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SPINDLE MOTOR, AND DISK DRIVE
APPARATUS INCLUDING THE SPINDLE
MOTOR

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a spindle motor and
more specifically to a spindle motor preferably for use in a
disk drive apparatus.

[0003] 2. Description of the Related Art

[0004] In recent years, in accordance with increased stor-
age density of disks, there has been a demand for disk drive
apparatuses, such as hard disk drives, to control rotation of the
disks, movement of heads, and so on with high precision. In a
known hard disk drive (HDD) disclosed in JP-A 2006-40423,
a gas arranged in an interior of the HDD is a low-density gas,
such as a helium gas or a hydrogen gas, and the HDD is
thereby arranged to achieve a reduction in resistance of the
gas against a disk, a head, and so on during rotation of a
spindle motor. The reduction in the resistance of the gas
against the disk, the head, and so on contributes to reducing
vibration of the disk, the head, and so on, enabling highly
precise data recording.

[0005] Bases of some spindle motors (hereinafter referred
to simply as “motors™) installed in HDDs are defined by
portions of housings of the HDDs. In the case where the
interior of the HDD is filled with a gas such as a helium gas or
the like as described in JP-A 2006-40423, the helium gas, for
example, which has extremely small molecules, tends to eas-
ily leak out of the interior of the HDD to an outside of the
HDD. Therefore, in the case where a shaft is fixed in a through
hole defined in the base, it is not easy to ensure sufficient
sealing of a region in which the base and the shaft are fixed to
each other.

SUMMARY OF THE INVENTION

[0006] A spindle motor according to a preferred embodi-
ment of the present invention is preferably used in a disk drive
apparatus including a housing defining an interior space. The
spindle motor includes a stationary portion, a base portion,
and a rotating portion. The stationary portion preferably
includes a shaft arranged to extend in an axial direction. The
base portion is preferably arranged to define a portion of the
housing and includes a through hole in which the shaft is
inserted. The rotating portion is arranged to rotate about a
central axis with respect to the stationary portion through a
bearing mechanism.

[0007] The shaft preferably includes a non-through hole
portion, a first connection channel, and a second connection
channel. The non-through hole portion is arranged to extend
downward from an upper end of the shaft. The first connec-
tion channel is arranged to extend from the hole portion in a
radial direction to connect the hole portion with an interior of
the bearing mechanism. The second connection channel is
arranged to extend from the hole portion in the radial direc-
tion to connect the hole portion with a space defined on a
lower side of the bearing mechanism.

[0008] An upper portion of the hole portion includes a
screw hole portion including a screw thread. A minimum
diameter of the screw thread is greater than an inside diameter
of'the hole portion. A sealing member is arranged between the
screw hole portion and the first connection channel. The
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interior space, the second connection channel, the hole por-
tion, and the first connection channel together define a con-
tinuous space.

[0009] Various preferred embodiments of the present
invention are able to prevent a gas arranged in an interior of a
housing from leaking out of the housing.

[0010] Also, various preferred embodiments of the present
invention are arranged to achieve an improvement in perpen-
dicularity of the upper end surface of the thrust portion with
respect to the outside surface of the shaft.

[0011] The above and other elements, features, steps, char-
acteristics and advantages of the present invention will
become more apparent from the following detailed descrip-
tion of the preferred embodiments with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 11is a diagram illustrating a disk drive appara-
tus according to a first preferred embodiment of the present
invention.

[0013] FIG. 2 is a diagram illustrating a motor according to
the first preferred embodiment of the present invention.
[0014] FIG. 3isadiagram illustrating a bearing mechanism
according to the first preferred embodiment of the present
invention.

[0015] FIG. 4 is a diagram illustrating a lower portion of a
shaft and its vicinity according to the first preferred embodi-
ment of the present invention.

[0016] FIG. 5 is a diagram illustrating the lower portion of
the shaft and its vicinity according to the first preferred
embodiment of the present invention.

[0017] FIG. 6 is a flowchart illustrating a procedure of
assembling the motor according to the first preferred embodi-
ment of the present invention.

[0018] FIG. 7 is a diagram illustrating the lower portion of
the shaft and its vicinity according to the first preferred
embodiment of the present invention.

[0019] FIG. 8 is a diagram illustrating a portion of a motor
according to a modification of the first preferred embodiment
of the present invention.

[0020] FIG. 9 is a flowchart illustrating a procedure of
assembling the motor according to a modification of the first
preferred embodiment of the present invention.

[0021] FIG. 10 is a diagram illustrating the motor in the
course of assembling thereof according to a modification of
the first preferred embodiment of the present invention.
[0022] FIG. 11is a diagram illustrating a lower portion of a
shaft of a motor and its vicinity according to a second pre-
ferred embodiment of the present invention.

[0023] FIG. 12is abottom view of the shaft and a base plate
according to the second preferred embodiment of the present
invention.

[0024] FIG. 13 is a flowchart illustrating a procedure of
assembling the motor according to the second preferred
embodiment of the present invention.

[0025] FIG. 14 is a diagram illustrating a lower portion of a
shaft of a motor and its vicinity according to a third preferred
embodiment of the present invention.

[0026] FIG. 15 is a cross-sectional view of the shaft and a
base plate according to the third preferred embodiment of the
present invention.

[0027] FIG. 16 is a diagram illustrating a lower portion of a
shaft ofa motor and its vicinity according to a fourth preferred
embodiment of the present invention.
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[0028] FIG. 17 is a plan view of a base plate according to
the fourth preferred embodiment of the present invention.
[0029] FIG. 18 is a diagram illustrating a motor according
to a fifth preferred embodiment of the present invention.
[0030] FIG. 19 is a diagram illustrating a bearing mecha-
nism according to a sixth preferred embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0031] It is assumed herein that a vertical direction is
defined as a direction in which a central axis of a motor
extends, and that an upper side and a lower side along the
central axis in FIG. 1 are referred to simply as an upper side
and a lower side, respectively. It should be noted, however,
that the above definitions of the vertical direction and the
upper and lower sides should not be construed to restrict
relative positions or directions of different members or por-
tions when the motor is actually installed in a device. Also
note that a direction parallel or substantially parallel to the
central axis is referred to by the term “axial direction”,
“axial”, or “axially”, that radial directions centered on the
central axis are simply referred to by the term “radial direc-
tion”, “radial”, or “radially”, and that a circumferential direc-
tion about the central axis is simply referred to by the term
“circumferential direction”, “circumferential”, or “circum-
ferentially”.

[0032] FIG. 1 is a vertical cross-sectional view of a disk
drive apparatus 1 including a spindle motor (hereinafter
referred to simply as a “motor”) 12 according to a first pre-
ferred embodiment of the present invention. The disk drive
apparatus 1 is a so-called hard disk drive. The disk drive
apparatus 1 preferably includes, for example, three disc-
shaped disks 11, on which information is recorded, the motor
12, an access portion 13, aclamper 151, and a housing 14. The
motor 12 is arranged to rotate while holding the disks 11. The
access portion 13 is arranged to perform at least one of read-
ing and writing of information from or to the disks 11. Note
that the number of disks 11 may be other than three if so
desired. Also note that the access portion 13 may be arranged
to perform both the reading and the writing of information
from or to the disks 11.

[0033] The housing 14 preferably includes a first housing
member 141 and a second housing member 142, the second
housing member 142 preferably having the shape of a flat
plate. The disks 11, the motor 12, the access portion 13, and
the clamper 151 are contained in the housing 14. The first
housing member 141 and the second housing member 142 are
preferably joined to each other through, for example, welding
or by any other suitable methods to define the housing 14 of
the disk drive apparatus 1. An interior space 143 of the hous-
ing 14 is hermetically enclosed, and includes no or substan-
tially no dirt or dust. The interior space 143 of the housing 14
is preferably filled with a low-density gas, such as, for
example, helium gas.

[0034] The three disks 11 are preferably arranged at sub-
stantially regular intervals in an axial direction through spac-
ers 152, and arranged to be clamped by the clamper 151 and
the motor 12. The access portion 13 preferably includes six
heads 131, six arms 132, and a head actuator mechanism 133.
Each ofthe arms 132 is arranged to support a separate one of
the heads 131. Each of the heads 131 is arranged to magneti-
cally read and/or write information from or to a correspond-
ing one of the disks 11 while being arranged in close prox-
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imity to the disk 11. The head actuator mechanism 133 is
arranged to actuate each of the arms 132 to move an associ-
ated one of the heads 131 relative to a corresponding one of
the disks 11. The head 131 is thereby arranged to access a
desired location on the rotating disk 11 while being arranged
in close proximity to the disk 11, to carry out the reading
and/or writing of the information.

[0035] FIG. 2 is avertical cross-sectional view of the motor
12. The motor 12 is preferably an outer-rotor motor. The
motor 12 includes a stationary portion 2, a rotating portion 3,
and a fluid dynamic bearing mechanism 4. The fluid dynamic
bearing mechanism 4 will be hereinafter referred to as a
“bearing mechanism 4”. The rotating portion 3 is supported
through the bearing mechanism 4 to be rotatable about a
central axis J1 of the motor 12 with respect to the stationary
portion 2. The central axis J1 of the motor 12 preferably
coincides with a central axis of each of the stationary portion
2, the rotating portion 3, and the bearing mechanism 4.
[0036] The stationary portion 2 preferably includes a base
plate 21, which is an example of a base portion, a stator 22,
and a wiring 24. The base plate 21 is arranged to define a
portion of the first housing member 141 illustrated in FIG. 1.
Thebase plate 21 includes a through hole 230 extending in the
axial direction therethrough defined in a center thereof. The
base plate 21 further includes one connector fitting hole 162
defined therein at a position away from the through hole 230,
as represented by a broken line in FIG. 1. The connector
fitting hole 162 is arranged to extend through the base plate
21. A connector 161 is arranged in the connector fitting hole
162. The connector fitting hole 162 is preferably arranged to
be sealed by the connector 161 and by another method such
as, for example, an application of an adhesive. The connector
161 is arranged to be connected to an external circuit 163
outside the housing 14.

[0037] Referring to FIG. 2, the stator 22 is preferably fixed
to the base plate 21. The stator 22 includes a stator core 221
and coils 222 wound on the stator core 221. The wiring 24 is
arranged to extend along an inner bottom surface 211 of the
base plate 21. The inner bottom surface 211 is a surface that
faces the interior space 143 of the housing 14 illustrated in
FIG. 1. The wiring 24 is arranged to extend from the stator 22
to the connector 161, which is represented by a broken line in
FIG. 1. One end portion of the wiring 24 is connected to the
connector 161, while an opposite end portion thereof is con-
nected to lead wires 222qa leading from the coils 222 illus-
trated in FI1G. 2. An example of a preferred form of the wiring
24 is a flexible printed circuit (FPC) board. However, the
wiring 24 could also be defined by a wire or wires continuous
with the lead wires 222a.

[0038] The rotating portion 3 preferably includes a rotor
hub 31 and a magnetic member 32. The rotor hub 31 includes
a hub body 311, a cylindrical portion 312, and a disk mount
portion 313. The cylindrical portion 312 is arranged to project
downward from an outer edge portion of the hub body 311.
The disk mount portion 313 is arranged to extend radially
outward from a bottom portion of the cylindrical portion 312.
The magnetic member 32 preferably includes a substantially
cylindrical rotor magnet 321 and a back iron 322. The rotor
magnet 321 is preferably fixed to an inside of the cylindrical
portion 312 with the back iron 322 being arranged therebe-
tween. The rotor magnet 321 is arranged radially opposite the
stator 22. A rotational torque is generated due to the interac-
tion between the magnetic flux generated by the stator 22 and
the rotor magnet 321.
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[0039] The hub body 311 includes a central hole portion
311a extending in the axial direction and defined in a center
thereof. A portion 5 of the hub body 311 which is in the
vicinity of the central axis J1 and which includes the central
hole portion 311a will be hereinafter referred to as a “sleeve
portion 5”.

[0040] The bearing mechanism 4 preferably includes a
shaft 41, a first cone portion 421, a second cone portion 422,
a first cover member 431, a second cover member 432, and a
lubricating oil 49. The shaft 41 is inserted in the central hole
portion 311a of the sleeve portion 5. A lower portion 412 of
the shaftis preferably fitted in the through hole 230 ofthe base
plate 21. The lower portion 412 refers to a portion of the shaft
which is inserted in the through hole 230, and will be here-
inafter referred to as a “shaft lower portion 412”. A portion of
the base plate 21 which is in the vicinity of the central axis J1
and which includes the through hole 230 will be hereinafter
referred to as an “inner circumferential portion 23”. The shaft
41 is arranged to extend in the vertical direction along the
central axis J1. The shaft 41 includes a non-through hole
portion 411 defined in an interior thereof. The hole portion
411 is arranged to extend downward from an upper end of the
shaft 41 along the central axis J1. The hole portion 411 is
arranged to have an axial length greater than the axial length
of'a solid region 414 which does not include a through hole.
The solid region 414 is defined on a lower side of the hole
portion 411 and between the hole portion 411 and a small hole
portion defined in a lower end portion of the shaft 41. An
upper portion of the hole portion 411 includes a screw hole
portion 410.

[0041] Referring to FIG. 1, a screw 153 is preferably
inserted into the screw hole portion 410 and a hole portion
142a defined in a center of the second housing member 142,
which is arranged to cover an upper side of the motor 12. The
second housing member 142 and the shaft 41 are thereby
fixed to each other. A sealant 120 is preferably arranged at all
circumferential positions between an outer circumferential
portion of the screw 153 and inner circumferential portions of
both the screw hole portion 410 and the hole portion 142a,
and at all circumferential positions between an upper portion
of'the hole portion 142a and a head portion 1534 of the screw
153. An example of the sealant 120 is an adhesive.

[0042] Referring to FIG. 2, the first cone portion 421 is
fixed to the shaft 41 on a lower side of the sleeve portion 5. An
upper portion of an outside surface of the first cone portion
421 is arranged to be angled radially outward with decreasing
height, while a lower portion of the outside surface of the first
cone portion 421 is preferably angled radially outward with
increasing height. The second cone portion 422 is fixed to the
shaft 41 on an upper side of the sleeve portion 5. As with the
first cone portion 421, an upper portion of an outside surface
of the second cone portion 422 is preferably angled radially
outward with decreasing height, while a lower portion of the
outside surface of the second cone portion 422 is arranged to
be angled radially outward with increasing height.

[0043] FIG. 3 is a diagram illustrating the bearing mecha-
nism 4 in an enlarged form. A lower portion of an inside
surface 52 of the central hole portion 311a of the sleeve
portion 5 is arranged to be angled radially outward with
decreasing height, while an upper portion of the inside sur-
face 52 is arranged to be angled radially outward with increas-
ing height.

[0044] A first inclined gap 64, which is preferably angled
radially outward with decreasing height, is defined between
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the lower portion of the inside surface 52 of the sleeve portion
5 and the upper portion of the outside surface of the first cone
portion 421. A second inclined gap 65, which is preferably
angled radially outward with increasing height, is defined
between the upper portion of the inside surface 52 of the
sleeve portion 5 and the lower portion of the outside surface of
the second cone portion 422.

[0045] The first cover member 431 is attached to a bottom
portion of the sleeve portion 5, and is arranged opposite to the
outside surface of the first cone portion 421. The second cover
member 432 is attached to a top portion of the sleeve portion
5, and is arranged to cover the outside surface and an upper
end of the second cone portion 422.

[0046] The lubricating oil 49 is preferably arranged in two
locations, namely, in the first inclined gap 64 and in the
second inclined gap 65. Surfaces of the lubricating oil 49
arranged in the first inclined gap 64 are located in a gap 61
defined between the first cover member 431 and the first cone
portion 421, and in a lower portion of a middle gap 63 defined
between the shaft 41 and a middle portion of the sleeve
portion 5. Surfaces of the lubricating oil 49 arranged in the
second inclined gap 65 are located in a gap 62 defined
between the second cover member 432 and the second cone
portion 422, and in an upper portion of the middle gap 63.
[0047] The shaft 41 preferably includes a first communi-
cating portion 411a and a second communicating portion
4115 defined therein. The first communicating portion 411a
is preferably a first connection channel arranged to establish
radial communication between the hole portion 411, which is
defined in the interior of the shaft 41, and the middle gap 63,
which is arranged in an interior of the bearing mechanism 4.
The second communicating portion 4115 is preferably a sec-
ond connection channel arranged to establish radial commu-
nication between the hole portion 411 and a space 25 defined
on an upper side of an upper surface 212 of the inner circum-
ferential portion 23, i.e., a space on a lower side of the bearing
mechanism 4. An end opening of the second communicating
portion 4115 is arranged in the vicinity of the surface of the
lubricating oil 49 located in the gap 61 defined between the
first cover member 431 and the first cone portion 421. The
middle gap 63 is arranged to be in communication with the
space 25 on the lower side of the bearing mechanism 4
through the first communicating portion 4114, the hole por-
tion 411, and the second communicating portion 4115. Pres-
sure in the middle gap 63 is thereby arranged to be equal to or
substantially equal to pressure in the interior space 143 of the
disk drive apparatus 1. As a result, balance between the upper
and lower surfaces of the lubricating oil 49 held in the first
inclined gap 64 is maintained in a substantially constant state.
Similarly, balance between the upper and lower surfaces of
the lubricating oil 49 held in the second inclined gap 65 is also
maintained in a substantially constant state.

[0048] While the motor 12 is driven, a fluid dynamic pres-
sure is generated through the lubricating oil 49 in each of the
first inclined gap 64 and the second inclined gap 65. The
sleeve portion 5 is thereby supported to be rotatable with
respect to the shaft 41. In the motor 12, the sleeve portion 5 is
arranged to define a portion of the bearing mechanism 4 as a
portion supported by the shaft 41. That is, the sleeve portion
5 is a portion of the rotating portion 3 and a portion of the
bearing mechanism 4 at the same time.

[0049] In the motor 12, the axial length of the hole portion
411 is greater than the axial length of the solid region 414
makes it possible to arrange the second communicating por-
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tion 4115 in a lower portion of the bearing mechanism 4, and
also to arrange the first cone portion 421 in the lower portion
of the bearing mechanism 4. As a result, bearing portions
which are defined in the first inclined gap 64 and the second
inclined gap and each of which is arranged to generate a fluid
dynamic pressure in the lubricating oil 49 can be arranged at
a sufficient axial distance from each other to achieve an
improvement in bearing rigidity of the bearing mechanism 4.

[0050] FIG. 4 is a diagram illustrating the shaft lower por-
tion 412 of the motor 12 and its vicinity in an enlarged form.
An outer circumferential surface 413 of the shaft lower por-
tion 412, which is a portion of the shaft 41 which is inserted
in the through hole 230, is a cylindrical surface centered on
the central axis J1. Hereinafter, the outer circumferential sur-
face 413 will be referred to as an “inserted outer circumfer-
ential surface 413”. An upper portion 231 of an inner circum-
ferential surface 23a of the inner circumferential portion 23
includes a cylindrical surface centered on the central axis J1.
Hereinafter, the upper portion 231 will be referred to as an
“inner circumferential surface upper portion 231”. A lower
portion 232 of the inner circumferential surface 23a includes
an angled surface which is arranged to gradually decrease in
diameter with increasing height. Hereinafter, the lower por-
tion 232 will be referred to as an “inner circumferential sur-
face lower portion 232”.

[0051] An upper portion of the inserted outer circumferen-
tial surface 413 is press fitted in the inner circumferential
surface upper portion 231. Hereinafter, a region defined
between the upper portion of the inserted outer circumferen-
tial surface 413 and the inner circumferential surface upper
portion 231 will be referred to as a “press-fitting region 81”.
Regarding the shaft 41, a lower end 411¢ of the hole portion
411, which is defined in the interior of the shaft 41, is arranged
at a level slightly lower than that of an upper end of the
press-fitting region 81. The hole portion 411 is thus arranged
to overlap in a radial direction with the press-fitting region 81.
To be more accurate, an axial extension range 911 of the hole
portion 411 and an axial extension range 912 of the press-
fitting region 81 are arranged to overlap with each other. In the
motor 12, the axial length of a range 913 over which the two
axial extension ranges 911 and 912 overlap with each other is
preferably arranged to be about half or less than about half the
axial length of the press-fitting region 81, for example. As a
result, in the present preferred embodiment, a sufficient
strength of the press fit of the shaft 41 to the base plate 21 is
achieved as opposed to the case where the entire press-fitting
region 81 is arranged to overlap with the axial extension range
912 of the hole portion.

[0052] A seal gap 821 is defined between a lower portion of
the inserted outer circumferential surface 413 and the inner
circumferential surface lower portion 232. The seal gap 821 is
arranged to gradually decrease in radial width with increasing
height. An adhesive 7 is preferably arranged in the seal gap
821 over an entire circumference thereof, so that the shaft
lower portion 412 is adhered to the inner circumferential
portion 23. The adhesive 7 is preferably an epoxy thermoset-
ting adhesive. Hereinafter, a substantially cylindrical region
in which the seal gap 821 is defined will be referred to as an
“adhesion region 82”. Note that the adhesive 7 may be
arranged in the press-fitting region 81 as well. As described
above, the shaft 41 is preferably fixed to the inner circumfer-
ential portion 23 through both press fit and adhesion. Here-
inafter, an entire region including the press-fitting region 81,
which is defined between the inner circumferential portion 23
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and the shaft lower portion 412, and the adhesion region 82,
which is defined on a lower side of the press-fitting region 81,
will be referred to as a “fixing region 8”.

[0053] Referring to FIG. 5, the axial length 921 of the
adhesion region 82 and the axial length 922 of the press-
fitting region 81 within the fixing region 8 are preferably
arranged to be equal or substantially equal to each other. An
angle 0 defined between the inner circumferential surface
lower portion 232 and the inserted outer circumferential sur-
face 413 of the shaft lower portion 412 in a cross-section of
the inner circumferential portion 23 and the shaft 41 taken on
a plane including the central axis J1, i.e., an angle of the seal
gap 821, is preferably arranged to be in the range of about 3
degrees to about 4 degrees. Referring to FIG. 4, on a lower
side of the adhesion region 82, an annular chamfer portion 83
is preferably defined by a chamfer 831 defined in a lower end
portion of the inserted outer circumferential surface 413 and
a chamfer 832 defined in a lower end portion of the inner
circumferential surface 23a. The annular chamfer portion 83
is arranged to gradually increase in radial width with decreas-
ing height.

[0054] In the motor 12, the adhesive 7 is preferably
arranged in the seal gap 821 over the entire circumference
thereof to seal a gap defined between the shaft 41 and the
inner circumferential portion 23. This contributes to prevent-
ing the gas arranged in the interior of the housing 14 from
leaking out through the gap defined between the shaft 41 and
the inner circumferential portion 23.

[0055] FIG. 6 is a flowchart illustrating a procedure of
assembling the motor 12. First, the stationary portion 2 illus-
trated in FIG. 2 is assembled, and the rotating portion 3 and
the bearing mechanism 4 are assembled as a single assembly
121 (steps S11 and S12). Note that the stationary portion 2
may be assembled after or simultaneously with the assembly
of'the assembly 121. The same holds true for other preferred
embodiments of the present invention described below.

[0056] Next, referring to FIG. 4, the shaft lower portion 412
is press fitted into the through hole 230 of the inner circum-
ferential portion 23 (step S13). As a result, the shaft 41 is
temporarily fixed to the base plate 21 in the fixing region 8.
Referring to FIG. 7, the assembly 121 and the stationary
portion 2 are turned upside down, and the adhesive 7, which
is now in a liquid state, is applied preferably to a single
location in the annular chamfer portion 83 (step S14). The
adhesive 7 then enters into the seal gap 821, traveling down-
ward in FIG. 7, i.e., in the direction of the press-fitting region
81, and preferably spreads evenly in a circumferential direc-
tion in the seal gap 821. At this time, air inside the seal gap 821
travels to an outside of the base plate 21 through a portion of
the annular chamfer portion 83 where the adhesive 7 is not
applied. That is, the air is replaced by the adhesive 7 as a result
of the spread of the adhesive 7 in the seal gap 821 and the
accompanying travel of the air inside the seal gap 821 to the
outside of the base plate 21. A sufficient spreading of the
adhesive 7 throughout the seal gap 821 is achieved by capil-
lary action to thereby permit little or no air to remain in the
seal gap 821. Air remaining in the seal gap results in a
decrease in the area (including the axial length) of the adhe-
sion region, which may lead to an increased likelihood of a
gas passing through the adhesion region. In the present pre-
ferred embodiment, the air is replaced by the adhesive 7 in the
seal gap 821 according to the above-described mechanism, to
secure a sufficient area of the adhesion region 82.
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[0057] Afterthe spreading of the adhesive 7 throughout the
entire seal gap 821 is complete, the stationary portion 2 and
the assembly 121 are carried into a heating device, and the
adhesive 7 is heated and cured (step S15). As a result, the
assembly 121 and the base plate 21 are securely fixed to each
other to complete an operation of assembling the motor 12.
During the assembly of the motor 12, the shaft 41 is tempo-
rarily fixed to the base plate 21, and this eliminates a need to
use a large-scale jig to fix relative positions of the stationary
portion and the assembly in the heating device as would be
required if the shaft and the base plate were to be fixed to each
other through only the adhesive. This in turn facilitates the
operation of assembling the motor 12.

[0058] The structure of the motor 12 and the operation of
assembling the motor 12 according to the first preferred
embodiment have been described above. In the disk drive
apparatus 1 including the motor 12, the adhesive 7 is arranged
in the seal gap 821 over the entire circumference thereof, and
this contributes to preventing the internal gas from leaking out
through the gap defined between the shaft 41 and the inner
circumferential portion 23. The technique of sealing the seal
gap 821 with the adhesive 7 is particularly suitable for a case
where the internal gas is a helium gas. Even if the base plate
21 of the disk drive apparatus 1 needs to have a small thick-
ness in order to enable a large number of disks 11 to be
mounted in the disk drive apparatus 1 while reducing the
height of the disk drive apparatus 1, adoption of the above-
described technique makes it possible to seal the gap defined
between the shaft 41 and the base plate 21.

[0059] The seal gap 821 is arranged to have a so-called
tapered shape, gradually decreasing in radial width with
increasing height. This contributes to causing the adhesive 7
to spread into the seal gap 821. This contributes to preventing
air from remaining in the seal gap 821. As a result, an
improvement in reliability of the disk drive apparatus 1 is
achieved.

[0060] The hole portion 411 defined in the interior of the
shaft 41 does not extend through the shaft 41 in the axial
direction. This contributes to preventing the internal gas from
passing through the hole portion 411 and leaking out down-
wardly of the base plate 21.

[0061] The sealant 120 is arranged at all circumferential
positions between the upper portion of the hole portion 1424
of'the second housing member 142 and the head portion 1534
of the screw 153. This contributes to preventing the gas
arranged inside the disk drive apparatus 1 from leaking out
through a slight gap defined between the second housing
member 142 and the head portion 153a of the screw 153.
Moreover, the sealant 120 is also arranged at all circumfer-
ential positions between the outer circumferential portion of
the screw 153 and the inner circumferential portions of both
the screw hole portion 410 and the hole portion 142a. This
contributes to more securely preventing a leakage of the gas.
[0062] Referring to FIG. 8, in a motor 12 according to a
modification of the first preferred embodiment, the axial
extension range 911 of the hole portion 411 and the axial
extension range 912 of the press-fitting region 81 may be
arranged not to overlap with each other. In this case, an
increase in the strength of the press fit of the shaft 41 to the
base plate 21 is achieved.

[0063] The axial length 921 of the adhesion region 82 and
the axial length 922 of the press-fitting region 81 within the
fixing region 8 are arranged to be equal or substantially equal
to each other. This enables a sufficient amount of the adhesive
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7 to be arranged between the shaft 41 and the inner circum-
ferential portion 23 to achieve the sealing. The axial length of
the adhesion region 82 is preferably arranged to be in the
range between about half the axial length of the press-fitting
region 81 and about twice the axial length of the press-fitting
region 81. The sealing of the gap defined between the shaft 41
and the base plate 21 with the adhesive 7 is thereby achieved.
The same holds true for other preferred embodiments of the
present invention described below.

[0064] In the motor 12, the angle of the seal gap 821 is
preferably arranged to be in the range of about 3 degrees to
about 4 degrees to retain the adhesive 7 therein, for example.
A leakage of the gas arranged inside the disk drive apparatus
1 can be thereby prevented. The angle of the seal gap 821 is
preferably arranged to be more than about 0.1 degrees, for
example, in order to allow a sufficient amount of the adhesive
7 to be held in the seal gap 821. In addition, the angle of the
seal gap 821 is preferably arranged to be less than about 10
degrees, for example, in order to securely prevent the internal
gas from penetrating through the adhesive 7 and leaking out
of the base plate 21. The angle of the seal gap 821 is more
preferably arranged to be in the range of about 0.2 degrees to
about 4 degrees, and still more preferably arranged to be in the
range of about 3 degrees to about 4 degrees, for example.
[0065] Note that a hydrogen gas, instead of the helium gas,
may also be used as the gas fed into the interior of the housing
14 of'the disk drive apparatus 1. Also note that a mixture of the
helium gas and the hydrogen gas may be used as the gas fed
into the interior of the housing 14 if desired. Also note that a
mixture of air and any one of the helium gas, the hydrogen
gas, and the mixture of the helium gas and the hydrogen gas
may be used as the gas fed into the interior of the housing 14.
The same holds true for other preferred embodiments of the
present invention described below.

[0066] The adhesive 7 used in the motor 12 is preferably a
thermosetting adhesive, for example. In this case, the adhe-
sive 7 is able to fix the shaft 41 and the base plate 21 to each
other with a greater joint strength than in the case where the
adhesive 7 possesses only an anaerobic property or only a
UV-curing property. A variety of adhesives that possess the
anaerobic property and/or the UV-curing property may be
used in the motor 12, as long as the adhesives possess a
thermosetting property. The same holds true for other pre-
ferred embodiments of the present invention described below.
[0067] Next, a procedure of assembling the motor 12
according to a modification of the first preferred embodiment
will now be described below with reference to FIG. 9. First, as
in the above-described operation of assembling the motor 12,
the stationary portion 2 as illustrated in FIG. 2 is assembled,
and the rotating portion 3 and the bearing mechanism 4 are
assembled as the single assembly 121 (steps S21 and S22).
Next, referring to FIG. 10, the adhesive 7, which is now in the
liquid state, is applied to all circumferential positions on the
inner circumferential surface upper portion 231 of the inner
circumferential portion 23 (step S23). The shaft 41 is inserted
from above into the inner circumferential portion 23, so that
the shaft lower portion 412 is press fitted to the inner circum-
ferential surface upper portion 231 (step S24).

[0068] At this time, the adhesive 7 is spread to the inner
circumferential surface lower portion 232 in accordance with
movement of the shaft 41. The adhesive 7 is held in the seal
gap 821 over the entire circumference thereof as illustrated
FIG. 4. In the motor 12, the adhesive 7 also serves as a
lubricant to facilitate the insertion of the shaft 41. The base
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plate 21 is thereafter heated, and the adhesive 7 is cured (step
S25) to complete the operation of assembling the motor 12.
[0069] Inthemotor12,the adhesive 7 is arranged in the seal
gap 821 over the entire circumference thereof. This contrib-
utes to preventing the gas arranged inside the disk drive
apparatus 1 from leaking out through the gap defined between
the shaft 41 and the inner circumferential portion 23. The
adhesive 7 is held in the entire seal gap 821 through capillary
action, so that air is prevented from remaining in the seal gap
821. Note that in the assembly of the motor 12, the adhesive
7, which is then in the liquid state, may be applied to both the
inserted outer circumferential surface 413 of the shaft lower
portion 412 and the inner circumferential surface upper por-
tion 231.

[0070] FIG. 11 is a diagram illustrating a shaft lower por-
tion 412 of a motor according to a second preferred embodi-
ment of the present invention and its vicinity in an enlarged
form. An inner circumferential portion 23 of a base plate 21
preferably includes an inner circumferential surface upper
portion 231 and a portion 233 defined on a lower side of the
inner circumferential surface upper portion 231 and which is
defined by a cylindrical surface having a diameter slightly
greater than that of the inner circumferential surface upper
portion 231. Hereinafter, the portion 233 will be referred to as
an “inner circumferential surface lower portion 233”. In FIG.
11, the greater diameter of the inner circumferential surface
lower portion 233 is emphasized. The same holds true for
FIGS. 14 and 16 referenced below. FIG. 12 is a bottom view
of the base plate 21 and the shaft lower portion 412. In FIG.
12, a lower surface of the base plate 21 and an adhesive 7 are
indicated by parallel oblique lines. As illustrated in FIGS. 11
and 12, a recessed portion 833 which is recessed upward is
defined in a portion of a lower end portion 230a of an inner
circumferential surface 23a of the inner circumferential por-
tion 23. The lower end portion 230« includes a chamfer 832
defined therein except at the recessed portion 833.

[0071] In the motor according to the second preferred
embodiment, the recessed portion 833, the chamfer 832, and
a chamfer 831 defined in a lower end portion of an inserted
outer circumferential surface 413 of the shaft lower portion
412 are arranged to together define an annular chamfer por-
tion 83a which is recessed upward as with the annular cham-
fer portion 83a according to the first preferred embodiment.
The motor according to the second preferred embodiment is
otherwise preferably similar in structure to the motor 12
according to the first preferred embodiment. Accordingly,
like members or portions are designated by like reference
numerals, and redundant description is omitted.

[0072] Referring to FIG. 11, a seal gap 821 extending par-
allel or substantially parallel to a central axis J1 is defined in
an adhesion region 82a defined between the inner circumfer-
ential surface lower portion 233 and the inserted outer cir-
cumferential surface 413. The seal gap 821 is arranged to be
in connection with the recessed portion 833. The adhesive 7 is
arranged to extend continuously in the recessed portion 833
and the seal gap 821. In the seal gap 821, the adhesive 7 is
arranged over an entire circumference thereof. As a result, a
gap defined between a shaft 41 and the inner circumferential
portion 23 is sealed.

[0073] FIG. 13 is a flowchart illustrating a procedure of
assembling the motor according to the second preferred
embodiment. First, as with the procedure according to the
first preferred embodiment, a stationary portion 2 is
assembled, and a rotating portion 3 and a bearing mechanism

Jun. 25, 2015

4 are assembled as a single assembly 121 (steps S31 and S32).
Next, the adhesive 7, which is now in the liquid state, is
applied to all circumferential positions on the inner circum-
ferential surface upper portion 231 of the inner circumferen-
tial portion 23 ina manner similar to that illustrated in FIG. 10
(step S33). Referring to FIG. 11, the shaft lower portion 412
is press fitted to the inner circumferential portion 23 (step
S34). At this time, the adhesive 7 is spread to the inner
circumferential surface lower portion 233. The seal gap 821 is
defined between the inserted outer circumferential surface
413 of the shaft lower portion 412 and the inner circumfer-
ential surface lower portion 233, and most of the adhesive 7 is
held in the seal gap 821.

[0074] Next, referring to FIG. 12, with the base plate 21
turned upside down, an additional adhesive 7, which is now in
the liquid state, is applied to the recessed portion 833 in the
annular chamfer portion 83a (step S35). The adhesive 7 trav-
els in the direction of the press-fitting region 81 illustrated in
FIG. 11 into the seal gap 821, that s, to the far side of the page
of FIG. 12, and the adhesive 7 is spread substantially evenly
in the circumferential direction. At this time, air inside the
seal gap 821 travels through a portion of the annular chamfer
portion 83 which does not abut on the recessed portion 833 to
an outside of the base plate 21, so that little or no air remains
in the seal gap 821. The adhesive 7 is thereafter heated and
cured (step S36) to complete the operation of assembling the
motor.

[0075] Also in the motor according to the second preferred
embodiment, the adhesive 7 is arranged in the seal gap 821
over the entire circumference thereof, and this contributes to
preventing the internal gas from leaking out through the gap
defined between the shaft 41 and the inner circumferential
portion 23. Moreover, after the shaft 41 is temporarily fixed to
the base plate 21, the adhesive 7, which is then in the liquid
state, is applied to only the recessed portion 833 in the annular
chamfer portion 83a. This contributes to efficiently discharg-
ing the air inside the seal gap 821 to the outside of the base
plate 21 through a portion of the annular chamfer portion 83«
which does not abut on the recessed portion 833. That is, the
air inside the seal gap 821 is caused to travel to the outside of
the base plate 21 in parallel with the spreading of the adhesive
7 through the seal gap 821, so that the air is replaced by the
adhesive 7.

[0076] FIG. 14 is a diagram illustrating a shaft lower por-
tion 412 of a motor according to a third preferred embodiment
of the present invention and its vicinity. As with the second
preferred embodiment, an inner circumferential surface 236
of an inner circumferential portion 23 includes an inner cir-
cumferential surface upper portion 231 defined by a cylindri-
cal surface, and an inner circumferential surface lower por-
tion 233 defined by a cylindrical surface having a diameter
slightly greater than that of the inner circumferential surface
upper portion 231. A first groove portion 234 which is annular
and which extends in the circumferential direction is defined
between the inner circumferential surface upper portion 231
and the inner circumferential surface lower portion 233. At
least one second groove portion 235, each of which extends in
the axial direction, is defined in the inner circumferential
surface upper portion 231. That is, the inner circumferential
portion 23 according to the third preferred embodiment pref-
erably is similar in structure to the inner circumferential por-
tion 23 according to the second preferred embodiment except
that the recessed portion 833 is eliminated, and that the first
groove portion 234 and the second groove portion(s) 235 are
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provided. The motor according to the third preferred embodi-
ment preferably is similar in structure to the motor 12 accord-
ing to the first preferred embodiment except in the structure of
the inner circumferential portion 23. Accordingly, like mem-
bers or portions are designated by like reference numerals,
and redundant description is omitted. Note that the number of
second groove portions 235 may be more than one.

[0077] In a fixing region 8, a gap 841 extending over an
entire circumference is defined between the first groove por-
tion 234 and an inserted outer circumferential surface 413 of
the shaft lower portion 412. The gap 841 is defined at a
boundary between a press-fitting region 81 and an adhesion
region 82, that is, at a boundary between the seal gap 821 and
the press-fitting region 81. The gap 841 is arranged to be in
connection with the seal gap 821. The radial width of the gap
841 is arranged to be greater than that of the seal gap 821. The
gap 841 can be considered as a portion of the seal gap 821
which is arranged to have an increased width. Hereinafter, the
gap 841 will be referred to as an “increased-width gap portion
841”.

[0078] FIG. 15 is a cross-sectional view of a shaft 41 and a
base plate 21 illustrated in FIG. 14 taken along line A-A in
FIG. 14. Referring to FIGS. 14 and 15, a communicating
channel 842 extending in the axial direction is defined
between the second groove portion 235 and the inserted outer
circumferential surface 413. The communicating channel 842
is arranged to connect the increased-width gap portion 841
with a space 25 defined on an upper side of an upper surface
212 of'the inner circumferential portion 23 illustrated in FIG.
14. The radial width of the communicating channel 842 is
preferably greater than that of the seal gap 821. The commu-
nicating channel may be defined either within a base portion
or between a lower portion of the shaft 41 and an inner
circumferential portion 23 of the base portion.

[0079] A procedure of assembling the motor according to
the third preferred embodiment is preferably similar to that
according to the second preferred embodiment. When the
shaft lower portion 412 is inserted into the inner circumfer-
ential portion 23, the shaft lower portion 412 is press fitted to
the inner circumferential portion 23 in a situation in which an
adhesive 7, which is now in the liquid state, has been applied
to all circumferential positions on the inner circumferential
surface upper portion 231. At this time, the adhesive 7 is
caused to spread into the increased-width gap portion 841.
Note, however, that the amount of the adhesive 7 is adjusted
so that the adhesive 7 may not fill up the increased-width gap
portion 841 and the communicating channel 842.

[0080] Next, with the base plate 21 turned upside down, an
additional adhesive 7, which is now in the liquid state, is
preferably applied to all circumferential positions in an annu-
lar chamfer portion 83. The adhesive 7 travels in the direction
of the increased-width gap portion 841 into the seal gap 821.
At this time, air inside the seal gap 821 travels through the
increased-width gap portion 841 and the communicating
channel 842 to the space 25 defined on the upper side of the
upper surface 212 of the base plate 21.

[0081] The adhesive 7 is spread substantially evenly in the
entire seal gap 821. Thereafter, the base plate 21 is heated to
cure the adhesive 7.

[0082] In the third preferred embodiment, as well as in the
first preferred embodiment, the adhesive 7 is arranged in the
seal gap 821 over the entire circumference thereof, and this
contributes to preventing a leakage of a gas arranged inside a
disk drive apparatus 1. Moreover, by providing the increased-
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width gap portion 841 and the communicating channel 842, it
is possible to more securely prevent air from remaining in the
seal gap 821. Even if air remains in a portion of the seal gap
821 which is in the vicinity of the increased-width gap portion
841, the air is caused to travel through the increased-width
gap portion 841 and the communicating channel 842 to the
space 25 when the base plate 21 is heated, which prevents an
increase in pressure in the seal gap 821 due to an expansion of
the air. This contributes to preventing the adhesive 7 from
leaking out of the seal gap 821.

[0083] In the third preferred embodiment, the adhesive 7
may be arranged in the increased-width gap portion 841 over
an entire circumference thereof. Also, the adhesive 7 may be
arranged to close a lower portion of the communicating chan-
nel 842. Also, if the adhesive 7 applied in the first instance
does not close the communicating channel 842 when the shaft
41 is inserted into the inner circumferential portion 23, the
radial width of the communicating channel 842 may be
arranged to be equal to that of the seal gap 821. In the assem-
bly of the motor, the adhesive 7 may be applied to the annular
chamfer portion 83 in a situation in which a lower surface of
the base plate 21 is arranged to face downward. Even in this
case, the adhesive 7 is allowed to enter into the seal gap 821
through capillary action. The same holds true for a fourth
preferred embodiment of the present invention described
below.

[0084] FIG. 16 is a diagram illustrating a shaft lower por-
tion 412 of a motor according to the fourth preferred embodi-
ment and its vicinity. FIG. 17 is a plan view of an inner
circumferential portion 23 of a base plate 21. In FIG. 17, an
upper surface 212 of the inner circumferential portion 23 is
indicated by parallel oblique lines. In place of the second
groove portion 235 illustrated in FIGS. 14 and 15, a hole
portion 236 is defined in the inner circumferential portion 23.
The hole portion 236 is arranged near a through hole 230, and
arranged to extend from the upper surface 212 in the axial
direction. The motor according to the fourth preferred
embodiment preferably is otherwise similar in structure to the
motor according to the third preferred embodiment. A portion
of an increased-width gap portion 841 is arranged to be in
connection with a radially inner portion of an inside surface of
the hole portion 236. In the fourth preferred embodiment, the
hole portion 236 preferably defines a communicating channel
that joins the increased-width gap portion 841 to a space 25
defined on an upper side of the inner circumferential portion
23.

[0085] A procedure of assembling the motor according to
the fourth preferred embodiment preferably is similar to the
procedure of assembling the motor according to the third
preferred embodiment. In the assembly of the motor, an adhe-
sive 7 applied to an annular chamfer portion 83 illustrated in
FIG. 16 enters into a seal gap 821, so that air inside the seal
gap 821 is caused to travel to the space 25 through the
increased-width gap portion 841 and the hole portion 236.
This contributes to securely preventing air from remaining in
the seal gap 821 as in the third preferred embodiment.
[0086] Also in the fourth preferred embodiment, the adhe-
sive 7 is arranged in the seal gap 821 over an entire circum-
ference thereof, and this contributes to preventing a leakage
of a gas arranged inside a disk drive apparatus 1.

[0087] A method of manufacturing a spindle motor accord-
ing to a preferred embodiment of the present invention pref-
erably includes the steps of: press fitting a lower portion of a
shaft into a through hole defined in a base portion; applying an
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adhesive to a seal gap which is defined on a lower side of a
press-fitting region between the lower portion of the shaft and
an inner circumferential portion of the base portion, and
which is arranged to gradually decrease in radial width with
increasing height; and curing the adhesive, which is arranged
in the seal gap over an entire circumference thereof.

[0088] A method of manufacturing a spindle motor accord-
ing to another preferred embodiment of the present invention
preferably includes the steps of: applying an adhesive to an
inner circumferential portion of a base portion including a
through hole defined therein; press fitting a lower portion of a
shaft into the through hole; and curing the adhesive, which is
arranged at all circumferential positions in a seal gap which is
defined on a lower side of a press-fitting region between the
lower portion of the shaft and the inner circumferential por-
tion of the base portion, and which is arranged to gradually
decrease in radial width with increasing height.

[0089] A method of manufacturing a spindle motor accord-
ing to yet another preferred embodiment of the present inven-
tion preferably includes the steps of: applying an adhesive to
an inner circumferential portion of a base portion including a
through hole defined therein; press fitting a lower portion of a
shaft into the through hole; applying an additional adhesive to
a recessed portion which is defined in the lower portion of the
shaft or a lower end portion of an inner circumferential sur-
face of the inner circumferential portion of the base portion,
and which is arranged to be in connection with a seal gap
defined on a lower side of a press-fitting region between the
lower portion of the shaft and the inner circumferential por-
tion of the base portion; and curing the adhesive, which is
arranged in the seal gap over an entire circumference thereof.
[0090] Features of the above-described preferred embodi-
ments and the modifications thereof may be combined appro-
priately as long as no conflict arises. While preferred embodi-
ments of the present invention have been described above, it
is to be understood that variations and modifications will be
apparent to those skilled in the art without departing from the
scope and spirit of the present invention. The scope of the
present invention, therefore, is to be determined solely by the
following claims.

[0091] For example, in a modification of the first preferred
embodiment, the lower portion of the inserted outer circum-
ferential surface 413 may be defined by an angled surface
arranged to gradually decrease in diameter with increasing
height, and a seal gap may be defined between the lower
portion of the inserted outer circumferential surface 413 and
the inner circumferential surface lower portion 232, which is
defined by an angled surface. In a modification of the second
preferred embodiment, a portion of the chamfer 831 of the
shaft lower portion 412 may include a recessed portion that is
recessed upward in the annular chamfer portion 83a. Also,
both the shaft lower portion 412 and the inner circumferential
portion 23 may be arranged to include such recessed portions.
[0092] Inthe third preferred embodiment described above,
the increased-width gap portion 841 is preferably defined at
the boundary between the press-fitting region 81 and the seal
gap 821. Note, however, that this is not essential to the present
invention. For example, in a modification of the third pre-
ferred embodiment, the increased-width gap portion may be
defined, away from the aforementioned boundary in a portion
of'the seal gap 821 which is in the vicinity of the press-fitting
region 81. That is, it may be so arranged that a portion of the
seal gap 821 is arranged below the aforementioned boundary,
the increased-width gap portion 841 is arranged below this
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portion of the seal gap 821, and the remaining portion of the
seal gap 821 is arranged below the increased-width gap por-
tion 841. The same holds true for the fourth preferred embodi-
ment.

[0093] Also, the inserted outer circumferential surface 413
of the shaft lower portion 412 may be arranged to include an
annular groove portion defined therein as the increased-width
gap portion 841. The inserted outer circumferential surface
413 may be arranged to include a groove portion extending in
the axial direction and defined therein as the communicating
channel 842. A plurality of communicating channels 842 may
be defined in the fixing region 8. In a modification of the
fourth preferred embodiment, a plurality of hole portions 236
may be provided.

[0094] Inamodification of the first preferred embodiment,
the annular chamfer portion 83 may be provided with a
recessed portion 833 as illustrated in FIG. 11. This contrib-
utes to more efficiently directing the adhesive 7 into the seal
gap 821. Also, an increased-width gap portion 841 and a
communicating channel 842 as illustrated in FIG. 14 may be
defined between the shaft lower portion 412 and the inner
circumferential portion 23. In a modification of the first pre-
ferred embodiment, all of the recessed portion 833, the
increased-width gap portion 841, and the communicating
channel 842 may be provided. Furthermore, a hole portion
236 as illustrated in FIG. 16 may be provided as a communi-
cating channel. In a modification of the second preferred
embodiment, an increased-width gap portion 841 and a com-
municating channel 842 may be defined between the shaft
lower portion 412 and the inner circumferential portion 23.
Also, ahole portion 236 may be provided as a communicating
channel.

[0095] In a modification of each of the above-described
preferred embodiments, the sealant may be arranged along all
or only some of the circumferential positions between the
screw 153 and both the screw hole portion 410 of the shaft 41
and the hole portion 1424 of the second housing member 142,
and/or along all circumferential positions between the upper
portion of the hole portion 1424 and the head portion 153a of
the screw 153. This contributes to prevention of a leakage of
the gas arranged inside the disk drive apparatus 1. Also, the
sealant may not necessarily be an adhesive, but may be an
annular resin member preferably made of rubber or the like,
for example.

[0096] The adhesive 7 is applied to a portion of the annular
chamfer portion 83 at step S14 in FIG. 6 in the first preferred
embodiment described above. Note, however, that the adhe-
sive 7 may be applied to a plurality of portions of the annular
chamfer portion 83 or to all circumferential positions in the
annular chamfer portion 83, as long as the air inside the seal
gap 821 can be properly discharged.

[0097] Next, a fifth preferred embodiment of the present
invention will now be described in detail below. FIG. 18 is a
vertical cross-sectional view of a motor 12E according to the
fifth preferred embodiment. The basic structure of the motor
12E is similar to the basic structure of the motor 12 according
to the first preferred embodiment illustrated in FIGS. 2 and 3,
and therefore, the main differences between the fifth pre-
ferred embodiment and the first preferred embodiment will be
primarily described. The motor 12E includes a stationary
portion 2E, a rotating portion 3E, and a dynamic pressure
bearing mechanism 4E. The dynamic pressure bearing
mechanism 4E preferably includes a shaft 41E including a
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non-through portion 414E in an interior of the shaft 41E. An
upper portion of a hole portion 411E includes a screw hole
portion 410E.

[0098] The shaft 41E preferably includes a first communi-
cating portion 411Ea and a second communicating portion
411Eb defined therein. The first communicating portion
411Ea is preferably a first connection channel configured to
establish radial communication between the hole portion
411E, which is defined in the interior of the shaft 41E, and a
middle gap 63E, which is arranged in an interior of the bear-
ing mechanism 4E. The second communicating portion
411ED is preferably a second connection channel configured
to establish radial communication between the hole portion
411E and a space 25E defined on an upper side of an upper
surface 212E of an inner circumferential portion 23E, ie., a
space on a lower side of the bearing mechanism 4E.

[0099] The hole portion 411E preferably includes a sealing
member H1E arranged between the screw hole portion 410E
and the first communicating portion 411Ea. Preferably, the
sealing member H1E is press fitted to an inner surface of the
hole portion 411FE and is thus fixed thereto. An interior space
143E, the second connection channel, the hole portion 411E,
and the first connection channel together define a continuous
space. In other words, a channel extending from the interior
space 143F to the first connection channel is a region in which
the same gas is located. This gas is preferably, for example, a
helium gas. This gas may be a gas with a low molecular
weight, such as, for example, air or nitrogen.

[0100] Further, the sealing member H1E may be fixed to the
inner surface of the hole portion 411E through an adhesive
71E, for example. More preferably, no gap is defined between
the sealing member H1E and the inner surface of the hole
portion 411E. Absence of a gap between the sealing member
H1E and the inner surface of the hole portion 411E contrib-
utes to preventing a gas which is present in the interior space
143E of a disk drive apparatus from leaking out of the disk
drive apparatus through the screw hole portion 410E.

[0101] Further, the sealing member H1E is located below
the screw hole portion 410E. This contributes to preventing a
scattering of a lubricating oil 49E. In more detail, when a
suction operation is performed to remove, for example, cut-
tings of a screw member attached to the screw hole portion
410E, the lubricating oil 49E arranged in the dynamic pres-
sure bearing mechanism 4E may be suctioned out, and the
lubricating oil 49E may scatter to the hole portion 411E.
Locating the sealing member H1E between the screw hole
portion 410E and the first communicating portion 411Ea
prevents the suction operation from suctioning out the lubri-
cating oil 49E.

[0102] An inside diameter of the hole portion 411E is
smaller than a minimum diameter of a screw thread defined in
the screw hole portion 410E. An outside diameter of the
sealing member H1E is preferably greater than the inside
diameter of the hole portion 411E and smaller than the mini-
mum diameter of the screw thread. This allows the sealing
member H1E to be guided into the hole portion 411E without
causing or substantially without causing damage to the screw
thread, when the sealing member H1E is passed through the
screw hole portion 410E and is set at a predetermined position
in the hole portion 411E. Moreover, damage to the sealing
member H1E due to contact of the sealing member H1E with
the screw thread is also prevented or substantially prevented.
[0103] An elastic material, such as, for example, rubber, is
preferably used as a material of the sealing member H1E. Use
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of'the elastic material enables the sealing member H1E to be
easily press fitted to the inner surface of the hole portion
411E, and contributes to reducing the gap between the sealing
member H1E and the inner surface of the hole portion 411E.
More preferably, the adhesive 71E is used to fix the sealing
member H1E to the inner surface of the hole portion 411E,
and thus, the adhesive 71E produces a sealing effect to further
improve sealing between the sealing member H1E and the
inner surface of the hole portion 411E.

[0104] Notethatthe sealing member H1E may alternatively
be made of a metallic material which is softer than a material
of the shaft 41E. In the case where the shaft 41E is made of
stainless steel, for example, a metallic material, such as, for
example, aluminum or copper, may be used as the material of
the sealing member H1E. Any other desirable metallic mate-
rial may be used instead. The sealing member H1E made of
the metallic material is fixed to the inner surface of the hole
portion 411FE through press fitting. Further, the sealing mem-
ber H1E may be fixed to the inner surface of the hole portion
411E through the adhesive 71E. More preferably, no gap is
defined between the sealing member H1E and the inner sur-
face of the hole portion 411E. Absence of a gap between the
sealing member H1E and the inner surface of the hole portion
411E contributes to preventing the gas existing in the interior
space 143F ofthe disk drive apparatus from leaking out ofthe
disk drive apparatus through the screw hole portion 410E.
Also note that the sealing member H1E may alternatively be
made of a heat-resistant material which has a low coefficient
of thermal expansion and which is excellent in dimensional
stability, such as, for example, an engineering plastic. For
example, the sealing member H1E may be made of polybuta-
diene terephthalate (PBT), polyethylene terephthalate (PET),
or the like.

[0105] Next, a sixth preferred embodiment of the present
invention will be described below. FIG. 19 is a vertical cross-
sectional view of a dynamic pressure bearing mechanism 4F
according to the sixth preferred embodiment. A shaft 41F
includes an intermediate portion 415F arranged between a
screw hole portion 410F and a first communicating portion
411Fa. An inside diameter of the intermediate portion 415F is
greater than an inside diameter of a hole portion 411F. In
addition, the inside diameter of the intermediate portion 415F
is smaller than a minimum diameter of a screw thread defined
in the screw hole portion 410F. Further, an outside diameter of
a sealing member H1F is preferably smaller than the mini-
mum diameter of the screw thread and greater than both the
inside diameter of the hole portion 411F and the inside diam-
eter of the intermediate portion 415F. The sealing member
HIF is located in the intermediate portion 415F. More pref-
erably, the sealing member H1F is fixed to the intermediate
portion 415F through, for example, press fitting.

[0106] Because the outside diameter of the sealing member
HIF is smaller than the minimum diameter of the screw
thread, damage to the screw thread is prevented or substan-
tially prevented when the sealing member H1F is inserted into
the intermediate portion 415F. Further, contact between the
sealing member H1F and the screw thread is prevented or
substantially prevented to prevent a metal powder from fall-
ing out of the screw thread of the screw hole portion 410F into
the hole portion 411F.

[0107] A shoulder portion 416F is preferably defined at a
boundary between the intermediate portion 415F and the hole
portion 411F. The inside diameter of the intermediate portion
415F is greater than the inside diameter of the hole portion



US 2015/0179212 Al

411F. The shoulder portion 416F is defined as a result of a
difference between the inside diameter of the intermediate
portion 415F and the inside diameter of the hole portion 411F.
The sealing member H1F is fixed above the shoulder portion
416F. More preferably, the sealing member H1F is arranged
to be in contact with the shoulder portion 416F. The inclusion
of'the shoulder portion 416F enables the sealing member H1F
to be fixed to a predetermined position of the shaft 41F with
high accuracy.
[0108] A second communicating portion 411Fb is prefer-
ably provided between a first cover member 431F located on
a lower side of the bearing mechanism 4F and an inner cir-
cumferential portion 23F configured to define a through hole
230F.
[0109] An opening portion positioned radially outside of
the second communicating portion 411Fb is preferably
arranged not to radially overlap with the first cover member
431F or the inner circumferential portion 23F. Alternatively,
in the case where the opening portion positioned radially
outside of the second communicating portion 411Fb is
arranged to radially overlap with the first cover member 431F
or the inner circumferential portion 23F, a sufficiently large
gap is preferably provided between the opening portion and
the first cover member 431F or the inner circumferential
portion 23F.
[0110] The sufficiently large gap between the opening por-
tion and the first cover member 431F or the inner circumfer-
ential portion 23F contributes to keeping barometric pressure
uniform or substantially uniform throughout a channel
extending from an interior space 143F to the first communi-
cating portion 411Fa.
[0111] Features of the above-described preferred embodi-
ments and the modifications thereof may be combined appro-
priately as long as no conflict arises.
[0112] Preferred embodiments of the present invention are
applicable to spindle motors for use in disk drive apparatuses,
for example.
[0113] While preferred embodiments of the present inven-
tion have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, is to be determined solely by the following claims.
What is claimed is:
1. A spindle motor for use in a disk drive apparatus to drive
a disk, the disk drive apparatus including a housing defining
an interior space, the spindle motor comprising:
a stationary portion including a shaft which extends in an
axial direction;
abase portion configured to define a portion of the housing,
and including a through hole into which the shaft is
inserted; and
a rotating portion configured to rotate about a central axis
with respect to the stationary portion through a bearing
mechanism; wherein
the shaft includes:

a non-through hole portion extending downward from
an upper end of the shaft;

a first connection channel extending from the hole por-
tion in a radial direction to connect the hole portion
with an interior of the bearing mechanism; and

a second connection channel extending from the hole
portion in the radial direction to connect the hole
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portion with a space defined on a lower side of the
bearing mechanism; wherein

an upper portion of the hole portion includes a screw hole

portion including a screw thread;

a minimum diameter of the screw thread is greater than an

inside diameter of the hole portion;

a sealing member is positioned between the screw hole

portion and the first connection channel; and

the interior space, the second connection channel, the hole

portion, and the first connection channel together define
a continuous space.

2. The spindle motor according to claim 1, wherein the
sealing member is fixed to an inner surface of the hole portion
through an adhesive.

3. The spindle motor according to claim 1, wherein

the sealing member is made of an elastic material;

an outside diameter of the sealing member is greater than

the inside diameter of the hole portion; and

the sealing member is located in the hole portion.

4. The spindle motor according to claim 2, wherein the
sealing member is in a shape of a ball.

5. The spindle motor according to claim 1, wherein

the shaft is made of stainless steel;

the sealing member is made of a metallic material softer

than the stainless steel;

an outside diameter of the sealing member is greater than

the inside diameter of the hole portion; and

the sealing member is located in the hole portion.

6. The spindle motor according to claim 1, wherein

the shaft includes an intermediate portion located between

the hole portion and the screw hole portion;

an inside diameter of the intermediate portion is greater

than the inside diameter of the hole portion and smaller
than the minimum diameter of the screw thread; and
the sealing member is located in the intermediate portion.

7. The spindle motor according to claim 6, wherein the
sealing member is fixed to an inner surface of the intermediate
portion through an adhesive.

8. The spindle motor according to claim 1, wherein

the second connection channel is located between a first

cover member located on the lower side of the bearing
mechanism and an inner circumferential portion
arranged to define a through hole; and

an opening portion located radially outside of the second

connection channel does not radially overlap with the
first cover member or the inner circumferential portion.

9. The spindle motor according to claim 1, wherein

the base portion includes an inner circumferential portion

defining the through hole, the inner circumferential por-
tion and a lower portion of the shaft defining a press-
fitting region therebetween; and

an axial extension range of the hole portion is arranged so

as not to overlap with the press-fitting region.

10. The spindle motor according to claim 9, wherein an
axial length of' the hole portion is greater than an axial length
of a solid region which does not include a through hole
defined on a lower side of the hole portion.

11. The spindle motor according to claim 1, wherein

the base portion includes an inner circumferential portion

defining the through hole, the inner circumferential por-
tion and a lower portion of the shaft defining a press-
fitting region therebetween; and

an axial length of a range over which an axial extension

range of the hole portion and the press-fitting region
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overlap with each other is about half or less than half an
axial length of the press-fitting region.

12. The spindle motor according to claim 11, wherein an
axial length of the hole portion is greater than an axial length
of a solid region which does not include a through hole
defined on a lower side of the hole portion.

13. A disk drive apparatus comprising:

the spindle motor of claim 1 configured to rotate a disk;

an access portion configured to perform at least one of

reading and writing of information from or to the disk;

a clamper configured to clamp the disk to the spindle

motor; and

a housing configured to contain the disk, the spindle motor,

the access portion, and the clamper.

14. The disk drive apparatus according to claim 13,
wherein

the housing includes a housing member configured to

cover an upper side of the spindle motor; and

the housing member and the shaft are fixed to each other

through a screw inserted into the screw hole portion.

15. The disk drive apparatus according to claim 14, further
comprising a sealant located at all circumferential positions
between the screw hole portion and the screw, or at all cir-
cumferential positions between the housing member and a
head portion of the screw.
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