried oxide layer (Si02) and a Si substrate. A bridge
circuit is formed on the SOI wafer using a 



semiconductor technology to form piezoresistance elements 18, a metal _9_
WO 03/023414
PCT/JP02/08879 circuit pattern and electrode pads 20. After that, the
surface is covered with a passivating film, such as SiN layer, except the
electrode pads 20. Next, beams 16 are formed in a Si Deep RIE (Reactive Ion
Etching) process. After that, the movable mass 14 is formed in a Si Deep
RIE process carried out from the Si substrate. Next, the movable mass 14 is
released from the substrate in an etching process to the buried oxide
layer. After that, the substrate is cut to form individual sensor chips in
a dicing process. Next, the sensor chip is bonded in a package, then, the
electrode pads 20 of the sensor chip 10 and lead pads of the package are
wire bonded for electrical connection. At the same time, the wires 22 are
formed over the sensor chip 10. Figs. 5 and 6 shows example of arrangement
of the stopper wire (22). According to Fig. 5, two of wires 122 are
arranged in parallel to sides of the silicon base member 12. Those two
wires 122 have the same length. According to Fig. 6, three of wires 222a
and 222b are arranged in parallel to a diagonal line of the silicon base
member 12. A longer wire 222a extends along a diagonal line of the silicon
base member 12. Shorter wires 222b are extend to across over corners of the
movable mass 14, in the same manner as shown in Fig. 1. In Fig. 6, the
shorter wires 222b can be omitted, because the longer wire 222a would be
able to inhibit over-move of the mass 14 in good balance of level. Fig. 7
is a cross-sectional view showing a package structure containing and an
accelerometer 10 according to a second preferred embodiment of the present
invention. In Fig. 7, the same or -10   WO 03/023A.1 PCT/JP02/08879
corresponding elements to those in the first preferred embodiment, are
represented by the same reference number, and the same description is not
repeated here in this embodiment. According to the second preferred
embodiment, both ends of stopper wire 22 are fixed on to lead pads 32 of a
package 30. As compared to the first preferred embodiment, the wire 22 can
be arranged with a high degree of freedom. Fig. 8-12 are plane views
showing examples of arrangement of stopper wires 22 used for the second
preferred embodiment, shown in Fig. 7. According to a case shown in Fig. 8,
two of wires 22 are arranged to extend in parallel to sides of the
accelerometer 10. According to a case shown in Fig. 9, four of wires 22 are
arranged to extend across the corners of the accelerometer 10, in which
none of the wires are crossed to each other. According to a case shown in
Fig. 10, four of wires 22 are arranged to form a shape of "#" above the
accelerometer 10. According to a case shown in Fig. I1, two shorter wires
22 and two longer wires 22 are arranged to extend in parallel to a diagonal
line of the accelerometer 10. According to a case shown in Fig. 12, four of
wires 22 are arranged to form a diamond shape, in which each wire 22 extend
across a corer of the accelerometer 10. Fig. 13 is a cross-sectional view
showing a package structure containing and an accelerometer according to a
third preferred embodiment of the present invention. In Fig. 13, the same
or -11   WO 03/023414
PCT/JP02/08879 corresponding elements to those in the first and second
preferred 



embodiment, are represented by the same reference number, and the same
description is not repeated here in this embodiment. According to the third
preferred embodiment, one end of a stopper wire 22 is bonded onto a lead
pad 32 of a package 30, and the other end is bonded on to an electrode pad
20 of an accelerometer 10. The stopper wires 22 can be used for electrical
connection between the package 30 and the sensor 10. The lead pad 32 and
electrode pad 20 can be formed for exclusive use for the stopper wires 22,
so that the stopper wires 22 can be electrically isolated from the sensor
10. As a result, the stopper wires 22 can be arranged without taking into
consideration of a wiring design of the sensor 10. Figs. 14 and 15 are
plane views showing examples of arrangement of the stopper wires 22 used
for the accelerometer 10 according to the third preferred embodiment. In a
practical example shown in Fig. 14, four of wires 22 are arranged to form a
shape of "#" above the accelerometer 10. In a practical example shown in
Fig. 15, four of wires 22 are arranged to form a diamond shape, in which
each wire 22 extend across a corer of the accelerometer 10. Fig. 16 is a
cross-sectional view showing an accelerometer according to a fourth
preferred embodiment of the present invention. In Fig. 16, the same or
corresponding elements to those in the first to third -12   WO 03/023.11
PCT/JP02/08879 preferred embodiments are represented by the same reference
number, and the same description is not repeated here in this embodiment. A
feature of this embodiment is that stopper wires 22 are provided to have
the same electrical potential level with an SOI wafer 50, so that the wires
22 do not operate as an antenna, which affects negatively to
characteristics of the accelerometer 10. In fabrication of the
above-described accelerometer 10, a SOI wafer is formed from a silicon
layer (Si), a buried oxide layer (Si02) and a Si substrate. A bridge
circuit is formed on the silicon layer in an ionimplantation or thermal
diffusion process to form piezoresistance elements 18. After that, an
insulating layer 52 is formed in a thermal oxidation process. Next, contact
holes are formed so as that an electrode pad 20, which is connected to the
wire 22, becomes the same electrical potential level as the silicon layer
(Si). After that, a metal circuit pattern and electrode pads 20 are formed,
and the surface is covered with a passivating film 54, such as SiN layer,
except the electrode pads 20. Next, beams 1G are formed in a Si Deep RIE
(Reactive Ion Etching) process. After that, the movable mass 14 is formed
in a Si Deep RIE process carried out from the Si substrate. Next, the
movable mass 14 is released from the substrate in an etching process to the
buried oxide layer. After that, the substrate is cut to form individual
sensor chips in a dicing process. Next, the sensor chip 10 is bonded in a
package, then, the electrode pads 20 of the sensor chip 10 and lead pads -~
3   V1'O 03/023~1~ PCT/JP02/08879 of the package are wire bonded for
electrical connection. At the same time, the wires 22 are formed over the
sensor chip 10. Figs. 17 and 18 show an accelerometer 10 according to a
fifth preferred embodiment of the present invention. In Fig. 18, small
parts, such as metal interconnection, are not shown for better
understanding of over all of the accelerometer 10. Fig. 19 shows an inside
structure of the accelerometer 10. The accelerometer 10 includes a silicon
base member 12, and a movable mass 14, which is contained in a cavity of
the silicon base member 12. The mass 14 is provided so as to be able to
move up-and-down and right-and-left, namely in three-dimensional
directions. The silicon base member 12 is proved at its center with a
squire shape cavity, in which the mass I4 is contained. The movable mass 14
is shaped to be a cloverleaf having four square regions, which are
connected at the center thereof, in order to increase inertia force. A
projected member 14a is formed on each of the four square regions of the
mass 14 so that an upper surface of the projected member 



14a is "(err) h" higher than an upper surface of the silicon base member
12. The accelerometer 10 further includes four beams 16, which connect the
mass 14 and base member 12; and eight of piezoresistance elements 18. The
piezoresistance elements 18 are arranged at the boundaries between the mass
14 and the beams 16, and between the base member 12 and the beams 16. Each
of the beams 16 is arranged at - a gap formed between two adjacent square
pats of the mass 14. The silicon base member 12 is provided at the upper
surface with electrode pads, which are connected to the piezoresistance
elements 18 with a -14   WO 03/023414
PCT/JP02/08879 metal interconnection (not shown). Electrode pads 20, which
are not connected to the piezoresistance elements 18 are connected to ends
of stopper wires 22. Four of the wires 22 are arranged above all the
corners of the movable mass 14. Each wire 22 is arranged to extend across a
corner of the movable mass 14. The ends of the wire 22 are fixed to the
electrode pads 20 by a conventional wire-bonding process. As shown in Fig.
19, the silicon base member 12 is fixed on to a die bond surface 24.
Downward over move of the movable mass 14 is inhibited by the die bond
surface 24. Horizontal over move of the mass 14 is inhibited by inner walls
of the silicon base member 12. Upward over-move of the mass 14 is inhibited
by the wires 22. The clearance between the mass 14 and the wires 22 can be
adjusted by controlling the wire bonding device. A distance "H" between the
upper surface of the projected member 14a and the stopper wire 22 can be
adjusted by a wire-bonding device (not shown) and the height difference "
(err) h". According to this embodiment, a distance "H" can be decreased
without increasing a distance "H+ D h". As a result, a thickness of the
accelerometer 10 can be reduced without increasing irregularity of
clearance "H" of stopper wires 22. Even if a distance "H" is determined
about 80 (err)m, irregularity of clearance "H" of stopper wires 22 would
not increase - remarkably. Figs. 20A-20D are cross-sectional views showing
one example of fabricating steps of the accelerometer according to the
sixth preferred -15   



WO 03/023.11 PCT/JPU2/U8871 embodiment, shown in Fig. 19. In fabrication of
the above-described accelerometer 10, a SOI wafer 31 is formed from a
silicon layer (Si), a buried oxide layer (Si02) and a Si substrate. A
bridge circuit is formed on the silicon layer in a semiconductor process to
form piezoresistance elements 18, a metal circuit pattern and electrode
pads 20. A sensox circuit 33 is formed, as shown in Fig. 20A. Next, a
photosensitive polyimide or resist is formed on to the sensor circuit 33
using a spin-coating process, and is exposed, developed and baked to form a
projected member 34 (14a), as shown in Fig. 20B. Subsequently, beams 16 are
formed in a Si Deep RIE (Reactive Ion Etching) process. After that, the
movable mass 14 is formed in a Si Deep RIE process carried out from the Si
substrate 31.. Next, the movable mass 14 is released from the substrate 31
in an etching process to the buried oxide layer, as shown in Fig. 20C.
After that, the substrate 31 is cut to form individual sensor chips in a
dicing process. Next, the sensor chip is bonded in a package, then, the
electrode pads 20 of the sensor chip 10 and lead pads of the package are
wire bonded fox electrical connection. At the same time, the wires 22 are
farmed ovex the sensor chip 10. Figs. 21A-21G are cross-sectional views
showing another example of fabricating steps of the accelerometer 10
according to the sixth preferred embodiment, shown in Fig. 19. In
fabrication of the abovedescribed accelerometer I0, a SOI wafer 31 is
formed from a silicon layer (Si), a buried oxide layer (Si02) and a Si
substrate. A bridge circuit is formed on the silicon layer in a
semiconductor process to form. -76   WO 03/023A.1 PCT/JP02/08879
piezoresistance elements 18, a metal circuit pattern and electrode pads 20.
A sensor circuit 33 is formed, as shown in Fig. 21A. Next, a seed layer 40
is formed over the SOT wafex 31 in a sputtering process, as shown in Fig.
21B. The seed layer 40 may be of Ni, Cu, Au, Pd, Ag, Sn, Co or the like.
After that, photosensitive polyimide or resist is formed on to the seed
layer 40 in a spin-coating process, and is exposed, developed and baked to
form a resist pattern 42, as shown in Fig. 21C. Next, a plating layer 40a
is formed from the seed layer 40, as shown in Fig. 21D. After that, the
resist pattern 42 is removed, and the seed layer 40 is removed in an
ion-milling process, wet etching process or RIE (Reactive Ion Etching)
process to form a projected member 44, as shown in Fig. 21E. Subsequently,
beams 16 axe formed in a Si Deep RIE (Reactive Ion Etching) process. After
that, the movable mass 14 is formed in a Si Deep RIE process carried out
from the Si substrate 31. hText, the movable mass 14 is released from the
substrate 31 in an etching process to the buried oxide layer, as shown in
Fig. 21F. After that, the substrate 31 is cut to form individual sensor
chips in a dicing process. Next, the sensor chip is bonded in a package,
then, the electrode pads 20 of the sensor chip 10 and lead pads of the
package are wire bonded for electrical connection. At the same time, the
wires 22 are formed over the sensor chip 10, as shown in Fig. 21G. Figs.
22A-22F are cross-sectional views showing another example of fabrication
steps of the accelerometer 10 according to the sixth preferred embodiment,
shown in Fig. 19. In fabrication of the above -17   WO 03/023A.1
PCT/JP02/08879 described accelerometer 10, a SOI wafer 31 is formed from a
silicon layer (Si), a buried oxide layer (Si02) and a Si substrate. Next, a
polysilicon layer 48 is formed on the SOI wafer 31, as shown in Fig. 22A.
Subsequently, a photosensitive polyimide or resist is formed on to the
polysilicon layer 48 in a spin-coating process, and is exposed, developed
and baked to form a resist pattern 51, as shown in Fig. 22B. Next, the
polysilicon layer 48 is etched in a RIE process to form a projected member
53, as shown in Fig. 22C. Subsequently, a bridge circuit is formed in a
semiconductor process to form piezoresistance elements-18, a metal circuit
pattern and electrode pads 20. A sensor circuit 33 is formed over the
projected member 53, as shown in Fig. 22D. After that, the surface is
covered with a passivating film, such as SiN layer, except the electrode
pads 20. Subsequently, beams 16 are formed in a Si Deep RIE (Reactive Ion
Etching) process. After that, the movable mass 14 is formed in a Si Deep
RIE process carried out from the Si substrate 31. Next, the movable mass 14
is released from the substrate 31 in an etching process to the buried oxide
layer, as shown in Fig. 22E. After that, the substrate 31 is cut to form
individual sensor chips in a dicing process. Next, the sensor chip is
bonded in a package, then, the electrode pads 20 of the sensor chip 10 and
lead pads of the package are wire bonded for electrical connection. At the
same time, the wires 22 are formed over the sensor chip 10, as shown in
Fig. 22F. Fig. 23 is a cross-sectional view illustrating an accelerometer
-18  



WO 03/023-41-4 PCT/JPU2/08879 according to a seventh preferred embodiment
of the present invention. Figs. 24A-24E are cross-sectional views showing
an example of fabrication steps of the accelerometer according to the
seventh preferred embodiment, shown in Fig. 23. In Figs. 23 and 24A-24E,
the same ox corresponding elements to those in the above-described sixth
preferred embodiment are represented by the same reference numerals, and
the same description is not repeated here in this embodiment. The
difference from the six preferred embodiment is that structure of a movable
mass 14 and a silicon base member 58. In this embodiment, the mass 14 is
not provided with any projected member (14a), but an upper surface of the
silicon base member 58 is cut out in order to form a level difference "~ h"
between the upper surface of the base member 58 and an upper surface of the
mass 14. In fabrication of the above-described accelerometer, a SOI wafer
31 is formed from a silicon layer (Si), a buried oxide layer (Si02) and a
Si substrate. Next, a resist is foxmed on to the SOI wafer 31 in a
spincoating process, and is exposed, developed and baked to form a resist
pattern 60, as shown in Fig. 24A. After that, the SOI wafer 31 is etched in
a RIE process to form recess portions 31a, which are used as electrode
pads, as shown in Fig. 24B. Next, a bridge circuit is formed in a
semiconductor process to form piezoresistance elements 18, a metal circuit
pattern and electrode pads -19   WO 03/023~1~ PCT/JP02/08879 20. A sensor
circuit 33 is formed on the SOI wafer 31, as shown in Fig. 24C. After that,
the surface of the substrate 31 is covered with a passivating film, such as
SiN layer, except the electrode pads 31a. Subsequently, beams 1G are formed
in a Si Deep RIE (Reactive Ion Etching) process. After that, the movable
mass 14 is formed in a Si Deep RIE process carried out from the Si
substrate 31. Next, the movable mass 14 is released from the substrate 31
in an etching process to the buried oxide layer, as shown in Fig. 24D.
After that, the substrate 31 is cut to form individual sensor chips in a
dicing process. Next, the sensor chip is bonded in a package, then, the
electrode pads 31a of the sensor chip 10 and lead pads of the package are
wire bonded for electrical connection. At the same time, the wires 22 are
formed over the sensor chip 10, as shown in Fig. 24E. Fig. 25 is a
perspective view illustrating an accelerometer 74 according to an eighth
preferred embodiment of the present invention. Fig. 2G is a cross-sectional
view illustrating the accelerometer 74, shown in Fig. 25. In Figs. 25 and
26, the same or corresponding elements to those in the above-described
embodiments are represented by the same reference numerals, and the same
description is not repeated here in this embodiment. The accelerometer 74
includes a silicon base member 12, and a . movable mass 14, which is
contained in a cavity of the silicon base member 12. The mass 14 is
provided so as to be able to move up-and down and right-and-left, namely in
three-dimensional directions. The -20   WO 03/U231.1 PCT/JP02/08879 silicon
base member 12 is proved at its center with a squire shape cavity, in which
the mass 14 is contained. The movable mass 14 is shaped to be a cloverleaf
having four square regions, which are connected at the center thereof, in
order to increase inertia force. An upper surface of the movable mass 14
and an upper surface of the base member 12 are arranged in the same level.
The accelerometer 74 further includes four beams 16, which connect the mass
14 and base member 12> and eight of piezoresistance elements 18. The
piezoresistance elements 18 are arranged at the boundaries between the mass
14 and the beams 16, and between the base member 12 and the beams 16. Each
of the beams 1G is arranged at a gap formed between two adjacent square
pats of the mass 14. The silicon base member 12 is provided at the upper
surface with electrode pads 20, which are connected to the piezoresistance
elements 18 with a metal interconnection (not shown). 



The accelerometer 74 is contained in a package 70, shown in Fig. 2G. The
package 70 includes recess portions 75 and lead pads 74, which are formed
on the recess portions 7~. The recess portions 75 and lead pads 76 are
designed so that an upper surface of the lead pad 76 is "~ h" lower than an
upper surface of the accelerometer (sensor) 74. Two lead pads, arranged at
the opposite sides of the accelerometer 74, are connected by a stopper wire
22. According to the eight preferred embodiment, the same advantages can be
obtained as the abovedescribed sixth and seventh preferred embodiments.
According to the sixth to eighth preferred embodiments, the -21   W O
03/023a l.t PCT/JP02/08879 stopper wire 22 includes ends to be fixed at
positions, which are relatively lower in level than the surface of the mass
14. A distance "H" between an upper surface of the mass 14 and the stopper
wire 22 can be decreased without increasing a distance (H+ O h) in vertical
direction between ends and top of the wire 22. As a r esult, a thickness of
a microstructure can be reduced without increasing irregularity of
clearance or heights of stopper wires 22. -22   WO 03/023~1~ CLAIMS
PCT/JP02/08879 1. A microstructure having a movable mass, comprising: a
mass a base member in which the mass is movably contained, wherein the mass
comprises a surface which is exposed out of the base member, and a stopper
wire which is arranged above the surface of the iuass so as to inhibit over
move of the mass. 2. A microstructure actor ding to claim 1, wherein the
stopper wire is connected only to the base member but not to the mass. 3. A
microstructure according to claim 1, wherein the stopper wire is fixed in a
wire-bonding process. 



4. A microstructure according to claim 3, wherein ends of the stopper wire
connected to the base member are covered with a resin. 5. A microstructure
according to claim 2, wherein -23   WO 03/023.11 PCT/JP02/08879 the base
member comprises pads exclusively used to be connected with the stopper
wire. 6. A microstructure according to claim 2, wherein the base member and
the stopper wire are controlled to have an identical electrical potential
to each other. 7. A package structure containing a microstructure according
to claim 1, comprising: at least one lead pad used for electrical
connection with the microstructure, wherein at least one end of the stopper
wire is connected to the lead pad. 8. A package structure according to
claim 7, wherein both ends of the stopper wire is connected to the lead
pads. 9. A package structure according to claim 7, wherein one end of the
stopper wire is connected to the lead pad, and the other end is connected
to an electrode pad of the base member. 10. A package structure according
to claim 7, wherein the lead pad is exclusively used to be connected with
the stopper -24  



WO 03/023-tl~ w.~.re. 11. A microstructure according to claim 1, wherein
PCT/JP02/08879 the stopper wire comprises ends to be fixed at positions
which are relatively lower in level than the surface of the mass. 12. A
microstructure according to claim 11, wherein a projecting portion is
formed on the surface of the mass. 13. A microstructure according to claim
12, wherein the projecting portion is a resin layer formed on the surface
of the mass. 14. A microstructure according to claim 12, wherein the
projecting portion is a plating layer formed on the surface of the mass.
15. A microstructure according to claim 12, wherein the projecting portion
is a polysilicon layer formed on the surface of the mass. 16. A
microstructure according to claim 11, wherein -25   wo n3/o23.~ ~ ~
PCT/JP02/08879 the base member is provided with wire-fixing regions which
are connected with the ends of the stopper wire, the wire-fixing regions
being formed to have surfaces Iower in level than the surface of the mass. 



17. A microstructure according to claim 16, wherein the wire-fixing regions
are formed to shape the base member to be stepped structures. 18. An
accelerometer which provides an output signal in accordance with movement
of a mass, comprising: a mass a silicon base member in which the mass is
movably contained, wherein the mass comprises a surface which is exposed
out of the base member a stopper wire which is arranged above the surface
of the mass so as to inhibit over move of the mass and a package which
contains the base member with the mass. 19. An accelerometer according to
claim 18, wherein the package comprises at least one lead pad used for
electrical connection with the microstructure, wherein -26   WO 03/023~1~
PCT/JP02/08879 at least one end of the stopper wire is connected to the
lead pad. 20. An accelerometer according to claim 19, wherein both ends of
the stopper wire is connected to the lead pads. 21. An acceler ometer
according to claim 19, wherein one end of the stopper wire is connected to
the lead pad, and the other end is connected to an electrode pad of the
base member. 22. An accelerometer according to claim 18, wherein the
stopper wire comprises ends to be axed at positions which are 



relatively lower in level than the surface of the mass. _27_
.AL.AsL.A9.As9.AsL.A s9.AL.A%.A sL.A L.A`.A39.A.A %.A
sL.AsL.AsL.A.As9.AFL.AL.A9.A`L.As9.A9.Ahsr.ALLr <LM\]*9v9(=~Qci
|wrmhb]X]ca]ca]c^a]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]
ca]ca]cTaU]ca]ca]c^a]ca]ca]c<aU]caU]ca  gtH 8 ? L [
oW(a"@{vqlgb]W]c^a]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!@DKOZi;|P<};
`'.{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca!.;JS ^   )!G!!!!0"{""""
#^#e##%E%&{())|vqkfa\W]ca]ca]ca]ca]c^a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca!)q)>+-.////30h11384&5d555
96@6699h<<<$=,=9=H=>?5BKBzuoje`[V]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca!KBBBC
CCCDXDDFFCHkHHH9IAI]IJMOOOOOO,PjPlSSS=TxTzupkfa\W]]ca]ca]ca]ca]ca]ca]ca]ca]
caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]
ca!xTUUVSV[VVV;
WpXX!ZbZZZt[[[@\N\\\\\_buc}ccfjj8jl|wqlgb]X]]]ca]ca]ca]ca]caU]ca]ca]ca]ca]c
aU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!lmw
ppp:tJvRvnvvv=w~wyz{{|P||||q~ %
ztoje`ZU]caU]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca]ca!
PW"Gz,^D[:OZ|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!F+cKQJW6{|wrmhc^Y]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]ca]ca]ca]ca]ca]ca!CszGoGO\kTK|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
<L\iK)!0 " 10%&'()-y4 10%<&'()- L310%<&'()-10%<&'()-@10%<&'()-
s10%<&'()-s10%<&'()-\]*9vdE)!0 " 10%&'`!310%<&'()- YZ
10%<&'()-!10%<&'()-!10%<&'()-4`F10%<&'()- 3"10%<&'()-v9(aB)!0 "
10%4!10%<&'()- 



!2'10%<<&'()- )!10%<&'()-L9'G10%<&'()-3%10%<&'()- S#!10%<&'()- (=~bC0 "
10%!10%O&'()- s 10%O&'()- 10< 10< 10<=m10%<&'()-Lf8m10%<&'()-
610%<&'()-QcaBbC0 " 10%10%O&'()-
@!10%O&'()-`!10%O&'()-!10%O&'()-!e!10%&'()- !10%O&'()- i  gtaBbC0 "
10%.!10%O&'()- Lf,G10%O&'()- *T10%O&'()-$ "10%O&'()-"!10%O&'()- !
!10%OO&'()-H 8 < = > dE:/ 10O 10O=10%O&'()-s910%O&'()-37!10%O&'()-
5!10%O&'()- 2'10%O&'()- 0!10%O&'()-> 



? L [   orS4/ 10&l(Z10%b&'()- 3"10%b&'()-! '10%bb&'()-
!X!10%rbrb&'()-"10%b&'()-10%b&'()- 10OW}^?4/ 10
10b=10%b&'()-s9s10%b&'()-s7!10%b&'()- !ty5`'10%bb&'()-3!pL3`'10%bb&'()-
s*F"10%b&'()-(mN/s#!10%<&'()-!Y10%<&'()- s "10%<&'()-`Y10%<&'()-
"10%<&'()-s10%<&'()- 10b 10ba"@dEmN/s#!10%< 2L'10%<&'()-
``0F10%<&'()-sS,y10%<&'()- s9*!10%<&'()-s(!10%<&'()- s%!10%<&'()-
DHIJKdYNCs#!10% 10< 10< 10<=10%<&'()-s910%<&'()-6Y10%<&'()-
L6:10%<&'()-Ms4S10%<&'()- KZi;dEYNCs#!10% ``310%<&'()-3l10%<&'()-
`310%<&'()- 



`@10%<&'()- 3"10%<&'()-s10%<&'()-;|PdEYNCs#!10% `Y310%<&'()-
@10%<&'()-!10%<&'()-`310%<&'()- 10%<&'()-y!10%<&'()- P<}dEYNCs#!10%
f,910%<&'()-`&*310%<&'()- '"10%<&'()- `%310%<&'()- #f10%<&'()- !!10%<&'()-
;`aBYNCs#!10%37!10%<&'()- 96:10%<&'()-M`5310%<&'()- ! 210%<<&'()-
0!10%<&'()- `.310%<&'()-'+,-.;JbCs#!10%!10%(&'()-Z "10%(&'()-s10%(&'()- 10<
10< 10<=10%<&'()-``9310%<&'()-SdEbCs#!10%9G10%(&'()-  10%(&'()- 9G10%(&'()-
`10%(&'()-93G10%(&'()- 10%(&'()- ^   )!G!dEbCs#!10%%S10%(&'()-#!10%(&'()-
9!Z10%(&'()- YZ10%(&'()- 9,G10%(&'()-  10%(&'()-G!!!!0"{""dBbCs#!10%!k
210%K(K(&'()- 0!10%(&'()- 9.310%(&'()-f,S10%(&'()- 9*!10%(&'()- 



9(310%(&'()- """ #^#b#c#d#e#dYNCs#!10%! 10( 10(
10(=10%(&'()-9`9Z10%(&'()-37 10%(&'()-  96&10%(&'()-M95G10%(&'()-
e##$$%E%&a?YNCs#!10! "10%zz&'()- "10%z&'()- "10%z&'()-! "10%zz&'()-
"10%z&'()- 10%z&'()-&:({()))))q)uj_@s#!10! 10%T&'()- 10z 10z
10z=10%z&'()-6!10%z&'()-! 9* "10%66&'()-9*
"10%z&'()-q))>+--./z[<j_@s#3!10%T&'()-f, "10%T&'()-!F "10%TT&'()-:F
"10%T&'()-:!'10%TT&'()-L!'10%TT&'()-L///////30h1bCs# !10%(&'()-L
10%(&'()-"s10%(&'()-s10%(&'()- 10T 10T 10T=m10%T&'()-h11384&5d55dBbCs#!k
5L'10%K(K(&'()- 93310%(&'()- @,!10%(&'()-9L*310%(&'()- 3 "10%(&'()-
9S310%(&'()-5596=6>6?6@669bCs#! "10%(&'()- 10%(&'()- 10( 10(
10(=m10%(&'()-9!10%(&'()- 7!10%(&'()- 99h<<<$=)=*=aB7C
10(=10%(&'()-,8!10%(&'()- ! 6'10%((&'()-3310%(&'()- "!10%(&'()-m F10%(&'()-



*=+=,=9=H=>?5BKBmN/210%z&'()-
"10%z&'()-sm10%z&'()-3"10%z&'()-!`10%z&'()-10%z&'()- 10( 10(KBBBC CCC
CCxmbC210% 10%&'()- 10z 10z 10zl=10%z&'()-9 "10%z&'()- 6 "10%z&'()-
`4F10%z&'()- CCDXDDFFdEmbC210%s%310%&'()- !10%&'()-3`sF10%&'()- F10%&'()-
!10%&'()- !10%&'()- FCHkHHH9I>I?IaB7C 10=10%&'()-s9!10%&'()- F7!10%&'()-
s5310%&'()- !32@10%cc&'()-(!10%&'()-?I@IAI]IJMMOgHC 10/!10%g&'()-
!3!10%((&'()-!3!10%gg&'()-& "10%g&'()- 10%g&'()- 10 10OOOOOOO,PjPbC
10LG10%(&'()-  10%(&'()- !10%(&'()-  10%(&'()- 



10g 10g 10g>10%g&'()-jPlSSS=TxTUdEbC 10Y.!10%(&'()-Lf,G10%(&'()-
`*!10%(&'()-3(!10%(&'()- L&G10%(&'()-  "10%(&'()-UUVSVXVYVZV[VVxmbC 10s
10%(&'()- 10( 10( 10(=10%(&'()-9!10%(&'()- 7!10%(&'()- 5`'10%(&'()- VV;
WpXX!ZbZdEmbC 10&y&m10%(&'()-  "10%(&'()- &3Z10%(&'()-  "10%(&'()-9
Z10%(&'()- G10%(&'()- bZZZt[[[@\dEmbC 103!10%(&'()- 1!10%(&'()- 0!10%(&'()-
@, "10%(&'()-9*!10%(&'()- l(!10%(&'()- @\N\\\\\\\\xmbC 10s 10%g&'()- 



10( 10( 10(=10%(&'()-9 "10%(&'()- 97m10%(&'()-  510%(&'()- \^U__abuc}[<mbC
101!10%g&'()-!!10%##&'()-M!10%g&'()-M!!10%&'()-'!!10%gg&'()-'!10%g&'()-'ucz
c{c|c}ccdff_= 10! "10%&'()-! "10%TT&'()- "10%T&'()-s 10%T&'()- 10g 10g
10g=10%g&'()-fKijjjjj8jk~_@ 10!"10%T&'()-s 10%T&'()- 10T 10T
10T=10%T&'()-!$!10%TT&'()- $!10%T&'()- klmm7pwp|p}p}[<1@
10T=10%T&'()-!&!10%&'()-`&!10%T&'()-`!l "10%&'()-`l
"10%T&'()-`!"10%&'()-s}p~ppps:tuJvjH@ 10T! *!10%zz&'()-3*!10%z&'()-3! "10%;
;&'()- "10%z&'()-s 10%z&'()- 10T 10TJvOvPvQvRvnvvv=wbC 10T10%&'()-
!10%&'()-!10%&'()-  10%&'()- 10z 10z 10z=10%z&'()-=w~wyz{{|dEbC 



10TF5M'10%&'()- `3F10%&'()- &!10%&'()-`$F10%&'()- l!10%&'()-msF10%&'()-
|P|||||||6~bC 10T3"10%g&'()-t 10%g&'()- 10 10 10=10%&'()-9!10%&'()-
7!10%&'()- 6~q~p}[<1C
10g=10%g&'()-!`*!10%&'()-F`*!10%g&'()-F!F!10%##&'()-FF!10%g&'()-F!3"10%##&'
()-t%mNC810 10g 10g=10%g&'()-10%g&'()-  "10%g&'()-"10%g&'()-10%g&'()- 10g
10g PWxY:NC810 @310%T&'()-910%T&'()-@10%T&'()- !`10%T&'()-
10%T&'()-10%T&'()- 10g"GzdE:NC810 sf#F10%T&'()- 9!-10%T&'()-
10%T&'()-310%T&'()- 10%T&'()-Y!10%T&'()- ,^dE:NC810 410%T&'()-s2F10%T&'()-
s`0-10%T&'()-s,10%T&'()- s)-10%T&'()- %m10%T&'()-DbC810 



LG10%g&'()- "s10%g&'()-10%g&'()- 10T 10T 10T=10%T&'()-s9-10%T&'()-
D[:OdEbC810 S`10%g&'()- `310%g&'()- 10%g&'()- LG10%g&'()-`s10%g&'()- ,G
10%g&'()- OZdEbC810 `.L10%g&'()- LL*M10%g&'()-`(L10%g&'()- `#10%g&'()-
!g10%g&'()-`l310%g&'()- FdYNC810  10g 10g 10g=10%g&'()-Ls9G10%g&'()-
sF710%g&'()- 210%g&'()- L0G10%g&'()-+cdEYNC810  10%@&'()- ssY10%@&'()-
"10%@&'()-310%@&'()- &@10%@&'()-10%@&'()-cKQdEYNC810 



(M10%@&'()- #10%@&'()-s!F10%@&'()-
lM10%@&'()-sf10%@&'()-:10%@&'()-JWdEYNC810
s`9910%@&'()-510%@&'()-`2F10%@&'()- s0M10%@&'()- S,l10%@&'()-`9*l10%@&'()-
6bC810 3 !10%-u&'()- F10%-u&'()- "s10%-u&'()-s10%-u&'()- 10@ 10@
10@=10%@&'()-6{CdEbC810 3310%-u&'()- 10%-u&'()-F10%-u&'()- :10%-u&'()-
s10%-u&'()- !10%-u&'()- CszGdEbC810 ,,410%-u&'()- ) 10%-u&'()-'!10%-u&'()-
% 10%-u&'()-F#s10%-u&'()-L!@10%-u&'()- GoGLMNdE:/ 10-u
10-u=10%-u&'()-&910%-u&'()- 6G10%-u&'()- 4t10%-u&'()- s0'10%-u&'()-
F.10%-u&'()-NO\kTxY:/ 10-us`10%&'()-`&L10%&'()- ss10%&'()- s10%&'()-
!L10%&'()-L10%&'()- 10-uTKdE:/ 10-us=10%&'()-y#10%&'()-LL!410%&'()-
`3s10%&'()-10%&'()- `310%&'()- 



Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph Font> J-d &,?3+:@@FLZSY|`g~mQsyN @.)KBxTl
fghijklmnop\v(> K;
PG!"e#&q)/h159*=KBCF?IOjPUVbZ@\\ucfk}pJv=w|6~DOc6CGNTqrstuvwxyz{|}~6Times
New RomanArialCourier New"h Root EntryWordDocumenti
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


