US 20130270707A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2013/0270707 A1l

FURUHATA

(43) Pub. Date:

Oct. 17,2013

(54) SEMICONDUCTOR DEVICE, METHOD OF
MANUFACTURING SEMICONDUCTOR

(71)

(72)
(73)
@
(22)

(30)

Apr. 11, 2012

DEVICE, AND ELECTRONIC APPARATUS

Applicant:
Tokyo (JP)

Inventor:

Assignee:

Appl. No.: 13/860,107

Filed: Apr. 10, 2013
Foreign Application Priority Data
(P)

54

2012-089966

D

SEIKO EPSON CORPORATION,

(52)

Makoto FURUHATA, Matsumoto (JP)

Seiko Epson Corporation, Tokyo (JP)

&7

Publication Classification

Int. CI.

HOIL 23/498 (2006.01)

HOIL 21/768 (2006.01)

USS. CL

CPC ... HOIL 23/498 (2013.01); HOIL 21/76802
(2013.01)

1615 G 257/773; 438/666

ABSTRACT

A semiconductor device includes a base substrate and first
and second semiconductor wires which are arranged side by
side on the base substrate, and the base substrate is provided
with an opening (inter-wire grove, slit) in an extending direc-
tion of the first and second semiconductor wires between the

first semiconductor wire and the second semiconductor wire.
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SEMICONDUCTOR DEVICE, METHOD OF
MANUFACTURING SEMICONDUCTOR
DEVICE, AND ELECTRONIC APPARATUS

BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a semiconductor

device, a method of manufacturing a semiconductor device,
and an electronic apparatus, and particularly, to a technology
of reducing a parasitic capacitance.

[0003] 2. Related Art

[0004] In recent years, technologies of forming a small-
sized high-sensitivity semiconductor device on a base sub-
strate using a micro electro mechanical system (MEMS) tech-
nology and forming wires which are connected to the
semiconductor device on the base substrate together with the
formation of the semiconductor device have attracted atten-
tion.

[0005] As such a method of manufacturing a semiconduc-
tor device, for example, a silicon substrate which is a material
of'a semiconductor device is bonded to a base substrate made
of glass or the like through anodic bonding, and subjected to
etching except for an area which forms constituent elements
of the semiconductor device of the silicon substrate and an
area which forms semiconductor wires which are connected
to the constituent elements to die-cut the constituent elements
and the semiconductor wires to thereby obtain a semiconduc-
tor device.

[0006] In addition, as another manufacturing method, in
DENSO Technical Review, Vol. 5, No. 1, 2000, pages 39 to
44, a silicon-on-insulator (SOI) substrate is used as a base
substrate for a semiconductor device, and a configuration is
disclosed in which in a semiconductor device having con-
stituent elements arranged on a SOI substrate, wires made of
polysilicon for connection to constituent elements are embed-
ded in the SOI substrate and connected to constituent ele-
ments of connection destinations. In DENSO Technical
Review, Vol. 5, No. 1, 2000, pages 39 to 44, the SOI substrate
has a SiO, layer which is positioned below the position at
which the wires are embedded.

[0007] However, the wires are arranged adjacent to the
glass substrate of SiO, or the SiO, layer in any of the above-
described methods. SiO, has a high specific permittivity.
Accordingly, when the wires are arranged adjacent to SiO,, a
parasitic capacitance (stray capacitance) is easily generated
between the wires. Accordingly, in any method, there is a
tendency that electrical characteristics of the semiconductor
device are adversely affected due to the parasitic capacitance
between the wires.

SUMMARY

[0008] An advantage of some aspects of the invention is
that it provides a semiconductor device having a reduced
parasitic capacitance, a method of manufacturing a semicon-
ductor device, and an electronic apparatus.

[0009] The invention can be implemented as the following
application examples.

APPLICATION EXAMPLE 1

[0010] This application example is directed to a semicon-
ductor device including: a base substrate; and first and second
semiconductor wires which are arranged side by side on the
base substrate, in which the base substrate is provided with an

Oct. 17,2013

opening in an extending direction of the first and second
semiconductor wires between the first semiconductor wire
and the second semiconductor wire.

[0011] With the above-described configuration, an opening
is formed in an area in the base substrate through which
electric force lines emitted from the semiconductor wires
pass. Accordingly, the specific permittivity of the part through
which the electric force lines pass in the base substrate can be
reduced, and thus a semiconductor device is obtained in
which a parasitic capacitance between the semiconductor
wires is reduced.

APPLICATION EXAMPLE 2

[0012] This application example is directed to the semicon-
ductor device according to Application Example 1, wherein a
relationship of D=2 W is satisfied where D represents a depth
of the opening and W represents a width between a center
portion of a width of the first semiconductor wire and a center
portion of a width of the second semiconductor wire.

[0013] With the above-described configuration, the para-
sitic capacitance between the semiconductor wires can be
more effectively reduced.

APPLICATION EXAMPLE 3

[0014] This application example is directed to the semicon-
ductor device according to Application Example 1, wherein a
material of the base substrate is glass and a material of the
semiconductor wire is silicon.

[0015] With the above-described configuration, the semi-
conductor device can be formed with a simple configuration.

APPLICATION EXAMPLE 4

[0016] This application example is directed to the semicon-
ductor device according to Application Example 1, wherein
the opening has a bottom.

[0017] With the above-described configuration, when a cap
is bonded to the base substrate to cover the semiconductor
wires, the semiconductor wires can be sealed airtight and
contamination of the semiconductor wires can be prevented.

APPLICATION EXAMPLE 5

[0018] This application example is directed to an electronic
apparatus including: the semiconductor device according to
Application Example 1.

[0019] For the same reason as Application Example 1, the
electronic apparatus is obtained in which a parasitic capaci-
tance between the semiconductor wires is reduced.

APPLICATION EXAMPLE 6

[0020] This application example is directed to a method of
manufacturing a semiconductor device, including: arranging
first and second semiconductor wires side by side on an
insulating substrate; and forming an opening extending in an
extending direction of the first and second semiconductor
wires between the first semiconductor wire and the second
semiconductor wire by subjecting the insulating substrate to
etching using the first and second semiconductor wires as a
mask pattern.

[0021] With the above-described method, a semiconductor
device in which an opening is securely disposed between the
semiconductor wires can be manufactured without generat-
ing an alignment error which can occur when the opening is
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formed in advance on the base substrate and the semiconduc-
tor wires are then arranged on the base substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0023] FIG. 1 is a cross-sectional view of a semiconductor
device of an embodiment.

[0024] FIG. 2 is a cross-sectional view of a modification
example of the semiconductor device of the embodiment.
[0025] FIG.3isacross-sectional view illustrating a process
of manufacturing the semiconductor device of the embodi-
ment (before etching).

[0026] FIG.4isacross-sectional view illustrating a process
of manufacturing the semiconductor device of the embodi-
ment (after etching).

[0027] FIG. 51is a view illustrating a model for calculating
an electrostatic capacitance between semiconductor wires in
the semiconductor device of the embodiment.

[0028] FIG. 6 is a graph which is obtained by calculating a
change in the electrostatic capacitance between the semicon-
ductor wires based on a change in the depth of an inter-wire
groove on the basis of the model of FIG. 5.

[0029] FIG.7isaplan view of a gyro sensor of the embodi-
ment.
[0030] FIG. 8 is a detail view of the part surrounded by the

dashed line of FIG. 7.

[0031] FIG.9is a cross-sectional view taken along the line
A-A of FIG. 8.
[0032] FIG. 10 is a view illustrating a process of manufac-

turing the gyro sensor of the embodiment (process of forming
a wire groove and a concave portion).

[0033] FIG. 11 is a view illustrating a process of manufac-
turing the gyro sensor of the embodiment (process of forming
an inter-wire groove).

[0034] FIG. 12 is a view illustrating a process of manufac-
turing the gyro sensor of the first embodiment (process of
forming a conductive film).

[0035] FIG. 13 is a view illustrating a process of manufac-
turing the gyro sensor of the first embodiment (anodic bond-
ing process).

[0036] FIG. 14 is a schematic view of an electronic appa-
ratus having the gyro sensor of the embodiment installed
therein.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0037] Hereinafter, the invention will be described in detail
with reference to embodiments illustrated in the drawings.
However, constituent elements, kinds, combinations, shapes,
relative arrangements thereof, and the like described in the
embodiments are not intended to limit the scope of the inven-
tion, but exemplified only for the purpose of describing the
invention unless otherwise stated. A semiconductor device of
the embodiment of the invention is applied to, for example, a
gyro sensor 10 illustrated in FIG. 7 and other drawings. How-
ever, the content of the invention will be clearly described
using FIGS. 1 to 6 before descriptions about the gyro sensor.
[0038] FIG. 1 illustrates a cross-sectional view of a semi-
conductor device of an embodiment, and FIG. 2 illustrates a
cross-sectional view of a modification example of the semi-
conductor device of the embodiment. A semiconductor
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device 1 of the embodiment has a configuration in which a
plurality of semiconductor wires 50 (see FIG. 7) are arranged
on a base substrate 12 (see FIG. 7). The base substrate 12 has
openings (inter-wire grooves 54 (FIG. 1) or slits 56 (FIG. 2))
which are provided in an extending direction of the semicon-
ductor wire 50 between the semiconductor wires 50.

[0039] The base substrate 12 is made of glass. The semi-
conductor wire 50 is made of conductive silicon. When a
semiconductor wire 50 and a semiconductor wire 50 are not at
the same potential, an electric field is generated between the
semiconductor wires, and thus it is possible to draw electric
force lines (direction of the electric field) which connect the
semiconductor wires 50 to each other. The electric force lines
include components passing on the base substrate 12 and
components passing through the base substrate 12.

[0040] When the material of the base substrate 12 is glass,
the permittivity thereof is higher than that of the vacuum.
Accordingly, when two semiconductor wires 50 are regarded
as a condenser, a component which is an electrostatic capaci-
tance of the condenser and includes the electric force line
passing through the base substrate 12 becomes larger than a
component which includes the electric force line passing on
the base substrate 12. Accordingly, the parasitic capacitance
between the semiconductor wires 50 increases. In addition,
the smaller the distance between the semiconductor wires 50,
the larger the parasitic capacitance.

[0041] Accordingly, as illustrated in FIG. 1, the semicon-
ductor device 1 of the embodiment is provided with an inter-
wire groove 54 (opening) on a position between semiconduc-
tor wires 50 of the base substrate 12 which are adjacent to
each other. Therefore, an electric force line can be allowed to
pass through the inter-wire groove 54 and an average specific
permittivity of the area through which the electric force line
passes in the base substrate 12 can thus be reduced, thereby
reducing the parasitic capacitance between the semiconduc-
tor wires 50.

[0042] In addition, as illustrated in FIG. 2, a slit 56 (open-
ing) which penetrates through the base substrate 12 may be
formed in place of the inter-wire groove 54. Therefore, since
of the electric force lines radiated from the semiconductor
wires 50, a component passing through the material of the
base substrate 12 can be reduced compared to the case in
which the inter-wire groove 54 is formed on the same base
substrate 12, and the parasitic capacitance between the wires
can be further reduced.

[0043] A process of manufacturing the semiconductor
device of the embodiment includes the steps of: forming the
inter-wire grooves 54 (or slits 56) on the base substrate 12;
and bonding the semiconductor wires 50 to the base substrate
12 so as to interpose the inter-wire groove 54 between the
semiconductor wires. However, the semiconductor device
can also be manufactured as follows.

[0044] FIGS. 3 and 4 illustrate a process of manufacturing
the semiconductor device of the embodiment. The semicon-
ductor wires 50 are arranged on the base substrate 12 as
illustrated in FIG. 3. Regarding the arrangement of the semi-
conductor wires 50, a silicon substrate 52 (FIG. 13) may be
bonded to the base substrate 12 as will be described later, and
subjected to etching in accordance with the arrangement of
the semiconductor wires 50 to die-cut the semiconductor
wires 50. In addition, dry etching or wet etching is performed
on an area between the semiconductor wires 50 of the base
substrate 12 using the semiconductor wires 50 as a mask
pattern. Therefore, as illustrated in FIG. 4, the inter-wire
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groove 54 (or slit 56) is formed on the position between the
semiconductor wires 50 of the base substrate 12. Here, the
inter-wire groove 54 (or slit 56) has an outer shape according
to the outer shape of the area between the semiconductor
wires 50 of the base substrate 12 and is formed in the extend-
ing direction of the semiconductor wire 50.

[0045] When the inter-wire groove 54 is formed after
arrangement of the semiconductor wires 50 on the base sub-
strate 12, the etching proceeds not only in a thickness direc-
tion of the base substrate 12, but also in an in-plane direction
of'the base substrate 12. Accordingly, as illustrated in FIG. 4,
when the inter-wire groove 54 is formed during the above-
described manufacturing process, the semiconductor wires
50 are arranged to slightly protrude toward the inter-wire
groove 54 in plan view.

[0046] Next, a depth of the inter-wire groove 54 sufficient
for reducing the parasitic capacitance between the semicon-
ductor wires 50 is examined. The parasitic capacitance
between the semiconductor wires 50 is synonymous with the
electrostatic capacitance between the semiconductor wires
50. Accordingly, a simple model is thought for calculating the
electrostatic capacitance between the semiconductor wires
50.

[0047] FIG. 5 illustrates a model for calculating the elec-
trostatic capacitance between the semiconductor wires in the
semiconductor device of the embodiment. n (n: integer) thin
plates 12a obtained by slicing the base substrate 12 of the
semiconductor device 1 for each thickness At are thought as
illustrated in FIG. 5. In addition, it is thought that an inter-
wire groove 54 is formed up to a k-th (k<n) thin plate 12a. At
this time, a depth D of the inter-wire groove 54 is kxAt.

[0048] Electric force lines are drawn so as to be emitted
from all of the surfaces of the semiconductor wires 50. How-
ever, for simplification of the model, it is thought that the
electric force lines which are radiated from the surfaces of the
semiconductor wires 50 other than lower surfaces which are
bonded to the base substrate 12 do not pass through the base
substrate 12, but only the electric force lines which are emit-
ted from the lower surfaces of the semiconductor wires 50
pass through the base substrate 12. In addition, it is thought
that in the lower surfaces, the electric force lines are radiated
only from the center portions of the lower surfaces of the
semiconductor wires 50.

[0049] In addition, it is thought that of the electric force
lines, a component passing through the base substrate 12
draws a V-path in which the component is linearly emitted
from the center portion of the lower surface of one semicon-
ductor wire 50, bends on the lower surface of each thin plate
124, and is linearly focused to the center portion of the lower
surface of the other semiconductor wire 50 as illustrated in
FIG. 5.

[0050] For further simplification of the model, it is thought
that all of electric force lines bending on a lower surface of an
i-th (i<k) thin plate 12a pass through the inter-wire groove 54
(in the vacuum) and do not pass through the material of the
base substrate 12. Similarly, it is thought that all of electric
force lines bending on a lower surface of an i-th (i>k) thin
plate 12a pass through the material of the base substrate 12
and do not pass through the inter-wire groove 54.

[0051] A small electrostatic capacitance AC; which is
formed by an i-th (i<k) electric force line is as follows by the
above-described model.
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AC = go XS Expression 1
W2

; 2
(IX Ar? + ( 2)

[0052] Here, €, represents a permittivity of the vacuum, S
represents an area of the lower surface of the semiconductor
wire 50 per unit length of the semiconductor wire 50 in a
longitudinal direction, and W represents a width between the
center portions of the semiconductor wires 50. Similarly, a
small electrostatic capacitance AC, which is formed by ani-th
(k<i) electric force line is as follows.

g9 X&p XS Expression 2

AC, =
(ixAD? + (%)2

[0053] Here, €, represents a specific permittivity of the
material of the base substrate 12. Accordingly, a component
which is an electrostatic capacitance between the semicon-
ductor wires 50 and includes the electric force line passing
through the base substrate 12 is as follows.

Expression 3

cngcﬁ Zn: AC,

i=k+1

[0054] In Expression 3, when the depth D of the inter-wire
groove 54 is increased, that is, when the value of k is
increased, the value of C is reduced. Accordingly, an electro-
static capacitance C when the value of K is increased is
calculated, and the depth of the inter-wire groove 54 when a
reduction in the electrostatic capacitance is saturated with
respect to the case in which k is increased is calculated.
Therefore, the depth D of the inter-wire groove 54 sufficient
for reducing the parasitic capacitance between the semicon-
ductor wires 50 can be calculated.

[0055] FIG. 6 illustrates a graph which is obtained by cal-
culating a change in the electrostatic capacitance between the
semiconductor wires based on a change in the depth of the
inter-wire groove on the basis of the model of FIG. 5. The
inventors of the invention calculated a change in the electro-
static capacitance when changing the depth of the inter-wire
groove 54 disposed on the base substrate 12 on the basis of the
above-described model. In the above-described model, it is
presumed that the base substrate 12 has a thickness of 1 mm
and its material is Pyrex (registered trade name). The specific
permittivity of Pyrex (registered trade name) is 4.8. In addi-
tion, it is presumed that a material of the semiconductor wire
50 is silicon and a width of the semiconductor wire 50 is 25
um. Furthermore, it is presumed that a width between the
semiconductor wires 50 is 25 um and a width W between the
center portions of the semiconductor wires 50 is 50 um. A
change in the electrostatic capacitance when changing the
depth D of the inter-wire groove 54 from 0 to 1 um was
calculated. The vertical axis of the graph of FIG. 6 indicates
avalue obtained by dividing the above-described electrostatic
capacitance by an electrostatic capacitance between the semi-
conductor wires 50 when there are no inter-wire grooves 54.
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[0056] Asillustrated in FIG. 6, the reduction in the electro-
static capacitance is saturated when the depth of the inter-wire
groove 54 is 100 um. Accordingly, it is found that the depth D
of'the inter-wire groove 54 necessary for sufficiently reducing
the electrostatic capacitance between the semiconductor
wires 50 is 100 um or greater and the value of D is twice or
greater the value of W.

[0057] In addition, in Expressions 1 and 2, the depth D
(ixAt) of the inter-wire groove 54 and the distance W between
the center portions of the semiconductor wires 50 have the
same order. Accordingly, the depth D of the inter-wire groove
54 necessary for sufficiently reducing the -electrostatic
capacitance between the semiconductor wires 50, and W at
that time have a linear proportional relationship.

[0058] From the above fact, it is found that when D=2W is
satisfied, the electrostatic capacitance between the semicon-
ductor wires 50, that is, the parasitic capacitance can be
sufficiently reduced.

[0059] FIG. 7 illustrates a plan view of a gyro sensor of the
embodiment. FIG. 8 illustrates a detail view of the part sur-
rounded by the dashed line of FIG. 7. FIG. 9 illustrates a
cross-sectional view taken along the line A-A of FIG. 8. Inthe
drawings, the X axis, the Y axis, and the Z axis are perpen-
dicular to each other.

[0060] As illustrated in FIG. 7, in the gyro sensor 10 of the
embodiment, a pair of drive mass portions 26A and 26B
which are arranged in an X-axis direction (oscillation direc-
tion), a drive portion (movable electrode 44, fixed electrodes
46A and 46B) which oscillates the respective drive mass
portions, a detector (movable mass portions 36A and 36B)
which is supported by the drive mass portions 26 A and 26B,
and the like are integrally arranged on the base substrate 12.
This integrated product is formed by performing die cutting
from the conductive silicon substrate 52 to be described later.
[0061] Inthe embodiment, the elements are arranged sub-
stantially axisymmetrically with respect to a line in a Y-axis
direction (conductive film 22C in FIG. 7) as a center line.
First, a configuration of the embodiment will be described
using the part (FIG. 8) surrounded by the dashed line of FIG.
7

[0062] As illustrated in FIG. 8, the drive mass portion 26A
has a rectangular casing shape. The drive mass portion 26A
has first beam portions 28 which have a longitudinal direction
in the X-axis direction and are parallel to each other and a pair
of second beam portions 30 which have a longitudinal direc-
tion in the Y-axis direction and are parallel to each other. In
addition, an anchor portion 32 (32A to 32D) is disposed on an
extension in the longitudinal direction of the first beam por-
tion 28 of the drive mass portion 26 A. The drive mass portion
26A is connected to a drive spring 34 at an end of the first
beam portion 28 in the longitudinal direction, so that the drive
spring 34 is connected to each anchor portion 32. Accord-
ingly, the drive mass portion 26A is electrically connected to
the anchor portion 32 via the drive spring 34. The drive spring
34 is formed to have flexibility (be easily deformed) in the
X-axis direction (oscillation direction) and to have constant
rigidity (be difficult to deform) in the Y-axis direction (sensi-
tive-axis direction).

[0063] The drive portion has a comb tooth-shaped movable
electrode 44 extending from the drive mass portion 26A in the
Y-axis direction and comb tooth-shaped fixed electrodes 46 A
and 46B which are bonded to the base substrate 12 with the
movable electrode 44 sandwiched therebetween in the X-axis
direction. An electrode finger 44a extends in the X-axis direc-
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tion from the movable electrode 44 toward the fixed elec-
trodes 46 A and 46B. In addition, electrode fingers 46 Aa and
46Ba extend in the X-axis direction from the fixed electrodes
46A and 46B toward the movable electrode 44. The electrode
finger 44a extending from the movable electrode 44 and the
electrode fingers 46Aa and 46Ba extending from the fixed
electrodes 46 A and 46B are alternately arranged side by side
in the Y-axis direction.

[0064] Thedetector hasamovable mass portion 36A and an
island-shaped electrode 40A. The movable mass portion 36 A
is disposed inside the drive mass portion 26 A and mechani-
cally and electrically connected to the drive mass portion 26 A
via a detecting spring 42. The detecting spring 42 is formed to
have flexibility in the Y-axis direction (sensitive-axis direc-
tion) and to have constant rigidity in the X-axis direction
(oscillation direction). Accordingly, the movable mass por-
tion 36A can be displaced in a direction cross (perpendicular)
to the oscillation direction of the drive mass portion 26 A on
the base substrate 12.

[0065] The movable mass portion 36A has a rectangular
casing shape with a plurality of slits 38 which have a longi-
tudinal direction in the X-axis direction and are formed side
by side at regular intervals in the Y-axis direction. The island-
shaped electrode 40A is a member spatially separated from
the movable mass portion 36A, and is disposed in each slit
and bonded to the base substrate 12. Therefore, the island-
shaped electrode 40A is disposed to be opposed to the mov-
able mass portion 36A in the Y-axis direction. The detector
has a detecting circuit (not shown) which is electrically con-
nected to the movable mass portion 36A and the island-
shaped electrode 40A and detects the electrostatic capaci-
tance between the movable mass portion 36A and the island-
shaped electrode 40A.

[0066] As illustrate in FIG. 7, the drive mass portion 26B is
similar to the drive mass portion 26 A, a movable mass portion
368 is similar to the movable mass portion 36A, and an
island-shaped electrode 40B is similar to the island-shaped
electrode 40A. Anchor portions 32F and 32F are similar to the
anchor portions 32A and 32B. The drive spring 34 is inter-
posed between the anchor portions 32B and 32D in the X-axis
direction to support the drive springs 34.

[0067] The fixed electrodes 46A and 46B which are adja-
cent to the drive mass portion 26B on the right side of FIG. 7
are arranged opposite to each other in a horizontal direction
with the fixed electrodes 46A and 46B and the movable elec-
trode 44 as centers which are adjacent to the drive mass
portion 26A on the left side of FIG. 7.

[0068] Thebase substrate 12 is made of an insulating mate-
rial such as glass. Concave portions 16 (see FIG. 10) are
provided at positions opposed to the drive spring 34, the drive
mass portions 26A and 26B, the movable electrode 44, the
detecting spring 42, the movable mass portions 36 A and 36B,
and the like on the base substrate 12. These constituent ele-
ments are supported by the anchor portion 32 while floating
from bottom surfaces of the concave portions 16. Accord-
ingly, the constituent elements can be displaced in the X-axis
direction and the Y-axis direction on the base substrate 12
without causing interference with the base substrate 12.

[0069] The anchor portion 32 and the fixed electrodes 46 A
and 468 are bonded to the base substrate 12. Island portions
20 (see FIG. 10 and the like) having a shape according to the
outer shape of the island-shaped electrodes 40A and 40B in
plan view are arranged at positions opposed to the island-
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shaped electrodes 40A and 40B of the concave portion 16,
and the island-shaped electrodes 40A and 40B are bonded to
the island portions 20.

[0070] A semiconductor wire 50A which electrically con-
nects the fixed electrodes 46 A belonging to different drive
portions, respectively, to each other, a semiconductor wire
50B which electrically connects the fixed electrodes 46B
belonging to different drive portions, respectively, to each
other, a semiconductor wire 50C which electrically connects
the anchor portions 32A to 32D, and a semiconductor wire
50D which electrically connects the anchor portions 32E and
32F to each other are arranged on the base substrate 12.
[0071] Wire grooves 14 (see FIG. 10 and the like) are
arranged on the base substrate 12 and extend up to positions
opposed to the lower surfaces of the various electrodes and
semiconductor wires which are connection destinations of a
conductive film 22. The depth of the wire groove 14 can be
made to be the same as that of the concave portion 16.
[0072] In the wire grooves 14, convex portions 18 are
arranged at positions opposed to the various electrodes and
semiconductor wires which are connection destinations of the
conductive film 22. In addition, in the wire grooves 14, the
conductive film 22 (22A to 22G) made of indium tin oxide
(ITO) or the like is disposed to cover the surfaces of the
bottom portion of the wire groove 14 and the surface of the
convex portion 18 (see FIGS. 9 and 12). The upper surface of
the convex portion 18 is substantially as high as the surface of
the base substrate 12.

[0073] Accordingly, as illustrated in FI1G. 9, the conductive
film 22 is exposed from the surface of the base substrate 12
and connected to the various electrodes and semiconductor
wires on the upper surface of the convex portion 18, but in
other parts, the conductive film 22 is positioned below the
surface of the base substrate 12, so that the conductive film 22
is not short-circuited or connected to other constituent ele-
ments in a part other than the upper surface of the convex
portion 18.

[0074] As illustrated in FIG. 7, an external terminal 24
(24 A to 24E) is disposed at an end of the conductive film 22.
The external terminal 24A is electrically connected to the
island-shaped electrode 40 A via the conductive film 22A. The
external terminal 24B is electrically connected to the semi-
conductor wire 50A via the conductive film 22B. Here, the
semiconductor wire 50A is connected in parallel with the
fixed electrode 46 A. Therefore, the external terminal 24B is
electrically connected to the fixed electrode 46 A via the semi-
conductor wire S0A.

[0075] The external terminal 24C is electrically connected
to the semiconductor wire 50C, the anchor portion 32B, and
the anchor portion 32D via the conductive film 22C. Here, the
semiconductor wire 50C is connected to the anchor portions
32A and 32B and electrically connected to the anchor portion
32E, the semiconductor wire 50D, and the anchor portion 32F
via the conductive film 22F. Therefore, the external terminal
24C is electrically connected to the anchor portion 32.
[0076] The external terminal 24D is electrically connected
to the semiconductor wire 50B via the conductive film 22D.
Here, the semiconductor wire 50B is electrically connected in
parallel with the fixed electrode 46B via the conductive film
22G. Accordingly, the external terminal 24D is electrically
connected to the fixed electrode 46B via the semiconductor
wire 50B and the conductive film 22G.

[0077] The external terminal 24E is electrically connected
to the island-shaped electrode 40B via the conductive film
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22E. A DC voltage and an AC voltage for driving the drive
portion are applied to the external terminal 24B and the exter-
nal terminal 24D. The external terminal 24A, the external
terminal 24C, and the external terminal 24E are connected to
the detecting circuit (not shown).

[0078] A DC voltage is applied to the fixed electrodes 46 A
and 46B and an AC voltage having an opposite phase is also
applied thereto. Accordingly, the movable electrode 44 is
attracted to a height position of the fixed electrodes 46A and
468 due to an electrostatic attractive force generated by the
DC voltage components of the fixed electrodes 46 A and 468,
and oscillates in the X-axis direction as an oscillation direc-
tion by the AC voltage components.

[0079] Therefore, the drive mass portion 26 A, the movable
electrode 44, the detecting spring 42, and the movable mass
portion 36A oscillate in the X-axis direction as an oscillation
direction, and the drive spring 34 is expanded and contracted
and oscillates in the X-axis direction. Since the distance in the
Y-axis direction between the movable mass portion 36A and
the island-shaped electrode 40A does not change with this
oscillation, the electrostatic capacitance therebetween does
not change.

[0080] At this time, in the drive mass portions 26A and
26B, since the fixed electrodes 46 A and 46B are arranged
opposite to each other in the horizontal direction with the
movable electrode 44 interposed therebetween, the drive
mass portions 26A and 26B oscillate in phases opposite to
each other in the X-axis direction as an oscillation direction.
Therefore, the drive mass portions 26A and 26B bilaterally
symmetrically oscillate on the base substrate 12. At this time,
since there is no movement of the center of gravity associated
with the oscillation, leakage of oscillation can be suppressed.

[0081] In the above-described oscillation state, when the
angular velocity around the Z axis is applied, the movable
mass portion 36 A receives a Coriolis force which is displaced
in the Y-axis direction. The detecting spring 42 receiving this
force is expanded and contracted in the Y-axis direction, and
the movable mass portion 36A is displaced in the Y-axis
direction. Therefore, the distance between the island-shaped
electrode 40A and the movable mass portion 36A (internal
wall of the slit 38 on the +Y-axis side) changes, and the
electrostatic capacitance between the island-shaped electrode
40A and the movable mass portion 36A changes. Accord-
ingly, when this change in the electrostatic capacitance is
monitored in the detecting circuit (not shown), the magnitude
and direction of the angular velocity around the Z axis can be
detected.

[0082] In addition, since the oscillation directions (X-axis
direction) of the movable mass portions 36A and 36B are
opposite to each other, the movable mass portions receive
Coriolis forces in directions opposite to each other in the
Y-axis direction. In addition, when receiving an acceleration
in a direction parallel to the Y axis, the movable mass portions
36A and 36B receive an inertia force (acceleration) in the
same direction in the Y-axis direction.

[0083] Accordingly, when taking a difference between the
electrostatic capacitance between the movable mass portion
36A and the island-shaped electrode 40A and the electrostatic
capacitance between the movable mass portion 36B and the
island-shaped electrode 40B, the acceleration component in
the direction parallel to the Y axis is offset, and thus a value
which is obtained by adding the angular velocity components
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around the Z axis can be detected. Accordingly, it is possible
to detect the angular velocity around the 7 axis with high
sensitivity.

[0084] As illustrated in FIG. 7 and the like, the inter-wire
grooves 54 are arranged on the base substrate 12. The inter-
wire grooves 54 are arranged in an area between the semi-
conductor wire 50A and the semiconductor wire 50B, an area
between the semiconductor wire 50B and the semiconductor
wire 50C, an area between the semiconductor wire 50B and
the semiconductor wire 50D, and an area between the semi-
conductor wire 50A and the drive spring 34, respectively, on
the base substrate 12. As described above, the depth D of the
inter-wire groove 54 is required to satisfy the relationship of
D=2 W with the width W between the center portions of the
semiconductor wires 50 which are adjacent to each other.
Needless to say, a slit 56 (through hole, see FIG. 2) which
penetrates through the base substrate 12 in the thickness
direction may be formed in place of the inter-wire groove 54
at the position at which the inter-wire groove 54 of the base
substrate 12 is formed.

[0085] Next, a process of manufacturing the gyro sensor 10
of the embodiment will be described. FIGS. 10 to 13 illustrate
the process of manufacturing the gyro sensor of the embodi-
ment. As illustrated in FIG. 10, the wire grooves 14, the
concave portions 16, the convex portions 18, and the island
portions 20 are formed by etching on the base substrate 12. In
addition, etching is also performed up to the same depth as the
wire groove 14 and the like on the position at which the
inter-wire groove 54 of the base substrate 12 is formed. The
concave portion 16 is formed according to the outer shapes of
the drive spring 34, the drive mass portions 26A and 26B, the
movable electrode 44, and the like. The convex portion 18 is
formed by performing etching on an area in which the wire
groove 14 and the concave portion 16 of the base substrate 12
are formed, except for a part which will be the convex portion
18. The island portion 20 is also formed by performing etch-
ing on an area in which the concave portion 16 of the base
substrate 12 is formed, except for a part which will be the
island portion 20.

[0086] As illustrated in FIG. 11, the conductive film 22 and
the external terminal 24 are formed using sputtering or the
like. At this time, a mask covering a part other than the
position at which the conductive film 22 of the base substrate
12 is formed is formed on the base substrate 12, and is
removed after formation of the conductive film 22. This con-
ductive film 22 is formed not only on the bottom surfaces of
the wire groove 14 and the concave portion 16, but also on the
upper surface of the convex portion 18.

[0087] As illustrated in FIG. 12, the inter-wire groove 54
(or slit 56) is formed on the base substrate 12.

[0088] As illustrated in FIG. 13, the conductive silicon
substrate 52 which is a material of the constituent elements
(the anchor portion 32, the drive spring 34, the drive mass
portions 26 A and 26B, the movable electrode 44, the fixed
electrodes 46 A and 46B, the detecting spring 42, the movable
mass portions 36A and 36B, the island-shaped electrodes
40A and 40B, and the semiconductor wire 50) is disposed on
the base substrate 12 to be bonded to the base substrate 12
(glass substrate) through anodic bonding. Due to this bond-
ing, apart disposed on the upper surface of the convex portion
18 in the conductive film 22 and the silicon substrate 52 are
connected to each other, and the island portion 20 and the
silicon substrate 52 are bonded to each other. When the con-
stituent elements are die-cut by performing etching on an area
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other than the areas of the above-described constituent ele-
ments of the silicon substrate 52, the gyro sensor 10 of the
embodiment is formed.

[0089] The inter-wire groove 54 (or slit 56) can also be
formed after forming the semiconductor wire 50 through
etching. For example, the base substrate 12 is formed by glass
of SiO, and the semiconductor wire 50 is formed by die
cutting by subjecting the silicon substrate 52 bonded to the
base substrate 12 to etching. The area between the semicon-
ductor wires 50 of the base substrate 12 is etched using HF or
the like to form the inter-wire groove 54. At this time, the
semiconductor wire 50 which becomes a peripheral edge of
the area to be a target of etching can be used as a mask pattern.
According to such a manufacturing process, it is possible to
securely form the inter-wire groove 54 (or slit 56) between the
semiconductor wires 50 without generating an alignment
error which may occur when the inter-wire groove 54 is
formed in advance on the base substrate 12 and the semicon-
ductor wire 50 is then disposed on the base substrate 12.
[0090] In addition, as illustrated in FIG. 7 and the like,
when the conductive film 22 is exposed on a position between
the semiconductor wires 50 of the base substrate 12, the
conductive film 22 can be used as a mask pattern together with
the semiconductor wire 50. At this time, the conductive film
22 is preferably formed by a metal such as Cu or Au that is not
etched by HF or the like.

[0091] In the process illustrated in FIG. 11, even when the
height of the convex portion 18 is the same as the depth of'the
inter-wire groove 54, when a conductive film 22 which is
formed on a side surface of a convex portion 18 and disposed
on a upper surface of the convex portion 18 and a conductive
film 22 which is disposed in a wire groove 14 in which the
convex portion 18 is arranged are electrically connected to
each other, the depth of the wire groove 14 can be made to be
the same as that of the inter-wire groove 54, and the process
illustrated in FIG. 12 can be omitted.

[0092] In the embodiment, a cap (not shown) is bonded to
the base substrate 12 so as to cover the above-described
constituent elements die-cut from the silicon substrate 52.
Accordingly, instead of the slit 56 illustrated in FIG. 2, the
inter-wire groove 54 is disposed on the base substrate 12 to
seal the above-described constituent elements airtight. There-
fore, it is possible to prevent contamination of the above-
described constituent elements. In addition, for example,
when the above-described constituent elements are vacuum-
sealed, or sealed airtight while low-viscosity gas is replen-
ished, the movement of the drive mass portions and the mov-
able mass portions which are movable parts is made better
and the excitation efficiency of the gyro sensor and the angu-
lar velocity detection sensitivity can be increased.

[0093] FIG. 14 illustrates a schematic view of an electronic
apparatus (portables terminal) with the electronic component
of the embodiment installed therein. In FIG. 14, a portable
terminal 60 (including PHS) is provided with a plurality of
operation buttons 62, an ear piece 64, and a mouthpiece 66,
and a display 68 is disposed between the operation buttons 62
and the ear piece 64. Recently, such a portable terminal 60 is
also provided with a camera with a blurring correction func-
tion. Accordingly, the gyro sensor 10 of the embodiment is
built in the portable terminal 60 in order to detect the angular
velocity which is used in the blurring correction function.
[0094] Examples of the electronic apparatus provided with
the gyro sensor 10 of the embodiment and the like include
high-function cell phones, digital still cameras, personal
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computers, laptop personal computers, tablet personal com-
puters, TVs, video cameras, video tape recorders, car naviga-
tion systems, pagers, ink jet discharge apparatuses, electronic
notebooks, calculators, electronic game machines, word pro-
cessors, work stations, videophones, TV monitors for secu-
rity, electronic binoculars, POS terminals, a medical appara-
tus (for example, electronic thermometers, manometers,
blood glucose analyzers, electrocardiography instruments,
ultrasonography instruments, and electronic endoscopes),
fishfinders, various measurement systems, gauging instru-
ments (for example, ones for automobiles, airplanes, and
ships), flight simulators, and the like in addition to the por-
table terminal 60.
[0095] Theentiredisclosure of Japanese Patent Application
No. 2012-089966, filed Apr. 11, 2012 is expressly incorpo-
rated by reference herein.
What is claimed is:
1. A semiconductor device comprising:
a base substrate; and
first and second semiconductor wires which are arranged
side by side on the base substrate,
wherein the base substrate is provided with an opening in
an extending direction of the first and second semicon-
ductor wires between the first semiconductor wire and
the second semiconductor wire.
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2. The semiconductor device according to claim 1,

wherein a relationship of D=2 W is satisfied where D
represents a depth of the opening and W represents a
width between a center portion of a width of the first
semiconductor wire and a center portion of a width of the
second semiconductor wire.

3. The semiconductor device according to claim 1,

wherein a material of the base substrate is glass and a
material of the semiconductor wire is silicon.

4. The semiconductor device according to claim 1,

wherein the opening has a bottom.

5. An electronic apparatus comprising:

the semiconductor device according to claim 1 which is
installed therein.

6. A method of manufacturing a semiconductor device,

comprising:

arranging first and second semiconductor wires side by
side on an insulating substrate; and

forming an opening extending in an extending direction of
the first and second semiconductor wires between the
first semiconductor wire and the second semiconductor
wire by subjecting the insulating substrate to etching
using the first and second semiconductor wires as a mask
pattern.



