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\s2\li4752\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {1 \par
}\li4104\sb108\sl-211\slmult0\nowidctlpar\adjustright {DESCRIPTION \par
}\li1080\sb144\sl-335\slmult0\nowidctlpar\adjustright
\expnd-1\expndtw-5\cgrid {WAFER LEVEL PACKAGE STRUCTURE, AND SENSOR DEVICE
OBTAINED }{\expnd0\expndtw0\cgrid FROM THE SAME PACKAGE STRUCTURE \par
}\li576\sl-210\slmult0\nowidctlpar\adjustright \expnd0\expndtw0\cgrid
{TECHNICAL FIELD 



\par }\qj\fi432\sb180\sl-382\slmult0\nowidctlpar\adjustright {The present
invention relates to a wafer level packaging technique for
}{\expnd0\expndtw2\cgrid manufacturing compact sensor devices such as an
acceleration sensor and a }{gyro sensor. \par
}\ql\fi0\sb144\sl-218\slmult0\nowidctlpar\adjustright {BACKGROUND ART \par
}\fi720\li288\sl-382\slmult0\nowidctlpar\adjustright
\expnd2\expndtw10\cgrid {In recent years, wafer level packaging technique
has attracted lots of }{\expnd0\expndtw1\cgrid 10 attention as an
appropriate manufacturing technique for sensor devices wi th
}{\expnd0\expndtw0\cgrid chip size package (CSP). \par
}\qj\fi432\li576\ri72\sl-387\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {For example, Japanese Patent Early Publication No.
2005-251898 discloses }{\expnd0\expndtw-4\cgrid a manufacturing technique
for a wafer level package structure }{
\expnd0\expndtw-4\b\charscalex105\cgrid 200, }{\expnd0\expndtw-4\cgrid as
shown in }{FIGS. 24A and 24B. That is, a sensor wafer
}{\b\charscalex105\cgrid 210 }{and a package wafer }{\b\charscalex105\cgrid
220 }{are \par }\fi-576\sb108\sl-409\slmult0\nowidctlpar\adjustright
\expnd0\expndtw4\cgrid {15 arranged in a face-to-face relation to each
other, as shown in FIG. 24A. The }{\expnd0\expndtw-2\cgrid sensor wafer
}{\expnd0\expndtw-2\b\charscalex105\cgrid 210 }{ \expnd0\expndtw-2\cgrid
has a MEMS (Micro Electro Mechanical System) element
}{\expnd0\expndtw-2\b\charscalex105\cgrid 211 }{\expnd0\expndtw-3\cgrid and
a metal wiring (outgoing electrode)
}{\expnd0\expndtw-3\b\charscalex105\cgrid 217 }{\expnd0\expndtw-3 \cgrid
electrically connected to a sensing }{\expnd0\expndtw-2\cgrid portion (not
shown) of the MEMS element }{\expnd0\expndtw-2\b\charscalex105\cgrid 211.
}{\expnd0\expndtw-2\cgrid The package wafer
}{\expnd0\expndtw-2\b\charscalex105\cgrid 220 }{\expnd0 \expndtw-2\cgrid
has a }{\expnd0\expndtw-1\cgrid through-hole wiring
}{\expnd0\expndtw-1\b\charscalex105\cgrid 224 }{\expnd0\expndtw-1\cgrid
electrically connected with the metal wiring
}{\expnd0\expndtw-1\b\charscalex105\cgrid 217 }{\expnd0\expndtw-1 \cgrid
and a \par }\sb144\sl-405\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {20 concave portion }{\b\charscalex105\cgrid 221
}{providing a space for airtightly sealing the MEMS element
}{\expnd0\expndtw-2\b\charscalex105\cgrid 211. }{\expnd0\expndtw-2 \cgrid
Then, by forming a wafer level bonding between the sensor wafer
}{\expnd0\expndtw-2\b\charscalex105\cgrid 210 }{\expnd0\expndtw-2\cgrid and
}{\expnd0\expndtw-3\cgrid the package wafer
}{\expnd0\expndtw-3\b\charscalex105\cgrid 220, }{\expnd0 \expndtw-3\cgrid
as shown in FIG. 24B, the wafer level package structure
}{\expnd0\expndtw2\b\charscalex105\cgrid 200 }{\expnd0\expndtw2\cgrid is
obtained. Finally, plural sensor devices are separated from the wafer
}{level package structure }{\b \charscalex105\cgrid 200. \par }\pard
\s2\sb144\sl-276\slmult0\nowidctlpar\tqr\tx9129\aspalpha\aspnum\nocwrap\adj
ustright \expnd-11\expndtw-56\cgrid {25\tab }{\expnd0\expndtw-1\cgrid On a
surface facing the package wafer }{\expnd0\expndtw-1\b\charscalex105\cgrid
220 }{\expnd0 \expndtw-1\cgrid of the sensor wafer
}{\expnd0\expndtw-1\b\charscalex105\cgrid 210, }{\expnd0\expndtw-1\cgrid a
metal \par }\pard
\s2\qr\sb108\sl-411\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\expnd0\expndtw-1\cgrid {layer }{\b\charscalex105\cgrid 218 }{is formed to
surround the MEMS element }{\b\charscalex105\cgrid 211 }{of the sensor body
and\line }{ \expnd0\expndtw1\cgrid the metal wiring
}{\expnd0\expndtw1\b\charscalex105\cgrid 217 }{\expnd0\expndtw1\cgrid
electrically connected to the MEMS element
}{\expnd0\expndtw1\b\charscalex105\cgrid 211. }{\expnd0\expndtw1\cgrid On
the\line other hand, a metal  layer
}{\expnd0\expndtw1\b\charscalex105\cgrid 228 }{\expnd0\expndtw1\cgrid
surrounding the concave portion }{\expnd0\expndtw1\b\charscalex105\cgrid
221 }{\expnd0\expndtw1\cgrid is formed\line }{on a surface facing the
sensor wafer }{\b\charscalex105 \cgrid 210 }{of the package wafer
}{\b\charscalex105\cgrid 220. }{In addition,\line }{\expnd0\expndtw0\cgrid
30 a wiring layer }{\expnd0\expndtw0\b\charscalex105\cgrid 219
}{\expnd0\expndtw0\cgrid electrically connected to the metal wiring
}{\expnd0 



\expndtw0\b\charscalex105\cgrid 217 }{\expnd0\expndtw0\cgrid is formed at
an \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1348\margrsxn1290\margtsxn1442\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl-211\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {2 \par
}\qj\fi72\li576\ri72\sb144\sl-400\slmult0\nowidctlpar\adjustright {inner
side of the metal layer }{\b\cgrid 218 }{on the sensor wafer }{\b\cgrid
210, }{and a wiring layer }{\expnd0\expndtw-2\b\cgrid 229
}{\expnd0\expndtw-2\cgrid electrically connecte d to the through-hole
wiring }{\expnd0\expndtw-2\b\cgrid 224 }{\expnd0\expndtw-2\cgrid is formed
at an inner }{side of the metal layer }{\b\cgrid 228 }{on the package wafer
}{\b\cgrid 220. }{In the above-described }{\expnd0\expndtw-1\cgrid wafer
level pac kage structure }{\expnd0\expndtw-1\b\cgrid 200,
}{\expnd0\expndtw-1\cgrid the metal layer }{\expnd0\expndtw-1\b\cgrid 218
}{\expnd0\expndtw-1\cgrid of the sensor wafer }{\expnd0\expndtw-1\b\cgrid
210 \par }\fi-432\sl-396\slmult0\nowidctlpar\adjustright {5 is bonded to
the metal layer }{\b\cgrid 228 }{of the package wafer }{\b\cgrid 220
}{through a soldering }{\expnd0\expndtw-4\cgrid portion
}{\expnd0\expndtw-4\b\cgrid 238 }{\expnd0\expndtw-4\cgrid suc h as AuSn,
and the wiring layer }{\expnd0\expndtw-4\b\cgrid 219
}{\expnd0\expndtw-4\cgrid of the sensor wafer }{\expnd0\expndtw-4\b\cgrid
210 }{\expnd0\expndtw-4\cgrid is }{\expnd0\expndtw-1\cgrid bonded to the
wiring layer }{\expnd0\expndtw-1\b\cgrid 229  }{\expnd0\expndtw-1\cgrid of
the package wafer }{\expnd0\expndtw-1\b\cgrid 220 }{\expnd0\expndtw-1\cgrid
through a soldering }{portion }{\b\cgrid 239. \par
}\qr\fi0\li0\sl-283\slmult0\nowidctlpar\adjustright \expnd0\expndtw2\cgrid
{As the MEMS element }{\b\cgrid 211, }{acceleration sensors and gyro
sensors are well \par }\pard
\s4\qj\fi-576\li576\ri72\sb108\sl-407\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs22\expnd2\expndtw11\cgrid {10 known.
As the acceleration sensors, there are piezoresistance-type and
}{\expnd0\expndtw0\cgrid capac itance-type acceleration sensors. The
piezoresistance-type acceleration }{\expnd0\expndtw-1\cgrid sensor is
capable of detecting acceleration according to a change in resistance value
resulting from a strain of a piezoresistive element as a gauge resistan ce
}{\expnd1\expndtw5\cgrid caused when the acceleration is applied. The
capacitance type acceleration \par }\sb144\nowidctlpar\adjustright
\expnd0\expndtw4\cgrid {15 sensor is capable of detecting acceleration
according to a change in electric }{\expnd-1\expndtw-5\cgrid capacitance
between stationary and movable electrodes when the acceleration is }{
\expnd0\expndtw2\cgrid applied. In the piezoresistance-type acceleration
sensor, there are cantilever }{\expnd1\expndtw5\cgrid type and
double-supported beam type acceleration sensors. The cantilever
}{\expnd0\expndtw2\cgrid type acceleration sensor is fo rmed with a
rectangular frame portion, a weight \par }\sb108\nowidctlpar\adjustright
\expnd1\expndtw8\cgrid {20 portion disposed inside of the frame portion,
and a flexible beam portion }{\expnd0\expndtw-2\cgrid connected at its one
end to the weight portion such that the weight portion is }{\expnd5
\expndtw27\cgrid movable relative to the frame portion. On the other hand,
the }{\expnd0\expndtw-1\cgrid double-supported beam type acceleration
sensor is formed with a frame portion, a weight portion disposed inside of
the frame portion, and a pair of fl exible beam \par
}\sb144\sl-409\slmult0\nowidctlpar\adjustright \expnd2\expndtw13\cgrid {25
portions extending in opposite directions from the weight portion and
}{\expnd0\expndtw1\cgrid configured to support the weight portion to be
movable relative to the frame }{ \expnd0\expndtw0\cgrid portion. In recent
years, acceleration sensors for detecting acceleration with
}{\expnd0\expndtw2\cgrid respect to each of three directions orthogonal to
each other have been also }{\expnd0\expndtw0\cgrid proposed in, for
example, J apanese Patent Early Publication No. 2004-109114 



\par }\pard
\s2\qc\sb108\sl271\slmult1\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs3\f10\fs22\expnd0\expndtw4\cgrid {30 and No. 2004-233072. The
acceleration sensors has a frame portion, a weight \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1333\margrsxn1265\margtsxn1522\m
argbsxn1562\linex0\sectdefaultcl\pard\plain
\s2\li4968\sl-211\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {3 \par
}\qj\li648\sb108\sl-387\slmult0\nowidctlpar\adjustright {portion disposed
inside of the frame portion, and four flexible beam portions
}{\expnd0\expndtw1\cgrid extending in four directions and configured to
support the weight portion so as }{to be mo vable relative to the frame
portion. \par }\qr\li0\ri36\sb144\sl-304\slmult0\nowidctlpar\adjustright
\expnd2\expndtw10\cgrid {In the above-described wafer level package
structure 200, however, a \par
}\qj\fi-432\li648\ri0\sb108\sl-416\slmult0\nowidctlpar\adjustright
\expnd0\expndtw3\cgrid {5 prescribed amount of solder is supplied to the
metal layer 228 and the wiring }{\expnd0\expndtw0\cgrid layer 229 by a
solder shooting method to bond between  the metal layers (218,
}{\expnd1\expndtw9\cgrid 228) and between the wiring layers (219, 229).
Then, a reflow soldering }{\expnd0\expndtw2\cgrid process is performed to a
layered structure of the sensor wafer 210 and the }{\expnd3\expndtw19\cgrid
package  wafer 220. Therefore, when using the piezoresistance-type \par
}\pard
\s4\qj\fi-504\li576\sb108\sl-397\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs5\f10\fs22\expnd0\expndtw4\cgrid {10 acceleration
sensor body as the MEMS element 211, there is a problem that variations in
sensor characterist ics increase because residual stress at the
}{\expnd0\expndtw0\cgrid vicinity of the bonding interface has an influence
on the flexible beam portion(s). }{\expnd0\expndtw2\cgrid It is estimated
that such an influence of the residual stress increases as th e
}{\expnd0\expndtw0\cgrid sensor device is downsized. \par }\pard
\s2\li72\sb144\sl-239\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustrig
ht \plain \cs3\f10\fs22\expnd1\expndtw8\cgrid {15 SUMMARY OF THE INVENTION
\par }\qj\fi432\li576\sl-401\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-3\cgrid {Therefore, in consideration of the above problems,
a primary concern of the }{\expnd1\expndtw6\cgrid present invention is to
provide a wafer level package structure capa ble of
}{\expnd3\expndtw17\cgrid providing compact sensor devices having small
variations in sensor }{\expnd1\expndtw7\cgrid characteristics, which is
formed by bonding a semiconductor wafer with a \par }\pard
\s4\qj\fi-576\li576\sb108\sl-382\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs5\f10\fs22\expnd1\expndtw5\cgrid {20 plurality of
compact sensor elements such as acceleration sensors and gyro
}{\expnd1\expndtw7\cgrid sensors  to a package wafer without almost causing
residual stress at the }{\expnd0\expndtw0\cgrid bonding interface. \par
}\pard
\s2\fi432\li576\ri72\sb144\sl-350\slmult0\nowidctlpar\aspalpha\aspnum\nocwr
ap\adjustright \plain \cs3\f10\fs22\expnd2\expndtw11\cgrid {That is, the
wafer level package structure of the present invention
}{\expnd0\expndtw0\cgrid comprises: \par }\pard
\s4\qj\fi-576\li576\ri72\sb144\sl-410\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs22\expnd2\expndtw10\cgrid {25 a
semiconductor wafer having a plurality of sensor units, each of which
}{\expnd0\expndtw0\cgrid comp rises a frame having an opening, a movable
portion held in the opening to }{\expnd-1\expndtw-5\cgrid be movable
relative to the frame, and a detecting portion configured to output an
}{\expnd0\expndtw0\cgrid electric signal according to a positional displ
acement of the movable portion; \par }\pard
\s2\qr\ri108\sb108\sl-297\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjus
tright \plain \cs3\f10\fs22\expnd0\expndtw2\cgrid {a first package wafer
bonded to one of opposite surfaces of the semiconductor 



\par }\ql\ri0\sl264\slmult1\nowidctlpar\adjustright \expnd3\expndtw17\cgrid
{30 wafer; and a second package wafer bonded to the other surface of the
\par
}\pard\plain\sect\sectd\stextflow0\marglsxn1325\margrsxn1273\margtsxn1642\m
argbsxn1562\linex0\sectdefaultcl\pard\plain
\s2\li4896\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {4 \par
}\li648\sb36\sl-253\slmult0\nowidctlpar\adjustright {semiconductor wafer;
\par }\pard
\s6\qj\fi432\li648\sb144\sl-391\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap
\adjustright \plain \cs5\f10\fs22\expnd0\expndtw-1\cgrid {wherein the frame
of each of the sensor units has a first surface-activated
}{\expnd1\expndtw8\cgrid region fo rmed on a surface facing the first
package wafer over an entire }{\expnd1\expndtw5\cgrid circumference thereof
so as to surround the movable portion, and a second \par }\pard
\s2\qc\li144\sb108\sl-371\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjus
tright \plain \cs3\f10\fs22\expnd1\expndtw5\cgrid {5 surface-activated
region formed on a surface facing the second package wafer\line
}{\expnd0\expndtw0\cgrid over an  entire circumference thereof so as to
surround the movable portion, \par }\pard
\s6\qj\fi432\li648\sb144\sl-389\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap
\adjustright \plain \cs5\f10\fs22\cgrid {the bonding between the
semiconductor wafer and the first package wafer is
}{\expnd4\expndtw23\cgrid a solid-phase direct bondi ng without diffusion
between the first }{\expnd1\expndtw6\cgrid surface-activated region and a
surface-activated region formed on the first \par }\pard
\s2\li72\sb108\sl-261\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustrig
ht \plain \cs3\f10\fs22\expnd2\expndtw10\cgrid {10 package wafer, and \par
}\pard
\s6\qj\fi504\li576\sb144\sl-394\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap
\adjustright \plain \cs5\f10\fs22\expnd0\expndtw4\cgrid {the bonding
between the semiconductor wafer and the second package wafer is a
solid-phase direct bonding withou t diffusion between the second
}{\expnd0\expndtw0\cgrid surface-activated region and a surface-activated
region formed on the second package wafer. \par }\pard
\s2\li72\sb108\sl-275\slmult0\nowidctlpar\tqr\tx9201\aspalpha\aspnum\nocwra
p\adjustright \plain \cs3\f10\fs22\expnd-12\expndtw-60\cgrid {15\tab
}{\expnd0\expndtw1\cgrid According to the present invention, since one
surface of the semiconductor \par }\pard
\s2\qr\sb144\sl-430\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\expnd0\expndtw0\cgrid {wafer is bonded over the entire circumference of
the frame of each of the sensor\line }{\expnd0\expndtw2\cgrid units with
the first package waf er, and the other surface of the semiconductor\line
}{wafer is bonded over the entire circumference of the frame of each of the
sensor\line }{\expnd0\expndtw1\cgrid units with the second package wafer,
it is possible to seal an interior of each of\line }{
\expnd0\expndtw4\cgrid 20 the sensor units from the outside in an airtight
manner. As a result, a desired\line }{\expnd0\expndtw2\cgrid atmosphere can
be maintained in the interior of the sensor unit. For example,\line
}{\expnd0\expndtw3\cgrid when the se nsor unit is an acceleration sensor
unit, an inert-gas atmosphere\line }{\expnd1\expndtw5\cgrid can be
maintained in the interior of the sensor unit. Alternatively, when the\line
}{\expnd1\expndtw9\cgrid sensor unit is a gyro sensor unit, a reduced
atmosp here of high degree of\line }{\expnd0\expndtw3\cgrid 25 vacuum can
be maintained in the interior of the sensor unit. In addition, since\line
}{\expnd1\expndtw5\cgrid each of the first and second package wafers is
bonded to the semiconductor\line }{wafer b y the solid-phase direct bonding
without diffusion, it is possible to avoid\line }{\expnd0\expndtw1\cgrid a
problem that variations in sensor characteristics occur due to residual
stress\line }{\expnd0\expndtw4\cgrid at the bonding interface in the case o
f using a heat treatment such as reflow\line }{\expnd1\expndtw9\cgrid 30
soldering as the bonding method As a result, compact sensor devices each
\par
}\pard\plain\sect\sectd\stextflow0\marglsxn1333\margrsxn1265\margtsxn1622\m
argbsxn1582\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl-200\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs21\charscalex95\cgrid {5 



\par }\li648\sl-364\slmult0\nowidctlpar\adjustright
\fs22\charscalex100\cgrid {having small variations in sensor
characteristics and good airtightness therein can be integrally formed in
the wafer level package structure. \par
}\qj\fi432\sb108\nowidctlpar\adjustright {To obtain the solid-phase direct
bonding with improved bonding strength, it is preferred that the first
surface-activated region, the second surface-activated \par }\pard
\s4\qj\fi-432\li648\ri72\sb144\sl-410\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs22\expnd2\expndtw11\cgrid {5 region,
the surface-activated region of the first package wafer, and the
surface-activated region of t he second package wafer are any one of a
}{\expnd0\expndtw-2\cgrid plasma-treated surface, an ion-beam irradiated
surface, and an atomic-beam }{\expnd0\expndtw0\cgrid irradiated surface. It
is also preferred that at least one of the bonding between }{
\expnd0\expndtw2\cgrid the first surface-activated region and the
surface-activated region of the first \par
}\fi-504\li576\sb108\sl-407\slmult0\nowidctlpar\adjustright
\expnd0\expndtw4\cgrid {10 package wafer and the bonding between the second
surface-activated region }{\expnd0\expndtw-1\cgrid and the
surface-activated region of the second package wafer is  any one of the
}{\expnd0\expndtw-3\cgrid solid-phase direct bonding between Au and Au, the
solid-phase direct bonding }{\expnd0\expndtw2\cgrid between Cu and Cu, and
the solid-phase direct bonding between Al and Al. }{Alternatively, at least
one of the b onding between the first surface-activated \par
}\expnd1\expndtw6\cgrid {15 region and the surface-activated region of the
first package wafer and the }{\expnd0\expndtw-2\cgrid bonding between the
second surface-activated region and the surface-activated
}{\expnd0\expndtw3\cgrid region of the seco nd package wafer is preferably
any one of the solid-phase }{\expnd0\expndtw-3\cgrid direct bonding between
Si and Si, the solid-phase direct bonding between Si and \par
S}{\expnd0\expndtw0\cgrid i02, and the solid-phase direct bonding between
Si02 and Si02. \par }\pard
\s2\sb144\sl-297\slmult0\nowidctlpar\tqr\tx9180\aspalpha\aspnum\nocwrap\adj
ustright \plain \cs3\f10\fs22\cgrid {20\tab To achieve an improvement in
airtightness of the interior of the sensor unit, \par }\pard
\s2\qj\li576\ri72\sb108\sl-407\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\
adjustright \expnd0\expndtw-2\cgrid {and increase the bonding reliability,
it is preferred that at least one of the first }{\expnd0\expndtw0\cgrid
surface-activated reg ion and the second surface-activated region is
composed of }{\expnd0\expndtw1\cgrid a ring-like outer surface-activated
region formed over the entire circumference }{\expnd1\expndtw8\cgrid of the
frame so as to surround the movable portion, and a ring-lik e inner \par
}\pard
\s4\qj\fi-576\li576\ri72\sb108\sl-415\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs22\expnd0\expndtw1\cgrid {25
surface-activated region formed at an inner side of the outer
surface-activated }{\expnd-1\expndtw-5 \cgrid region over the entire
circumference of the frame so as to surround the movable
}{\expnd1\expndtw6\cgrid portion. In this case, it is particularly
preferred that an auxiliary sealing }{\expnd0\expndtw-4\cgrid portion for
connecting between the oute r surface-activated region and the inner
}{\expnd0\expndtw-1\cgrid surface-activated region is formed at plural
locations spaced from each other by \par }\pard
\s2\sb108\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright \plain
\cs3\f10\fs22\expnd0\expndtw4\cgrid {30 a predetermined distance in the
circumferential direction of the frame. \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1318\margrsxn1280\margtsxn1502\m
argbsxn1582\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {6 \par
}\qj\fi432\li648\sb108\sl-405\slmult0\nowidctlpar\adjustright
\expnd0\expndtw2\cgrid {In addition, it is preferred that each of the
sensor units has a conductive }{\expnd2\expndtw11\cgrid layer formed at a
position closer to the movable portion than  



the first }{\expnd0\expndtw-2\cgrid surface-activated region, and
electrically connected to the detecting portion, the
}{\expnd0\expndtw4\cgrid first package wafer has a through-hole wiring and
a wiring layer electrically \par
}\fi-432\sl-413\slmult0\nowidctlpar\adjustright \expnd0\expndtw3\cgrid {5
connected to the through-hole wiring with respect to each of the sensor
units, }{\expnd0\expndtw-2\cgrid and the bonding between the first package
wafer and the semiconductor w afer }{\expnd0\expndtw0\cgrid further
comprises a solid-phase direct bonding without diffusion between an
}{\expnd0\expndtw-1\cgrid activated surface of the conductive layer and an
activated surface of the wiring }{\expnd0\expndtw0\cgrid layer. In this ca
se, it is possible to simultaneously obtain the airtight sealing of \par
}\fi-576\sl-405\slmult0\nowidctlpar\adjustright {10 the interior of the
sensor unit and the electrical connection between the first
}{\expnd3\expndtw16\cgrid package wafer and the semiconductor wafer. If
necessary, the same }{\expnd0\expndtw1\cgrid s olid-phase direct bonding
for simultaneously forming the airtight sealing and
}{\expnd0\expndtw4\cgrid the electrical connection may be formed in the
case of bonding the second }{\expnd0\expndtw1\cgrid package wafer to the
semiconductor wafer. \par }\pard
\s2\li72\sb144\sl-290\slmult0\nowidctlpar\tqr\tx9194\aspalpha\aspnum\nocwra
p\adjustright \expnd-11\expndtw-58\cgrid {15\tab }{\expnd1\expndtw7\cgrid A
further concern of the present invention is to provide a sensor device \par
}\pard
\s2\qj\fi72\li576\sb144\sl-401\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\
adjustright \expnd0\expndtw-1\cgrid {obtained by cutting the wafer level
package structure described above into a size }{\expnd0\expndtw2\cgrid of
the sensor unit. The  thus obtained sensor device has a specific structure
}{\expnd1\expndtw6\cgrid different from conventional sensor devices, which
is characterized in that }{\expnd0\expndtw3\cgrid residual stress hardly
occurs at the bonding interface, and the interior of t he \par
}\ql\fi-576\sb108\sl-328\slmult0\nowidctlpar\adjustright
\expnd1\expndtw5\cgrid {20 sensor device is airtightly sealed by the
solid-phase direct bonding without }{\expnd0\expndtw0\cgrid diffusion. \par
}\fi0\sb180\sl-232\slmult0\nowidctlpar\adjustright \expnd0\expndtw0\cgrid
{BRIEF EXPLANATION OF THE DRAWINGS \par
}\sb144\sl-357\slmult0\nowidctlpar\adjustright \expnd0\expndtw-2\cgrid
{FIGS. 1A and 1B are respectively schematic plan and side views of a wafer
level }{\expnd0\expndtw1\cgrid package structure according to a first
embodiment; \par }\fi-576\sb108\sl-368\slmult0\nowidctlpar\adjustright
\expnd0\expndtw1\cgrid {25 FIGS. 2A and 2B are respectively schematic plan
and cross-sectional views of a sensor device obtained from the wafer level
package structure; \par }\fi0\sb144\sl-357\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-3\cgrid {FIG. 3A is a top view of a sensor substrate, and
FIG. 3B is a cross-sectional view }{\expnd0\expndtw0\cgrid taken along the
line B-A' in FIG. 3A; \par }\sb108\sl-275\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {FIG. 4 is a bottom view of the sensor substrate;
\par }\li0\sb144\sl264\slmult1\nowidctlpar\adjustright
\expnd1\expndtw5\cgrid {30 FIG. 5 is a circuit diagram of the sensor
substrate; \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1322\margrsxn1262\margtsxn1522\m
argbsxn1562\linex0\sectdefaultcl\pard\plain
\s2\li4896\sl-211\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {7 \par }\pard
\s7\li648\sb108\sl-361\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustri
ght \plain \cs5\f10\fs22\expnd3\expndtw17\cgrid {FIG. 6A is a top view of a
first package substrate, and FIG. 6B is a }{\expnd0\expndtw0\cgrid
cross-sectional view take n along the line A-A' in FIG. 6A; \par }\pard
\s2\li648\sb144\sl-283\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustri
ght \plain \cs3\f10\fs22\cgrid {FIG. 7 is a bottom view of the first
package substrate; 



\par }\fi432\li216\sb108\sl-350\slmult0\nowidctlpar\adjustright
\expnd1\expndtw7\cgrid {FIGS. 8A and 8B are respectively top and
cross-sectional views of a second }{\expnd2\expndtw12\cgrid 5 package
substrate; \par }\pard
\s7\li648\sb144\sl-364\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustri
ght \plain \cs5\f10\fs22\expnd0\expndtw-2\cgrid {FIG. 9 is a schematic
enlarged cross-sectional view of a bonding portion between
}{\expnd0\expndtw0\cgrid the sensor su bstrate and the first package
substrate; \par }\pard
\s2\fi288\li360\sb144\sl-377\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\ad
justright \plain \cs3\f10\fs22\expnd0\expndtw-3\cgrid {FIG. 10A is a top
view of the sensor substrate according to a modification of the
}{\expnd0\expndtw1\cgrid presen t embodiment, and FIG. 10B is a
cross-sectional view taken along the line }{\expnd2\expndtw12\cgrid 10 B-A'
in FIG. 10A; \par
}\qj\fi0\li648\ri72\sl-379\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {FIG. 11A is a top view of the first package
substrate according to a modification }{\expnd0\expndtw0\cgrid of the
present embodiment, and FIG. 11B is a cross-sectiona l view taken along the
line A-A' in FIG. 11A; \par
}\ql\fi288\li360\sb108\sl-375\slmult0\nowidctlpar\adjustright
\expnd1\expndtw7\cgrid {FIG. 12 is a schematic enlarged cross-sectional
view of a bonding portion }{\expnd0\expndtw-4\cgrid 15 between the sensor
substrate of FIG. 10A and the first packag e substrate of FIG.
}{\expnd0\expndtw0\cgrid 11A; \par
}\qj\fi72\li576\sb144\sl-394\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {FIG. 13A is a cross-sectional view showing a
surface activation step, FIG. 13B is }{\expnd0\expndtw-3\cgrid a
cross-sectional view showing an atmosphere adjusting s tep, and FIG. 13C is
a }{\expnd0\expndtw1\cgrid cross-sectional view showing a room-temperature
bonding step; \par }\fi-576\sb108\nowidctlpar\adjustright
\expnd0\expndtw4\cgrid {20 FIGS. 14A and 14B are respectively schematic
plan and side views of a wafer }{\expnd0\expndtw-1\cgrid level package
structure according to a second embodiment, and FIG. 14C is a }{
\expnd0\expndtw2\cgrid schematic cross-sectional view of a sensor device in
the wafer level package }{\expnd0\expndtw0\cgrid structure; \par
}\ql\fi576\li0\sb144\sl-360\slmult0\nowidctlpar\adjustright
\expnd0\expndtw1\cgrid {FIG. 15A is a top view of a sensor substrate, and
FIG. 15B is a cross-sectional }{\expnd1\expndtw6\cgrid 25 view taken along
the line A-A' in FIG. 15A; \par }\pard
\s7\li576\ri72\sb144\sl-364\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adj
ustright \plain \cs5\f10\fs22\expnd0\expndtw2\cgrid {FIGS. 16A to 16D are
schematic cross-sectional views showing a method of
}{\expnd0\expndtw0\cgrid producing the sen sor substrate of the second
embodiment; \par }\sb108\nowidctlpar\adjustright \expnd2\expndtw12\cgrid
{FIG. 17A is a top view of a first package substrate, and FIG. 17B is a
}{\expnd0\expndtw1\cgrid cross-sectional view taken along the line A-A' in
FIG. 17A; \par }\pard
\s2\sb144\sl271\slmult1\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs3\f10\fs22\expnd1\expndtw5\cgrid {30 FIGS. 18A and 18B are
respectively top and cross-sectional views of a second \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1322\margrsxn1262\margtsxn1662\m
argbsxn1562\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl-200\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs21\charscalex105\cgrid {8 \par }\pard
\s8\li720\sl-260\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs5\f10\fs22\cgrid {package substrate; \par
}\sb108\sl-350\slmult0\nowidctlpar\adjustright {FIG. 19 is a schematic
cross-sectional view of a gyro sensor device according to a third
embodiment; 



\par }\pard
\s2\fi504\li216\sb144\sl-346\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\ad
justright \plain \cs3\f10\fs22\expnd0\expndtw3\cgrid {FIG. 20 is a
schematic plan view of a sensor substrate according to the third
}{\expnd3\expndtw18\cgrid 5 embodime nt; \par }\pard
\s8\li720\sb144\sl-267\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustri
ght \plain \cs5\f10\fs22\cgrid {FIG. 21 is an enlarged view of a relevant
portion of the sensor substrate; \par
}\sb108\sl-328\slmult0\nowidctlpar\adjustright {FIG. 22 is a schematic plan
view of a first package substrate according to the third embodiment; \par
}\sb144\sl-247\slmult0\nowidctlpar\adjustright \expnd0\expndtw1\cgrid {FIG.
23 is a schematic bottom view of the first package substrate; and \par
}\pard
\s2\fi-648\li720\sb144\sl-333\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\a
djustright \plain \cs3\f10\fs22\expnd1\expndtw7\cgrid {10 FIGS. 24A and 24B
are explanatory views of a method of manufacturing a
}{\expnd0\expndtw0\cgrid conventional w afer level package structure. \par
}\pard
\s8\li720\sb108\sl-235\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustri
ght \plain \cs5\f10\fs22\cgrid {BEST MODE FOR CARRYING OUT THE INVENTION
\par }\pard
\s2\fi720\li360\ri72\sb144\sl-360\slmult0\nowidctlpar\aspalpha\aspnum\nocwr
ap\adjustright \plain \cs3\f10\fs22\expnd0\expndtw-4\cgrid {Referring to
the attached drawings, the wafer level package structure of the
}{\expnd0\expndtw4\cgrid presen t invention and the sensor device obtained
form the same structure are }{\expnd1\expndtw8\cgrid 15 explained below in
details. \par }\pard
\s8\li720\sb108\sl-272\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustri
ght \plain \cs5\f10\fs22\expnd0\expndtw4\cgrid {(First Embodiment) \par
}\pard
\s2\qj\fi360\li648\ri72\sb180\sl-379\slmult0\nowidctlpar\aspalpha\aspnum\no
cwrap\adjustright \plain \cs3\f10\fs22\expnd0\expndtw-3\cgrid {As shown in
FIGS. 1A, 1B, and FIGS. 2A, 2B, a wafer level package structure
}{\expnd0\expndtw-1\cgrid 100  of the present embodiment has a structure
comprised of a semiconductor }{\expnd0\expndtw0\cgrid wafer
}{\expnd0\expndtw0\b\charscalex105\cgrid 10 }{\expnd0\expndtw0\cgrid with a
plurality of acceleration sensor units, a first package wafer }{\expnd0
\expndtw0\b\charscalex105\cgrid 20 \par
}\fi-576\li576\sb108\sl-402\slmult0\nowidctlpar\adjustright {20 bonded to
one of opposite surfaces of the semiconductor wafer
}{\b\charscalex105\cgrid 10, }{and a second }{\expnd0\expndtw1\cgrid
package wafer }{\expnd0\expndtw1\b\charscalex105\cgrid  30
}{\expnd0\expndtw1\cgrid bonded to the other surface of the semiconductor
wafer }{\expnd0\expndtw1\b\charscalex105\cgrid 10. }{In the following
explanation, a region for forming each of the acceleration sensor
}{\expnd0\expndtw4\cgrid units of the semi conductor wafer
}{\expnd0\expndtw4\b\charscalex105\cgrid 10 }{\expnd0\expndtw4\cgrid is
defined as a sensor substrate }{\expnd0\expndtw4\b\charscalex105\cgrid 1.
}{\expnd0\expndtw4\cgrid A }{\expnd0\expndtw3\cgrid region facing each of
the sensor substrat es }{\expnd0\expndtw3\b\charscalex105\cgrid 1
}{\expnd0\expndtw3\cgrid of the first package wafer
}{\expnd0\expndtw3\b\charscalex105\cgrid 20 }{\expnd0\expndtw3\cgrid is
\par }\sl-362\slmult0\nowidctlpar\adjustright \expnd1\expndtw8\cgrid {25
defined as a first package substrate }{\b\charscalex105\cgrid 2. }{A region
facing each of the sensor }{\expnd0\expndtw0\cgrid substrates
}{\expnd0\expndtw0\b\charscalex105\cgrid 1 } {\expnd0\expndtw0\cgrid of the
second package wafer }{\expnd0\expndtw0\b\charscalex105\cgrid 30
}{\expnd0\expndtw0\cgrid is defined as a second package substrate
}{\expnd0\expndtw0\b\charscalex105\cgrid 3. \par
}\qr\fi0\li0\ri0\sb144\sl-389\slmult0\nowidctlpar\adjustright
\expnd0\expndtw1\cgrid {In the present embodiment, an SOI wafer used as the
semiconductor wafer\line }{\expnd1\expndtw7\b\charscalex105\cgrid 10
}{\expnd1\expndtw7\cgrid is composed of a s 



upport substrate 10a made of a silicon substrate, an\line
}{\expnd0\expndtw4\cgrid 30 insulating layer (embedded oxide film)
}{\expnd0\expndtw4\b\charscalex105\cgrid 10b }{\expnd0\expndtw4\cgrid such
as a silicon oxide film formed \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1326\margrsxn1258\margtsxn1522\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4896\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\b\charscalex105\cgrid {9 \par
}\qj\li648\sb108\sl-403\slmult0\nowidctlpar\adjustright
\expnd0\expndtw2\b0\charscalex100\cgrid {on the support substrate
}{\b\charscalex105\cgrid 10a, }{and an n-type silicon layer (active layer)
10c }{\expnd0\expndtw1\cgrid formed on the insulating  layer
}{\expnd0\expndtw1\b\charscalex105\cgrid 10b. }{\expnd0\expndtw1\cgrid Each
of the acceleration sensor units is }{\expnd0\expndtw3\cgrid formed by
processing this SOI wafer. Each of the first package wafer
}{\expnd0\expndtw3\b\charscalex105\cgrid 2 0 }{\expnd0\expndtw3\cgrid and
}{\expnd0\expndtw4\cgrid the second package wafer
}{\expnd0\expndtw4\b\charscalex105\cgrid 30 }{\expnd0\expndtw4\cgrid is
formed by processing a silicon wafer. In the \par }\pard
\s4\qj\fi-432\li648\sb108\sl-413\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs5\f10\fs22\expnd1\expndtw8\cgrid {5 present
embodiment, a thickness of the support substrate }{\b\charscalex105\cgrid
10a }{of the SOI }{\expnd0 \expndtw-1\cgrid substrate is in a range of 300
pm to 500 pm, a thickness of the insulating layer
}{\expnd0\expndtw-1\b\charscalex105\cgrid 10b }{\expnd0\expndtw-1\cgrid is
in a range of 0.3 pm to 1.5 pm, and a thickness of the silicon layer 10c is
}{ \expnd0\expndtw1\cgrid in a range of 4 pm to 10 pm. In addition, a
surface of the silicon layer 10c that }{\expnd2\expndtw13\cgrid is a
general surface of the SOI wafer corresponds to a (100) surface. A \par
}\fi-576\sl-398\slmult0\nowidctlpar\adjustright \expnd0\expndtw2\cgrid {10
thickness of the silicon wafer for the first package wafer
}{\b\charscalex105\cgrid 20 }{is in a range of 200
}{\expnd0\expndtw-1\cgrid pm to 300 pm, and a thickness of the si licon
wafer for the second package wafer }{\expnd0\expndtw1\b\charscalex105\cgrid
30 }{\expnd0\expndtw1\cgrid is in a range of 100 \'b5m to 300 \'b5m. These
thickness values are illustrative }{\expnd0\expndtw0\cgrid only, and
therefore the present inventi on is not limited to them. \par }\pard
\s2\qr\sb144\sl-432\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs3\f10\fs22\expnd1\expndtw9\cgrid {FIGS. 3A and 3B are
respectively top and cross-sectional views of one\line
}{\expnd0\expndtw2\cgrid 15 acceleration sensor  unit (corresponding to an
area }{\expnd0\expndtw2\b\charscalex105\cgrid "A" }{\expnd0\expndtw2\cgrid
in FIG. 1A) formed in the\line }{\expnd1\expndtw7\cgrid sensor substrate
}{\expnd1\expndtw7\b\charscalex105\cgrid 1. }{\expnd1\expndtw7\cgrid In
addition,  FIG. 4 is a bottom view of the acceleration\line
}{\expnd0\expndtw2\cgrid sensor unit. Each of the acceleration sensor units
has a frame portion }{\expnd0\expndtw2\b\charscalex105\cgrid 11
}{\expnd0\expndtw2\cgrid (for\line }{\expnd0\expndtw0\cgrid examp le, a
rectangular frame portion) having an inner opening, a weight portion\line
}{\expnd0\expndtw1\b\charscalex105\cgrid 12 }{\expnd0\expndtw1\cgrid
disposed inside of the frame portion
}{\expnd0\expndtw1\b\charscalex105\cgrid 11, }{\expnd0\expndtw1 \cgrid and
four flexible portions }{\expnd0\expndtw1\b\charscalex105\cgrid 13
}{\expnd0\expndtw1\cgrid each\line }{\expnd1\expndtw8\cgrid 20 formed in a
strip-like shape and having flexibility. The weight portion
}{\expnd1\expndtw8\b\charscalex105\cgrid 1 2 }{\expnd1\expndtw8\cgrid
is\line }{\expnd1\expndtw5\cgrid supported at the top-surface side (FIG.
3A) of the sensor unit by the flexible\line }{\expnd0\expndtw-2\cgrid
portions }{\expnd0\expndtw-2\b\charscalex105\cgrid 13
}{\expnd0\expndtw-2\cgrid to be  movable relative to the frame portion
}{\expnd0\expndtw-2\b\charscalex105\cgrid 11 }{\expnd0\expndtw-2\cgrid in a
swinging manner.\line }{\expnd0\expndtw-1\cgrid In other words, the weight
portion }{\expnd0\expndtw-1\b\charscalex105\cgrid 12 }{\expnd0
\expndtw-1\cgrid is movably supported in the inner opening\line
}{\expnd0\expndtw3\cgrid of the frame portion
}{\expnd0\expndtw3\b\charscalex105\cgrid 11 }{\expnd0\expndtw3\cgrid in a
swinging manner by the four flexible portions }{\expnd0\expndtw3\b
\charscalex105\cgrid 13\line }{\expnd0\expndtw4\cgrid 25 extending from
four sides of the weight portions toward the frame portion
}{\expnd0\expndtw4\b\charscalex105\cgrid 11.\line }{\expnd2\expndtw11\cgrid
The frame portion }{\expnd2\expndtw11\b \charscalex105\cgrid 11
}{\expnd2\expndtw11\cgrid is formed by use of the support substrate 10a,
the\line }{\expnd2\expndtw10\cgrid insulating layer
}{\expnd2\expndtw10\b\charscalex105\cgrid 10b }{\expnd2\expndtw10\cgrid and
the silicon layer 10c of the a 



bove-described SOI\line }{\expnd0\expndtw1\cgrid substrate. On the other
hand, as shown in FIG. 33, the flexible portions
}{\expnd0\expndtw1\b\charscalex105\cgrid 13 }{\expnd0\expndtw1\cgrid
are\line }{formed by use of the silicon layer 10c of the SOI sub strate.
Therefore, the\line }{\expnd1\expndtw5\cgrid 30 flexible portion
}{\expnd1\expndtw5\b\charscalex105\cgrid 13 }{\expnd1\expndtw5\cgrid has a
sufficiently smaller thickness than the frame portion \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1322\margrsxn1262\margtsxn1662\m
argbsxn1522\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl204\slmult1\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f16\fs23\cgrid {10 \par }\li720\sl-210\slmult0\nowidctlpar\adjustright
\f10\fs22\b\charscalex105\cgrid {11. \par
}\qj\fi432\li648\sb144\sl-399\slmult0\nowidctlpar\adjustright
\expnd0\expndtw1\b0\charscalex100\cgrid {The weight portion
}{\b\charscalex105\cgrid 12 }{has a core section }{\b\charscalex105\cgrid
12a }{having a rectangular solid }{\expnd0\expndtw2 \cgrid shape, which is
supported to the frame portion }{\expnd0\expndtw2\b\charscalex105\cgrid 11
}{\expnd0\expndtw2\cgrid through the four flexible
}{\expnd0\expndtw-2\cgrid portions
}{\expnd0\expndtw-2\b\charscalex105\cgrid 13, }{\expnd0\expndtw-2 \cgrid
and four weights }{\expnd0\expndtw-2\b\charscalex105\cgrid 12b
}{\expnd0\expndtw-2\cgrid each having a rectangular solid shape, which \par
}\pard
\s4\qj\fi-432\li648\sb108\sl-415\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs5\f10\fs22\expnd0\expndtw2\cgrid {5 are integrally
coupled to four corners of the core section }{\b\charscalex105\cgrid 12a
}{at the top-surface  }{\expnd0\expndtw3\cgrid side of the sensor substrate
}{\expnd0\expndtw3\b\charscalex105\cgrid 1. }{\expnd0\expndtw3\cgrid That
is, when viewing from the above of the }{\expnd0\expndtw-1\cgrid sensor
substrate }{\expnd0\expndtw-1\b\charscalex105\cgrid 1,
}{\expnd0\expndtw-1\cgrid each of the weights
}{\expnd0\expndtw-1\b\charscalex105\cgrid 12b }{\expnd0\expndtw-1\cgrid is
disposed in a spaced surrounded }{by the frame portion
}{\b\charscalex105\cgrid 11, }{the core section }{\b\charscalex105\cgrid
12a,  }{and two flexible portions }{\b\charscalex105\cgrid 13
}{\expnd0\expndtw0\cgrid extending in directions orthogonal to each other.
The numeral }{\expnd0\expndtw0\b\charscalex105\cgrid 14
}{\expnd0\expndtw0\cgrid designates a \par
}\fi-576\sl-412\slmult0\nowidctlpar\adjustright \expnd1\expndtw8\cgrid {10
slit formed between each of the weights }{\b\charscalex105\cgrid 12b }{and
the frame portion }{\b\charscalex105\cgrid 13. }{A }{\expnd0\expndtw0\cgrid
distance between adjacen t weights }{\expnd0\expndtw0\b\charscalex105\cgrid
12b }{\expnd0\expndtw0\cgrid through the flexible portion
}{\expnd0\expndtw0\b\charscalex105\cgrid 13 }{\expnd0\expndtw0\cgrid is set
to be larger than the width dimension of the flexible portion }{
\expnd0\expndtw0\b\charscalex105\cgrid 13. }{\expnd0\expndtw0\cgrid The
core section }{\expnd0\expndtw-2\b\charscalex105\cgrid 12a
}{\expnd0\expndtw-2\cgrid is formed by use of the support substrate
}{\expnd0\expndtw-2\b\charscalex105\cgrid 10a, }{\expnd0 \expndtw-2\cgrid
the insulating layer }{\expnd0\expndtw-2\b\charscalex105\cgrid 10b
}{\expnd0\expndtw-2\cgrid and }{\expnd1\expndtw6\cgrid the silicon layer
10c of the above-described SOI wafer. On the other hand, \par
}\fi-504\li576\ri72\sl-413\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-4\cgrid {15 each of the weights }{\b\charscalex105\cgrid
12b }{is formed by use of the support substrate }{\b\charscalex105\cgrid
10a }{of the SOI }{\expnd0\expndtw1\cgrid waf er. At the top-surface side
of the sensor substrate }{\expnd0\expndtw1\b\charscalex105\cgrid 1,
}{\expnd0\expndtw1\cgrid the top surface of each }{\expnd-1\expndtw-5\cgrid
of the weights }{\expnd-1\expndtw-5\b\charscalex105\cgrid 12b
}{\expnd-1\expndtw-5 \cgrid is provided at a lower position than the top
surface of the core }{\expnd0\expndtw-2\cgrid section
}{\expnd0\expndtw-2\b\charscalex105\cgrid 12a, }{\expnd0\expndtw-2\cgrid
i.e., at a side closer to the bottom of the sensor substrate }{\expnd0
\expndtw-2\b\charscalex105\cgrid 1 }{\expnd0\expndtw-2\cgrid (FIG. 4).
}{\expnd0\expndtw0\cgrid The frame portion
}{\expnd0\expndtw0\b\charscalex105\cgrid 11, }{\expnd0\expndtw0\cgrid the
weight portion }{\expnd0\expndtw0\b\charscalex105\cgrid 12 }{
\expnd0\expndtw0\cgrid and the flexible portions
}{\expnd0\expndtw0\b\charscalex105\cgrid 13 }{\expnd0\expndtw0\cgrid of the
\par }\pard
\s2\qj\fi-576\li576\ri72\sb108\sl-357\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs3\f10\fs22\expnd0\expndtw-1\cgrid {20 sensor
substrate }{\b\charscalex105\cgrid 1 }{are preferably formed by using
conventional lithography 



and }{\expnd0\expndtw0\cgrid etching technologies. \par
}\qr\fi0\li0\ri0\sb144\sl-428\slmult0\nowidctlpar\adjustright {By the way,
as shown at a lower right portion of each of FIGS. 3A, 3B and 4,\line when
a horizontal direction of the frame portion }{\b\charscalex105\cgrid 11
}{corresponds to an }{\b \charscalex105\cgrid "x" }{axis, a\line
}{\expnd0\expndtw2\cgrid horizontal direction orthogonal to the
}{\expnd0\expndtw2\b\charscalex105\cgrid "x" }{\expnd0\expndtw2\cgrid axis
corresponds to a }{\expnd0\expndtw2\b\charscalex105\cgrid "y" }{\expnd0
\expndtw2\cgrid axis, and a\line }{\expnd1\expndtw8\cgrid 25 thickness
direction of the sensor substrate }{\expnd1\expndtw8\b\charscalex105\cgrid
1 }{\expnd1\expndtw8\cgrid corresponds to a
}{\expnd1\expndtw8\b\charscalex105\cgrid "z" }{\expnd1\expndtw8 \cgrid
axis, the\line }{\expnd0\expndtw1\cgrid weight portion
}{\expnd0\expndtw1\b\charscalex105\cgrid 12 }{\expnd0\expndtw1\cgrid is
supported to the frame portion }{\expnd0\expndtw1\b\charscalex105\cgrid 11
}{\expnd0\expndtw1\cgrid by a pair of the flex ible\line portions
}{\expnd0\expndtw1\b\charscalex105\cgrid 13 }{\expnd0\expndtw1\cgrid
extending in the }{\expnd0\expndtw1\b\charscalex105\cgrid "x"
}{\expnd0\expndtw1\cgrid axis direction at both sides of the core
section\line }{\expnd1\expndtw7\b \charscalex105\cgrid 12a,
}{\expnd1\expndtw7\cgrid and another pair of the flexible portions
}{\expnd1\expndtw7\b\charscalex105\cgrid 13 }{\expnd1\expndtw7\cgrid
extending in the "y}{\fs29\expnd1\expndtw7\charscalex120\cgrid "
}{\expnd1\expndtw7\cgrid axi s\line direction at both sides of the core
section }{\expnd1\expndtw7\b\charscalex105\cgrid 12a.
}{\expnd1\expndtw7\cgrid The rectangular coordinate\line
}{\f16\fs23\expnd0\expndtw4\cgrid 30 }{\expnd0\expndtw4\cgrid system
defming the above-described }{ \expnd0\expndtw4\b\charscalex105\cgrid "x",
"y" }{\expnd0\expndtw4\cgrid and }{\expnd0\expndtw4\b\charscalex105\cgrid
"z" }{\expnd0\expndtw4\cgrid axes has an origin, which \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1322\margrsxn1262\margbsxn1542\l
inex0\sectdefaultcl\pard\plain
\s2\li4824\sl-211\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {11 \par
}\li720\sb72\sl-354\slmult0\nowidctlpar\adjustright \expnd0\expndtw1\cgrid
{corresponds to a center position of the top surface of the weight portion
}{\b\charscalex105\cgrid 12 }{formed by the silicon layer 10c of the sensor
substrate }{\b \charscalex105\cgrid 1. \par
}\qj\fi504\li648\sb144\sl-375\slmult0\nowidctlpar\adjustright
\expnd-1\expndtw-5\cgrid {On the flexible portion }{\b\charscalex105\cgrid
13 }{extending from the core section }{\b\charscalex105\cgrid 12a }{of the
weight }{\expnd0\expndtw4\cgrid portio n
}{\expnd0\expndtw4\b\charscalex105\cgrid 12 }{\expnd0\expndtw4\cgrid in a
positive direction of the }{\expnd0\expndtw4\b\charscalex105\cgrid "x"
}{\expnd0\expndtw4\cgrid axis, i.e., the flexible portion
}{\expnd0\expndtw4\b\charscalex105\cgrid 13 \par }\pard
\s9\qj\fi-432\li648\sb108\sl-411\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs10\f10\fs22\expnd0\expndtw3\cgrid {5 positioned at
the right side of FIG. 3A, a pair of piezoresistive elements
}{\b\charscalex105\cgrid (Rx2, } {\expnd0\expndtw-3\b\charscalex105\cgrid
Rx4) }{\expnd0\expndtw-3\cgrid are formed near the core section
}{\expnd0\expndtw-3\b\charscalex105\cgrid 12a, }{\expnd0\expndtw-3\cgrid
and a piezoresistive element }{\expnd0\expndtw-3\b\charscalex105\cgrid Rz2
}{ \expnd0\expndtw-3\cgrid is }{formed near the frame portion
}{\b\charscalex105\cgrid 11. }{On the other hand, on the flexible portion
}{\expnd0\expndtw-2\b\charscalex105\cgrid 13 }{\expnd0\expndtw-2\cgrid
extending from the core section }{\expnd0\expndtw-2 \b\charscalex105\cgrid
12a }{\expnd0\expndtw-2\cgrid of the weight portion
}{\expnd0\expndtw-2\b\charscalex105\cgrid 12 }{\expnd0\expndtw-2\cgrid in a
negative }{\expnd0\expndtw0\cgrid direction of the
}{\expnd0\expndtw0\b\charscalex105\cgrid "x" }{ \expnd0\expndtw0\cgrid
axis, i.e., the flexible portion }{\expnd0\expndtw0\b\charscalex105\cgrid
13 }{\expnd0\expndtw0\cgrid positioned at the left side of \par }\pard
\s4\qj\fi-576\li648\sb108\sl-413\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs5\f10\fs22\expnd0\expndtw2\cgrid {10 FIG. 3A, a
pair of piezoresistive elements }{\b\charscalex105\cgrid (Rx1, Rx3) }{are
formed near the core } {\expnd0\expndtw-1\cgrid section
}{\expnd0\expndtw-1\b\charscalex105\cgrid 12a, }{\expnd0\expndtw-1\cgrid
and a piezoresistive element }{\expnd0\expndtw-1\b\charscalex105\cgrid Rz3
}{\expnd0\expndtw-1\cgrid is formed near the frame portion }{\expnd0 



\expndtw4\b\charscalex105\cgrid 11. }{\expnd0\expndtw4\cgrid In this
regard, the four piezoresistive elements
}{\expnd0\expndtw4\b\charscalex105\cgrid (Rx1, Rx2, Rx3, Rx4)
}{\expnd0\expndtw0\cgrid formed near the core section }{\expnd0\expndtw0\b
\charscalex105\cgrid 12a }{\expnd0\expndtw0\cgrid is used to detect
acceleration in the }{\f16\fs17\expnd0\expndtw0\i\cgrid "if'
}{\expnd0\expndtw0\cgrid axis }{\expnd0\expndtw1\cgrid direction. Each of
the piezoresistive elements }{\expnd0\expndtw1\b \charscalex105\cgrid (Rxl,
Rx2, Rx3, Rx4) }{\expnd0\expndtw1\cgrid is formed \par }\pard
\s9\qj\fi-504\li576\ri72\sb108\sl-413\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs10\f10\fs22\expnd0\expndtw-3\cgrid {15 in an
elongate rectangular shape as a planar shape, and disposed such that the
}{\expnd0\expndtw-4 \cgrid elongate direction of the piezoresistive element
is substantially the same as the }{\expnd3\expndtw17\cgrid longitudinal
direction of the flexible portion }{\expnd3\expndtw17\b\charscalex105\cgrid
13. }{\expnd3\expndtw17\cgrid In addition, these }{ \expnd0\expndtw2\cgrid
piezoresistive elements are connected by wirings (diffusion layer wirings
and }{\expnd0\expndtw-1\cgrid metal wirings
}{\expnd0\expndtw-1\b\charscalex105\cgrid 17 }{\expnd0\expndtw-1\cgrid
formed on the sensor substrate }{\expnd0 \expndtw-1\b\charscalex105\cgrid
1) }{\expnd0\expndtw-1\cgrid to obtain a bridge circuit
}{\expnd0\expndtw-1\b\charscalex105\cgrid Bx \par }\pard
\s4\qj\fi-576\li576\ri72\sb108\sl-390\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs22\expnd1\expndtw9\cgrid {20 shown at
a left side of FIG. 5. The piezoresistive elements }{\f16\fs20\cgrid (Rx1,
}{\b\charscalex105 \cgrid Rx2, Rx3,
}{\expnd0\expndtw-4\b\charscalex105\cgrid Rx4) }{\expnd0\expndtw-4\cgrid
are formed at stress concentration regions of the flexible portions
}{\expnd0\expndtw-4\b\charscalex105\cgrid 13 }{\expnd0\expndtw-4\cgrid
where }{\expnd0\expndtw1 \cgrid stress concentration occurs when the
acceleration is applied in the }{\f16\fs28\expnd0\expndtw1\i\cgrid "x"
}{\expnd0\expndtw1\cgrid axis }{\expnd0\expndtw0\cgrid direction. \par
}\pard
\s2\qr\sb180\sl-421\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs3\f10\fs22\cgrid {On the flexible portion
}{\b\charscalex105\cgrid 13 }{extending from the core section
}{\b\charscalex105\cgrid 12a }{of the weight\line }{ \expnd1\expndtw7\cgrid
25 portion }{\expnd1\expndtw7\b\charscalex105\cgrid 12
}{\expnd1\expndtw7\cgrid in a positive direction of the
}{\expnd1\expndtw7\b\charscalex105\cgrid "y" }{\expnd1\expndtw7\cgrid axis,
i.e., the flexible portion }{\expnd1\expndtw7 \b\charscalex105\cgrid
13\line }{\expnd0\expndtw2\cgrid positioned at the upper side of FIG. 3A, a
pair of piezoresistive elements }{\expnd0\expndtw2\b\charscalex105\cgrid
(Ryl,\line }{\expnd0\expndtw1\b\charscalex105\cgrid Ry3)
}{\expnd0\expndtw1\cgrid a re formed near the core section
}{\expnd0\expndtw1\b\charscalex105\cgrid 12a, }{\expnd0\expndtw1\cgrid and
a piezoresistive element }{\expnd0\expndtw1\b\charscalex105\cgrid Rx1
}{\expnd0\expndtw1\cgrid is\line }{\expnd0\expndtw4\cgrid formed near the
fram e portion }{\expnd0\expndtw4\b\charscalex105\cgrid 11.
}{\expnd0\expndtw4\cgrid On the other hand, on the flexible portion\line
}{\expnd0\expndtw2\b\charscalex105\cgrid 13 }{\expnd0\expndtw2\cgrid
extending from the core section }{\expnd0\expndtw2\b \charscalex105\cgrid
12a }{\expnd0\expndtw2\cgrid of the weight portion
}{\expnd0\expndtw2\b\charscalex105\cgrid 12 }{\expnd0\expndtw2\cgrid in a
negative\line 30 direction of the }{\expnd0\expndtw2\b\charscalex105\cgrid
"y" }{\expnd0\expndtw2\cgrid axis,  i.e., the flexible portion
}{\expnd0\expndtw2\b\charscalex105\cgrid 13 }{\expnd0\expndtw2\cgrid
positioned at the lower side \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1322\margrsxn1262\margbsxn1542\l
inex0\sectdefaultcl\pard\plain
\s2\li4824\sl-200\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs21\cgrid {12 \par
}\qj\li648\sb72\sl-409\slmult0\nowidctlpar\adjustright
\fs22\expnd0\expndtw-4\cgrid {of FIG. 3A, a pair of piezoresistive elements
}{\b\charscalex105\cgrid (Ry2, Ry4) }{are formed near the core
}{\expnd0\expndtw-1\cgrid section }{\expnd0\expndtw-1\b
\charscalex105\cgrid 12a, }{\expnd0\expndtw-1\cgrid and a piezoresistive
element }{\expnd0\expndtw-1\b\charscalex105\cgrid Rz4
}{\expnd0\expndtw-1\cgrid is formed near the frame portion
}{\expnd0\expndtw4\b\charscalex105\cgrid 11. }{\expnd0\expndtw4 \cgrid In
this regard, the four piezoresistive elements
}{\expnd0\expndtw4\b\charscalex105\cgrid (Ryl, Ry2, Ry3, Ry4)
}{\expnd0\expndtw1\cgrid formed near the core section
}{\expnd0\expndtw1\b\charscalex105\cgrid 12a }{\expnd0\expndtw1\cgrid is
used to de 



tect acceleration in the }{\expnd0\expndtw1\b\charscalex105\cgrid "y"
}{\expnd0\expndtw1\cgrid axis \par
}\fi-432\sb108\sl-413\slmult0\nowidctlpar\adjustright
\expnd0\expndtw4\cgrid {5 direction. Each of the piezoresistive elements
}{\b\charscalex105\cgrid (Ryl, Ry2, Ry3, Ry4) }{is formed
}{\expnd-1\expndtw-5\cgrid in an elongate rectangular shape as a  planar
shape, and disposed such that the }{\expnd0\expndtw-4\cgrid elongate
direction of the piezoresistive element is substantially the same as the
}{\expnd3\expndtw17\cgrid longitudinal direction of the flexible portion
}{\expnd3\expndtw17\b \charscalex105\cgrid 13. }{\expnd3\expndtw17\cgrid In
addition, these }{\expnd0\expndtw3\cgrid piezoresistive elements are
connected by wirings (diffusion layer wirings and \par
}\fi-576\sl-396\slmult0\nowidctlpar\adjustright \expnd0\expndtw-1\cgrid {10
metal wirings }{\b\charscalex105\cgrid 17 }{formed on the sensor substrate
}{\b\charscalex105\cgrid 1) }{to obtain a bridge circuit
}{\b\charscalex105\cgrid By }{\expnd0 \expndtw0\cgrid shown at a center of
FIG. 5. The piezoresistive elements
}{\expnd0\expndtw0\b\charscalex105\cgrid (Ryl, Ry2, Ry3, Ry4)
}{\expnd0\expndtw3\cgrid are formed at stress concentration regions of the
flexible portions }{\expnd0\expndtw3\b \charscalex105\cgrid 13
}{\expnd0\expndtw3\cgrid where }{\expnd0\expndtw2\cgrid stress
concentration occurs when the acceleration is applied in the
}{\expnd0\expndtw2\b\charscalex105\cgrid "y" }{\expnd0\expndtw2\cgrid axis
}{\expnd0\expndtw0\cgrid directi on. \par }\pard
\s2\li72\sb180\sl-304\slmult0\nowidctlpar\tqr\tx9234\aspalpha\aspnum\nocwra
p\adjustright \expnd0\expndtw0\cgrid {15\tab }{\expnd0\expndtw1\cgrid In
addition, the piezoresistive elements
}{\expnd0\expndtw1\b\charscalex105\cgrid (Rzl, Rz2, Rz3,  Rz4)
}{\expnd0\expndtw1\cgrid formed near \par }\pard
\s2\qj\li648\sb108\sl-407\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjus
tright \expnd0\expndtw2\cgrid {the frame portion }{\b\charscalex105\cgrid
11 }{are used to detect acceleration in the }{\b\charscalex105\cgrid "z"
}{axis direction, }{ \expnd0\expndtw1\cgrid and connected by wirings
(diffusion layer wirings and metal wirings
}{\expnd0\expndtw1\b\charscalex105\cgrid 17 }{\expnd0\expndtw1\cgrid formed
}{\expnd0\expndtw-1\cgrid on the sensor substrate
}{\expnd0\expndtw-1\b\charscalex105 \cgrid 1) }{\expnd0\expndtw-1\cgrid to
obtain a bridge circuit }{\expnd0\expndtw-1\b\charscalex105\cgrid Bz
}{\expnd0\expndtw-1\cgrid shown at a right side of }{FIG. 5. The
piezoresistive elements }{\b\charscalex105\cgrid (Rzl, Rz4) }{are disposed
on the  pair of the \par
}\fi-576\li576\sl-415\slmult0\nowidctlpar\adjustright
\fs21\expnd0\expndtw3\cgrid {20 }{\fs22\cgrid flexible portions
}{\fs22\b\charscalex105\cgrid 13 }{\fs22\cgrid such that that the elongate
direction of the piezoresistive }{\fs22\expnd0\expndtw1 \cgrid element is
substantially the same as the longitudinal direction of the flexible
}{\fs22\expnd0\expndtw-1\cgrid portion
}{\fs22\expnd0\expndtw-1\b\charscalex105\cgrid 13,
}{\fs22\expnd0\expndtw-1\cgrid and the piezoresistive elements
}{\fs22\expnd0 \expndtw-1\b\charscalex105\cgrid (Rz2, Rz3)
}{\fs22\expnd0\expndtw-1\cgrid are disposed on another
}{\fs22\expnd0\expndtw4\cgrid pair of the flexible portions
}{\fs22\expnd0\expndtw4\b\charscalex105\cgrid 13
}{\fs22\expnd0\expndtw4\cgrid such that that th e elongate direction of the
}{\fs22\expnd0\expndtw1\cgrid piezoresistive element is substantially the
same as the width (lateral) direction \par
}\ql\fi0\li0\sl-275\slmult0\nowidctlpar\adjustright \expnd1\expndtw8\cgrid
{25 }{\fs22\cgrid of the flexible portion }{\fs22\b\charscalex105\cgrid 13.
\par }\qj\fi432\li576\ri72\sl-384\slmult0\nowidctlpar\adjustright
\fs22\expnd0\expndtw-1\cgrid {FIG. 3A shows only a part of the metal
wirings }{\b\charscalex105\cgrid 17 }{on the sensor substrate
}{\b\charscalex105\cgrid 1 }{\expnd1\expndtw5\cgrid in the  vicinity of a
second metal layer }{\expnd1\expndtw5\b\charscalex105\cgrid 19
}{\expnd1\expndtw5\cgrid described later. In addition, the
}{\expnd0\expndtw1\cgrid diffusion layer wirings are not shown in FIG. 3A. 



\par }\fi1008\li0\sb144\sl-375\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {The piezoresistive elements
}{\b\charscalex105\cgrid (Rx1 }{to }{\b\charscalex105\cgrid Rx4, Ryl }{to
}{\b\charscalex105\cgrid Ry4, Rzl }{to }{\b\charscalex105\cgrid Rz 4) }{and
the }{\fs21\expnd4\expndtw22\cgrid 30 }{\expnd4\expndtw22\cgrid diffusion
layer wirings are formed by doping a p-type impurity into \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1318\margrsxn1266\margbsxn1542\l
inex0\sectdefaultcl\pard\plain
\s2\li4752\sl-211\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {13 \par
}\qj\li648\sb72\sl-407\slmult0\nowidctlpar\adjustright
\expnd1\expndtw8\cgrid {predetermined formation sites of the silicon layer
10c at an appropriate }{\expnd0\expndtw2\cgrid concentration. On the other
hand, the metal wirings 17 can be obtained by  }{\expnd0\expndtw0\cgrid
forming a metal film (e.g., Al film, Al alloy film or the like) on the
insulating film }{\expnd0\expndtw2\cgrid 16 by means of sputtering or vapor
deposition, and then patterning the metal \par }\pard
\s4\qj\fi-432\li648\sb108\sl-391\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs5\f10\fs22\expnd1\expndtw5\cgrid {5 film by using
conventional lithography and etching technologies. The metal
}{\expnd0\expndtw-1\cgrid wirings  17 can be electrically connected to the
diffusion layer wirings through }{\expnd0\expndtw1\cgrid contact holes
formed in the insulating film 16. \par }\pard
\s2\qj\fi432\li648\sb144\sl-371\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap
\adjustright \plain \cs3\f10\fs22\expnd-1\expndtw-5\cgrid {As shown in
FIGS. 6A, 6B and 7, the first package substrate 2 is formed at a
}{\expnd0\expndtw0\cgrid surface  facing the sensor substrate 1 with a
concave portion 21 for providing a \par }\pard
\s4\qj\fi-504\li576\sb108\sl-413\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs5\f10\fs22\expnd1\expndtw7\cgrid {10 space for
positional displacement of the movable portion comprised of the
}{\expnd0\expndtw-2\cgrid weight  portion 12 and the flexible portions 13
of the sensor substrate 1, and a }{\expnd0\expndtw-3\cgrid plurality of
through holes 22 (e.g., eight through holes) formed in the thickness
}{\expnd0\expndtw1\cgrid direction around the concave portion 21. The oute
r peripheral shape of each of }{\expnd0\expndtw0\cgrid the sensor substrate
1 and the first package substrate 2 is a rectangular shape, \par }\pard
\s2\qj\fi-504\li576\sb108\sl-335\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs3\f10\fs22\expnd0\expndtw1\cgrid {15 and the first
package substrate 2 is formed to have the same outside dimension
}{\expnd0\expndtw0\cgrid as  the sensor substrate 1. \par
}\fi432\sb144\sl-391\slmult0\nowidctlpar\adjustright {The first package
substrate 2 has an insulating film 23 formed by a heat
}{\expnd0\expndtw3\cgrid insulating film (silicon oxide film) on the
opposite surfaces in the thickness }{\expnd1\expndtw5 \cgrid direction as
well as the inner surfaces of the through holes 22. Therefore, a \par
}\pard
\s4\qj\fi-576\li576\ri72\sb108\sl-413\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs21\expnd1\expndtw6\charscalex95\cgrid
{20 }{\fs22\charscalex100\cgrid part of the insulating film 23 lies between
a through-hole wi ring 24 and the
}{\fs22\expnd1\expndtw7\charscalex100\cgrid inner surface of each of the
through holes 22. In this embodiment, eight
}{\fs22\expnd1\expndtw8\charscalex100\cgrid through-hole wirings 24 are
formed to be spaced from each other in the }{\fs22
\expnd0\expndtw-2\charscalex100\cgrid circumferential direction of the
first package substrate 2. As a material for the
}{\fs22\expnd1\expndtw9\charscalex100\cgrid through-hole wirings 24, for
example, copper can be used. Alternatively, \par }\pard
\s2\sb108\sl-268\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs3\f10\fs21\expnd2\expndtw12\charscalex95\cgrid {25
}{\fs22\charscalex100\cgrid nickel may be used. \par
}\qr\sb144\sl-415\slmult0\nowidctlpar\adjustright
\fs22\expnd0\expndtw-1\charscalex100\cgrid {In addition, it is preferred
that the through-hole wiring 24 formed in the first\line
}{\expnd0\expndtw3\cgrid package substrate 2 has a tapered shape such  



that an area of an end portion\line facing the sensor substrate 1 is larger
than the area of the other end portion.\line }{\expnd1\expndtw6\cgrid When
the through-hole wiring is formed by performing electroplating in the\line
}{\expnd0\expndtw2\cgrid 30 t apered through hole formed in the first
package substrate, a plating solution is \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1308\margrsxn1248\margtsxn1622\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {14 \par
}\qj\li648\sb72\sl-407\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-2\cgrid {supplied from the end portion having the larger
opening area, so that a wiring }{\expnd0\expndtw-4\cgrid formation metal
precipitates from the end portion having the smal l opening area
}{\expnd1\expndtw7\cgrid toward the other end portion having the large
opening area. Thereby, air }{bubbles generated in the through hole can be
easily exhausted to the outside, as \par
}\fi-432\sb108\sl-416\slmult0\nowidctlpar\adjustright
\expnd1\expndtw5\cgrid {5 compared with the case where the through hole has
a constant opening area. }{\expnd0\expndtw0\cgrid In addition, since the
plating solution is easy to put in the through  hole, it is possible to
prevent a reduction in metal ion concentration in the through hole,
}{\expnd0\expndtw4\cgrid and increase the metal precipitation rate. As a
result, there is an advantage }{\expnd0\expndtw2\cgrid that the
through-hole wiring }{ \expnd0\expndtw2\b\charscalex105\cgrid 24
}{\expnd0\expndtw2\cgrid having a uniform thickness can be efficiently \par
}\pard
\s9\qj\fi-576\li648\sb108\sl-407\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs10\f10\fs22\expnd1\expndtw6\cgrid {10 formed. A
plurality of electrodes }{\b\charscalex105\cgrid 25 }{for external
connection are formed on a }{ \expnd0\expndtw0\cgrid (top) surface of the
first package substrate }{\expnd0\expndtw0\b\charscalex105\cgrid 2
}{\expnd0\expndtw0\cgrid at an opposite side of the surface
}{\expnd1\expndtw8\cgrid facing the sensor substrate }{\expnd1\expndtw8\b
\charscalex105\cgrid 1 }{\expnd1\expndtw8\cgrid so as to be electrically
connected with the }{\expnd0\expndtw1\cgrid through-hole wirings
}{\expnd0\expndtw1\b\charscalex105\cgrid 24. }{\expnd0\expndtw1\cgrid The
electrode }{\expnd0\expndtw1\b \charscalex105\cgrid 25
}{\expnd0\expndtw1\cgrid of the present embodiment has a
}{\expnd0\expndtw0\cgrid rectangular outer peripheral shape. \par }\pard
\s2\li72\sb108\sl-297\slmult0\nowidctlpar\tqr\tx9230\aspalpha\aspnum\nocwra
p\adjustright \plain \cs3\f10\fs22\expnd-10\expndtw-54\cgrid {15\tab
}{\expnd0\expndtw1\cgrid As shown in FIGS. 8A and 8B, the second package
substrate }{\expnd0 \expndtw1\b\charscalex105\cgrid 3
}{\expnd0\expndtw1\cgrid is formed at \par }\pard
\s2\qj\li648\sb108\sl-405\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjus
tright \expnd0\expndtw3\cgrid {a surface facing the sensor substrate
}{\b\charscalex105\cgrid 1 }{with a concave portion
}{\b\charscalex105\cgrid 31 }{having a }{ \expnd0\expndtw-1\cgrid
predetermined depth (e.g., 5 pm to 10 pm) for providing a space for
positional }{\expnd0\expndtw1\cgrid displacement of the weight portion
}{\expnd0\expndtw1\b\charscalex105\cgrid 12. }{\expnd0\expndtw1\cgrid The
concave portion }{ \expnd0\expndtw1\b\charscalex105\cgrid 31
}{\expnd0\expndtw1\cgrid can be formed }{\expnd2\expndtw10\cgrid by using
conventional lithography and etching technologies. Each of the \par }\pard
\s9\qj\fi-576\li576\sb108\sl-377\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs10\f10\fs22\expnd0\expndtw-1\cgrid {20 sensor
substrate }{\b\charscalex105\cgrid 1 }{and the second package substrate
}{\b\charscalex105\cgrid 3  }{has a rectangular outer
}{\expnd0\expndtw0\cgrid peripheral shape. The second package substrate
}{\expnd0\expndtw0\b\charscalex105\cgrid 3 }{\expnd0\expndtw0\cgrid is
formed to have the same outside dimension as the sensor substrate
}{\expnd0\expndtw0 \b\charscalex105\cgrid 1. \par }\pard
\s2\qr\sb144\sl-421\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs3\f10\fs22\expnd0\expndtw1\cgrid {When the thickness of a portion
of the support substrate }{\b\charscalex105\cgrid 10a }{used to form\line
}{\expnd0 



\expndtw-1\cgrid the core section }{\expnd0\expndtw-1\b\charscalex105\cgrid
12a }{\expnd0\expndtw-1\cgrid and the weights
}{\expnd0\expndtw-1\b\charscalex105\cgrid 12b }{\expnd0\expndtw-1\cgrid of
the weight portion }{\expnd0\expndtw-1\b\charscalex105 \cgrid 12
}{\expnd0\expndtw-1\cgrid is determined\line }{25 to be smaller than the
thickness of another portion of the support substrate
}{\b\charscalex105\cgrid 10a\line }{\expnd0\expndtw-1\cgrid used to form
the frame portion }{\expnd0\expndtw-1\b \charscalex105\cgrid 11
}{\expnd0\expndtw-1\cgrid by a dimension corresponding to an allowable\line
}{\expnd1\expndtw8\cgrid positional displacement amount of the weight
portion }{\expnd1\expndtw8\b\charscalex105\cgrid 12
}{\expnd1\expndtw8\cgrid in the t hickness\line direction of the sensor
substrate }{\expnd1\expndtw8\b\charscalex105\cgrid 1,
}{\expnd1\expndtw8\cgrid a clearance for enabling the positional\line
}{\expnd1\expndtw7\cgrid displacement of the weight portion
}{\expnd1\expndtw7\b \charscalex105\cgrid 12 }{\expnd1\expndtw7\cgrid can
be obtained between the weight\line }{\expnd1\expndtw6\cgrid 30 portion
}{\expnd1\expndtw6\b\charscalex105\cgrid 12 }{\expnd1\expndtw6\cgrid and
the second package substrate }{\expnd1\expndtw6\b \charscalex105\cgrid 3
}{\expnd1\expndtw6\cgrid without the formation of the \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1308\margrsxn1248\margbsxn1522\l
inex0\sectdefaultcl\pard\plain
\s2\li4824\sl-211\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {15 \par
}\li648\sb72\sl-283\slmult0\nowidctlpar\adjustright \expnd0\expndtw1\cgrid
{concave portion 31 in the second package substrate 3. \par
}\qj\fi504\sb144\sl-399\slmult0\nowidctlpar\adjustright
\expnd1\expndtw6\cgrid {Next, a bonding portion between the sensor
substrate 1 and the first }{\expnd1\expndtw7\cgrid package substrate 2 is
explained. On the frame portion 11 of each of the }{ \expnd0\expndtw3\cgrid
acceleration sensor units, a first metal layer 18 is formed at a side
facing the \par }\pard
\s4\qj\fi-432\li648\sb108\sl-406\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs5\f10\fs22\expnd0\expndtw4\cgrid {5 first package
substrate 2 over the entire circumference of the frame portion so
}{\expnd0\expndtw-3\cgrid as  to surround the movable portion comprised of
the weight portion 12 and the }{\expnd0\expndtw2\cgrid flexible portions
13. The bonding portion between the sensor substrate 1 and
}{\expnd0\expndtw1\cgrid the first package substrate 2 is formed, as shown
in  FIG. 9, by a solid-phase }{\expnd0\expndtw0\cgrid direct bonding
without diffusion between an activated surface of the first metal \par
}\fi-576\ri72\sl-403\slmult0\nowidctlpar\adjustright \expnd0\expndtw2\cgrid
{10 layer 18 of each of the acceleration sensor units and an activated
surface of a }{\expnd0\expndtw-4\cgrid frame-like metal layer 28 formed on
a corresponding region of th e first package }{\expnd0\expndtw-1\cgrid
substrate 2. This solid-phase direct bonding can be obtained by pressing
the }{\expnd0\expndtw0\cgrid activated surfaces to each other at room
temperature. \par }\pard
\s2\qr\ri108\sb144\sl-311\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjus
tright \plain \cs3\f10\fs22\cgrid {In addition, the first package substrate
2 has a plurality of wiring layers 29, \par }\pard
\s4\qj\fi-576\li648\ri72\sb72\sl-415\slmult0\nowidctlpar\aspalpha\aspnum\no
cwrap\adjustright \plain \cs5\f10\fs22\expnd0\expndtw3\cgrid {15 which are
formed at an inner side of the frame-like metal layer 28 and around
}{\expnd0\expndtw0\cgrid  the concave portion 21, and electrically
connected to the through-hole wirings }{24. For example, the number of the
wiring layers 29 formed in the present }{\expnd1\expndtw5\cgrid embodiment
is eight. Each of the wiring layers 29 is connected at an end }{
\expnd0\expndtw2\cgrid portion of its longitudinal direction to the
through-hole wiring 24. The wiring \par
}\li576\sb108\sl-409\slmult0\nowidctlpar\adjustright \expnd1\expndtw5\cgrid
{20 layer 29 is positioned at a side closer to the weight portion 12 than
the first }{\expnd0\expndtw1\cgrid metal layer 18 of the sensor substrate
1, and also electrically c onnected to a }{\expnd2\expndtw11\cgrid second
metal layer 19 formed on the frame portion 11. The connection
}{\expnd0\expndtw1\cgrid between the second metal layer 19 and the wiring
layer 29 is positioned at an outer side of the metal wiring 17 on the se 



nsor substrate 1. \par }\pard
\s2\sb144\sl-311\slmult0\nowidctlpar\tqr\tx9179\aspalpha\aspnum\nocwrap\adj
ustright \plain \cs3\f10\fs22\cgrid {25\tab }{\expnd0\expndtw-1\cgrid On
the surface facing the first package substrate 2 of the sensor substrate 1,
\par }\pard
\s2\qj\li576\ri72\sb108\sl-398\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\
adjustright \expnd0\expndtw-3\cgrid {an insulating film 16 is formed, which
is comprised of a laminate film of a silicon }{\expnd0\expndtw4\cgrid oxide
film and a silic on nitride film on the silicon layer 10c. The first metal
}{\expnd-1\expndtw-5\cgrid layer 18, the second metal layers 19 and the
metal wirings 17 are formed on the }{\expnd0\expndtw0\cgrid insulating film
16. \par }\pard
\s2\sb144\sl297\slmult1\nowidctlpar\tqr\tx9172\aspalpha\aspnum\nocwrap\adju
stright \expnd0\expndtw0\cgrid {30\tab }{\expnd1\expndtw6\cgrid The first
metal layer 18 and the metal layer 28 are formed by use of the \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1307\margrsxn1249\margtsxn1542\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4896\sl-207\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs21\cgrid {16 \par
}\qj\fi72\li648\ri72\sb108\sl-400\slmult0\nowidctlpar\adjustright
\fs22\expnd0\expndtw-4\cgrid {same metal material For example, Au, Cu or Al
is preferably used as the metal }{\expnd0\expndtw-1\cgrid material. It is
particularly preferred to use Au.  The metal material used in the
}{\expnd0\expndtw3\cgrid present embodiment is Au. To achieve an
improvement in adhesion between }{\expnd0\expndtw-3\cgrid the first metal
layer }{\expnd0\expndtw-3\b\charscalex105\cgrid 18
}{\expnd0\expndtw-3\cgrid of Au an d the insulating film
}{\expnd0\expndtw-3\b\charscalex105\cgrid 16, }{\expnd0\expndtw-3\cgrid a
Ti film is formed as an \par
}\fi-432\sl-370\slmult0\nowidctlpar\adjustright \expnd1\expndtw6\cgrid {5
intermediate layer therebetween. In other words, the first metal film
}{\b\charscalex105\cgrid 18 }{is }{\expnd0\expndtw-1\cgrid comprised of a
laminate film of the Ti film for med on the insulating film
}{\expnd0\expndtw-1\b\charscalex105\cgrid 16 }{\expnd0\expndtw-1\cgrid and
}{\expnd0\expndtw0\cgrid the Au film formed on the Ti \par
}\fi432\sb144\sl-371\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {Similarly, the second metal layer
}{\b\charscalex105\cgrid 19 }{and the wiring layer }{\b\charscalex105\cgrid
29 }{are formed by use of the same metal material. For example , Au, Cu or
Al is preferably used as \par }\pard
\s4\qj\fi-504\li576\ri72\sb144\sl-405\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs22\expnd1\expndtw5\cgrid {10 the metal
material. It is particularly preferred to use Au. The metal material
}{\expnd0\expndtw-3 \cgrid used in the present embodiment is Au. To achieve
an improvement in adhesion between the second metal layer
}{\expnd0\expndtw-3\b\charscalex105\cgrid 19 }{\expnd0\expndtw-3\cgrid of
Au and the insulating film }{\expnd0\expndtw-3\b\charscalex105 \cgrid 16,
}{\expnd0\expndtw-3\cgrid a Ti film is }{\expnd1\expndtw6\cgrid formed as
an intermediate layer therebetween. In other words, the second
}{\expnd1\expndtw8\cgrid metal film
}{\expnd1\expndtw8\b\charscalex105\cgrid 19 }{\expnd1\expndtw8\cgrid is
comprised of a laminate film of the Ti film formed on the \par }\pard
\s2\li72\sb108\sl-261\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustrig
ht \plain \cs3\f10\fs22\expnd0\expndtw3\cgrid {15 insulating film
}{\b\charscalex105\cgrid 16 }{and the Au film formed on the Ti film. \par
}\qj\fi432\li648\ri72\sb144\sl-400\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {With respect to each of the first metal layer
}{\b\charscalex105\cgrid 18 }{and the second metal layer
}{\expnd0\expndtw-2\b\charscalex105\cgrid 19, }{\expnd0 \expndtw-2\cgrid a
thickness of the Ti film can be preferably set in a range of 15 to 50 nm.
In }{\expnd0\expndtw2\cgrid the present embodiment, a thickness of the Au
film is set to 500 nm, and a }{\expnd0\expndtw4\cgrid thickness of the
metal wiring }{ \expnd0\expndtw4\b\charscalex105\cgrid 17
}{\expnd0\expndtw4\cgrid is set to 1 \'b5m. These thickness values are 



\par }\pard
\s4\qj\fi-576\li576\ri72\sb108\sl-413\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs21\expnd0\expndtw1\cgrid {20
}{\fs22\cgrid illustrative only, and the present invention is not limited
to them. In the case of usin g the Au film, it is preferred that the
thickness is not larger than 500 nm }{\fs22\expnd0\expndtw0\cgrid from the
viewpoint of improving yields in the bonding process. The Au film may
}{\fs22\expnd0\expndtw-1\cgrid be formed by use of a gold material con
taining an impurity other than pure gold. }{\fs22\expnd1\expndtw8\cgrid In
the present embodiment, the Ti film is formed as the adhesive layer for
\par }\sb144\sl-384\slmult0\nowidctlpar\adjustright \expnd1\expndtw7\cgrid
{25 }{\fs22\cgrid improving the adhesion between the Au film and the
insulating film }{\fs22\b\charscalex105\cgrid 16. }{\fs22\cgrid In
}{\fs22\expnd0\expndtw0\cgrid place of the T i film, Cr, Nb, Zr, TiN, TaN
or the like may be used as the material for the adhesive layer. \par }\pard
\s2\qr\sb108\sl-396\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs3\f10\fs22\expnd0\expndtw-2\cgrid {As described above, when the
first metal layer }{\b\charscalex105\cgrid 18 }{and the second metal
layer\line }{\expnd1 \expndtw6\b\charscalex105\cgrid 19
}{\expnd1\expndtw6\cgrid are formed by use of the same metal material, it
is effective to achieve a\line }{\fs21\expnd1\expndtw6\cgrid 30
}{\expnd1\expndtw6\cgrid reduction in production cost because those metal
layers h aving substantially \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1312\margrsxn1244\margtsxn1542\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4896\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {17 \par
}\qj\li720\sb108\sl-407\slmult0\nowidctlpar\adjustright
\expnd1\expndtw5\cgrid {the same thickness can be formed simultaneously.
That is, since the first }{\expnd0\expndtw-2\cgrid metal layer
}{\expnd0\expndtw-2\b\charscalex105\cgrid 18 }{\expnd0 \expndtw-2\cgrid and
the second metal layer }{\expnd0\expndtw-2\b\charscalex105\cgrid 19
}{\expnd0\expndtw-2\cgrid are formed to be flush with each other on the
sensor substrate }{\expnd0\expndtw-2\b\charscalex105\cgrid 1,
}{\expnd0\expndtw-2\cgrid and th e metal layer
}{\expnd0\expndtw-2\b\charscalex105\cgrid 28 }{\expnd0\expndtw-2\cgrid and
the wiring layer }{\expnd0\expndtw-2\b\charscalex105\cgrid 29
}{\expnd1\expndtw6\cgrid are formed to be flush with each other on the
first package substrate }{\expnd1 \expndtw6\b\charscalex105\cgrid 2,
}{\expnd1\expndtw6\cgrid it \par }\pard
\s9\qj\fi-432\li648\ri72\sb108\sl-410\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs10\f10\fs22\expnd0\expndtw1\cgrid {5 becomes
possible to apply a uniform pressure to the bonding interface between the
sensor substrate }{ \b\charscalex105\cgrid 1 }{and the first package
substrate }{\b\charscalex105\cgrid 2. }{Consequently, the
}{\expnd0\expndtw-2\cgrid solid-phase direct bondings between the first
metal layer }{\expnd0\expndtw-2\b\charscalex105\cgrid 18
}{\expnd0\expndtw-2 \cgrid and the metal layer
}{\expnd0\expndtw0\b\charscalex105\cgrid 28 }{\expnd0\expndtw0\cgrid and
the solid-phase direct bonding between the second metal layer
}{\expnd0\expndtw0\b\charscalex105\cgrid 19 }{\expnd0\expndtw0\cgrid and
the wiring layer }{ \expnd0\expndtw0\b\charscalex105\cgrid 29
}{\expnd0\expndtw0\cgrid can be obtained with stable quality. \par }\pard
\s2\li72\sb108\sl-311\slmult0\nowidctlpar\tqr\tx9234\aspalpha\aspnum\nocwra
p\adjustright \plain \cs3\f10\fs22\cgrid {10\tab }{\expnd0\expndtw-1\cgrid
In addition, as shown in FIGS. 10A and 10B, the first metal layer
}{\expnd0\expndtw-1\b \charscalex105\cgrid 18 }{\expnd0\expndtw-1\cgrid may
be \par }\pard
\s2\qj\li648\ri72\sb108\sl-403\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\
adjustright \expnd2\expndtw13\cgrid {composed of a ring-like outer metal
layer }{\b\charscalex105\cgrid 18a }{formed over the entire
}{\expnd0\expndtw-2\cgrid circumfer ence of the frame portion
}{\expnd0\expndtw-2\b\charscalex105\cgrid 11 }{\expnd0\expndtw-2\cgrid so
as to surround the weight portion }{\expnd0\expndtw-2\b\charscalex105\cgrid
12, }{\expnd0\expndtw-2\cgrid and a ring-like inner metal layer }{\expnd0 



\expndtw-2\b\charscalex105\cgrid 18b }{\expnd0\expndtw-2\cgrid formed at an
inner side of the outer metal }{\expnd2\expndtw10\cgrid layer
}{\expnd2\expndtw10\b\charscalex105\cgrid 18a }{\expnd2\expndtw10\cgrid
over the entire circumference of the frame po rtion
}{\expnd2\expndtw10\b\charscalex105\cgrid 11 }{\expnd2\expndtw10\cgrid so
as to \par }\pard
\s9\qj\fi-504\li576\ri72\sb108\sl-412\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs10\f10\fs22\expnd0\expndtw3\cgrid {15 surround
the weight portion }{\b\charscalex105\cgrid 12. }{In this case, as shown in
FIGS. 11A and 11 B, }{\expnd0\expndtw0\cgrid it is also preferred that the
metal layer }{\expnd0\expndtw0\b\charscalex105\cgrid 28
}{\expnd0\expndtw0\cgrid of the first package substrate
}{\expnd0\expndtw0\b\charscalex105\cgrid 2 }{\expnd0\expndtw0\cgrid is
composed of a  ring-like outer metal layer
}{\expnd0\expndtw0\b\charscalex105\cgrid 28a }{\expnd0\expndtw0\cgrid and a
ring-like inner metal layer }{\expnd0\expndtw0\b\charscalex105\cgrid 28b
}{\expnd0\expndtw0\cgrid disposed at an inner side of the outer metal layer
}{ \expnd0\expndtw0\b\charscalex105\cgrid 28a, }{\expnd0\expndtw0\cgrid
which are formed in }{\expnd1\expndtw5\cgrid a face-to-face relation with
the first metal layer }{\expnd1\expndtw5\b\charscalex105\cgrid 18.
}{\expnd1\expndtw5\cgrid Alternatively, the m etal \par
}\fi-576\sl-415\slmult0\nowidctlpar\adjustright \expnd0\expndtw0\cgrid {20
layer }{\b\charscalex105\cgrid 28 }{of the first package substrate
}{\b\charscalex105\cgrid 2 }{may be formed by a single metal layer,
}{\expnd0\expndtw1\cgrid which has a wid th dimension determined so as to
straddle between the outer }{\expnd0\expndtw2\cgrid metal layer
}{\expnd0\expndtw2\b\charscalex105\cgrid 18a }{\expnd0\expndtw2\cgrid and
the inner metal layer }{\expnd0\expndtw2\b\charscalex105\cgrid 18b.
}{\expnd0 \expndtw2\cgrid Thus, when forming double
}{\expnd0\expndtw1\cgrid bonding between the first metal layer
}{\expnd0\expndtw1\b\charscalex105\cgrid 18 }{\expnd0\expndtw1\cgrid and
the metal layer }{\expnd0\expndtw1\b\charscalex105\cgrid 28, }{\expnd0
\expndtw1\cgrid as shown in }{\expnd1\expndtw7\cgrid FIG. 12, it is
possible to further improve the effect of airtightly sealing the \par
}\sl-401\slmult0\nowidctlpar\adjustright {25 interior (i.e., the movable
portion) of the acceleration sensor unit. In FIG. 12, a
}{\expnd0\expndtw-1\cgrid connecting portion
}{\expnd0\expndtw-1\b\charscalex105\cgrid 19b }{\expnd0\expndtw-1\cgrid
with  the metal wiring }{\expnd0\expndtw-1\b\charscalex105\cgrid 17
}{\expnd0\expndtw-1\cgrid is located in the concave
}{\expnd0\expndtw-1\b\charscalex105\cgrid 21 }{\expnd0\expndtw-1\cgrid of
}{\expnd0\expndtw3\cgrid the first package substrate }{\expnd0
\expndtw3\b\charscalex105\cgrid 2, }{\expnd0\expndtw3\cgrid and the second
metal layer }{\expnd0\expndtw3\b\charscalex105\cgrid 19
}{\expnd0\expndtw3\cgrid is electrically }{connected to this connecting
portion }{\b\charscalex105\cgrid 19b. \par }\pard
\s2\qj\fi1008\ri72\sb144\sl-375\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap
\adjustright \plain \cs3\f10\fs22\expnd0\expndtw-1\cgrid {In FIG. 10A, the
numeral }{\b\charscalex105\cgrid 15 }{designates an auxiliary sealing layer
extending }{ \expnd0\expndtw2\cgrid 30 between the outer metal layer
}{\expnd0\expndtw2\b\charscalex105\cgrid 18a }{\expnd0\expndtw2\cgrid and
the inner metal layer }{\expnd0\expndtw2\b\charscalex105\cgrid 18b.
}{\expnd0\expndtw2\cgrid The auxiliary \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1282\margrsxn1274\margtsxn1542\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4896\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {18 \par
}\qj\li720\ri72\sb108\sl-412\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-2\cgrid {sealing layer }{\b\charscalex105\cgrid 15 }{is
provided at plural locations spaced from each other in the
}{\expnd0\expndtw0\cgrid circumferential direction of the  frame portion
}{\expnd0\expndtw0\b\charscalex105\cgrid 11 }{\expnd0\expndtw0\cgrid by a
predetermined distance. }{\expnd0\expndtw-4\cgrid In addition, as shown in
FIG. 1 1A, auxiliary sealing layers
}{\expnd0\expndtw-4\b\charscalex105\cgrid 26 }{\expnd0 \expndtw-4\cgrid are
formed on the }{\expnd0\expndtw3\cgrid first package substrate
}{\expnd0\expndtw3\b\charscalex105\cgrid 2 }{\expnd0\expndtw3\cgrid at
positions corresponding to the auxiliary sealing \par }\pard
\s9\qj\fi-432\li648\ri72\sb72\sl-413\slmult0\nowidctlpar\aspalpha\aspnum\no
cwrap\adjustright \plain \cs10\f10\fs22\expnd2\expndtw12\cgrid {5 layers
}{\b\charscalex105\cgrid 15 }{of the sensor substrate
}{\b\charscalex105\cgrid 1. }{Therefore,  



when the first package }{\expnd-1\expndtw-5\cgrid substrate
}{\expnd-1\expndtw-5\b\charscalex105\cgrid 2 }{\expnd-1\expndtw-5\cgrid is
bonded to the sensor substrate }{\expnd-1\expndtw-5\b\charscalex105\cgrid
1, }{\expnd-1\expndtw-5\cgrid the solid-phase  direct bonding
}{\expnd1\expndtw5\cgrid between activated surfaces of the auxiliary
sealing layers }{\expnd1\expndtw5\b\charscalex105\cgrid (15, 26)
}{\expnd1\expndtw5\cgrid is also }{\expnd0\expndtw4\cgrid obtained
Moreover, the following effect is expec ted by the formation of the
}{\expnd0\expndtw0\cgrid auxiliary sealing layers
}{\expnd0\expndtw0\b\charscalex105\cgrid (15, 26). }{\expnd0\expndtw0\cgrid
For example, when a foreign substance exists \par
}\fi-576\sb108\sl-416\slmult0\nowidctlpar\adjustright
\expnd0\expndtw3\cgrid {10 on the outer metal layer
}{\b\charscalex105\cgrid 28a, }{the airtightness between the outer metal
layers }{\expnd0\expndtw4\b\charscalex105\cgrid (18a, 28a) }{\expnd0
\expndtw4\cgrid may deteriorate. Alternatively, when another foreign
substance }{\expnd0\expndtw0\cgrid exists on the inner metal layer
}{\expnd0\expndtw0\b\charscalex105\cgrid 28b, }{\expnd0\expndtw0\cgrid the
airtightness between the inner metal }{ \expnd-1\expndtw-5\cgrid layers
}{\expnd-1\expndtw-5\b\charscalex105\cgrid (18b, 28b)
}{\expnd-1\expndtw-5\cgrid may deteriorate. In these cases, it is expected
to be difficult to }{\expnd1\expndtw5\cgrid airtightly seal the interior of
the sensor device.  However, when forming the \par }\pard
\s2\qj\fi-576\li648\ri72\sb108\sl-415\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs3\f10\fs22\expnd0\expndtw4\cgrid {15 bonding
between the auxiliary sealing layers }{\b\charscalex105\cgrid (15, 26), }{a
plurality of airti ght }{\expnd0\expndtw-2\cgrid spaces can be obtained
between the outer metal layer }{\expnd0\expndtw-2\b\charscalex105\cgrid 18a
}{\expnd0\expndtw-2\cgrid and the inner metal }{layer
}{\b\charscalex105\cgrid 18b. }{That is, when a region where a reduction
in airtightness of the }{\expnd0\expndtw-1\cgrid bonding between the outer
metal layers }{\expnd0\expndtw-1\b\charscalex105\cgrid (18a, 28a)
}{\expnd0\expndtw-1\cgrid occurs due to the foreign
}{\expnd0\expndtw1\cgrid substance is located away from the r egion where a
reduction in airtightness of \par }\pard
\s9\qj\fi-576\li576\ri72\sb108\sl-413\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs10\f10\fs22\expnd0\expndtw2\cgrid {20 the
bonding between the inner metal layers }{\b\charscalex105\cgrid (18b, 28b)
}{occurs due to anothe r foreign substance, these regions can be spatially
shielded from each other by }{\expnd2\expndtw10\cgrid the bonding between
the auxiliary sealing layers }{\expnd2\expndtw10\b\charscalex105\cgrid (15,
26). }{\expnd2\expndtw10\cgrid In brief, the }{ \expnd0\expndtw0\cgrid
airtightness brought by the bonding between the outer metal layers
}{\expnd0\expndtw0\b\charscalex105\cgrid (18a, 28a)
}{\expnd1\expndtw6\cgrid and the bonding between the inner metal layers
}{\expnd1\expndtw6\b\charscalex105\cgrid  (18b, 28b)
}{\expnd1\expndtw6\cgrid can be further \par }\pard
\s2\sb108\sl-326\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs3\f10\fs22\expnd0\expndtw2\cgrid {25 reliably improved by the
bonding between the auxiliary sealing layers }{\b\charscalex105\cgrid (15,
26). \par }\qj\fi432\li576\ri144\sl-409\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-2\cgrid {In the present embodiment, as described above, the
first metal layer }{\b\charscalex105\cgrid 18 }{is }{\expnd0\expndtw4\cgrid
formed on the surface facing the fir st package substrate
}{\expnd0\expndtw4\b\charscalex105\cgrid 2 }{\expnd0\expndtw4\cgrid over
the entire }{circumference of the frame portion }{\b\charscalex105\cgrid 11
}{so as to surround the weight portion }{\b\charscalex105\cgrid 12,
}{\expnd1 \expndtw8\cgrid and the metal layer
}{\expnd1\expndtw8\b\charscalex105\cgrid 28 }{\expnd1\expndtw8\cgrid is
formed at the corresponding region on the first \par
}\ql\fi0\li0\ri0\sl302\slmult1\nowidctlpar\adjustright
\expnd0\expndtw3\cgrid {30 package substrate }{\b\charscalex105\cgrid 2.
}{Alternatively, it is preferred that a Si layer or a Si02 layer \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1308\margrsxn1248\margtsxn1502\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {19 



\par }\qj\li720\sb108\sl-412\slmult0\nowidctlpar\adjustright {is formed in
place of the first metal layer }{\b\charscalex105\cgrid 18, }{and a Si
layer or a Si02 layer is }{\expnd0\expndtw-4\cgrid formed in place of the
metal layer }{\expnd0\expndtw-4\b \charscalex105\cgrid 28.
}{\expnd0\expndtw-4\cgrid In brief, the bonding between the sensor
}{substrate }{\b\charscalex105\cgrid 1 }{and the first package substrate
}{\b\charscalex105\cgrid 2 }{may be formed by any one of a
}{\expnd1\expndtw5\cgrid solid- phase direct bonding between Si and Si, a
solid-phase direct bonding \par
}\qr\li0\ri72\sl-304\slmult0\nowidctlpar\adjustright \expnd0\expndtw3\cgrid
{5 between Si and Si02, and a solid-phase direct bonding between Si02 and
Si02. \par }\qj\fi432\li648\sl-409\slmult0\nowidctlpar\adjustright
\expnd-1\expndtw-5\cgrid {To form the solid-phase direct bonding without
diffusion between the sensor }{\expnd0\expndtw1\cgrid substrate
}{\expnd0\expndtw1\b\charscalex105\cgrid 1 }{\expnd0 \expndtw1\cgrid and
the first package substrate }{\expnd0\expndtw1\b\charscalex105\cgrid 2,
}{\expnd0\expndtw1\cgrid activated surfaces of the first
}{\expnd0\expndtw-4\cgrid metal layer
}{\expnd0\expndtw-4\b\charscalex105\cgrid 18 }{\expnd0\expndtw-4 \cgrid and
the metal layer }{\expnd0\expndtw-4\b\charscalex105\cgrid 28
}{\expnd0\expndtw-4\cgrid are previously formed prior to the bonding
}{\expnd1\expndtw6\cgrid step. In the present embodiment, these activated
surfaces are obtained by \par
}\fi-576\sl-413\slmult0\nowidctlpar\adjustright \expnd0\expndtw4\cgrid {10
irradiating an atomic beam, an ion beam or a plasma of argon in vacuum to
}{\expnd0\expndtw-2\cgrid clean up and activate the surfaces of the first
metal layer }{\expnd0 \expndtw-2\b\charscalex105\cgrid 18
}{\expnd0\expndtw-2\cgrid and the metal layer
}{\expnd0\expndtw1\b\charscalex105\cgrid 28. }{\expnd0\expndtw1\cgrid
Similarly, the activated surfaces can be formed on the second metal layer
}{\expnd0\expndtw3\b \charscalex105\cgrid 19 }{\expnd0\expndtw3\cgrid and
the wiring layer }{\expnd0\expndtw3\b\charscalex105\cgrid 29.
}{\expnd0\expndtw3\cgrid Subsequently, the room-temperature bonding
}{\expnd0\expndtw1\cgrid method described above is performed. That is, t he
direct bonding between the \par
}\fi-504\li576\sl-394\slmult0\nowidctlpar\adjustright
\f16\expnd0\expndtw1\cgrid {15 }{\f10\cgrid first metal layer
}{\f10\b\charscalex105\cgrid 18 }{\f10\cgrid and the metal layer
}{\f10\b\charscalex105\cgrid 28 }{\f10\cgrid and the direct bonding b
etween the }{\f10\expnd0\expndtw0\cgrid second metal layer
}{\f10\expnd0\expndtw0\b\charscalex105\cgrid 19
}{\f10\expnd0\expndtw0\cgrid and the wiring layer
}{\f10\expnd0\expndtw0\b\charscalex105\cgrid 29
}{\f10\expnd0\expndtw0\cgrid are simultaneously fo rmed by }{\f10\cgrid
applying an appropriate load at room temperature. \par
}\qr\fi0\li0\ri0\sl-431\slmult0\nowidctlpar\adjustright
\f10\expnd0\expndtw3\cgrid {Next, the bonding portion between the sensor
substrate }{\b\charscalex105\cgrid 1 }{and the second\line
}{\expnd3\expndtw15\cgrid package substrate }{\expnd3
\expndtw15\b\charscalex105\cgrid 3 }{\expnd3\expndtw15\cgrid is explained.
The frame portion }{\expnd3\expndtw15\b\charscalex105\cgrid 11
}{\expnd3\expndtw15\cgrid of each of the\line }{\expnd0\expndtw4\cgrid 20
acceleration sensor units has a surface act ivated region formed on the
surface\line }{\expnd1\expndtw7\cgrid facing the second package substrate
}{\expnd1\expndtw7\b\charscalex105\cgrid 3 }{\expnd1\expndtw7\cgrid over
the entire circumference of the\line }{\expnd2\expndtw10\cgrid frame
portion }{ \expnd2\expndtw10\b\charscalex105\cgrid 11
}{\expnd2\expndtw10\cgrid by a surface activation treatment. The bonding
portion\line }{\expnd0\expndtw1\cgrid between the sensor substrate
}{\expnd0\expndtw1\b\charscalex105\cgrid 1 }{\expnd0\expndtw1\cgrid and
the second package substrate }{\expnd0\expndtw1\b\charscalex105\cgrid 3
}{\expnd0\expndtw1\cgrid is formed\line }{\expnd2\expndtw11\cgrid by the
solid-phase direct bonding without diffusion between the surface\line
}{\expnd0\expndtw2\cgrid 25 activated re gion of each of the acceleration
sensor units and a surface activated\line }{\expnd0\expndtw1\cgrid region
formed on the corresponding surface of the second package substrate
}{\expnd0\expndtw1\b\charscalex105\cgrid 3\line }{\expnd1\expndtw6\cgrid by
the  surface activation treatment. This solid-phase direct bonding can
be\line }{\expnd2\expndtw10\cgrid obtained by pressing the surface
activated regions to each other at room\line }{\expnd1\expndtw7\cgrid
temperature. Therefore, the bonding interface in thi 



s case is formed by the\line }{\expnd1\expndtw6\cgrid 30 solid-phase direct
bonding between Si and Si. Alternatively, a Si02 layer may \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1296\margrsxn1260\margtsxn1562\m
argbsxn1522\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl-211\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {20 \par
}\qj\li720\sb108\sl-407\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {be formed on one of the sensor substrate
}{\b\charscalex105\cgrid 1 }{and the second package substrate 3
}{\expnd0\expndtw0\cgrid to obtain the solid-phase direct bondin g between
Si and Si02. In addition, the }{\expnd0\expndtw1\cgrid Si02 layer may be
formed on both of the sensor substrate
}{\expnd0\expndtw1\b\charscalex105\cgrid 1 }{\expnd0\expndtw1\cgrid and the
second }{\expnd0\expndtw0\cgrid package substrate 3 to ob tain the
solid-phase direct bonding between Si02 and \par
}\fi-432\li648\sl-413\slmult0\nowidctlpar\adjustright
\expnd0\expndtw4\cgrid {5 Si02. Furthermore, it is also preferred to use
the solid-phase direct bonding }{\expnd-1\expndtw-5\cgrid between surface
activated regions of a metal material such as the  direct bonding
}{\expnd0\expndtw-2\cgrid between Au and Au described above. Thus, if
necessary, the solid-phase direct }{\expnd0\expndtw0\cgrid bonding can be
formed between the sensor substrate
}{\expnd0\expndtw0\b\charscalex105\cgrid 1 }{\expnd0 \expndtw0\cgrid and
the first package }{\expnd0\expndtw2\cgrid substrate 3, as in the case of
forming the solid-phase direct bonding between \par
}\ql\fi0\li72\sl-298\slmult0\nowidctlpar\adjustright \expnd0\expndtw3\cgrid
{10 the sensor substrate }{\b\charscalex105\cgrid 1 }{and the first package
substrate }{\b\charscalex105\cgrid 2. \par
}\qj\fi432\li648\ri72\sl-405\slmult0\nowidctlpar\adjustright
\expnd-1\expndtw-5\cgrid {To manufacture the wafer level package structure
}{\b\charscalex105\cgrid 100, }{it is desired that the
}{\expnd0\expndtw0\cgrid second package substrate 3 is dire ctly bonded to
the sensor substrate }{\expnd0\expndtw0\b\charscalex105\cgrid 1,
}{\expnd0\expndtw0\cgrid and }{\expnd0\expndtw-1\cgrid then the first
package substrate }{\expnd0\expndtw-1\b\charscalex105\cgrid 2
}{\expnd0\expndtw-1\cgrid is directly bonde d to the sensor substrate
}{\expnd0\expndtw-1\b\charscalex105\cgrid 1 }{\expnd0\expndtw0\cgrid from
the viewpoint of effectively applying the pressure to the bonding
interface. \par }\fi-576\sl-408\slmult0\nowidctlpar\adjustright
\expnd3\expndtw17\cgrid {15 Referring to FIGS. 13A to 13C, the bonding step
between the sensor }{\expnd0\expndtw-3\cgrid substrate
}{\expnd0\expndtw-3\b\charscalex105\cgrid 1 }{\expnd0\expndtw-3\cgrid a nd
each of the first package substrate
}{\expnd0\expndtw-3\b\charscalex105\cgrid 2 }{\expnd0\expndtw-3\cgrid and
the second package }{\expnd0\expndtw3\cgrid substrate 3 is concretely
explained below. First, as shown in FIG. 13A, the }{\expnd0\expndtw4 \cgrid
sensor substrate }{\expnd0\expndtw4\b\charscalex105\cgrid 1,
}{\expnd0\expndtw4\cgrid the first package substrate
}{\expnd0\expndtw4\b\charscalex105\cgrid 2 }{\expnd0\expndtw4\cgrid and the
second package }{\expnd2\expndtw12\cgrid substrate 3 are p laced in a
chamber }{\expnd2\expndtw12\b\charscalex105\cgrid CH,
}{\expnd2\expndtw12\cgrid and the air in the chamber is \par
}\fi-648\sl-413\slmult0\nowidctlpar\adjustright \expnd0\expndtw1\cgrid {20
exhausted to be not greater than a predetermined degree of vacuum (e.g.,
1x10-}{\super\charscalex110\cgrid 5}{ }{\expnd1\expndtw8\cgrid Pa).
Subsequently, under a reduced atmo sphere, surfaces of the sensor
}{\expnd0\expndtw0\cgrid substrate }{\expnd0\expndtw0\b\charscalex105\cgrid
1, }{\expnd0\expndtw0\cgrid the first package substrate
}{\expnd0\expndtw0\b\charscalex105\cgrid 2 }{\expnd0\expndtw0\cgrid and the
second package s ubstrate 3 }{\expnd0\expndtw4\cgrid are cleaned up by
means of sputter etching, and then a surface activation }{treatment is
performed. That is, the surface activation treatment is performed \par
}\fi-576\li576\nowidctlpar\adjustright \expnd1\expndtw7\cgrid {25 to the
surfaces of the first and second metal layers }{\b\charscalex105\cgrid (18,
19) }{of the sensor }{\expnd0\expndtw1\cgrid substrate
}{\expnd0\expndtw1\b\charscalex105\cgrid 1, }{ \expnd0\expndtw1\cgrid the
surface of the frame portion }{\expnd0\expndtw1\b\charscalex105\cgrid 11
}{\expnd0\expndtw1\cgrid to be bonded to the second
}{\expnd0\expndtw-1\cgrid package substrate 3, the metal layers
}{\expnd0\expndtw-1\b\charscalex105 



\cgrid (28, 29) }{\expnd0\expndtw-1\cgrid of the first package substrate
}{\expnd0\expndtw-1\b\charscalex105\cgrid 2, }{\expnd0\expndtw-1\cgrid and
the surface of the second package substrate 3 to be bonded to the sensor
}{\expnd0\expndtw0\cgrid substrate . As the surface activation treatment,
an argon ion beam is irradiated \par
}\ql\fi0\li0\ri0\sb144\sl304\slmult1\nowidctlpar\adjustright
\expnd0\expndtw2\cgrid {30 to the surfaces to be treated for a
predetermined time period (e.g., 300 seconds). \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1290\margrsxn1266\margbsxn1542\l
inex0\sectdefaultcl\pard\plain
\s2\li4752\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {21 \par
}\qj\fi72\li648\ri72\sb72\sl-402\slmult0\nowidctlpar\adjustright
\expnd-1\expndtw-5\cgrid {During the surface activation treatment, the
internal pressure of the chamber is }{\expnd0\expndtw-4\cgrid maintained at
a lower degree of vacuum (e.g., approx imately lx
10-}{\fs14\expnd0\expndtw-4\charscalex105\cgrid 2 }{\expnd0\expndtw-4\cgrid
Pa) than the }{\expnd0\expndtw0\cgrid above-described degree of vacuum. In
place of the argon ion beam, an atomic }{\expnd0\expndtw1\cgrid beam or
plasma of argon may b e used. The gas used for the surface activation \par
}\fi-432\sb108\sl-353\slmult0\nowidctlpar\adjustright
\expnd0\expndtw3\cgrid {5 treatment is not limited to argon. Alternatively,
an inert gas such as nitrogen }{\expnd0\expndtw0\cgrid and helium may be
used. \par }\fi432\sb144\sl-382\slmult0\nowidctlpar\adjustright
\expnd0\expndtw2\cgrid {After the surface activation treatment, an
atmosphere adjusting step is }{\expnd0\expndtw-4\cgrid performed to adjust
the interior of the chamber to a desired atmosphere for  the
}{\expnd0\expndtw1\cgrid bonding step between the sensor substrate 1 and
each of the first and second \par }\pard
\s4\qj\fi-576\li648\ri72\sb144\sl-412\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs22\expnd0\expndtw2\cgrid {10 package
substrates (2, 3), as shown in FIG. 13B. By this step, the interior (i.e.,
}{\expnd0\expndtw-1 \cgrid the movable portion) of each of the acceleration
sensor units can be maintained }{\expnd0\expndtw-2\cgrid in the desired
atmosphere after the bonding step. For example, in the present
}{\expnd0\expndtw-4\cgrid embodiment where the acceleration sens or units
are formed, the interior of the }{\expnd0\expndtw-1\cgrid chamber is
controlled to an inert-gas atmosphere such as argon at atmospheric \par
}\sb108\sl-413\slmult0\nowidctlpar\adjustright \expnd2\expndtw10\cgrid {15
pressure to improve frequency characteristics and impact resistance by
}{\expnd0\expndtw0\cgrid damping effects. Such atmosphere control can be
carried out by opening and }{ \expnd0\expndtw-1\cgrid closing a gas
introduction valve V1 and a gas exhaust valve 112 of the chamber.
}{\expnd0\expndtw1\cgrid To prevent that contamination of the activated
surfaces is caused by contact with the outside air, it is particularly
preferre d that the atmosphere adjusting \par }\pard
\s2\fi-648\li648\ri72\sb108\sl-350\slmult0\nowidctlpar\aspalpha\aspnum\nocw
rap\adjustright \plain \cs3\f10\fs22\cgrid {20 step and the bonding step
are continuously performed in the chamber without exposure to the outside.
\par }\qr\fi0\li0\ri0\sb144\sl-427\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {After the interior of the chamber is controlled to
the desired atmosphere, the\line direct bonding between the activated
surfaces (Au-Au surfaces) of the first met al\line }{\expnd1\expndtw8\cgrid
layer 18 and the metal layer 28 of the first package substrate 2, the
direct\line }{\expnd1\expndtw9\cgrid 25 bonding between the activated
surfaces (Au-Au solid-phase bonding) of the\line }{\expnd0\expndtw2\cgrid
second m etal layer 19 and the wiring layer 29 of the first package
substrate 2,\line }{\expnd2\expndtw10\cgrid and the direct bonding between
the activated surfaces (Si-Si solid-phase\line }{\expnd1\expndtw8\cgrid
bonding) of the frame portion 11 of the sensor su bstrate 1 and the
second\line }{\expnd3\expndtw18\cgrid package substrate 3 are formed at
room temperature by applying an\line }{\expnd1\expndtw8\cgrid 30
appropriate load (e.g., 300 N), as shown in FIG. 13C. Thus, the solid-phase



\par
}\pard\plain\sect\sectd\stextflow0\marglsxn1308\margrsxn1248\margtsxn1542\m
argbsxn1522\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {22 \par
}\qj\li720\sb108\sl-389\slmult0\nowidctlpar\adjustright {direct bonding
having substantially no residual stress at the bonding interface
}{\expnd0\expndtw4\cgrid can be obtained under the condition that the
interior of the sensor unit is }{maintained  in the desired atmosphere.
\par }\qr\li0\ri36\sl-312\slmult0\nowidctlpar\adjustright {Since the wafer
level package structure 100 of the present embodiment has \par
}\qj\fi-432\li648\ri0\sl-419\slmult0\nowidctlpar\adjustright
\expnd2\expndtw10\cgrid {5 the direct bonding between the sensor substrate
}{\b\charscalex105\cgrid 1 }{and the first package }{\expnd0\expndtw2\cgrid
substrate }{\expnd0\expndtw2\b \charscalex105\cgrid 2
}{\expnd0\expndtw2\cgrid and the direct bonding between the sensor
substrate }{\expnd0\expndtw2\b\charscalex105\cgrid 1
}{\expnd0\expndtw2\cgrid and the }{\expnd0\expndtw-2\cgrid second package
substrate }{\expnd0\expndtw-2\b \charscalex105\cgrid 3,
}{\expnd0\expndtw-2\cgrid which are formed according to a low-temperature
}{\expnd0\expndtw0\cgrid process such as the room-temperature bonding
method, there is an advantage that the piezoresistive elements
}{\expnd0\expndtw0\b \charscalex105\cgrid (Rx1 }{\expnd0\expndtw0\cgrid to
}{\expnd0\expndtw0\b\charscalex105\cgrid Rx4, Ryl }{\expnd0\expndtw0\cgrid
to }{\expnd0\expndtw0\b\charscalex105\cgrid Ry4, Rzl
}{\expnd0\expndtw0\cgrid to }{\expnd0\expndtw0\b\charscalex105\cgrid Rz4)
}{\expnd0\expndtw0\cgrid become \par
}\fi-576\sl-403\slmult0\nowidctlpar\adjustright \expnd0\expndtw3\cgrid {10
hard to receive the influence of thermal stress, as compared with the case
of }{\expnd0\expndtw-3\cgrid performing the bonding step with a heat
treatment such as reflow solder ing. In }{\expnd1\expndtw7\cgrid addition,
it is possible to reduce the process temperature, and achieve a
}{\expnd0\expndtw0\cgrid simplification of the manufacturing process. \par
}\qr\fi0\li0\ri108\sl-318\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {In addition, when the sensor substrate
}{\b\charscalex105\cgrid 1 }{is formed by use of the SOI wafer, \par
}\qj\fi-576\li648\ri0\sl-420\slmult0\nowidctlpar\adjustright
\expnd0\expndtw4\cgrid {15 and each of the first and second package
substrates }{\b\charscalex105\cgrid (2, 3) }{is formed by use of
}{\expnd0\expndtw0\cgrid the Si wafer, it is possible to  reduce stress
occurring in the flexible portions }{\expnd0\expndtw0\b\charscalex105\cgrid
13 }{\expnd1\expndtw7\cgrid due to a difference in linear expansion
coefficient therebetween, and the }{\expnd1\expndtw9\cgrid influence of the
stress resulting fro m the difference in linear expansion
}{\expnd0\expndtw-2\cgrid coefficient on output signals of the
above-described bridge circuits }{\expnd0\expndtw-2\b\charscalex105\cgrid
(Bx, By, Bz). \par }\qc\fi0\li0\sb72\sl-364\slmult0\nowidctlpar\adjustright
{20 As a result, variations in sensor characteristics can be minimized.
Each of the\line }{\expnd0\expndtw0\cgrid substrates may be formed by a
semiconductor material other than silicon. \par
}\qj\fi432\li576\ri72\sb144\sl-403\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {When dicing the thus obtained wafer level package
structure }{\b\charscalex105\cgrid 100 }{into a size
}{\expnd0\expndtw1\cgrid of the acceleration sensor uni t formed on the
sensor substrate }{\expnd0\expndtw1\b\charscalex105\cgrid 1,
}{\expnd0\expndtw1\cgrid the sensor }{\expnd2\expndtw13\cgrid substrate
}{\expnd2\expndtw13\b\charscalex105\cgrid 1 }{\expnd2\expndtw13\cgrid and
the first and second package sub strates
}{\expnd2\expndtw13\b\charscalex105\cgrid (2, 3) }{\expnd2\expndtw13\cgrid
can be \par }\ql\fi-576\ri144\sb72\sl-378\slmult0\nowidctlpar\adjustright
\expnd2\expndtw10\cgrid {25 simultaneously cut to have the same outside
dimension. Therefore, it is }{\expnd0\expndtw1\cgrid possible to
efficiently obtain compact chip size packages. \par
}\qr\fi0\li0\sb108\sl-283\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {An operation of the acceleration sensor device
obtained from the wafer level 



\par }\ql\li576\ri0\sb144\sl-319\slmult0\nowidctlpar\adjustright {package
structure of the present embodiment is briefly explained below. \par
}\qr\li0\ri108\sb108\sl-325\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {Under the condition that no acceleration is
applied to the sensor substrate }{\b\charscalex105\cgrid 1, \par
}\ql\ri0\sb72\sl304\slmult1\nowidctlpar\adjustright \expnd0\expndtw1\cgrid
{30 when acceleration is applied to the sensor substrate
}{\b\charscalex105\cgrid 1 }{in the positive direction of \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1312\margrsxn1244\margtsxn1622\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl-196\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {23 \par
}\qj\li720\sl-421\slmult0\nowidctlpar\adjustright \expnd0\expndtw1\cgrid
{the }{\f16\fs17\i\cgrid "if' }{axis, a positional displacement of the
weight portion }{\b\charscalex105\cgrid 12 }{relative to the
}{\expnd0\expndtw-3\cgrid frame portion }{
\expnd0\expndtw-3\b\charscalex105\cgrid 11 }{\expnd0\expndtw-3\cgrid occurs
due to an inertia force of the weight portion
}{\expnd0\expndtw-3\b\charscalex105\cgrid 12 }{\expnd0\expndtw-3\cgrid
acting in }{\expnd1\expndtw9\cgrid the negative direction of t he
}{\f16\fs17\expnd1\expndtw9\i\cgrid "if' }{\expnd1\expndtw9\cgrid axis. As
a result, the pair of the flexible }{\expnd2\expndtw10\cgrid portions
}{\expnd2\expndtw10\b\charscalex105\cgrid 13 }{\expnd2\expndtw10\cgrid
where the longitudinal direction cor responds to the "x" axis \par }\pard
\s4\qj\fi-432\li648\sb108\sl-412\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs5\f10\fs22\expnd1\expndtw6\cgrid {5 direction
elastically deforms, so that resistance values of the piezoresistive
}{\expnd0\expndtw3\cgrid elem ents (Rax1 to
}{\expnd0\expndtw3\b\charscalex105\cgrid Rx4) }{\expnd0\expndtw3\cgrid on
the flexible portions }{\expnd0\expndtw3\b\charscalex105\cgrid 13
}{\expnd0\expndtw3\cgrid change. In this case, the
}{\expnd0\expndtw-4\cgrid piezoresistive elements  (Rx1,
}{\expnd0\expndtw-4\b\charscalex105\cgrid Rx3) }{\expnd0\expndtw-4\cgrid
receive a tensile stress, and the piezoresistive }{\expnd2\expndtw10\cgrid
elements (Rx2, Rx4) receive a compression stress. In general, when the
}{\expnd2\expndtw14\cgrid piez oresistive element receives the tensile
stress, the resistance value \par
}\fi-576\sl-416\slmult0\nowidctlpar\adjustright \expnd2\expndtw12\cgrid {10
(resistivity) increases, and when the piezoresistive element receives the
}{\expnd0\expndtw2\cgrid compression stress, the resistance value
(resistivity) decreases. Therefore , in }{\expnd1\expndtw7\cgrid this case,
the resistance values of the piezoresistive elements (Rai,
}{\expnd1\expndtw7\b\charscalex105\cgrid Rx3) }{\expnd0\expndtw-1\cgrid
increase, and the resistance values of the piezoresistive elements
}{\expnd0 \expndtw-1\b\charscalex105\cgrid (Rx2, Rx4)
}{\expnd1\expndtw9\cgrid decrease. When a constant DC voltage is applied
from an external power \par }\pard
\s2\qj\fi-576\li648\sb108\sl-391\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs3\f10\fs22\expnd1\expndtw5\cgrid {15 source to
between a pair of input terminals }{\b\charscalex105\cgrid (VDD, GND)
}{shown in FIG. 5, a }{ \expnd0\expndtw-1\cgrid potential difference
between output terminals }{\expnd0\expndtw-1\b\charscalex105\cgrid (Xl, X2)
}{\expnd0\expndtw-1\cgrid of the bridge circuit
}{\expnd0\expndtw-1\b\charscalex105\cgrid Bx }{shown at the left side in
FIG. 5 change s depending on a magnitude of the }{\expnd0\expndtw0\cgrid
acceleration in the }{\expnd0\expndtw0\b\charscalex105\cgrid "x"
}{\expnd0\expndtw0\cgrid axis direction. \par
}\qr\fi0\li0\sb144\sl-430\slmult0\nowidctlpar\adjustright
\expnd0\expndtw1\cgrid {Similarly, when acceleration is applied to the
sensor substrate }{\b\charscalex105\cgrid 1 }{in the
}{\b\charscalex105\cgrid "y"\line }{\expnd0\expndtw4\cgrid 20 axis d
irection, a potential difference between output terminals
}{\expnd0\expndtw4\b\charscalex105\cgrid (Y1, Y2) }{\expnd0\expndtw4\cgrid
of the\line }{\expnd0\expndtw-1\cgrid bridge circuit
}{\expnd0\expndtw-1\b\charscalex105\cgrid By }{\expnd0\expndtw-1 \cgrid
shown at a center in FIG. 5 changes depending on a magnitude\line
}{\expnd0\expndtw3\cgrid of the acceleration in the
}{\expnd0\expndtw3\b\charscalex105\cgrid "y" }{\expnd0\expndtw3\cgrid axis
direction. In addition, when acceleration is\line }{ 



\expnd0\expndtw0\cgrid applied to the sensor substrate
}{\expnd0\expndtw0\b\charscalex105\cgrid 1 }{\expnd0\expndtw0\cgrid in the
}{\expnd0\expndtw0\b\charscalex105\cgrid "z" }{\expnd0\expndtw0\cgrid axis
direction, a potential difference\line }{\expnd0 \expndtw2\cgrid between
output terminals }{\expnd0\expndtw2\b\charscalex105\cgrid (Z1, Z2)
}{\expnd0\expndtw2\cgrid of the bridge circuit
}{\expnd0\expndtw2\b\charscalex105\cgrid Bz }{\expnd0\expndtw2\cgrid shown
at the right\line }{\expnd0\expndtw4 \cgrid 25 side in FIG. 5 changes
depending on a magnitude of the acceleration in the "z"\line
}{\expnd1\expndtw6\cgrid axis direction. Therefore, the sensor substrate
}{\expnd1\expndtw6\b\charscalex105\cgrid 1 }{\expnd1\expndtw6\cgrid is
capable of detect ing the\line }{\expnd0\expndtw-2\cgrid acceleration
applied to the sensor substrate }{\expnd0\expndtw-2\b\charscalex105\cgrid 1
}{\expnd0\expndtw-2\cgrid with respect to each of the
}{\expnd0\expndtw-2\b\charscalex105\cgrid "x" }{\expnd0\expndtw-2\cgrid a
xis\line }{direction, the }{\b\charscalex105\cgrid "y" }{axis direction and
the "z" axis direction by detecting a change\line }{\expnd1\expndtw6\cgrid
in output voltage of each of the bridge circuits
}{\expnd1\expndtw6\b\charscalex105\cgrid (Bx, By, Bz).
}{\expnd1\expndtw6\cgrid In the present\line }{\expnd0\expndtw2\cgrid 30
embodiment, the movable portion is composed of the weight portion
}{\expnd0\expndtw2\b\charscalex105\cgrid 12 }{\expnd0\expndtw2\cgrid and
the \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1287\margrsxn1269\margtsxn1562\m
argbsxn1522\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\b\cgrid {24 \par
}\qj\li720\sb108\sl-372\slmult0\nowidctlpar\adjustright
\expnd0\expndtw1\b0\cgrid {flexible portions }{\b\cgrid 13, }{and the
sensing portion is formed by the piezoresistive }{\expnd0\expndtw-2\cgrid
elements (Rx1. to }{\expnd0\expndtw-2\b\cgrid Rx4,  Ry1
}{\expnd0\expndtw-2\cgrid to }{\expnd0\expndtw-2\b\cgrid Ry4, Rzl
}{\expnd0\expndtw-2\cgrid to }{\expnd0\expndtw-2\b\cgrid Rz4),
}{\expnd0\expndtw-2\cgrid which are gauge resistances on
}{\expnd0\expndtw0\cgrid the sensor substrate }{\expnd0\expndtw0 \b\cgrid
1. \par }\qr\li0\ri36\sb144\sl-311\slmult0\nowidctlpar\adjustright
\expnd0\expndtw3\cgrid {By the way, as shown in FIG. 5, the sensor
substrate }{\b\cgrid 1 }{has the two input \par
}\qj\fi-432\li648\ri0\sb108\sl-416\slmult0\nowidctlpar\adjustright
\expnd0\expndtw1\cgrid {5 terminals }{\b\cgrid (VDD, GND) }{shared by the
three bridge circuits }{\b\cgrid (Bx, By, Bz), }{the two
}{\expnd0\expndtw-1\cgrid output terminals }{\expnd0 \expndtw-1\b\cgrid
(Xl, X2) }{\expnd0\expndtw-1\cgrid of the bridge circuit
}{\expnd0\expndtw-1\b\cgrid Bx, }{\expnd0\expndtw-1\cgrid the two output
terminals }{\expnd0\expndtw-1\b\cgrid (Y1, }{\expnd0\expndtw-3\b\cgrid Y2)
}{\expnd0\expndtw-3\cgrid of th e bridge circuit
}{\expnd0\expndtw-3\b\cgrid By, }{\expnd0\expndtw-3\cgrid and the two
output terminals }{\expnd0\expndtw-3\b\cgrid (Z1, Z2)
}{\expnd0\expndtw-3\cgrid of the bridge }{\expnd0\expndtw4\cgrid circuit
}{\expnd0\expndtw4\b\cgrid Bz. }{\expnd0 \expndtw4\cgrid These input
terminals }{\expnd0\expndtw4\b\cgrid (VDD, GND) }{\expnd0\expndtw4\cgrid
and output terminals }{\expnd0\expndtw4\b\cgrid (Xl, X2,
}{\expnd0\expndtw-1\b\cgrid Yl, Y2, Z1, Z2) }{\expnd0\expndtw-1\cgrid are
formed on the surface f acing the first package substrate
}{\expnd0\expndtw-1\b\cgrid 2 }{\expnd0\expndtw-1\cgrid by \par
}\fi-576\sl-413\slmult0\nowidctlpar\adjustright \expnd1\expndtw6\cgrid {10
the second metal layers }{\b\cgrid 19, }{and electrically connected to the
through-hole }{\expnd0\expndtw4\cgrid wirings }{\expnd0\expndtw4\b\cgrid 24
}{\expnd0\expndtw4 \cgrid formed in the first package substrate
}{\expnd0\expndtw4\b\cgrid 2. }{\expnd0\expndtw4\cgrid That is, in the
present }{\expnd0\expndtw1\cgrid embodiment, the second metal layers
}{\expnd0\expndtw1\b\cgrid 19 }{\expnd0\expndtw1\cgrid are formed at e ight
locations on the sensor substrate }{\expnd0\expndtw1\b\cgrid 1,
}{\expnd0\expndtw1\cgrid and eight through-hole wiring
}{\expnd0\expndtw1\b\cgrid 24 }{\expnd0\expndtw1\cgrid are formed in the
first }{\expnd0\expndtw3\cgrid package substrate }{\expnd0
\expndtw3\b\cgrid 2. }{\expnd0\expndtw3\cgrid Each of the second metal
layers }{\expnd0\expndtw3\b\cgrid 19 }{\expnd0\expndtw3\cgrid formed at the
eight \par }\sl-415\slmult0\nowidctlpar\adjustright \expnd0\expndtw0\cgrid
{15 locations is configured in a rectangular outer peripheral shape (a
square outer }{\expnd0\expndtw3\cgrid peripheral shape in the present
embodiment). In addition, the second metal }{ 



layers }{\b\cgrid 19 }{are arranged away from each other in the
circumferential direction of }{\expnd0\expndtw2\cgrid the frame portion
}{\expnd0\expndtw2\b\cgrid 11. }{\expnd0\expndtw2\cgrid In the present
embodiment, a pair of the second metal layers }{ \expnd0\expndtw2\b\cgrid
19 }{\expnd0\expndtw2\cgrid is disposed at each of four sides of the frame
portion }{\expnd0\expndtw2\b\cgrid 11 }{\expnd0\expndtw2\cgrid having the
\par }\ql\fi0\li0\sb72\sl-275\slmult0\nowidctlpar\adjustright
\expnd2\expndtw12\cgrid {20 rectangular shape. \par
}\li720\sb108\sl-268\slmult0\nowidctlpar\adjustright \expnd0\expndtw4\cgrid
{(Second Embodiment) \par
}\qr\li0\sb180\sl-426\slmult0\nowidctlpar\adjustright
\expnd2\expndtw10\cgrid {As shown in FIGS. 14A to 14C, a wafer level
package structure of the\line }{\expnd0\expndtw2\cgrid present embodiment
is substantially the same as that of the first embodi ment\line
}{\expnd3\expndtw15\cgrid except that the sensor substrate
}{\expnd3\expndtw15\b\cgrid 1 }{\expnd3\expndtw15\cgrid has an IC region
}{\expnd3\expndtw15\b\cgrid E2 }{\expnd3\expndtw15\cgrid other than an\line
}{\expnd0\expndtw4\cgrid 25 accelerat ion sensor unit, and the IC region
}{\expnd0\expndtw4\b\cgrid E2 }{\expnd0\expndtw4\cgrid comprises an
integrated circuit\line }{\expnd4\expndtw21\cgrid (i.e., CMOS IC) using
CMOS and operable in collaboration with the\line }{\expnd3\expndtw15\cgrid
piezo resistive elements }{\expnd3\expndtw15\b\cgrid (Rxl
}{\expnd3\expndtw15\cgrid to }{\expnd3\expndtw15\b\cgrid Rx4, Ryl
}{\expnd3\expndtw15\cgrid to }{\expnd3\expndtw15\b\cgrid Ry4, Rzl
}{\expnd3\expndtw15\cgrid to }{\expnd3\expndtw15\b\cgrid Rz4) }{\expnd3
\expndtw15\cgrid of gauge\line }{\expnd2\expndtw13\cgrid resistances (i.e.,
a sensing portion). The integrated circuit is formed by\line
}{\expnd0\expndtw2\cgrid integrating a signal processing circuit configured
to execute signal processing\line }{ \expnd1\expndtw9\cgrid 30 such as
amplification, offset adjustment and temperature compensation to \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1301\margrsxn1255\margtsxn1502\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl-207\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs21\charscalex95\cgrid {25 \par
}\qj\fi72\li648\sb144\sl-403\slmult0\nowidctlpar\adjustright
\fs22\expnd1\expndtw9\charscalex100\cgrid {output signals of the bridge
circuits }{\b\cgrid (Bx, By, Bz) }{explained in the first
}{\expnd0\expndtw1\cgrid embodiment, and an EEPROM for stor ing data used
in the signal processing circuit. Therefore, in the following explanation,
the same components as those }{\expnd0\expndtw2\cgrid in the first
embodiment are denoted by the same reference numerals, and the \par }\pard
\s11\li216\sb108\sl-268\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustr
ight \plain \cs5\f10\fs22\expnd1\expndtw6\cgrid {5 duplicate explanation
will be omitted. \par }\pard
\s2\qj\fi432\li648\ri72\sb144\sl-405\slmult0\nowidctlpar\aspalpha\aspnum\no
cwrap\adjustright \plain \cs3\f10\fs22\expnd0\expndtw3\cgrid {As shown in
FIGS. 15A and 15B, the sensor substrate }{\b\cgrid 1 }{of the present
}{\expnd0\expndtw-1 \cgrid embodiment is formed with a sensor region
}{\expnd0\expndtw-1\b\cgrid El }{\expnd0\expndtw-1\cgrid comprising a part
of the frame }{\expnd-1\expndtw-5\cgrid portion
}{\expnd-1\expndtw-5\b\cgrid 11 }{\expnd-1\expndtw-5\cgrid explained in the
first e mbodiment, the weight portion }{\expnd-1\expndtw-5\b\cgrid 12,
}{\expnd-1\expndtw-5\cgrid the flexible }{portions }{\b\cgrid 13, }{and the
piezoresistive elements }{\b\cgrid (Rx1 }{to }{\b\cgrid Rx4, Ryl }{to
}{\b\cgrid Ry4, Rzl }{to \par }\pard
\s9\qj\fi-576\li648\ri72\sb108\sl-412\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs10\f10\fs22\expnd0\expndtw4\cgrid {10
}{\b\cgrid Rz4), }{the IC region }{\b\cgrid E2 }{having the integrated
circuit described above, and a  }{\expnd1\expndtw8\cgrid bonding region
}{\expnd1\expndtw8\b\cgrid E3 }{\expnd1\expndtw8\cgrid having the first
metal layer }{\expnd1\expndtw8\b\cgrid 18 }{\expnd1\expndtw8\cgrid
explained in the first }{\expnd0\expndtw0\cgrid embodiment. In a plan view,
a layout of those regions }{\expnd0\expndtw0\b\cgrid (El, E2, E3)
}{\expnd0\expndtw0\cgrid is designed such that the sensor region
}{\expnd0\expndtw0\b\cgrid El }{\expnd0\expndtw0\cgrid is positioned at a
substantially center portion of }{\expnd0 \expndtw-1\cgrid the sensor
substrate }{\expnd0\expndtw-1\b\cgrid 1, }{\expnd0\expndtw-1\cgrid the IC
region }{\expnd0\expndtw-1\b\cgrid E2 }{\expnd0\expndtw-1\cgrid is formed
around the sensor region }{\expnd0\expndtw-1\b\cgrid El, 



\par }\sl-410\slmult0\nowidctlpar\adjustright \expnd1\expndtw8\cgrid {15
and the bonding region }{\b\cgrid E3 }{is formed around the IC region
}{\b\cgrid E2. }{The frame }{\expnd0\expndtw0\cgrid portion
}{\expnd0\expndtw0\b\cgrid 11 }{\expnd0\expndtw0 \cgrid of the sensor
substrate }{\expnd0\expndtw0\b\cgrid 1 }{\expnd0\expndtw0\cgrid of the
present embodiment has a larger }{\expnd0\expndtw-3\cgrid outside dimension
than that of the first embodiment. In other words, since the
}{\expnd0\expndtw0\cgrid s ensor substrate }{\expnd0\expndtw0\b\cgrid 1
}{\expnd0\expndtw0\cgrid has an increased width dimension of the frame
portion }{\expnd0\expndtw0\b\cgrid 11, }{\expnd0\expndtw1\cgrid the
integrate circuit can be mounted on the frame portion }{\expnd0
\expndtw1\b\cgrid 11. \par }\pard
\s11\sb108\sl-289\slmult0\nowidctlpar\tqr\tx9198\aspalpha\aspnum\nocwrap\ad
justright \plain \cs5\f10\fs22\cgrid {20\tab }{\expnd0\expndtw-1\cgrid The
semiconductor wafer }{\expnd0\expndtw-1\b\cgrid 10
}{\expnd0\expndtw-1\cgrid is formed by use  of an SOI wafer, as in the case
\par }\pard
\s2\qr\sb108\sl-428\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs3\f10\fs22\expnd1\expndtw9\cgrid {of the first embodiment. The IC
region }{\b\cgrid E2 }{is preferably formed by using a\line
}{\expnd0\expndtw4\cgrid multil ayer wiring technique to achieve a
reduction in occupied area of the IC\line region }{\expnd0\expndtw4\b\cgrid
E2 }{\expnd0\expndtw4\cgrid on the sensor substrate
}{\expnd0\expndtw4\b\cgrid 1. }{\expnd0\expndtw4\cgrid For example, in the
IC region }{ \expnd0\expndtw4\b\cgrid E2 }{\expnd0\expndtw4\cgrid of
the\line }{\expnd1\expndtw6\cgrid sensor substrate
}{\expnd1\expndtw6\b\cgrid 1, }{\expnd1\expndtw6\cgrid an insulating film
}{\expnd1\expndtw6\b\cgrid 16 }{\expnd1\expndtw6\cgrid is formed by a lami
nated film of a\line }{\expnd0\expndtw2\cgrid 25 silicon oxide film on the
silicon layer 10c and a silicon nitride film on the silicon\line
}{\expnd2\expndtw12\cgrid oxide film. On the insulating film
}{\expnd2\expndtw12\b\cgrid 16, }{\expnd2\expndtw12 \cgrid a multilayer
structure portion }{\expnd2\expndtw12\b\cgrid 41\line
}{\expnd0\expndtw4\cgrid comprising an interlayer insulation film and a
passivation film is formed. By\line }{\expnd0\expndtw1\cgrid appropriately
removing a par of the passivation  film, a plurality of pads
}{\expnd0\expndtw1\b\cgrid 42 }{\expnd0\expndtw1\cgrid can\line
}{\expnd0\expndtw3\cgrid be exposed. Each of the pads
}{\expnd0\expndtw3\b\cgrid 42 }{\expnd0\expndtw3\cgrid is electrically
connected to the second metal\line }{ \expnd0\expndtw2\cgrid 30 layer
}{\expnd0\expndtw2\b\cgrid 19 }{\expnd0\expndtw2\cgrid on the insulating
film }{\expnd0\expndtw2\b\cgrid 16 }{\expnd0\expndtw2\cgrid of the bonding
region }{\expnd0\expndtw2\b\cgrid E3 }{\expnd0\expndtw2\cgrid through an ou
tgoing \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1326\margrsxn1230\margtsxn1542\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl-211\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {26 \par
}\qj\li720\sb108\sl-410\slmult0\nowidctlpar\adjustright
\expnd0\expndtw4\cgrid {wiring }{\f16\fs24\b\cgrid 43 }{made of a metal
material such as Au. In the present embodiment, }{\expnd0\expndtw1\cgrid
the outgoing wiring 43 and the second metal layer  19 are made of the same
}{\expnd0\expndtw2\cgrid material, and integrally formed in a continuous
manner. A part of the plural }{\expnd1\expndtw5\cgrid pads 42 formed on the
IC region E2 is electrically connected to the sensing \par }\pard
\s4\qj\fi-432\li648\sb108\sl-405\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs5\f10\fs22\expnd3\expndtw15\cgrid {5 portion
through the signal processing portion, and the other pads are
}{\expnd0\expndtw-2\cgrid electricall y connected to the sensing portion
not through the signal processing }{\expnd0\expndtw3\cgrid portion. In
either case, through-hole wirings 24 of the first package substrate
}{\expnd0\expndtw0\cgrid 2 are electrically connected to the gauge
resistances of  the sensing portion. \par }\pard
\s2\qr\ri108\sb108\sl-311\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjus
tright \plain \cs3\f10\fs22\expnd1\expndtw9\cgrid {In the present
embodiment, a concave portion 21 of the first package 



\par }\pard
\s4\qj\fi-576\li648\sb108\sl-396\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs5\f10\fs22\expnd0\expndtw4\cgrid {10 substrate 2 is
formed to be larger than that of the first embodiment such that
}{\expnd0\expndtw1\cgrid the  sensor region El and the IC region E2 are
accommodated in the concave portion. The multilayer structure portion 41 of
the IC region E2 is disposed in }{\expnd0\expndtw0\cgrid the concave
portion 21. \par }\pard
\s2\qr\ri108\sb144\sl-283\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjus
tright \plain \cs3\f10\fs22\cgrid {Referring to FIGS. 16A to 16D, a
production method of the sensor substrate \par
}\qj\fi-576\li648\ri72\sb108\sl-361\slmult0\nowidctlpar\adjustright
\expnd1\expndtw5\cgrid {15 1 of the present embodiment is explained below.
Each of FIGS. 16A to 16D }{\expnd0\expndtw0\cgrid corresponds to a cross
section taken along the line A-A'  in FIG. 15A. \par
}\fi432\sb144\sl-391\slmult0\nowidctlpar\adjustright \expnd0\expndtw4\cgrid
{First, diffusion layer wirings for the piezoresistive elements (Rxl to
Rx4, }{\expnd1\expndtw9\cgrid Ryl to Ry4, Rzl to Rz4) and the bridge
circuits (Bx, By, Bz), and circui t }{\expnd0\expndtw0\cgrid elements of
the integrated circuit described above are formed by using a CMOS \par
}\pard
\s4\qj\fi-648\li648\ri72\sb108\sl-410\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs22\expnd1\expndtw6\cgrid {20 process
technique and so on. In a stage where a step of exposing the pads 42
}{\expnd0\expndtw4\cgrid  of the IC region E2 has been finished, the
multilayer structure portion 41 }{\expnd0\expndtw0\cgrid extends over the
bonding region E3 as well as the sensor region El. No metal
}{\expnd0\expndtw4\cgrid wiring is formed on regions corresponding to the
sens or region El and the }{\expnd0\expndtw1\cgrid bonding region E3 of the
multilayer structure portion 41. \par }\pard
\s2\sb108\sl-304\slmult0\nowidctlpar\tqr\tx9187\aspalpha\aspnum\nocwrap\adj
ustright \plain \cs3\f10\fs22\cgrid {25\tab }{\expnd0\expndtw2\cgrid After
finishing the step of exposing the pads 42, a patterned resist layer is
\par }\pard
\s2\qr\sb108\sl-419\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\expnd1\expndtw6\cgrid {formed such that the regions corresponding to the
sensor region El and the\line }{\expnd1\expndtw9\cgrid bonding region E3 of
the multilayer st ructure portion 41 are exposed. By\line
}{\expnd0\expndtw0\cgrid using this resist layer as an etching mask, the
exposed regions of the multilayer\line }{\expnd0\expndtw4\cgrid structure
portion 41 are wet-etched and removed by using the silicon nitride \line
}{\expnd0\expndtw2\cgrid 30 film of the insulating film
}{\f16\fs24\expnd0\expndtw2\b\cgrid 16 }{\expnd0\expndtw2\cgrid on the
silicon layer 10c as an etching stopper layer. \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1316\margrsxn1240\margtsxn1502\m
argbsxn1562\linex0\sectdefaultcl\pard\plain
\s2\li4752\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {27 \par
}\li720\sb108\sl-328\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-4\cgrid {Subsequently, by removing the resist layer, the
structure shown in FIG. 16A is }{\expnd0\expndtw0\cgrid obtained. \par
}\qj\fi504\li648\sb180\sl-375\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-3\cgrid {Next, the first metal layer
}{\b\charscalex105\cgrid 18, }{the second metal layers
}{\b\charscalex105\cgrid 19 }{and the outgoing }{\expnd0\expndtw1\cgrid
wirings  }{\expnd0\expndtw1\b\charscalex105\cgrid 43
}{\expnd0\expndtw1\cgrid are formed by using a thin-film forming method
such as sputtering \par
}\fi-432\sb108\sl-412\slmult0\nowidctlpar\adjustright
\expnd0\expndtw2\cgrid {5 and conventional lithography and etching
techniques. Then, a patterned resist }{\expnd0\expndtw-1\cgrid layer is
formed on the insulating film }{\expnd0\expndtw-1\b \charscalex105\cgrid 16
}{\expnd0\expndtw-1\cgrid at the general surface side of the SOI wafer such
that regions corresponding to the frame portion
}{\expnd0\expndtw-1\b\charscalex105\cgrid 11, }{\expnd0\expndtw-1\cgrid the
core section }{\b\charscalex105 \cgrid 12a }{of the weight portion
}{\b\charscalex105\cgrid 12 }{and the flexible portions
}{\b\charscalex105\cgrid 13 }{are covered by the }{\expnd0\expndtw0\cgrid
resist layer, and the other regions are exposed. By using this resist layer
as an 



\par }\pard
\s4\qj\fi-576\li648\sb108\sl-409\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs5\f10\fs22\expnd0\expndtw2\cgrid {10 etching mask,
a surface patterning process is performed. That is, the exposed
}{\expnd0\expndtw1\cgrid regi ons of the insulating film
}{\expnd0\expndtw1\b\charscalex105\cgrid 16 }{\expnd0\expndtw1\cgrid are
etched and removed to perform patterning }{\expnd0\expndtw0\cgrid of the
insulating film }{\expnd0\expndtw0\b\charscalex105\cgrid 16.
}{\expnd0\expndtw0 \cgrid This etching step is further continued by using
the }{\expnd0\expndtw-4\cgrid insulating layer
}{\expnd0\expndtw-4\b\charscalex105\cgrid 10b }{\expnd0\expndtw-4\cgrid as
an etching stopper layer so as to have an etching depth }{\expnd0\expndtw-2
\cgrid reaching the insulating layer
}{\expnd0\expndtw-2\b\charscalex105\cgrid 10b }{\expnd0\expndtw-2\cgrid
from the general surface side of the SOI wafer. \par
}\fi-504\li576\sl-413\slmult0\nowidctlpar\adjustright {15 Subsequently, by
removing this resist layer, a structure shown in FIG. 16B is
}{\expnd0\expndtw1\cgrid obtained. As a result of this surface patterning
process, the silicon layer 10c of }{ \expnd0\expndtw-2\cgrid the SOT wafer
remains at the regions corresponding to the frame portion
}{\expnd0\expndtw-2\b\charscalex105\cgrid 11, }{\expnd0\expndtw-2\cgrid the
}{\expnd1\expndtw7\cgrid core section
}{\expnd1\expndtw7\b\charscalex105\cgrid 12a  }{\expnd1\expndtw7\cgrid and
the flexible portions }{\expnd1\expndtw7\b\charscalex105\cgrid 13.
}{\expnd1\expndtw7\cgrid As the etching step of this
}{\expnd0\expndtw-1\cgrid surface patterning process, for example, it is
preferred to perform dry etching  by \par
}\fi-576\sl-384\slmult0\nowidctlpar\adjustright \expnd1\expndtw6\cgrid {20
use of an inductively-coupled plasma (ICP) type dry etching apparatus. The
}{\expnd0\expndtw3\cgrid etching condition is set such that the insulating
layer }{\expnd0\expndtw3 \b\charscalex105\cgrid 10b
}{\expnd0\expndtw3\cgrid functions as the }{\expnd0\expndtw0\cgrid etching
stopper layer. \par }\pard
\s2\qr\sb144\sl-425\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs3\f10\fs22\expnd1\expndtw6\cgrid {After the surface patterning
process described above, a patterned resist\line }{\expnd0\expndtw-1\cgrid
layer is formed on  a silicon oxide film
}{\expnd0\expndtw-1\b\charscalex105\cgrid 10d }{\expnd0\expndtw-1\cgrid at
the rear surface side of the support\line }{25 substrate 10a of the SOI
wafer such that regions corresponding to the frame\line
}{\expnd0\expndtw1\cgrid portio n }{\expnd0\expndtw1\b\charscalex105\cgrid
11, }{\expnd0\expndtw1\cgrid the core section
}{\expnd0\expndtw1\b\charscalex105\cgrid 12a }{\expnd0\expndtw1\cgrid and
the weights }{\expnd0\expndtw1\b\charscalex105\cgrid 12b
}{\expnd0\expndtw1\cgrid are covere d by the resist\line
}{\expnd2\expndtw10\cgrid layer and the other regions are exposed. By using
this resist layer as the\line }{\expnd1\expndtw8\cgrid etching mask, a
rear-surface patterning process is performed. That is, the\line
}{\expnd0\expndtw0 \cgrid exposed regions of the silicon oxide film
}{\expnd0\expndtw0\b\charscalex105\cgrid 10d }{\expnd0\expndtw0\cgrid are
etched and removed to perform\line }{30 patterning of the silicon oxide
film }{\b\charscalex105\cgrid 10d. }{After the resist layer  is removed,
dry \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1330\margrsxn1226\margbsxn1562\l
inex0\sectdefaultcl\pard\plain
\s2\li4824\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {28 \par
}\qj\li720\ri72\sb72\sl-400\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {etching is further performed in a substantially
vertical direction by using the }{\expnd-1\expndtw-7\cgrid silicon oxide
film }{\expnd-1\expndtw-7\b\charscalex105 \cgrid 10d
}{\expnd-1\expndtw-7\cgrid as the etching stopper layer so as to have an
etching depth }{\expnd0\expndtw-2\cgrid reaching the insulating layer
}{\expnd0\expndtw-2\b\charscalex105\cgrid 10b }{\expnd0\expndtw-2\cgrid
from the rear surface side of  the SOI wafer. }{\expnd0\expndtw3\cgrid
Thus, a structure shown in FIG. 16C is obtained. As a result of this
surface \par }\fi-432\li648\sb108\sl-415\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {5 patterning process, the support substrate
}{\b\charscalex105\cgrid 10a }{of the SOI wafer remains at the regions
corresponding to the frame portion }{\b 



\charscalex105\cgrid 11, }{the core section }{\b\charscalex105\cgrid 12a
}{and the weights }{\b\charscalex105\cgrid 12b. }{As an etching apparatus
for this rear-surface patterning process, }{\expnd0\expndtw-2\cgrid for
example, it is preferred to use an i nductively-coupled plasma (ICP) type
dry }{\expnd0\expndtw1\cgrid etching apparatus. The etching condition is
set such that the insulating layer \par
}\ql\fi0\li72\ri0\sl-289\slmult0\nowidctlpar\adjustright
\expnd0\expndtw4\cgrid {10 }{\b\charscalex105\cgrid 10b }{functions as the
etching stopper layer. \par
}\qj\fi432\li648\ri72\sb144\sl-401\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {After the rear-surface patterning process, a
separation process is performed to form the frame portion
}{\b\charscalex105\cgrid 11, }{the flexible portions }{
\b\charscalex105\cgrid 13 }{and the weight portion }{\b\charscalex105\cgrid
12 }{\expnd0\expndtw1\cgrid by etching and removing undesired portions by
means of wet etching, while }{\expnd0\expndtw0\cgrid leaving the regions
corresponding to the frame porti on
}{\expnd0\expndtw0\b\charscalex105\cgrid 11 }{\expnd0\expndtw0\cgrid and
the core section \par }\fi-576\sb108\sl-377\slmult0\nowidctlpar\adjustright
\expnd0\expndtw2\cgrid {15 }{\b\charscalex105\cgrid 12a }{of the insulating
film }{\b\charscalex105\cgrid 10b. }{As a result, a structure shown in FIG.
16D is obtained. In this separation process,  the silicon oxide film
}{\b\charscalex105\cgrid 10d }{on the rear }{\expnd0\expndtw0\cgrid surface
of the SOI wafer is also etched and removed. \par
}\qr\fi0\li0\ri0\sb144\sl-429\slmult0\nowidctlpar\adjustright
\expnd2\expndtw11\cgrid {The wafer level package structure
}{\b\charscalex105\cgrid 100 }{of the present embodiment is\line
}{\expnd0\expndtw1\cgrid obtained by bonding each of the first p ackage
substrate }{\expnd0\expndtw1\b\charscalex105\cgrid 2
}{\expnd0\expndtw1\cgrid shown in FIGS. 17A\line }{\expnd1\expndtw5\cgrid
20 and 17B and the second package substrate
}{\expnd1\expndtw5\b\charscalex105\cgrid 3 }{\expnd1\expndtw5\cgrid shown
in  FIGS. 18A and 18B to\line }{\expnd2\expndtw12\cgrid the sensor
substrate }{\expnd2\expndtw12\b\charscalex105\cgrid 1
}{\expnd2\expndtw12\cgrid at room temperature in a wafer level. That is,
by\line }{\expnd0\expndtw2\cgrid room-temperature bonding between  the
activated surfaces (Au-Au surfaces) of\line }{\expnd0\expndtw1\cgrid the
first metal layer }{\expnd0\expndtw1\b\charscalex105\cgrid 18
}{\expnd0\expndtw1\cgrid of the sensor substrate
}{\expnd0\expndtw1\b\charscalex105\cgrid 1 }{\expnd0\expndtw1 \cgrid and
the metal layer }{\expnd0\expndtw1\b\charscalex105\cgrid 28
}{\expnd0\expndtw1\cgrid of the\line }{\expnd0\expndtw0\cgrid first package
substrate }{\expnd0\expndtw0\b\charscalex105\cgrid 2
}{\expnd0\expndtw0\cgrid and room-temperature bonding b etween the
activated\line }{\expnd1\expndtw7\cgrid 25 surfaces (Au-Au solid-phase
bonding) of the second metal layers
}{\expnd1\expndtw7\b\charscalex105\cgrid 19 }{\expnd1\expndtw7\cgrid and
the\line wiring layers }{\expnd1\expndtw7\b\charscalex105\cgrid  29
}{\expnd1\expndtw7\cgrid of the first package substrate
}{\expnd1\expndtw7\b\charscalex105\cgrid 2, }{\expnd1\expndtw7\cgrid the
sensor substrate }{\expnd1\expndtw7\b\charscalex105\cgrid 1
}{\expnd1\expndtw7\cgrid is\line }{\expnd3\expndtw18\cgrid inte grated with
the first package substrate }{\expnd3\expndtw18\b\charscalex105\cgrid 2.
}{\expnd3\expndtw18\cgrid On the other hand, by\line
}{\expnd0\expndtw4\cgrid room-temperature bonding between the activated
surfaces (Si-Si solid-phase\line }{\expnd1 \expndtw7\cgrid bonding) of the
frame portion }{\expnd1\expndtw7\b\charscalex105\cgrid 11
}{\expnd1\expndtw7\cgrid of the sensor substrate
}{\expnd1\expndtw7\b\charscalex105\cgrid 1 }{\expnd1\expndtw7\cgrid and the
second\line }{\expnd2\expndtw10\cgrid 30  package substrate
}{\expnd2\expndtw10\b\charscalex105\cgrid 3, }{\expnd2\expndtw10\cgrid the
sensor substrate }{\expnd2\expndtw10\b\charscalex105\cgrid 1
}{\expnd2\expndtw10\cgrid is integrated with the second \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1286\margrsxn1270\margtsxn1622\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4752\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {29 \par
}\li720\sb36\sl-269\slmult0\nowidctlpar\adjustright {package substrate
}{\b\charscalex105\cgrid 3. \par
}\qj\fi432\ri72\sb144\sl-394\slmult0\nowidctlpar\adjustright {The
acceleration sensor device of the present embodiment can be obtained by a
dicing process of cutting the thus obtained wafer level package structure
}{\expnd0\expndtw3\b\charscalex105 



\cgrid 100 }{\expnd0\expndtw3\cgrid into a predetermined size (a desired
chip size). The acceleration sensor \par
}\fi-432\li648\sb108\sl-413\slmult0\nowidctlpar\adjustright {5 device of
FIG. 14C corresponds to a cross section of a region surrounded by the
}{\expnd0\expndtw-2\cgrid dotted circle
}{\expnd0\expndtw-2\b\charscalex105\cgrid "A" }{\expnd0\expndtw-2 \cgrid of
the wafer level package structure }{\expnd0\expndtw-2\b\charscalex105\cgrid
100 }{\expnd0\expndtw-2\cgrid shown in FIG. 14A. }{\expnd-1\expndtw-5\cgrid
Therefore, the first and second package substrates
}{\expnd-1\expndtw-5\b\charscalex105 \cgrid (2, 3)
}{\expnd-1\expndtw-5\cgrid have the same outside }{dimension as the sensor
substrate }{\b\charscalex105\cgrid 1. }{As a result, a compact chip size
package can be realized, and the manufacturing process becomes easy. \par
}\pard
\s11\li72\sb144\sl-311\slmult0\nowidctlpar\tqr\tx9234\aspalpha\aspnum\nocwr
ap\adjustright \plain \cs5\f10\fs22\cgrid {10\tab }{\expnd0\expndtw4\cgrid
In addition, since the IC chip including the integrated circuit operable in
\par }\pard
\s2\qj\li648\ri72\sb72\sl-409\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\a
djustright \plain \cs3\f10\fs22\expnd0\expndtw4\cgrid {collaboration with
the gauge resistances is built in the acceleration sensor
}{\expnd0\expndtw-4\cgrid device of  the present embodiment, it is possible
to achieve downsizing and cost }{\expnd0\expndtw0\cgrid reduction, as
compared with conventional sensor modules. Furthermore, an
}{\expnd0\expndtw3\cgrid improvement in sensor characteristics can be
achieved by short ening wiring \par }\pard
\s11\li72\sb108\sl-296\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustri
ght \plain \cs5\f10\fs22\expnd0\expndtw3\cgrid {15 lengths between the
gauge resistances and the integrated circuit. \par }\pard
\s2\li792\sb108\sl-268\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustri
ght \plain \cs3\f10\fs22\expnd0\expndtw2\cgrid {(Third Embodiment) \par
}\qj\fi432\li648\ri72\sb144\sl-396\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {In each of the above embodiments, the
piezoresistance type acceleration }{\expnd1\expndtw5\cgrid sensor was used
as the sensor unit. The technical concept of t he present
}{\expnd0\expndtw1\cgrid invention is also available to the other sensor
unit such as a capacitance type \par
}\fi-648\sb108\sl-413\slmult0\nowidctlpar\adjustright
\expnd0\expndtw3\cgrid {20 acceleration sensor or a gyro sensor. The
present embodiment is characterized }{\expnd0\expndtw1\cgrid by forming a
gyro sensor unit on a sensor substrate. The other con figurations }{of the
present embodiment are substantially the same as those of the first
}{\expnd0\expndtw1\cgrid embodiment. Therefore, a bonding portion between
the sensor substrate }{\expnd0\expndtw1\b\charscalex105\cgrid 101
}{\expnd0\expndtw0\cgrid a nd each of the first and second package
substrates }{\expnd0\expndtw0\b\charscalex105\cgrid (102, 103)
}{\expnd0\expndtw0\cgrid can be formed \par }\pard
\s11\sb108\sl-268\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs5\f10\fs22\expnd0\expndtw4\cgrid {25 according to the same manner
as the first embodiment. \par }\pard
\s2\qr\sb144\sl-416\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs3\f10\fs22\expnd0\expndtw1\cgrid {A wafer level package structure
of the present embodiment has a structure\line }{\expnd0\expndtw2\cgrid
comprising a semico nductor wafer with a plurality of gyro sensor units, a
first\line package wafer bonded to one of opposite surfaces of the
semiconductor wafer,\line and a second package wafer bonded to the other
surface of the semiconductor\line }{\expnd0\expndtw3\cgrid 3 0 wafer. In
the following explanation, a region for forming each of the gyro sensor
\par
}\pard\plain\sect\sectd\stextflow0\marglsxn1319\margrsxn1237\margtsxn1522\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4680\sl-212\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\b\cgrid {30 \par }\pard
\s6\qj\fi72\li648\sb108\sl-404\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\
adjustright \plain \cs5\f10\fs22\expnd0\expndtw1\cgrid {units of the
semiconductor wafer is defined as the sensor substrate 101. In
}{\expnd0\expndtw-1\cgrid addition,  



a region facing each of the sensor substrates }{\expnd0\expndtw-1\b\cgrid
101 }{\expnd0\expndtw-1\cgrid of the first package }{\expnd0\expndtw2\cgrid
wafer is defined as the first package substrate }{\expnd0\expndtw2\b\cgrid
102. }{\expnd0\expndtw2\cgrid  Similarly, a region facing
}{\expnd0\expndtw-1\cgrid each of the sensor substrates
}{\expnd0\expndtw-1\b\cgrid 101 }{\expnd0\expndtw-1\cgrid of the second
package wafer is defined as the \par }\pard
\s2\li216\sb108\sl-269\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustri
ght \plain \cs3\f10\fs22\expnd1\expndtw8\cgrid {5 second package substrate
}{\b\cgrid 103. \par }\pard
\s6\qj\fi432\li648\sb144\sl-402\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap
\adjustright \plain \cs5\f10\fs22\expnd0\expndtw-2\cgrid {In the present
embodiment, the sensor substrate }{\b\cgrid 101 }{is formed by use of a
}{\expnd0\expndtw-1 \cgrid silicon substrate having a resistivity of 0.2 Q
cm Each of the first and second }{\expnd0\expndtw-3\cgrid package
substrates }{\expnd0\expndtw-3\b\cgrid (102, 103) }{\expnd0\expndtw-3\cgrid
is formed by use of a silicon substrate having a }{\expnd2 \expndtw11\cgrid
resistivity of 20 Q cm. These resistivity values are illustrative only, and
\par }\pard
\s2\li72\sb108\sl-268\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustrig
ht \plain \cs3\f10\fs22\expnd0\expndtw4\cgrid {10 therefore the present
invention is not limited to them. \par }\pard
\s6\qj\fi432\li648\ri72\sb144\sl-402\slmult0\nowidctlpar\aspalpha\aspnum\no
cwrap\adjustright \plain \cs5\f10\fs22\expnd0\expndtw-3\cgrid {As shown in
FIG. 19, the gyro sensor unit is mainly formed with a movable
}{\expnd0\expndtw-1\cgrid porti on comprising a first mass body
}{\expnd0\expndtw-1\b\cgrid 111, }{\expnd0\expndtw-1\cgrid which can be
vibrated by vibrating }{\expnd-1\expndtw-5\cgrid means, and a second mass
body }{\expnd-1\expndtw-5\b\cgrid 112 }{\expnd-1\expndtw-5\cgrid coupled to
t he first mass body }{\expnd-1\expndtw-5\b\cgrid 111,
}{\expnd-1\expndtw-5\cgrid and a }{\expnd0\expndtw0\cgrid detecting portion
configured to convert a positional displacement of the second \par }\pard
\s2\qj\fi-504\li576\ri72\sb108\sl-368\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs3\f10\fs22\cgrid {15 mass body }{\b\cgrid 112,
}{which is caused when a rotational force is applied during the vibration
of the first mass  body }{\b\cgrid 111, }{into an electrical signal. \par
}\fi432\sb144\sl-392\slmult0\nowidctlpar\adjustright \expnd0\expndtw2\cgrid
{That is, the first mass body }{\b\cgrid 111 }{and the second mass body
}{\b\cgrid 112, }{each of }{\expnd0\expndtw-2\cgrid which has substantially
a rectangular outer periph eral shape in plan view, are
}{\expnd0\expndtw3\cgrid arranged in parallel along a surface of the sensor
substrate }{\expnd0\expndtw3\b\cgrid 101. }{\expnd0\expndtw3\cgrid In
addition, \par }\fi-576\sb108\sl-415\slmult0\nowidctlpar\adjustright
\expnd0\expndtw4\cgrid {20 the sensor substrate }{\b\cgrid 101 }{has a
frame portion }{\b\cgrid 110 }{(e.g., a rectangular frame
}{\expnd0\expndtw-4\cgrid portion in the present embodiment) extend ing
around the first and second mass }{\expnd1\expndtw7\cgrid bodies
}{\expnd1\expndtw7\b\cgrid (111, 112). }{\expnd1\expndtw7\cgrid In the
present embodiment, an orthogonal coordinate }{\expnd0\expndtw0\cgrid
system is defmed, as shown at a lower right p ortion in each of FIGS. 19 to
23. }{\expnd0\expndtw3\cgrid That is, a direction of arranging the first
and second mass bodies }{\expnd0\expndtw3\b\cgrid (111, 112) \par
}\sl-414\slmult0\nowidctlpar\adjustright \expnd0\expndtw0\cgrid {25
corresponds to the "y" axis direction, and a direction orthogonal to the
"y" axis }{\expnd0\expndtw1\cgrid direction in a plane extending along the
surface of the sensor substrate }{ \expnd0\expndtw1\b\cgrid 101
}{\expnd0\expndtw1\cgrid corresponds to the
}{\f16\fs29\expnd0\expndtw1\i\cgrid "x" }{\expnd0\expndtw1\cgrid axis
direction. In addition, a direction orthogonal to the
}{\expnd0\expndtw2\b\cgrid "x" }{\expnd0\expndtw2\cgrid ax is direction and
the "y" axis direction (i.e., a thickness direction of the }{sensor
substrate }{\b\cgrid 101) }{corresponds to the }{\b\cgrid "z" }{axis
direction. \par }\pard
\s2\sb108\sl290\slmult1\nowidctlpar\tqr\tx9180\aspalpha\aspnum\nocwrap\adju
stright \expnd-10\expndtw-54\cgrid {30\tab }{\expnd0\expndtw4\cgrid As
shown in FIG. 20, the first mass body }{\expnd0\expndtw4\b\cgrid 111
}{\expnd0\expndtw4\cgrid and 



the second mass body \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1287\margrsxn1269\margbsxn1562\l
inex0\sectdefaultcl\pard\plain
\s2\li4824\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {31 \par
}\qj\fi72\li648\ri72\sb72\sl-400\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {112 of the sensor substrate 101 are integrally
coupled to each other through a }{\expnd0\expndtw-4\cgrid pair of drive
springs 113 extending in the "x" axis dir ection. That is, the sensor
}{\expnd0\expndtw0\cgrid substrate 101 has a slit groove 114a having a
length slightly shorter than the }{entire length of the second mass body
112 in the "x" axis direction, and two slit \par }\pard
\s4\qj\fi-432\li648\ri72\sb144\sl-410\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs22\expnd0\expndtw1\cgrid {5 grooves
114b arranged in a straight line along the "x" axis direction and at the
}{\expnd0\expndtw-1 \cgrid lateral side of the first mass body 111. Each of
the slit grooves 114b has an }{\expnd0\expndtw-3\cgrid opening at its one
end. Each of the drive springs 113 is formed between the slit
}{\expnd0\expndtw2\cgrid groove 114a and each of the slit groov es 114b. An
end portion of each of the }{\expnd1\expndtw7\cgrid drive springs 113
continuously extends between an end portion of the slit \par
}\fi-576\sb108\sl-407\slmult0\nowidctlpar\adjustright
\fs21\expnd0\expndtw-1\cgrid {10 }{\fs22\cgrid groove 114a and a lateral
edge of the second mass body 112, and the other end
}{\fs22\expnd-1\expndtw-5\cgrid portion of the drive spring 113 continu
ously extends to the first mass body 111 }{\fs22\expnd1\expndtw5\cgrid
through a region between the slit grooves 114b. The drive spring 113 is a
}{\fs22\expnd-1\expndtw-5\cgrid torsion spring having a torsional
deformation capability, and enable a positio nal
}{\fs22\expnd0\expndtw1\cgrid displacement of the first mass body 111
relative to the second mass body 112 \par
}\sl-410\slmult0\nowidctlpar\adjustright \fs22\expnd3\expndtw17\cgrid {15
about the drive spring 113. That is, the drive springs 113 enables a
}{\expnd0\expndtw3\cgrid translational movement in the "z" axis direction
of the first mass body 111 }{ \expnd0\expndtw2\cgrid relative to the second
mass body 112 as well as a rotational movement about
}{\expnd0\expndtw-4\cgrid the "x" axis of the first mass body 111 relative
to the second mass body 112. In }{\expnd0\expndtw3\cgrid addition, since
the sens or substrate 101 uses the torsion spring as the drive \par
}\fi-648\sb144\sl-384\slmult0\nowidctlpar\adjustright
\fs21\expnd0\expndtw3\cgrid {20 }{\fs22\cgrid spring 113, it is not
necessary to reduce a dimension of the drive spring 113 in
}{\fs22\expnd1\expndtw7\cgrid the thickness direction of the sensor s
ubstrate 101. Therefore, the drive }{\fs22\expnd0\expndtw1\cgrid springs
113 can be easily manufactured. \par }\pard
\s2\qr\sb108\sl-423\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs3\f10\fs22\expnd1\expndtw5\cgrid {The numeral 115 designates a
detection spring extending in the "y" axis\line }{\expnd0\expndtw2\cgrid
direction, and contin uously connected at its one end to an edge portion in
the\line }{\fs21\expnd1\expndtw8\cgrid 25
}{\f16\fs20\expnd1\expndtw8\i\cgrid "x }{\expnd1\expndtw8\cgrid axis
direction of the second mass body 112 of the sensor substrate 101.\line
}{The opposite end  portion of one of the detection springs 115 is
continuously\line }{\expnd0\expndtw0\cgrid connected to that of the other
detection spring 115 through a coupling member\line
}{\expnd1\expndtw7\cgrid 116 extending in the "x" axis direction. That is,
a subs tantially "C" shaped\line }{\expnd0\expndtw1\cgrid member is formed
in plan view by the pair of the detection springs 115 and the\line
}{\fs21\expnd0\expndtw4\cgrid 30 }{\expnd0\expndtw4\cgrid coupling member
116. In this regard, the coupling member 116 i s designed to \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1315\margrsxn1241\margtsxn1522\m
argbsxn1582\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {32 



\par }\qj\li720\ri72\sb108\sl-405\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-3\cgrid {have a sufficiently higher rigidity than the drive
springs }{\b\charscalex105\cgrid 113 }{and the detection
}{\expnd-1\expndtw-5\cgrid springs }{\expnd-1\expndtw-5
\b\charscalex105\cgrid 115. }{\expnd-1\expndtw-5\cgrid The numeral
}{\expnd-1\expndtw-5\b\charscalex105\cgrid 117 }{\expnd-1\expndtw-5\cgrid
designates a fixation portion projecting from an }{\expnd0\expndtw-2\cgrid
intermediate portion in the longitudina l direction of the coupling member
}{\expnd0\expndtw-2\b\charscalex105\cgrid 116. }{\expnd0\expndtw4\cgrid The
fixation portion }{\expnd0\expndtw4\b\charscalex105\cgrid 117
}{\expnd0\expndtw4\cgrid is fixed to a predetermined position of the second
\par }\fi-432\li648\sl-416\slmult0\nowidctlpar\adjustright
\expnd1\expndtw7\cgrid {5 package substrate }{\b\charscalex105\cgrid 103.
}{The first and second mass bodies }{\b\charscalex105\cgrid (111, 112)
}{are }{\expnd0\expndtw1\cgrid separated from the d etection springs
}{\expnd0\expndtw1\b\charscalex105\cgrid 115 }{\expnd0\expndtw1\cgrid and
the coupling member }{\expnd0\expndtw1\b\charscalex105\cgrid 116
}{\expnd0\expndtw1\cgrid by a slit groove
}{\expnd0\expndtw1\b\charscalex105\cgrid 114c }{\expnd0 \expndtw1\cgrid
formed in a substantially }{\expnd0\expndtw1\b\charscalex105\cgrid "C"
}{\expnd0\expndtw1\cgrid shape. The one end of the slit
}{\expnd0\expndtw-3\cgrid groove }{\expnd0\expndtw-3\b\charscalex105\cgrid
114b }{\expnd0\expndtw-3\cgrid is com municated with the slit groove
}{\expnd0\expndtw-3\b\charscalex105\cgrid 114c. }{\expnd0\expndtw-3\cgrid
Each of the detection }{\expnd0\expndtw4\cgrid springs
}{\expnd0\expndtw4\b\charscalex105\cgrid 115 }{\expnd0\expndtw4\cgrid has a
bending deformabili ty in the }{\f0\fs25\expnd0\expndtw4\i\cgrid "e
}{\expnd0\expndtw4\cgrid axis direction. Therefore, \par
}\fi-576\sl-372\slmult0\nowidctlpar\adjustright \expnd1\expndtw5\cgrid {10
the detection springs }{\b\charscalex105\cgrid 115 }{enable a positional
displacement of the first and }{\expnd-1\expndtw-8\cgrid second mass bodies
}{\expnd-1\expndtw-8\b \charscalex105\cgrid (111, 112)
}{\expnd-1\expndtw-8\cgrid relative to the fixation portion
}{\expnd-1\expndtw-8\b\charscalex105\cgrid 117 }{\expnd-1\expndtw-8\cgrid
in the }{\f0\fs25\expnd-1\expndtw-8\i\cgrid "x" }{\expnd-1\expndtw-8\cgrid
axis }{\expnd0 \expndtw0\cgrid direction. \par
}\qr\fi0\li0\ri0\sb180\sl-431\slmult0\nowidctlpar\adjustright
\expnd0\expndtw2\cgrid {By the way, the sensor substrate
}{\b\charscalex105\cgrid 101 }{has four apertures }{\b\charscalex105\cgrid
118 }{penetrating\line }{\expnd0\expndtw-1\cgrid the sec ond mass body
}{\expnd0\expndtw-1\b\charscalex105\cgrid 112 }{\expnd0\expndtw-1\cgrid in
the thickness direction, and a stationary part
}{\expnd0\expndtw-1\b\charscalex105\cgrid 120\line
}{\expnd3\expndtw15\cgrid 15 disposed in each of the apertures }{
\expnd3\expndtw15\b\charscalex105\cgrid 118. }{\expnd3\expndtw15\cgrid The
stationary part }{\expnd3\expndtw15\b\charscalex105\cgrid 120
}{\expnd3\expndtw15\cgrid has an\line }{\expnd2\expndtw10\cgrid electrode
portion }{\expnd2\expndtw10\b\charscalex105 \cgrid 121
}{\expnd2\expndtw10\cgrid disposed in the vicinity of each end in the
}{\expnd2\expndtw10\b\charscalex105\cgrid "x" }{\expnd2\expndtw10\cgrid
axis\line }{\expnd0\expndtw-1\cgrid direction of the second mass body
}{\expnd0\expndtw-1\b \charscalex105\cgrid 112, }{\expnd0\expndtw-1\cgrid
and a comb bone portion }{\expnd0\expndtw-1\b\charscalex105\cgrid 122
}{\expnd0\expndtw-1\cgrid extending\line }{from the electrode portion
}{\b\charscalex105\cgrid 121 }{in the }{\b\charscalex105\cgrid  "x" }{axis
direction. The electrode portion\line
}{\expnd0\expndtw-2\b\charscalex105\cgrid 121 }{\expnd0\expndtw-2\cgrid and
the comb bone portion }{\expnd0\expndtw-2\b\charscalex105\cgrid 122
}{\expnd0\expndtw-2\cgrid are configured in a substantially }{
\expnd0\expndtw-2\b\charscalex105\cgrid "L" }{\expnd0\expndtw-2\cgrid
shape.\line }{\expnd1\expndtw6\cgrid 20 The electrode portion
}{\expnd1\expndtw6\b\charscalex105\cgrid 121 }{\expnd1\expndtw6\cgrid and
the comb bone portion }{\expnd1\expndtw6\b \charscalex105\cgrid 122
}{\expnd1\expndtw6\cgrid are bonded to the\line }{\expnd0\expndtw4\cgrid
second package substrate }{\expnd0\expndtw4\b\charscalex105\cgrid 103.
}{\expnd0\expndtw4\cgrid That is, the stationary part }{\expnd0\expndtw4\b
\charscalex105\cgrid 120 }{\expnd0\expndtw4\cgrid is fixed at a\line
}{\expnd0\expndtw0\cgrid predetermined position. An inner surface of the
aperture }{\expnd0\expndtw0\b\charscalex105\cgrid 118
}{\expnd0\expndtw0\cgrid extends along an\line }{\expnd0 \expndtw1\cgrid
outer peripheral surface of the stationary part
}{\expnd0\expndtw1\b\charscalex105\cgrid 120 }{\expnd0\expndtw1\cgrid
through a clearance. A pair\line }{\expnd0\expndtw-1\cgrid of the electrode
portions }{\expnd0\expndtw-1\b\charscalex105 



\cgrid 121 }{\expnd0\expndtw-1\cgrid is disposed at both ends in the "x"
axis direction of\line }{25 the second mass body }{\b\charscalex105\cgrid
112. }{As shown in FIG. 21, a plurality of stationary comb\line teeth
}{\b\charscalex105\cgrid 123 }{arrange d along the }{\f0\fs25\i\cgrid "if'
}{axis direction are formed at both sides in the\line
}{\expnd0\expndtw0\cgrid width direction of the comb bone portion
}{\expnd0\expndtw0\b\charscalex105\cgrid 122. }{\expnd0\expndtw0\cgrid On
the other hand, a plurali ty of\line }{\expnd0\expndtw4\cgrid movable comb
teeth }{\expnd0\expndtw4\b\charscalex105\cgrid 124 }{\expnd0\expndtw4\cgrid
are formed in the aperture }{\expnd0\expndtw4\b\charscalex105\cgrid 118
}{\expnd0\expndtw4\cgrid at a side facing the\line }{
\expnd0\expndtw1\cgrid comb bone portion
}{\expnd0\expndtw1\b\charscalex105\cgrid 122 }{\expnd0\expndtw1\cgrid of
the second mass body }{\expnd0\expndtw1\b\charscalex105\cgrid 112,
}{\expnd0\expndtw1\cgrid and arranged along the\line }{\expnd2\expndtw14
\cgrid 30 }{\expnd2\expndtw14\b\charscalex105\cgrid "x"
}{\expnd2\expndtw14\cgrid axis direction such that each of the movable comb
teeth }{\expnd2\expndtw14\b\charscalex105\cgrid 124
}{\expnd2\expndtw14\cgrid is in a \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1308\margrsxn1248\margtsxn1542\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl-211\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {33 \par
}\qj\li648\sb108\sl-409\slmult0\nowidctlpar\adjustright
\expnd0\expndtw1\cgrid {face-to-face relation with each of the stationary
comb teeth }{\b\charscalex105\cgrid 123, }{as shown in
}{\expnd2\expndtw14\cgrid FIG. 21. Each of the movable comb teeth
}{\expnd2\expndtw14\b\charscalex105\cgrid 124 }{\expnd2\expndtw14\cgrid is
located away from a }{\expnd1\expndtw5\cgrid corresponding stationary comb
tooth }{\expnd1\expndtw5\b\charscalex105\cgrid 123 }{\expnd1\expndtw5\cgrid
by a distance. When the seco nd }{\expnd1\expndtw7\cgrid mass body
}{\expnd1\expndtw7\b\charscalex105\cgrid 112 }{\expnd1\expndtw7\cgrid is
displaced in the "x" axis direction, a change in distance \par }\pard
\s9\qj\fi-432\li648\sb108\sl-399\slmult0\nowidctlpar\aspalpha\aspnum\nocwra
p\adjustright \plain \cs10\f10\fs22\cgrid {5 between the stationary comb
teeth }{\b\charscalex105\cgrid 123 }{and the movable comb teeth
}{\b\charscalex105\cgrid 124 }{ occurs, }{\expnd0\expndtw1\cgrid so that a
change in electric capacitance caused by the change in distance is
}{\expnd0\expndtw3\cgrid detected. That is, a detection means for detecting
the positional displacement }{\expnd0\expndtw-2\cgrid of the second m ass
body }{\expnd0\expndtw-2\b\charscalex105\cgrid 112
}{\expnd0\expndtw-2\cgrid is composed of the stationary comb teeth
}{\expnd0\expndtw-2\b\charscalex105\cgrid 123 }{\expnd0\expndtw-2\cgrid and
}{the movable comb teeth }{\b\charscalex105\cgrid 124. \par }\pard
\s2\li72\sb144\sl-313\slmult0\nowidctlpar\tqr\tx9216\aspalpha\aspnum\nocwra
p\adjustright \plain \cs3\f10\fs22\expnd-9\expndtw-48\cgrid {10\tab
}{\expnd0\expndtw1\cgrid The sensor substrate
}{\expnd0\expndtw1\b\charscalex105\cgrid 101 }{\expnd0 \expndtw1\cgrid is
coupled to the second package substrate
}{\expnd0\expndtw1\b\charscalex105\cgrid 103 \par }\pard
\s2\qj\li648\sb108\sl-409\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjus
tright \expnd0\expndtw-2\cgrid {by bonding the frame portion
}{\b\charscalex105\cgrid 110, }{the fixation portion
}{\b\charscalex105\cgrid 117, }{and the stationary }{
\expnd0\expndtw1\cgrid parts }{\expnd0\expndtw1\b\charscalex105\cgrid 120
}{\expnd0\expndtw1\cgrid to the second package substrate
}{\expnd0\expndtw1\b\charscalex105\cgrid 103. }{\expnd0\expndtw1\cgrid In
other words, the second }{\expnd-1\expndtw-5 \cgrid package substrate
}{\expnd-1\expndtw-5\b\charscalex105\cgrid 103 }{\expnd-1\expndtw-5\cgrid
is used as a support substrate for supporting the sensor
}{\expnd0\expndtw-1\cgrid substrate
}{\expnd0\expndtw-1\b\charscalex105\cgrid 101. }{\expnd0 \expndtw-1\cgrid
On the other hand, since the first and second mass bodies
}{\expnd0\expndtw-1\b\charscalex105\cgrid (111, \par }\pard
\s9\qj\fi-504\li576\ri72\sb108\sl-406\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs10\f10\fs22\expnd0\expndtw-1\cgrid {15
}{\b\charscalex105\cgrid 112) }{are formed to be displaceable in the
}{\b\charscalex105\cgrid "z" }{ axis direction, the bottom surfaces
}{\expnd0\expndtw0\cgrid facing the second package substrate
}{\expnd0\expndtw0\b\charscalex105\cgrid 103 }{\expnd0\expndtw0\cgrid of
the first and second mass bodies }{\b\charscalex105\cgrid (111, 112) }{are
backed awa y from the second package substrate }{\b\charscalex105\cgrid
103, }{as shown }{\expnd0\expndtw1\cgrid in FIG. 19. That is, the thickness
of each of the first and second mass bodies }{\b\charscalex105\cgrid (111,
112) }{in the thickness direction of the se 



nsor substrate }{\b\charscalex105\cgrid 101 }{is determined \par
}\fi-576\sl-413\slmult0\nowidctlpar\adjustright \expnd0\expndtw0\cgrid {20
to be smaller than the thickness of the frame portion
}{\b\charscalex105\cgrid 110. }{Thus, a clearance is ensured between the
second package substrate }{\b\charscalex105 \cgrid 103 }{and each of the
first and }{\expnd1\expndtw5\cgrid second mass bodies
}{\expnd1\expndtw5\b\charscalex105\cgrid (111, 112).
}{\expnd1\expndtw5\cgrid In the present embodiment, a gap length
}{\expnd0\expndtw-2\cgrid between the first mass body
}{\expnd0\expndtw-2\b\charscalex105\cgrid 111 }{\expnd0\expndtw-2\cgrid and
the second package substrate }{\expnd0\expndtw-2\b\charscalex105\cgrid 103
}{\expnd0\expndtw-2\cgrid is set to }{10 \'b5m This value is illustrative
only, and therefore the prese nt invention is not \par }\pard
\s2\sb108\sl-225\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs3\f10\fs22\expnd2\expndtw14\cgrid {25 limited to it. \par
}\qr\sb180\sl-416\slmult0\nowidctlpar\adjustright \expnd0\expndtw4\cgrid
{In addition, the sensor substrate }{\b\charscalex105\cgrid 101 }{has a
pair of ground portions }{\b\charscalex105\cgrid 119\line
}{\expnd0\expndtw-1\cgrid formed on the frame p ortion
}{\expnd0\expndtw-1\b\charscalex105\cgrid 110 }{\expnd0\expndtw-1\cgrid at
the vicinity of the fixation portion
}{\expnd0\expndtw-1\b\charscalex105\cgrid 117 }{\expnd0\expndtw-1\cgrid
such\line }{\expnd0\expndtw2\cgrid that the fixation portion }{
\expnd0\expndtw2\b\charscalex105\cgrid 117 }{\expnd0\expndtw2\cgrid is
located between the ground portions
}{\expnd0\expndtw2\b\charscalex105\cgrid 119. }{\expnd0\expndtw2\cgrid
The\line }{\expnd1\expndtw9\cgrid numeral
}{\expnd1\expndtw9\b\charscalex105 \cgrid 127 }{\expnd1\expndtw9\cgrid
designates an electrode portion electrically connected to an\line
}{\expnd0\expndtw2\cgrid 30 electrode
}{\expnd0\expndtw2\b\charscalex105\cgrid 125 }{\expnd0\expndtw2\cgrid
described later, and formed near one of the g round portions
}{\expnd0\expndtw2\b\charscalex105\cgrid 119. \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1268\margrsxn1288\margtsxn1522\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4896\sl-211\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {34 \par
}\qj\li720\sb108\sl-409\slmult0\nowidctlpar\adjustright
\expnd0\expndtw3\cgrid {The ground portions }{\b\charscalex105\cgrid 119
}{and the electrode portion }{\b\charscalex105\cgrid 127 }{are bonded to
the }{\expnd1\expndtw5\cgrid second package subs trate
}{\expnd1\expndtw5\b\charscalex105\cgrid 103. }{\expnd1\expndtw5\cgrid At
the upper-surface side, a second metal }{\expnd0\expndtw-1\cgrid layer
}{\expnd0\expndtw-1\b\charscalex105\cgrid 128 }{\expnd0\expndtw-1\cgrid is
formed on the fixation portio n }{\expnd0\expndtw-1\b\charscalex105\cgrid
117, }{\expnd0\expndtw-1\cgrid the electrode portions
}{\expnd0\expndtw-1\b\charscalex105\cgrid 121, }{\expnd0\expndtw-1\cgrid
one }{\expnd0\expndtw1\cgrid of the ground portions }{\expnd0\expndtw1\b
\charscalex105\cgrid 119 }{\expnd0\expndtw1\cgrid and the electrode portion
}{\expnd0\expndtw1\b\charscalex105\cgrid 127. }{\expnd0\expndtw1\cgrid In
this regard, one \par }\pard
\s9\qj\fi-504\li720\ri72\sb108\sl-413\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs10\f10\fs22\expnd0\expndtw1\cgrid {5 fixation
portion }{\b\charscalex105\cgrid 117, }{four electrode portions
}{\b\charscalex105\cgrid 121,  }{one ground portion
}{\b\charscalex105\cgrid 119 }{and }{\expnd0\expndtw4\cgrid one electrode
portion }{\expnd0\expndtw4\b\charscalex105\cgrid 127
}{\expnd0\expndtw4\cgrid are separately arranged from each other at the
}{\expnd0\expndtw0\cgrid upper-sur face side of the second package
substrate }{\expnd0\expndtw0\b\charscalex105\cgrid 103.
}{\expnd0\expndtw0\cgrid In a state where the }{\expnd0\expndtw-3\cgrid
first package substrate }{\expnd0\expndtw-3\b\charscalex105\cgrid 102
}{\expnd0\expndtw-3 \cgrid is not bonded to the frame portion
}{\expnd0\expndtw-3\b\charscalex105\cgrid 110, }{\expnd0\expndtw-3\cgrid
they are }{\expnd0\expndtw0\cgrid electrically insulated from each other.
In addition, at the upper-surface side of \par
}\fi-576\li648\nowidctlpar\adjustright \expnd0\expndtw3\cgrid {10 the
sensor substrate }{\b\charscalex105\cgrid 101, }{the frame portion
}{\b\charscalex105\cgrid 110 }{has a first metal layer
}{\b\charscalex105\cgrid 126 }{\expnd0\expndtw4\cgrid form 



ed over the entire circumference thereof. Each of the first and second
}{\expnd0\expndtw-3\cgrid metal layers
}{\expnd0\expndtw-3\b\charscalex105\cgrid (126, 128)
}{\expnd0\expndtw-3\cgrid is formed by a laminated film of a Ti film and an
Au film. }{ \expnd0\expndtw-4\cgrid In brief, since the first and second
metal layers }{\expnd0\expndtw-4\b\charscalex105\cgrid (126, 128)
}{\expnd0\expndtw-4\cgrid are made of the same }{\expnd0\expndtw1\cgrid
metal material, it is possible to simultaneously obtain  these metal layers
with \par }\pard
\s2\qj\fi-576\li648\ri72\sb108\sl-415\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs3\f10\fs22\expnd1\expndtw5\cgrid {15 the same
thickness. In each of the first and second metal layers
}{\b\charscalex105\cgrid (126, 128),  }{\expnd0\expndtw-2\cgrid the Ti film
preferably has a thickness of 15 to 50 nm, and the Au film preferably
}{\expnd0\expndtw0\cgrid has a thickness of 500 nm. These thickness values
are illustrative only, and }{\expnd0\expndtw-1\cgrid therefore the pres ent
invention is not limited to them. As a material for forming the Au film, an
Au material containing an impurity may be used in place of pure \par
}\ql\fi0\li0\ri0\sl-260\slmult0\nowidctlpar\adjustright
\expnd2\expndtw12\cgrid {20 gold. \par
}\qr\sb144\sl-427\slmult0\nowidctlpar\adjustright \expnd0\expndtw-1\cgrid
{As shown in FIGS. 22 and 23, the first package substrate
}{\b\charscalex105\cgrid 102 }{has a concave\line }{\expnd0\expndtw3\cgrid
portion }{\expnd0\expndtw3\b\charscalex105 \cgrid 129
}{\expnd0\expndtw3\cgrid configured to provide a space for positional
displacements of the\line }{\expnd0\expndtw0\cgrid first and second mass
bodies }{\expnd0\expndtw0\b\charscalex105\cgrid (111, 112)
}{\expnd0\expndtw0\cgrid at the side facin g the sensor substrate\line
}{\expnd0\expndtw-2\b\charscalex105\cgrid 101, }{\expnd0\expndtw-2\cgrid
i.e., in the bottom surface of the first package substrate
}{\expnd0\expndtw-2\b\charscalex105\cgrid 102 }{\expnd0\expndtw-2\cgrid
shown in FIG.\line }{ \expnd1\expndtw9\cgrid 25 19. In addition, the first
package substrate }{\expnd1\expndtw9\b\charscalex105\cgrid 102
}{\expnd1\expndtw9\cgrid has a plurality of through\line
}{\expnd0\expndtw1\cgrid holes }{\expnd0\expndtw1\b\charscalex105\cgrid 132
}{ \expnd0\expndtw1\cgrid penetrating in the thickness direction. A heat
insulating film }{\expnd0\expndtw1\b\charscalex105\cgrid 133
}{\expnd0\expndtw1\cgrid (a\line }{\expnd0\expndtw0\cgrid silicon oxide
film) is formed on both opposite surfaces in the thi ckness direction\line
of the first package substrate }{\expnd0\expndtw0\b\charscalex105\cgrid 102
}{\expnd0\expndtw0\cgrid and inner surfaces of the through holes
}{\expnd0\expndtw0\b\charscalex105\cgrid 132.\line }{\expnd0\expndtw1\cgrid
Therefore, the h eat insulating film
}{\expnd0\expndtw1\b\charscalex105\cgrid 133 }{\expnd0\expndtw1\cgrid lies
between a through-hole wiring }{\expnd0\expndtw1\b\charscalex105\cgrid
134\line }{\expnd1\expndtw8\cgrid 30 and the inner surface of the through
hole }{\expnd1 \expndtw8\b\charscalex105\cgrid 132.
}{\expnd1\expndtw8\cgrid In the present embodiment, \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1282\margrsxn1274\margtsxn1522\m
argbsxn1582\linex0\sectdefaultcl\pard\plain
\s2\li4824\sl-211\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {35 \par
}\li648\sb108\sl-368\slmult0\nowidctlpar\adjustright \expnd0\expndtw3\cgrid
{copper is used as a material for the through-hole wiring
}{\b\charscalex105\cgrid 134. }{Alternatively, }{\expnd0\expndtw0\cgrid
nickel or the like may be used in place of c opper. \par
}\qj\fi504\sl-375\slmult0\nowidctlpar\adjustright \expnd0\expndtw2\cgrid
{The first package substrate }{\b\charscalex105\cgrid 102 }{has the
above-described electrode }{\b\charscalex105\cgrid 125
}{\expnd1\expndtw5\cgrid (FIGS. 19 and 23) formed at a  region facing the
first mass body }{\expnd1\expndtw5\b\charscalex105\cgrid 111
}{\expnd1\expndtw5\cgrid on the \par
}\fi-432\sl-405\slmult0\nowidctlpar\adjustright \expnd1\expndtw6\cgrid {5
bottom surface of the concave portion }{\b\charscalex105\cgrid 129
}{through the insulating film }{\b\charscalex105\cgrid 133.
}{\expnd0\expndtw2\cgrid The electrode }{\expnd0 



\expndtw2\b\charscalex105\cgrid 125 }{\expnd0\expndtw2\cgrid is formed by a
laminated film of a Ti film and an Au film In }{\expnd0\expndtw-4\cgrid the
present embodiment, a gap length between the first mass body
}{\expnd0\expndtw-4\b\charscalex105\cgrid  111 }{\expnd0\expndtw-4\cgrid
and the }{\expnd0\expndtw-1\cgrid electrode
}{\expnd0\expndtw-1\b\charscalex105\cgrid 125 }{\expnd0\expndtw-1\cgrid is
set to 10 \'b5m. This value is illustrative only, and therefore the
}{\expnd0\expndtw0\cgrid present inven tion is not limited to it. \par
}\pard
\s2\li72\sb144\sl-319\slmult0\nowidctlpar\tqr\tx9248\aspalpha\aspnum\nocwra
p\adjustright \expnd0\expndtw0\cgrid {10\tab }{\expnd0\expndtw2\cgrid In
addition, the first package substrate
}{\expnd0\expndtw2\b\charscalex105\cgrid 102 }{\expnd0 \expndtw2\cgrid has
a plurality of metal layers \par }\pard
\s2\qj\li648\ri72\sb108\sl-403\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\
adjustright \b\charscalex105\cgrid {138 }{\b0\charscalex100\cgrid formed on
the surface facing the sensor substrate }{101, }{\b0\charscalex100\cgrid
and electrically }{ \expnd0\expndtw4\b0\charscalex100\cgrid connected to
the through-hole wirings }{\expnd0\expndtw4\cgrid 134.
}{\expnd0\expndtw4\b0\charscalex100\cgrid In addition, the first package
}{\b0\charscalex100\cgrid substrate }{102 }{\b0\charscalex100\cgrid has a
(rectangular) frame-like metal layer }{136 }{\b0\charscalex100\cgrid formed
over the }{\expnd0\expndtw-1\b0\charscalex100\cgrid entire circumference
thereof on the surface facing the sensor substrate
}{\expnd0\expndtw-1\cgrid 101. }{\expnd0\expndtw-1\b0 \charscalex100\cgrid
In \par }\fi-576\ri0\sl-412\slmult0\nowidctlpar\adjustright
\expnd0\expndtw2\b0\charscalex100\cgrid {15 this regard, the metal layers
}{\b\charscalex105\cgrid 138 }{are bonded to the second metal layers
}{\b\charscalex105\cgrid 128 }{of }{\expnd0\expndtw3 \cgrid the sensor
substrate }{\expnd0\expndtw3\b\charscalex105\cgrid 101
}{\expnd0\expndtw3\cgrid to make electrical connections therebetween. The
}{\expnd0\expndtw0\cgrid metal layer
}{\expnd0\expndtw0\b\charscalex105\cgrid 136 }{\expnd0\expndtw0\cgrid i s
bonded to the first metal layer }{\expnd0\expndtw0\b\charscalex105\cgrid
126 }{\expnd0\expndtw0\cgrid of the sensor substrate
}{\expnd0\expndtw3\b\charscalex105\cgrid 101. }{\expnd0\expndtw3\cgrid Each
of the metal layer }{\expnd0\expndtw3\b \charscalex105\cgrid 136
}{\expnd0\expndtw3\cgrid and the metal layers
}{\expnd0\expndtw3\b\charscalex105\cgrid 138 }{\expnd0\expndtw3\cgrid is
formed by a }{\expnd1\expndtw7\cgrid laminated film of a Ti film and an Au
film on the Ti film. In brief, since  the \par
}\li576\ri72\sl-415\slmult0\nowidctlpar\adjustright \expnd0\expndtw3\cgrid
{20 metal layer }{\b\charscalex105\cgrid 136 }{and the metal layers
}{\b\charscalex105\cgrid 138 }{are made of the same metal material,
}{\expnd1\expndtw8\cgrid it is possible  to simultaneously obtain these
metal layers with the same }{\expnd0\expndtw-3\cgrid thickness. In each of
the metal layer }{\expnd0\expndtw-3\b\charscalex105\cgrid 136
}{\expnd0\expndtw-3\cgrid and the metal layers
}{\expnd0\expndtw-3\b\charscalex105 \cgrid 138, }{\expnd0\expndtw-3\cgrid
the Ti film }{\expnd0\expndtw2\cgrid preferably has a thickness of 15 to 50
nm, and the Au film preferably has a }{\expnd2\expndtw13\cgrid thickness of
500 nm. These thickness values are illustrative only, and \par
}\sl-418\slmult0\nowidctlpar\adjustright \expnd0\expndtw2\cgrid {25
therefore the present invention is not limited to them. As a material for
forming }{\expnd0\expndtw-3\cgrid the Au film, an Au material containing an
impurity may be used in place of  pure }{\expnd1\expndtw7\cgrid gold. In
addition, in the present embodiment, the Ti film is formed as an
}{\expnd2\expndtw10\cgrid adhesive layer for improving the adhesion between
the Au film and the }{insulating film }{\b\charscalex105\cgrid 133. }{In p
lace of the Ti, Cr, Nb, Zr, TiN, TaN or the like may be \par
}\ql\fi0\li0\ri0\sl268\slmult1\nowidctlpar\adjustright
\expnd1\expndtw5\cgrid {30 used as the material for the adhesive layer. 



\par
}\pard\plain\sect\sectd\stextflow0\marglsxn1275\margrsxn1281\margtsxn1502\m
argbsxn1562\linex0\sectdefaultcl\pard\plain
\s2\li4896\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {36 \par
}\qj\fi360\li720\sb108\sl-405\slmult0\nowidctlpar\adjustright
\expnd1\expndtw8\cgrid {The first package substrate 102 has a plurality of
electrodes 135 for }{\expnd0\expndtw2\cgrid external connection formed on
an opposite surface of the surface faci ng the }{\expnd0\expndtw0\cgrid
sensor substrate 101. These electrodes 135 are electrically connected to
the }{\expnd2\expndtw11\cgrid through-hole wirings 134. Each of the
electrodes 135 is configured in a \par
}\fi-504\ri72\sl-332\slmult0\nowidctlpar\adjustright \expnd0\expndtw2\cgrid
{5 rectangular outer peripheral shape, and formed by a laminated film of a
Ti film }{\expnd0\expndtw0\cgrid and an Au film. \par
}\fi432\li648\sb180\sl-370\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {On the other hand, the second package substrate
103 has heat insulating }{\expnd0\expndtw-2\cgrid films (141, 142) such as
a silicon oxide film formed on both opposit e surfaces in
}{\expnd0\expndtw0\cgrid the thickness direction thereof. \par }\pard
\s2\li72\sb144\sl-275\slmult0\nowidctlpar\tqr\tx9241\aspalpha\aspnum\nocwra
p\adjustright \expnd-11\expndtw-58\cgrid {10\tab }{\expnd0\expndtw0\cgrid
As described in the first embodiment, the sensor substrate 101 is bonded to
\par }\pard
\s2\qj\li648\ri72\sb144\sl-403\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\
adjustright \expnd0\expndtw-2\cgrid {the first package substrate 102 by
solid-phase direct bonding between the first }{\expnd0\expndtw2\cgrid metal
layer 126 and the me tal layer 136. That is, the first package substrate
}{\expnd0\expndtw0\cgrid 102 is sealingly bonded to the entire
circumference of the frame portion 110 of }{\expnd3\expndtw17\cgrid the
sensor substrate 101. In addition, the second metal layer 128 is \par
}\fi-576\sb108\sl-413\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {15 electrically connected to the metal layer 138 by
solid-phase direct bonding. An }{\expnd0\expndtw2\cgrid interior of the
gyro sensor unit is airtightly sealed from the o utside by these
}{\expnd0\expndtw3\cgrid solid-phase direct bondings. In addition, the
second metal layer 128 of the }{\expnd0\expndtw-2\cgrid sensor substrate
101 is electrically connected to the electrode 135 through the
}{\expnd2\expndtw13\cgrid metal  layer 138 and the through-hole wiring 134.
The second package \par }\fi-648\sl-396\slmult0\nowidctlpar\adjustright
\expnd0\expndtw2\cgrid {20 substrate 102 has a wiring portion 125a (FIG.
23) extending from the electrode }{\expnd0\expndtw-1\cgrid 125 to a
peripheral portion of the concave portion 129, which is conti nuously
}{\expnd0\expndtw-2\cgrid formed with the metal layer 138 bonded to the
second metal layer 128 on the }{electrode portion 127 of the sensor
substrate 101. \par
}\qr\fi0\li0\ri0\sb144\sl-420\slmult0\nowidctlpar\adjustright {To form the
bonding portion between the sensor substrate 101 and each of\line
}{\expnd2\expndtw13\cgrid 25 the first and second package substrates (102,
103), a room-temperature\line }{ \expnd0\expndtw4\cgrid bonding method for
forming the direct bonding at low temperature is used to\line reduce
residual stress in the sensor substrate 101. In the room-temperature\line
}{\expnd1\expndtw5\cgrid bonding method, the surfaces to be bonded are
cleaned up and activated by\line }{\expnd0\expndtw4\cgrid irradiating an
ion beam, an atomic beam or plasma of argon in vacuum, and\line
}{\expnd3\expndtw18\cgrid 30 then the activated surfaces are directly
bonded to each other at room \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1290\margrsxn1266\margtsxn1522\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4752\sl-211\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {37 \par
}\qj\fi72\li648\ri72\sb108\sl-407\slmult0\nowidctlpar\adjustright
\expnd2\expndtw11\cgrid {temperature in vacuum. In the present embodiment,
according to the }{\expnd1\expndtw8\cgrid room-temperature bonding method
described above, the direct bonding  }{\expnd1\expndtw5\cgrid between the
first metal layer }{\expnd1\expndtw5\b\charscalex105\cgrid 126
}{\expnd1\expndtw5\cgrid and the metal layer
}{\expnd1\expndtw5\b\charscalex105\cgrid 136 }{\expnd1\expndtw5\cgrid and
the direct }{\expnd1\expndtw7 \cgrid bonding between the second metal layer
}{\expnd1\expndtw7\b\charscalex105\cgrid 128 }{\expnd1\expndtw7\cgrid and
the metal layer }{\expnd1\expndtw7\b\charscalex105\cgrid 138
}{\expnd1\expndtw7\cgrid are 



\par }\pard
\s4\qj\fi-432\li648\ri72\sb108\sl-410\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs22\expnd1\expndtw9\cgrid {5
simultaneously obtained by applying an appropriate load to the bonding
}{\expnd0\expndtw2\cgrid interfa ce at room temperature in vacuum. In
addition, the frame portion }{\expnd0\expndtw2\b\charscalex105\cgrid 110
}{\expnd0\expndtw2\cgrid of the sensor substrate
}{\expnd0\expndtw2\b\charscalex105\cgrid 101 }{\expnd0\expndtw2\cgrid is
directly bonded in an a irtight manner to the }{\expnd-1\expndtw-5\cgrid
peripheral portion of the second package substrate
}{\expnd-1\expndtw-5\b\charscalex105\cgrid 103 }{\expnd-1\expndtw-5\cgrid
at room temperature in }{\expnd0\expndtw0\cgrid vacuum by the
room-temperature bo nding method. \par }\pard
\s2\li72\sb108\sl-297\slmult0\nowidctlpar\tqr\tx9240\aspalpha\aspnum\nocwra
p\adjustright \plain \cs3\f10\fs22\expnd-9\expndtw-48\cgrid {10\tab
}{\expnd2\expndtw13\cgrid The room-temperature boding method of the present
embodiment is \par }\pard
\s2\li648\ri72\sb108\sl-332\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adj
ustright \expnd0\expndtw4\cgrid {explained below. Duplicate explanations
about the same steps as the first }{\expnd0\expndtw0\cgrid embodiment are
omitted. \par }\qj\fi432\sb180\sl-371\slmult0\nowidctlpar\adjustright
\expnd0\expndtw1\cgrid {After micromachining is appropriately performed to
the sensor substrate }{\expnd0\expndtw0\b\charscalex105\cgrid 101,
}{\expnd0\expndtw0\cgrid and the sensor substrate }{
\expnd0\expndtw0\b\charscalex105\cgrid 102 }{\expnd0\expndtw0\cgrid is
bonded to the second package substrate \par
}\fi-504\li576\sb108\sl-413\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {15 }{\b\charscalex105\cgrid 103 }{at room
temperature, an etching step for separating a portion used as the
}{\expnd0\expndtw-2\cgrid movable portion of the sensor s ubstrate
}{\expnd0\expndtw-2\b\charscalex105\cgrid 101 }{\expnd0\expndtw-2\cgrid
from the other portion and a metal }{\expnd-1\expndtw-5\cgrid layer
formation step for forming the first and second metal layers
}{\expnd-1\expndtw-5\b\charscalex105\cgrid (1 26, 128)
}{\expnd-1\expndtw-5\cgrid are }{\expnd0\expndtw1\cgrid performed. In the
present embodiment, the sensor substrate
}{\expnd0\expndtw1\b\charscalex105\cgrid 101 }{\expnd0\expndtw1\cgrid is
bonded to }{\expnd0\expndtw-2\cgrid the second package sub strate
}{\expnd0\expndtw-2\b\charscalex105\cgrid 103 }{\expnd0\expndtw-2\cgrid by
the room-temperature bonding between Si \par }\pard
\s4\qj\fi-576\li576\ri72\sb108\sl-406\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs22\expnd0\expndtw1\cgrid {20 and Si02.
Subsequently, the sensor substrate }{\b\charscalex105\cgrid 101
}{integrated with the second  }{\expnd0\expndtw-1\cgrid package substrate
}{\expnd0\expndtw-1\b\charscalex105\cgrid 103 }{\expnd0\expndtw-1\cgrid and
the first package substrate }{\expnd0\expndtw-1\b\charscalex105\cgrid 102
}{\expnd0\expndtw-1\cgrid are placed in the }{\expnd0 \expndtw-2\cgrid
chamber, and the chamber is vacuum exhausted to a predetermined degree of
}{\expnd0\expndtw3\cgrid vacuum (e.g., lx10-}{\expnd0\expndtw3\super\cgrid
5}{\expnd0\expndtw3\cgrid  Pa). Then, a surface activation treatment is
performed. }{ \expnd0\expndtw-2\cgrid That is, the surfaces to be bonded to
each other of the sensor substrate
}{\expnd0\expndtw-2\b\charscalex105\cgrid 101 }{\expnd0\expndtw-2\cgrid and
\par }\sl-405\slmult0\nowidctlpar\adjustright \expnd1\expndtw7\cgrid {25
the first package substrate }{\b\charscalex105\cgrid 102 }{are cleaned up
and activated by means of }{\expnd0\expndtw1\cgrid sputter etching in
vacuum The degree of vacuum in the cha mber during the
}{\expnd0\expndtw0\cgrid surface activation treatment is approximately
lx10}{\expnd0\expndtw0\super\cgrid -2}{\expnd0\expndtw0\cgrid  Pa, which is
a lower degree }{\expnd1\expndtw6\cgrid of vacuum, as compared with the
predetermined degree  of vacuum in the }{\expnd0\expndtw1\cgrid chamber
before the surface activation treatment. \par }\pard
\s2\sb144\sl302\slmult1\nowidctlpar\tqr\tx9168\aspalpha\aspnum\nocwrap\adju
stright \plain \cs3\f10\fs22\cgrid {30\tab }{\expnd1\expndtw7\cgrid After
the surface activation treatment, an atmosphere adjusting step is \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1310\margrsxn1246\margtsxn1522\m
argbsxn1562\linex0\sectdefaultcl\pard\plain
\s2\li4752\sl-211\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {38 



\par }\qj\li720\sb108\sl-412\slmult0\nowidctlpar\adjustright
\expnd-1\expndtw-5\cgrid {performed to adjust the interior atmosphere of
the chamber, in which the sensor }{\expnd0\expndtw-4\cgrid substrate 101
and the second package substrate 103 are placed,  to a designed
}{\expnd1\expndtw7\cgrid atmosphere determined according to gyro sensor
characteristics. In this }{\expnd3\expndtw19\cgrid regard, the gyro sensor
of the present embodiment is designed in a \par }\pard
\s4\qj\fi-432\li648\sb72\sl-416\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap
\adjustright \plain \cs5\f10\fs22\expnd0\expndtw-4\cgrid {5 predetermined
degree of vacuum (a high vacuum of 1x10}{\super\charscalex115\cgrid -4}{ Pa
or less), in order  to }{\expnd0\expndtw1\cgrid increase a mechanical Q
value (mechanical quality coefficient Qm) indicative of
}{\expnd0\expndtw3\cgrid a mechanical vibration level in the vicinity of
the resonance frequency, and achieve an improvement in sensitivity. In th e
atmosphere adjustment step of }{\expnd0\expndtw1\cgrid the present
embodiment, after the surface activation treatment is finished, the \par
}\fi-576\ri72\sb108\sl-387\slmult0\nowidctlpar\adjustright
\expnd0\expndtw0\cgrid {10 interior atmosphere of the chamber is adjusted
to the designed atmosphere by }{\expnd1\expndtw7\cgrid performing vacuum
pumping until the degree of vacuum in the ch amber }{\expnd0\expndtw1\cgrid
reaches a predetermined degree of vacuum. \par }\pard
\s2\qj\fi432\li648\ri72\sb144\sl-375\slmult0\nowidctlpar\aspalpha\aspnum\no
cwrap\adjustright \plain \cs3\f10\fs22\expnd0\expndtw-4\cgrid {After the
atmosphere adjusting step is fmished, the sensor substrate 101 is
}{\expnd1\expndtw7\cgrid bond ed to the first package substrate 102 at room
temperature under the \par }\pard
\s4\qj\fi-576\li648\ri72\sb108\sl-418\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs22\expnd2\expndtw11\cgrid {15
atmosphere controlled in the atmosphere adjusting step. At the step of
}{\expnd0\expndtw-1\cgrid bond ing between the sensor substrate 101 and the
first package substrate 102, }{\expnd0\expndtw-2\cgrid the room-temperature
bonding between the first metal layer 126 and the metal
}{\expnd0\expndtw0\cgrid layer 136, and the room-temperature bonding
between t he second metal layer }{\expnd1\expndtw8\cgrid 128 and the metal
layer 138 are simultaneously obtained by applying an \par
}\li576\sb72\sl-394\slmult0\nowidctlpar\adjustright \expnd2\expndtw12\cgrid
{20 appropriate load (e.g., 300 N). In the present embodiment, the bonding
}{\expnd1\expndtw7\cgrid between the sensor substrate 101 and the first
package substrate 102 is }{ \expnd0\expndtw0\cgrid provided by the
room-temperature bonding between Au and Au. \par }\pard
\s2\qr\sb144\sl-424\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\plain \cs3\f10\fs22\expnd2\expndtw11\cgrid {It is preferred that the
surface activation treatment, the atmosphere\line }{\expnd1\expndtw5\cgrid
adjusting step and the  bonding step are sequentially performed in the
same\line }{\expnd0\expndtw4\cgrid 25 chamber. The surfaces to be bonded to
each other of the sensor substrate 101\line }{\expnd0\expndtw0\cgrid and
the first package substrate 102 are cleaned up and activat ed by the
surface\line }{\expnd0\expndtw2\cgrid activation treatment. Then, those
activated surfaces are bonded to each other,\line }{\expnd0\expndtw1\cgrid
without exposure to the outside air, at room temperature in an airtight
manner\line }{\expnd3 \expndtw16\cgrid under a designed atmosphere
determined according to desired sensor\line }{\expnd0\expndtw4\cgrid 30
characteristics. Thereby, good bonding strength can be obtained
therebetween. \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1297\margrsxn1259\margtsxn1522\m
argbsxn1622\linex0\sectdefaultcl\pard\plain
\s2\li4752\sl-211\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {39 \par
}\qj\fi72\li648\sb108\sl-409\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-4\cgrid {In the atmosphere adjusting step, since the
chamber is vacuum exhausted to a }{\expnd0\expndtw-1\cgrid predetermined
degree of vacuum after the surface activation t reatment to adjust
}{\expnd0\expndtw2\cgrid the interior atmosphere to the designed
atmosphere, it is possible to obtain a }{\expnd1\expndtw5\cgrid high
mechanical Q value (mechanical quality coefficient Qm) indicative of a 



\par }\pard
\s4\qj\fi-432\li648\ri72\sb108\sl-382\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs22\cgrid {5 mechanical vibration level
in the vicinity of the resonance frequency of the gyro
}{\expnd1\expndtw8\cgrid sensor as th e sensor element, and therefore
achieve an improvement in }{sensitivity. \par }\pard
\s2\qj\fi432\li648\ri72\sb144\sl-361\slmult0\nowidctlpar\aspalpha\aspnum\no
cwrap\adjustright \plain \cs3\f10\fs22\expnd1\expndtw7\cgrid {As described
above, the wafer level package structure of the present
}{\expnd0\expndtw0\cgrid embodiment h as the direct bonding between the
sensor substrate 101 and the \par }\pard
\s4\qj\fi-576\li648\ri72\sb108\sl-411\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs22\expnd2\expndtw10\cgrid {10 first
package substrate }{\b\charscalex105\cgrid 102, }{and the direct bonding
between the sensor }{ \expnd1\expndtw6\cgrid substrate
}{\expnd1\expndtw6\b\charscalex105\cgrid 101 }{\expnd1\expndtw6\cgrid and
the second package substrate }{\expnd1\expndtw6\b\charscalex105\cgrid 103,
}{\expnd1\expndtw6\cgrid which are formed according to the low-temperatur e
process such as the room-temperature }{\expnd0\expndtw1\cgrid bonding
method. Therefore, it is possible to prevent the influence of thermal
}{\expnd0\expndtw3\cgrid stress, as compared with the case of bonding the
sensor substrate }{\expnd0\expndtw3\b \charscalex105\cgrid 101
}{\expnd0\expndtw3\cgrid with \par }\pard
\s2\qj\fi-576\li648\ri72\sb108\sl-406\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs3\f10\fs22\cgrid {15 each of the first and
second package substrates }{\b\charscalex105\cgrid (102, 103) }{by a heat
treatment such as refl ow soldering. As a result, there is an advantage
that variations in sensor characteristics can be reduced. In addition,
since the sensor substrate }{\expnd0\expndtw-3\b\charscalex105\cgrid 101
}{\expnd0\expndtw-3\cgrid is bonded to the second package subs trate
}{\expnd0\expndtw-3\b\charscalex105\cgrid 103 }{\expnd0\expndtw-3\cgrid
through the insulating film }{\expnd2\expndtw10\b\charscalex105\cgrid 141,
}{\expnd2\expndtw10\cgrid it is possible to prevent a reduction in
resistance to electric noise. \par }\pard
\s4\qj\fi-576\li576\ri72\sb144\sl-393\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs5\f10\fs22\expnd0\expndtw1\cgrid {20
Furthermore, since the substrates are made of silicon wafers, and the
insulating }{\expnd-1\expndtw-5 \cgrid film
}{\expnd-1\expndtw-5\b\charscalex105\cgrid 141 }{\expnd-1\expndtw-5\cgrid
is formed by a silicon oxide film, the sensor substrate
}{\expnd-1\expndtw-5\b\charscalex105\cgrid 101 }{\expnd-1\expndtw-5\cgrid
can be easily bonded to each of the pac kage substrates
}{\expnd-1\expndtw-5\b\charscalex105\cgrid (102, 103)
}{\expnd-1\expndtw-5\cgrid at room temperature, and }{variations in sensor
characteristics can be reduced. \par }\pard
\s2\qr\ri72\sb144\sl-298\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjust
right \plain \cs3\f10\fs22\cgrid {In the present embodiment, the second
package substrate }{\b\charscalex105\cgrid 103 }{is bonded to \par
}\qj\fi-576\li576\sb108\sl-416\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {25 the sensor substrate }{\b\charscalex105\cgrid
101 }{through the insulating film }{\b\charscalex105\cgrid 141 }{formed on
the surface }{\expnd0\expndtw0\cgrid f acing the sensor substrate
}{\expnd0\expndtw0\b\charscalex105\cgrid 101 }{\expnd0\expndtw0\cgrid of
the second package substrate }{\expnd0\expndtw0\b\charscalex105\cgrid 103.
}{\expnd0\expndtw0\cgrid In brief, }{\expnd0\expndtw1\cgrid they are
preferably  bonded to each other through an insulating film formed on
}{\expnd1\expndtw6\cgrid at least one of the surface facing the sensor
substrate }{\expnd1\expndtw6\b\charscalex105\cgrid 101
}{\expnd1\expndtw6\cgrid of the second }{\expnd0\expndtw3\cgrid package
substrate }{\expnd0\expndtw3\b\charscalex105\cgrid 103
}{\expnd0\expndtw3\cgrid and the surface facing the second package
substrate \par }\ql\fi0\li0\ri0\sl-245\slmult0\nowidctlpar\adjustright
\expnd0\expndtw4\cgrid {30 }{\b\charscalex105\cgrid 103 }{of the sensor
substrate }{\b\charscalex105\cgrid 101. \par
}\pard\plain\sect\sectd\stextflow0\marglsxn1314\margrsxn1242\margtsxn1562\m
argbsxn1542\linex0\sectdefaultcl\pard\plain
\s2\li4680\sl-210\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap\adjustright
\cs3\f10\fs22\cgrid {40 



\par }\qj\fi432\li720\sb72\sl-400\slmult0\nowidctlpar\adjustright
\expnd0\expndtw-1\cgrid {In addition, by cutting (dicing) the wafer level
package structure having the }{\expnd0\expndtw0\cgrid gyro sensor units
integrally formed therewith into a size of  the gyro sensor unit,
}{\expnd1\expndtw5\cgrid it is possible to easily and efficiently obtain
compact gyro sensor devices. }{\expnd0\expndtw0\cgrid Therefore, it is
suitable for mass production. \par }\pard
\s2\li216\sb144\sl-311\slmult0\nowidctlpar\tqr\tx8942\aspalpha\aspnum\nocwr
ap\adjustright \expnd0\expndtw0\cgrid {5\tab An operation of the thus
obtained gyro sensor is briefly explained below. \par }\pard
\s2\qj\fi432\li648\sb108\sl-409\slmult0\nowidctlpar\aspalpha\aspnum\nocwrap
\adjustright \expnd3\expndtw18\cgrid {The gyro sensor of the present
embodiment detects a positional }{\expnd0\expndtw1\cgrid displacement of
the second mass body }{ \expnd0\expndtw1\b\charscalex105\cgrid 112
}{\expnd0\expndtw1\cgrid when an angular velocity is applied
}{\expnd-1\expndtw-5\cgrid to the gyro sensor by an external force under
the condition that a predetermined }{\expnd0\expndtw0\cgrid vibration is
given  to the first mass body }{\expnd0\expndtw0\b\charscalex105\cgrid 111.
}{\expnd0\expndtw0\cgrid In this regard, a vibrating voltage \par }\pard
\s9\qj\fi-576\li648\ri72\sb108\sl-415\slmult0\nowidctlpar\aspalpha\aspnum\n
ocwrap\adjustright \plain \cs10\f10\fs22\expnd1\expndtw7\cgrid {10 having a
sine waveform or a rectangular waveform is applied between the
}{\expnd0\expndtw0\cgrid elec trode
}{\expnd0\expndtw0\b\charscalex105\cgrid 125 }{\expnd0\expndtw0\cgrid and
the first mass body }{\expnd0\expndtw0\b\charscalex105\cgrid 111
}{\expnd0\expndtw0\cgrid to vibrate the first mass body
}{\expnd0\expndtw0\b\charscalex105\cgrid 111. }{ \expnd1\expndtw6\cgrid For
example, an AC voltage is used as the vibrating voltage, but polarity
}{\expnd0\expndtw0\cgrid inversion is not essential. The first mass body
}{\expnd0\expndtw0\b\charscalex105\cgrid 111 }{\expnd0\expndtw0\cgrid is
electrically  connected to the fixation portion
}{\expnd0\expndtw0\b\charscalex105\cgrid 117 }{\expnd0\expndtw0\cgrid
through the drive springs }{\expnd0\expndtw0\b\charscalex105\cgrid 113,
}{\expnd0\expndtw0\cgrid the second mass body \par
}\fi-504\li576\sb72\sl-412\slmult0\nowidctlpar\adjustright
\expnd1\expndtw5\cgrid {15 }{\b\charscalex105\cgrid 112, }{the detection
springs }{\b\charscalex105\cgrid 115 }{and the coupling member
}{\b\charscalex105\cgrid 116. }{The second }{\expnd1 \expndtw8\cgrid metal
layer }{\expnd1\expndtw8\b\charscalex105\cgrid 128 }{\expnd1\expndtw8\cgrid
is formed on this fixation portion }{\expnd1\expndtw8\b\charscalex105\cgrid
117. }{\expnd1\expndtw8\cgrid In addition, the }{\expnd0\expndtw1\cgrid
electrode  }{\expnd0\expndtw1\b\charscalex105\cgrid 125
}{\expnd0\expndtw1\cgrid is electrically connected to the second metal
layer }{\expnd0\expndtw1\b\charscalex105\cgrid 128 }{\expnd0\expndtw1\cgrid
on the }{\expnd2\expndtw10\cgrid electrode portion }{\expnd2
\expndtw10\b\charscalex105\cgrid 127. }{\expnd2\expndtw10\cgrid Therefore,
when the vibrating voltage is applied }{\expnd1\expndtw7\cgrid between the
second metal layers }{\expnd1\expndtw7\b\charscalex105\cgrid 128
}{\expnd1\expndtw7\cgrid on the fixation  portion
}{\expnd1\expndtw7\b\charscalex105\cgrid 117 }{\expnd1\expndtw7\cgrid and
the \par }\fi-576\sb144\sl-413\slmult0\nowidctlpar\adjustright
\expnd1\expndtw7\cgrid {20 electrode portion }{\b\charscalex105\cgrid 127,
}{the first mass body }{\b\charscalex105\cgrid 111 }{can vibrate in the
}{\b\charscalex105\cgrid "z" }{axis }{\expnd0 \expndtw-3\cgrid direction
due to an electrostatic force between the first mass body
}{\expnd0\expndtw-3\b\charscalex105\cgrid 111 }{\expnd0\expndtw-3\cgrid and
the }{\expnd1\expndtw8\cgrid electrode
}{\expnd1\expndtw8\b\charscalex105\cgrid 125. }{\expnd1 \expndtw8\cgrid
When the frequency of the vibrating voltage is equal to a
}{\expnd0\expndtw2\cgrid resonance frequency determined according to
weights of the first and second }{\expnd0\expndtw0\cgrid mass bodies
}{\expnd0\expndtw0\b\charscalex105\cgrid (1 11 




