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2. 

A spindle motor includes an upper bearing portion and a 
lower bearing portion each of which is inclined with respect 
to a central axis. The upper bearing portion includes an upper 
dynamic pressure generating groove defined in at least one of 
an upper outer circumferential Surface of a shaft portion and 
an upper inner circumferential surface of a sleeve. The lower 
bearing portion includes a lower dynamic pressure generating 
groove defined in at least one of a lower outer circumferential 
surface of the shaft portion and a lower inner circumferential 
surface of the sleeve. The radial distance between a lower end 
portion of the upper dynamic pressure generating groove and 
the central axis is shorter than the radial distance between an 
upper end portion of the lower dynamic pressure generating 
groove and the central axis. 
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SPINDLE MOTOR AND DISK DRIVE 
APPARATUS 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a spindle motor and 
a disk drive apparatus. 
0003 2. Description of the Related Art 
0004 Spindle motors arranged to rotate disks are typically 
installed in hard disk apparatuses and optical disk appara 
tuses. Such a spindle motor includes a stationary portion fixed 
to a housing of the apparatus, and a rotating portion arranged 
to rotate while Supporting the disk(s). The spindle motor is 
arranged to produce a torque by magnetic flux generated 
between a stator and a magnet, whereby the rotating portion is 
caused to rotate with respect to the stationary portion. 
0005. The stationary portion and the rotating portion of the 
spindle motor are joined to each other through a fluid dynamic 
bearing. A known spindle motor including the fluid dynamic 
bearing is described, for example, in JP-A2006-158015. This 
known spindle motor includes an upper bushing and a lower 
bushing fixed to a shaft (See, for example, paragraph 0029) 
of JP-A 2006-158015). While the spindle motor is rotating, 
dynamic pressure grooves defined in an inner circumferential 
surface of a sleeve cause the sleeve to be out of contact with 
each of the upper and lower bushings (See, for example, 
paragraph (0034 of JP-A 2006-158015). 
0006 Regarding spindle motors in recent years, there has 
been a strong demand for a reduction in a magnitude of a drive 
current needed to obtain a desired rotation rate from the 
viewpoint of energy saving and environmental performance. 
The reduction in the value of the drive current can be 
achieved, for example, by arranging the fluid dynamic bear 
ingata radially inner position, where the momentis Small and 
the circumferential velocity is slow, thereby reducing a fric 
tion loss at the fluid dynamic bearing. 
0007. However, a known spindle motor which includes a 
fluid dynamic bearing including a pair of upper and lower 
bearings each of which is inclined with respect to a central 
axis has a problem in that arranging both the upper and lower 
bearings more radially inward than before makes it difficult to 
rotate the spindle motor stably although a reduction in the 
friction loss at the fluid dynamic bearing is achieved. 

SUMMARY OF THE INVENTION 

0008. A spindle motor according to a preferred embodi 
ment of the present invention includes a stationary portion, a 
rotating portion, and a lubricating fluid. The rotating portion 
is rotatable about a central axis extending in a vertical direc 
tion. The lubricating fluid is provided between the stationary 
portion and the rotating portion. The stationary portion 
includes a base, a stator, a shaft portion, and a magnetic 
member. The stator includes a plurality of coils having an 
annular or Substantially annular shape with the central axis as 
a center. The shaft portion extends along the central axis, and 
includes a lower end portion fixed to the base. The magnetic 
member is located on an upper surface of the base. The shaft 
portion includes an upper outer circumferential Surface and a 
lower outer circumferential surface. The upper outer circum 
ferential surface is inclined with respect to the central axis. 
The lower outer circumferential surface is inclined with 
respect to the central axis, and is located below the upper 
outer circumferential surface. A radial distance between the 
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upper outer circumferential Surface and the central axis 
decreases with decreasing height. A radial distance between 
the lower outer circumferential surface and the central axis 
decreases with increasing height. The rotating portion 
includes a sleeve and a magnet. The sleeve is tubular, and 
includes a central through hole through which the shaft por 
tion is inserted. The magnet is opposite to the stator with a gap 
intervening therebetween, and is located above the magnetic 
member. The sleeve includes an upper inner circumferential 
Surface and a lower inner circumferential Surface. The upper 
inner circumferential Surface is opposite to the upper outer 
circumferential surface, and is inclined with respect to the 
central axis. The lower inner circumferential Surface is oppo 
site to the lower outer circumferential surface below the upper 
inner circumferential Surface, and is inclined with respect to 
the central axis. A radial distance between the upper inner 
circumferential Surface and the central axis decreases with 
decreasing height. A radial distance between the lower inner 
circumferential Surface and the central axis decreases with 
increasing height. The shaft portion, the sleeve, and the lubri 
cating fluid together define a fluid dynamic bearing. The fluid 
dynamic bearing includes an upper bearing portion and a 
lower bearing portion. The upper bearing portion includes an 
upper dynamic pressure generating groove defined in at least 
one of the upper outer circumferential Surface and the upper 
inner circumferential Surface, and configured to induce a 
dynamic pressure during rotation of the rotating portion. The 
lower bearing portion includes a lower dynamic pressure 
generating groove defined in at least one of the lower outer 
circumferential surface and the lower inner circumferential 
Surface, and configured to induce a dynamic pressure during 
the rotation of the rotating portion. Both the upper bearing 
portion and the lower bearing portion are filled with the 
lubricating fluid. A radial distance between a lower end por 
tion of the upper dynamic pressure generating groove and the 
central axis is shorter than a radial distance between an upper 
end portion of the lower dynamic pressure generating groove 
and the central axis. 

0009. According to the above preferred embodiment of 
the present invention, a reduction infriction loss at the upper 
bearing portion is achieved by arranging the lower end por 
tion of the upper dynamic pressure generating groove radially 
inward of the upper end portion of the lower dynamic pres 
Sure generating groove. Accordingly, a magnitude of a drive 
current needed to obtain a desired rotation rate is significantly 
reduced. 

0010. A spindle motor according to another preferred 
embodiment of the present invention includes a stationary 
portion, a rotating portion, and a lubricating fluid. The rotat 
ing portion is rotatable about a central axis extending in a 
vertical direction. The lubricating fluid is provided between 
the stationary portion and the rotating portion. The stationary 
portion includes a base, a stator, a shaft portion, and a mag 
netic member. The stator includes a plurality of coils having 
an annular or substantially annular shape with the central axis 
as a center. The shaft portion extends along the central axis, 
and includes a lower end portion fixed to the base. The mag 
netic member is located on an upper surface of the base. The 
shaft portion includes an upper outer circumferential Surface 
and a lower outer circumferential surface. The upper outer 
circumferential surface is inclined with respect to the central 
axis. The lower outer circumferential surface is inclined with 
respect to the central axis, and is located below the upper 
outer circumferential surface. A radial distance between the 
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upper outer circumferential Surface and the central axis 
decreases with decreasing height. A radial distance between 
the lower outer circumferential surface and the central axis 
decreases with increasing height. The rotating portion 
includes a sleeve and a magnet. The sleeve is tubular, and 
includes a central through hole through which the shaft por 
tion is inserted. The magnetis opposite to the stator with a gap 
intervening therebetween, and is located above the magnetic 
member. The sleeve includes an upper inner circumferential 
Surface and a lower inner circumferential Surface. The upper 
inner circumferential Surface is opposite to the upper outer 
circumferential surface, and is inclined with respect to the 
central axis. The lower inner circumferential Surface is oppo 
site to the lower outer circumferential surface below the upper 
inner circumferential Surface, and is inclined with respect to 
the central axis. A radial distance between the upper inner 
circumferential Surface and the central axis decreases with 
decreasing height. A radial distance between the lower inner 
circumferential Surface and the central axis decreases with 
increasing height. The shaft portion, the sleeve, and the lubri 
cating fluid together define a fluid dynamic bearing. The fluid 
dynamic bearing includes an upper bearing portion and a 
lower bearing portion. The upper bearing portion includes an 
upper dynamic pressure generating groove defined in at least 
one of the upper outer circumferential Surface and the upper 
inner circumferential Surface, and configured to induce a 
dynamic pressure during rotation of the rotating portion. The 
lower bearing portion includes a lower dynamic pressure 
generating groove defined in at least one of the lower outer 
circumferential surface and the lower inner circumferential 
Surface, and configured to induce a dynamic pressure during 
the rotation of the rotating portion. Both the upper bearing 
portion and the lower bearing portion are filled with the 
lubricating fluid. The following relationships are satisfied: 
Sw<Su, and Wx{1-(Sw/Su)x4}<B<1176, where W is a 
weight of the rotating portion, Sw is an area of the upper 
bearing portion projected on a plane perpendicular to the 
central axis, Su is an area of the lower bearing portion pro 
jected on the plane perpendicular to the central axis, and B is 
a magnitude of an axial component of a magnetic attraction 
force between the magnetic member and the magnet. 
0011. According to the above preferred embodiment of 
the present invention, a significant reduction infriction loss at 
the upper bearing portion is achieved because the projected 
area SW of the upper bearing portion is Smaller than the 
projected area Su of the lower bearing portion. Accordingly, 
a magnitude of a drive current needed to obtain a desired 
rotation rate is significantly reduced. 
0012. 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 

0013 FIG. 1 is a schematic cross-sectional view of a 
spindle motor according to a first preferred embodiment of 
the present invention. 
0014 FIG. 2 is a schematic cross-sectional view of a disk 
drive apparatus according to a second preferred embodiment 
of the present invention. 
0.015 FIG. 3 is a schematic cross-sectional view of a 
spindle motor according to the second preferred embodiment 
of the present invention. 
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0016 FIG. 4 is a schematic cross-sectional view of a por 
tion of the spindle motor according to the second preferred 
embodiment of the present invention. 
0017 FIG. 5 is a schematic cross-sectional view of a 
sleeve according to the second preferred embodiment of the 
present invention. 
0018 FIG. 6 is a schematic cross-sectional view of a por 
tion of the spindle motor according to the second preferred 
embodiment of the present invention when the spindle motor 
is in a stopped State. 
0019 FIG. 7 is a diagram illustrating measurements and 
angles of some portions of a fluid dynamic bearing according 
to the second preferred embodiment of the present invention. 
0020 FIG. 8 is a schematic cross-sectional view of a por 
tion of a spindle motor according to a modification of the 
second preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0021 Hereinafter, preferred embodiments of the present 
invention will be described with reference to the accompany 
ing drawings. It is assumed herein that a direction parallel to 
a central axis of a spindle motor is referred to by the term 
“axial direction”, “axial’, or “axially, that directions perpen 
dicular or substantially perpendicular to the central axis of the 
spindle motor are each referred to by the term “radial direc 
tion”, “radial’, or “radially', and that a direction along a 
circular arc centered on the central axis of the spindle motor 
is referred to by the term “circumferential direction”, “cir 
cumferential’, or “circumferentially’. It is also assumed 
herein that a vertical direction is the axial direction, and that 
a side on which a sleeve is arranged with respect to a base is 
defined as an upper side. The shape of each member orportion 
and relative positions of different members orportions will be 
described based on the above assumptions. It should be noted, 
however, that the above definitions of the vertical direction 
and the upper and lower sides are not meant to restrict in any 
way the orientation of a spindle motor or a disk drive appa 
ratus according to any preferred embodiment of the present 
invention when in use. 
0022. Also note that the wording “parallel' as used herein 
comprehends parallel and Substantially parallel directions. 
Also note that the wording “perpendicular as used herein 
comprehends perpendicular and Substantially perpendicular 
directions. 

0023 FIG. 1 is a schematic cross-sectional view of a 
spindle motor 11A according to a first preferred embodiment 
of the present invention. Referring to FIG. 1, the spindle 
motor 11A includes a stationary portion 2A, a rotating portion 
3A that is rotatable about a central axis 9A, and a lubricating 
fluid 70A. The lubricating fluid 70A is provided between the 
stationary portion 2A and the rotating portion 3A. 
0024. The stationary portion 2A preferably includes a base 
21A, a shaft portion 22A, a stator 23A, and a magnetic mem 
ber 24A. The stator 23A preferably includes a plurality of 
coils 52A. The coils 52A preferably have an annular or sub 
stantially annular shape with the central axis 9A as a center. 
The magnetic member 24A is located on an upper Surface of 
the base 21A. 

0025. The shaft portion 22A preferably includes a shaft 
body 41A, an upper cone 42A, and a lower cone 44A. In the 
present preferred embodiment, the shaft body 41A, the upper 
cone 42A, and the lower cone 44A are preferably defined by 
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separate members. The shaft body 41A extends along the 
central axis 9A. A lower end portion of the shaft body 41A is 
fixed to the base 21A. 
0026. The upper cone 42A preferably includes an upper 
outer circumferential surface 221A inclined with respect to 
the central axis 9A. The radial distance between the upper 
outer circumferential surface 221A and the central axis 9A 
decreases with decreasing height. The lower cone 44A pref 
erably includes a lower outer circumferential surface 222A 
inclined with respect to the central axis 9A. The lower outer 
circumferential surface 222A is located below the upper outer 
circumferential surface 221A. The radial distance between 
the lower outer circumferential surface 222A and the central 
axis 9A decreases with increasing height. 
0027. The rotating portion 3A includes a tubular sleeve 
61A and a magnet 34A. The sleeve 61A preferably includes a 
central through hole 310A through which the shaft portion 
22A is inserted. The magnet 34A is opposite to the stator 23A 
with a gap intervening therebetween, and is located above the 
magnetic member 24A. An axial magnetic attraction force is 
produced between the magnetic member 24A and the magnet 
34A. 

0028. The sleeve 61A preferably includes an upper inner 
circumferential surface 611A and a lower inner circumferen 
tial surface 612A. The upper inner circumferential surface 
611A is opposite to the upper outer circumferential surface 
221A, and is inclined with respect to the central axis 9A. The 
radial distance between the upper inner circumferential Sur 
face 611A and the central axis 9A decreases with decreasing 
height. The lower inner circumferential surface 612A is 
located below the upper inner circumferential surface 611A. 
The lower inner circumferential surface 612A is opposite to 
the lower outer circumferential surface 222A, and is inclined 
with respect to the central axis 9A. The radial distance 
between the lower inner circumferential surface 612A and the 
central axis 9A decreases with increasing height. 
0029. In the present preferred embodiment, the shaft por 
tion 22A, the sleeve 61A, and the lubricating fluid 70A 
together define a fluid dynamic bearing 7A. The fluid 
dynamic bearing 7A includes an upper bearing portion 71A 
and a lower bearing portion 72A. Both the upper bearing 
portion 71A and the lower bearing portion 72A are filled with 
the lubricating fluid 70A. The upper bearing portion 71A 
preferably includes an upper dynamic pressure generating 
groove array 711A defined in at least one of the upper outer 
circumferential surface 221A and the upper inner circumfer 
ential Surface 611A. The upper dynamic pressure generating 
groove array 711A is configured to induce a dynamic pressure 
in the lubricating fluid 70A while the spindle motor 11A is 
running. The lower bearing portion 72A preferably includes a 
lower dynamic pressure generating groove array 721A 
defined in at least one of the lower outer circumferential 
surface 222A and the lower inner circumferential surface 
612A. The lower dynamic pressure generating groove array 
721A is configured to induce a dynamic pressure in the lubri 
cating fluid 70A while the spindle motor 11A is running. 
0030. In this spindle motor 11A, the radial distance 
between a lower end portion of the upper dynamic pressure 
generating groove array 711A and the central axis 9A pref 
erably is shorter than the radial distance between an upper end 
portion of the lower dynamic pressure generating groove 
array 721A and the central axis 9A. A reduction in friction 
loss at the upper bearing portion 71A is achieved by locating 
the lower end portion of the upper dynamic pressure gener 
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ating groove array 711A radially inward of the upper end 
portion of the lower dynamic pressure generating groove 
array 721A. This reduces a magnitude of a drive current 
needed to obtain a desired rotation rate. In addition, although 
an upward dynamic pressure generated in the lower bearing 
portion 72A is greater than a downward dynamic pressure 
generated in the upper bearing portion 71A, the rotating por 
tion 3A is drawn downward by the magnetic attraction force 
between the magnetic member 24A and the magnet 34A. This 
results in stable rotation of the spindle motor 11A. 
0031. Note that, in place of, or in addition to, the above 
described condition, “the radial distance between the lower 
end portion of the upper dynamic pressure generating groove 
array 711A and the central axis 9A is shorter than the radial 
distance between the upper end portion of the lower dynamic 
pressure generating groove array 721A and the central axis 
9A, it may be configured such that the following relationship 
is satisfied: 

Sw<Su and 

0032 where W is the weight of the rotating portion3A, Sw 
is an area of the upper bearing portion 71A projected on a 
plane perpendicular to the central axis 9A, Su is an area of the 
lowerbearing portion 72A projected on the plane perpendicu 
lar to the central axis 9A, and B is the magnitude of an axial 
component of the magnetic attraction force between the mag 
netic member 24A and the magnet 34A. 
0033 FIG. 2 is a schematic cross-sectional view of a disk 
drive apparatus 1 in which a spindle motor 11 according to a 
second preferred embodiment of the present invention is 
installed. This disk drive apparatus 1 is configured to rotate 
magnetic disks 12 and perform reading and writing of infor 
mation from or to the magnetic disks 12. Referring to FIG. 2, 
the disk drive apparatus 1 includes the spindle motor 11, the 
magnetic disks 12, which are preferably three in number, for 
example, an access portion 13, and a cover 14. 
0034. The spindle motor 11 is configured to rotate the 
three magnetic disks 12 about a central axis 9 while support 
ing the magnetic disks 12. The spindle motor 11 includes a 
base 21 extending perpendicularly to the central axis 9. An 
upper portion of the base 21 is covered with the cover 14. A 
rotating portion 3 of the spindle motor 11, the three magnetic 
disks 12, and the access portion 13 are accommodated in a 
case 10 defined by the base 21 and the cover 14. The access 
portion 13 is configured to move heads 131 along recording 
Surfaces of the magnetic disks 12 to perform the reading and 
the writing of information from or to the magnetic disks 12. 
0035. Note that the number of magnetic disks included in 
the disk drive apparatus 1 may be one, two, or more than three, 
for example. Also note that the access portion 13 may be 
configured to perform only one of the reading and the writing 
of information from or to the magnetic disks 12 if so desired. 
0036 An interior space of the case 10 is preferably a clean 
space with no, or only an extremely small amount of dirt 
and/or dust. In the present preferred embodiment, the interior 
space of the case 10 is preferably filled with clean air. Note, 
however, that the interior space of the case 10 may alterna 
tively be filled with a helium gas, a hydrogen gas, or a nitro 
gen gas, instead of air, if so desired. Also note that the interior 
space of the case 10 may be filled with a mixture of at least one 
of these gases and air. 
0037 Next, the structure of the spindle motor 11 will be 
described in more detail below. FIG. 3 is a schematic cross 
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sectional view of the spindle motor 11. FIG. 4 is a schematic 
cross-sectional view of a portion of the spindle motor 11 in 
the vicinity of a fluid dynamic bearing 7. Referring to FIG. 3, 
the spindle motor 11 includes a stationary portion 2 and the 
rotating portion 3. The stationary portion 2 is stationary rela 
tive to the base 21 and the cover 14. The rotating portion 3 is 
supported to be rotatable with respect to the stationary portion 
2 
0038. The stationary portion 2 according to the present 
preferred embodiment preferably includes the base 21, a shaft 
portion 22, a stator 23, and a magnetic member 24. 
0039. The base 21 extends perpendicularly to the central 
axis 9 below the stator 23, the rotating portion3, the magnetic 
disks 12, and the access portion 13. A metal. Such as an 
aluminum alloy, for example, is preferably used as a material 
of the base 21. Referring to FIG. 3, the base 21 preferably 
includes a shaft fixing hole 211 at a position overlapping with 
the central axis 9. In addition, the base 21 includes an annular 
projection 212, which is cylindrical or substantially cylindri 
cal. The annular projection 212 is preferably arranged to 
project upward radially inside the stator 23 and radially out 
side an annular member 33 described below. 
0040. The shaft portion 22 preferably includes a shaft 
body 41, an upper cone 42, which is conical or Substantially 
conical, an upper seal projection 43, a lower cone 44, which is 
conical or Substantially conical, and a lower seal projection 
45. The shaft body 41 extends along the central axis 9, and 
overlaps with the central axis 9 in a plan view. A lower end 
portion of the shaft body 41 is inserted in the shaft fixing hole 
211 of the base 21, and is fixed to the base 21. Meanwhile, 
referring to FIG. 2, an upper end portion of the shaft body 41 
is preferably fixed to the cover 14 of the disk drive apparatus 
1. In addition, referring to FIG. 4, the shaft body 41 includes 
a middle outer circumferential surface 220 located below the 
upper cone 42 and above the lower cone 44. 
0041. The upper cone 42 projects radially outward from 
the shaft body 41. The upper cone 42 is preferably annular and 
conical, for example. The upper cone 42 preferably includes 
an upper outer circumferential surface 221 inclined with 
respect to the central axis 9. The radial distance between the 
upper outer circumferential surface 221 and the central axis 9 
decreases with decreasing height. The upper seal projection 
43 is located above both the upper cone 42 and a sleeve 61 
described below. The upper seal projection 43 is preferably 
annular and plate-shaped, for example. The upper seal pro 
jection 43 according to the present preferred embodiment 
projects radially outward relative to an upper end portion of 
the upper cone 42. Note that, in FIG. 4, a boundary between 
the upper cone 42 and the shaft body 41 and a boundary 
between the upper cone 42 and the upper seal projection 43 
are represented by a broken line. 
0042. The lower cone 44 is located below and axially 
spaced from the upper cone 42. The lower cone 44 is prefer 
ably annular and conical, for example. The lower cone 44 
preferably includes a lower outer circumferential surface 222 
inclined with respect to the central axis 9. The lower outer 
circumferential surface 222 is located below the upper outer 
circumferential surface 221. The radial distance between the 
lower outer circumferential surface 222 and the central axis 9 
decreases with increasing height. The lower seal projection 
45 is located below both the lower cone 44 and the sleeve 61 
described below and above the base 21. The lower seal pro 
jection 45 is preferably annular, for example. The lower seal 
projection 45 according to the present preferred embodiment 
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projects downward from a lower end portion of the lower 
cone 44 to assume a cylindrical or Substantially cylindrical 
shape, for example. Note that, in FIG. 4, a boundary between 
the lower cone 44 and the lower seal projection 45 is repre 
sented by a broken line. 
0043. In the present preferred embodiment, the shaft body 
41, the upper cone 42, and the upper seal projection 43 are 
preferably monolithically defined by a single first member 
223. Meanwhile, in the present preferred embodiment, the 
lower cone and the lower seal projection 45 are preferably 
monolithically defined by a single second member 224, 
which is different from the first member 223. A metal, such as 
stainless steel, for example, is preferably used as a material of 
each of the first member 223 and the second member 224. The 
second member 224 is fixed to an outer circumferential Sur 
face of the shaft body 41 through press fit, shrink fit, an 
adhesive, or the like. 
0044) The stator 23 preferably includes a stator core 51 
and a plurality of coils 52. The stator core 51 is defined, for 
example, by laminated Steel sheets, i.e., electromagnetic steel 
sheets, such as, for example, silicon Steel sheets, placed one 
upon another in the axial direction. The stator core 51 is fixed 
to an outer circumferential Surface of the annular projection 
212. In addition, the stator core 51 includes a plurality ofteeth 
511 projecting radially outward. Each coil 52 is preferably 
defined by a conducting wire wound around a separate one of 
the teeth 511. The teeth 511 and the coils 52 preferably have 
an annular or substantially annular shape with the central axis 
9 as a center. 

0045. The magnetic member 24 is annular, and is defined 
by an unpolarized ferromagnetic body. The magnetic member 
24 is located below a magnet 34 described below, and is 
located on an upper Surface of the base 21. An axial magnetic 
attraction force is produced between the magnetic member 24 
and the magnet 34. The rotating portion 3 is thus drawn 
downward. In the present preferred embodiment, the magnet 
34 and the magnetic member 24 axially overlap with each 
other. Note, however, that the magnet 34 and the magnetic 
member 24 may not necessarily axially overlap with each 
otherifso desired. It is enough that a magnetic attraction force 
produced between the magnet 34 and the magnetic member 
24 has an axial component. 
0046. The rotating portion 3 according to the present pre 
ferred embodiment preferably includes a hub 31, a cap 32, the 
annular member 33, and the magnet 34. 
0047. The hub 31 is supported to be rotatable about the 
central axis 9 around the shaft portion 22. A metal, such as 
stainless steel, for example, is preferably used as a material of 
the hub 31. The hub 31 according to the present preferred 
embodiment preferably includes the sleeve 61, a hub raised 
portion 62, a top plate portion 63, an outer cylindrical portion 
64, and a flange portion 65. 
0048. The sleeve 61 extends in the axial direction to 
assume a tubular shape around the shaft portion 22. The hub 
raised portion 62 is projects upward to assume an annular 
shape radially outside the upper seal projection 43 and above 
the sleeve 61. The top plate portion 63 extends radially out 
ward from the sleeve 61. The outer cylindrical portion 64 
extends downward from a radially outer edge portion of the 
top plate portion 63 to assume a cylindrical or Substantially 
cylindrical shape. The flange portion 65 projects further radi 
ally outward from a lower end portion of the outer cylindrical 
portion 64. 
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0049. The sleeve 61 includes a central through hole 310 
through which the shaft body 41 is inserted. In addition, the 
sleeve 61 includes a middle inner circumferential surface 610, 
which is cylindrical or Substantially cylindrical, an upper 
inner circumferential surface 611 located above the middle 
inner circumferential surface 610, and a lower inner circum 
ferential surface 612 located below the middle inner circum 
ferential surface 610. Both the upper inner circumferential 
surface 611 and the lower inner circumferential surface 612 
are inclined with respect to the central axis 9. Specifically, the 
radial distance between the upper inner circumferential Sur 
face 611 and the central axis 9 decreases with decreasing 
height, while the radial distance between the lower inner 
circumferential surface 612 and the central axis 9 decreases 
with increasing height. 
0050. The middle outer circumferential surface 220 of the 
shaft portion 22 and the middle inner circumferential surface 
610 of the sleeve 61 are radially opposite to each other. The 
upper outer circumferential surface 221 of the shaft portion 
22 and the upper inner circumferential surface 611 of the 
sleeve 61 are obliquely radially opposite to each other. The 
lower outer circumferential surface 222 of the shaft portion 
22 and the lower inner circumferential surface 612 of the 
sleeve 61 are obliquely radially opposite to each other. 
0051. A lower surface of the lowest one of the magnetic 
disks 12 is in contact with at least a portion of an upper Surface 
of the flange portion 65. As a result, the magnetic disks 12 are 
axially positioned. In addition, an inner circumferential por 
tion of each magnetic disk 12 is in contact with at least a 
portion of an outer circumferential surface of the outer cylin 
drical portion 64. Each magnetic disk 12 is thus radially 
positioned. As described above, in the present preferred 
embodiment, the outer cylindrical portion 64 and the flange 
portion 65 together define a support portion to support the 
magnetic disks 12. 
0052. The hub 31 according to the present preferred 
embodiment is preferably defined by a single monolithic 
member, for example. Note, however, that the hub 31 may be 
defined by a plurality of separate members if so desired. For 
example, the hub 31 may be defined by two members: a 
member including the sleeve 61 and the hub raised portion 62, 
and a member including the top plate portion 63, the outer 
cylindrical portion 64, and the flange portion 65. 
0053. The cap 32 preferably is a disk-shaped or substan 

tially disk-shaped member including a circular or Substan 
tially circular hole at a center thereof. A material of the cap 32 
may be either a metal or a resin. The cap 32 according to the 
present preferred embodiment preferably includes a cap plate 
portion 321 and a cap raised portion 322. The cap plate 
portion 321 extends above the hub raised portion 62 and the 
upper seal projection 43 to assume an annular or Substantially 
annular shape. An inner circumferential portion of the cap 
plate portion 321 is radially opposite to the outer circumfer 
ential surface of the shaft portion 22 in the vicinity of an upper 
end portion of the shaft portion 22 with a slight gap interven 
ing therebetween. The cap raised portion 322 preferably 
projects downward from a radially outer end portion of the 
cap plate portion 321 to assume a cylindrical or Substantially 
cylindrical shape. Both a lower surface of the cap plate por 
tion 321 and an inner circumferential surface of the cap raised 
portion 322 are preferably fixed to the hub raised portion 62 
through, for example, an adhesive. Once the hub 31 is caused 
to rotate, the cap 32 is also caused to rotate together with the 
hub. 31. 
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0054. The annular member 33 is located below the sleeve 
61, and extends in an annular or Substantially annular shape to 
surround the lower seal projection 45. In the present preferred 
embodiment, the hub 32 and the annular member 33 are 
preferably defined by separate members. A metal. Such as 
stainless steel, or a resin, for example, is preferably used as a 
material of the annular member 33. The annular member 33 is 
preferably fixed to the sleeve 61 through, for example, an 
adhesive. 
0055. The magnet 34 is located radially outside the stator 
23 and above the magnetic member 24. The magnet 34 is fixed 
to an inner circumferential surface of the outer cylindrical 
portion 64. In the present preferred embodiment, the magnet 
34 preferably is annular or substantially annular, for example. 
An inner circumferential surface of the magnet 34 is radially 
opposite to a radially outer end surface of each of the teeth 511 
with a gap intervening therebetween. In addition, north and 
South poles are arranged alternately in a circumferential 
direction on the inner circumferential Surface of the magnet 
34. 
0056. Note that a plurality of magnets may be used in place 
of the annular magnet 34 if so desired. In the case where the 
plurality of magnets are used, the magnets are arranged in the 
circumferential direction Such that north and South poles 
alternate with each other. 
0057. Once electrical drive currents are supplied to the 
coils 52 in the spindle motor 11 described above, magnetic 
flux is generated around each of the teeth 511. Then, interac 
tion between the magnetic flux of the teeth 511 and that of the 
magnet 34 produces a circumferential torque between the 
stationary portion 2 and the rotating portion 3, so that the 
rotating portion 3 is caused to rotate about the central axis 9 
with respect to the stationary portion 2. The magnetic disks 12 
supported by the hub 31 are caused to rotate about the central 
axis 9 together with the rotating portion 3. 
0058 Next, the structure of the fluid dynamic bearing 7 
included in the spindle motor 11 will be described below. 
Referring to FIG.4, a lubricating fluid 70 is provided between 
the shaft portion 22 and each of the sleeve 61 and the annular 
member 33. A polyolester oil or a diester oil, for example, is 
preferably used as the lubricating fluid 70. The sleeve 61 and 
the annular member 33 are supported to be rotatable with 
respect to the shaft portion 22 through the lubricating fluid 70. 
0059 FIG. 5 is a schematic cross-sectional view of the 
sleeve 61. Referring to FIG. 5, the sleeve 61 preferably 
includes, in the upper inner circumferential surface 611 
thereof, an upper dynamic pressure generating groove array 
711 arranged in a herringbone pattern. In addition, the sleeve 
61 preferably includes, in the lower inner circumferential 
Surface 612 thereof, a lower dynamic pressure generating 
groove array 721 arranged in a herringbone pattern. The 
sleeve 61 is configured to rotate in one direction with respect 
to the shaft portion 22 while the spindle motor 11 is running. 
At this time, each of the upper dynamic pressure generating 
groove array 711 and the lower dynamic pressure generating 
groove array 721 induces a dynamic pressure in a portion of 
the lubricating fluid 70 which is present between the shaft 
portion 22 and the sleeve 61. The sleeve 61 is supported by 
this dynamic pressure both radially and axially with respect to 
the shaft portion 22. 
0060 That is, in the present preferred embodiment, an 
upper bearing portion 71 is defined by the upper outer cir 
cumferential Surface 221, which is a bearing Surface on the 
portion of the stationary portion 2, the upper inner circumfer 
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ential surface 611, which is a bearing surface on the portion of 
the rotating portion 3, and a portion of the lubricating fluid 70 
which fills a gap therebetween. Meanwhile, a lower bearing 
portion 72 is defined by the lower outer circumferential Sur 
face 222, which is a bearing Surface on a portion of the 
stationary portion 2, the lower inner circumferential Surface 
612, which is a bearing Surface on the portion of the rotating 
portion 3, and a portion of the lubricating fluid 70 which fills 
a gap therebetween. Then, the fluid dynamic bearing 7 is 
defined by a combination of the upper bearing portion 71 and 
the lower bearing portion 72. 
0061 The dynamic pressure applied to the sleeve 61 in the 
upper bearing portion 71 while the spindle motor 11 is run 
ning includes a radially outward component and an axially 
downward component. Meanwhile, the dynamic pressure 
applied to the sleeve 61 in the lower bearing portion 72 while 
the spindle motor 11 is running includes a radially outward 
component and an axial upward component. 
0062. Note that it is enough that the upper dynamic pres 
Sure generating groove array 711 is defined in at least one of 
the upper outer circumferential surface 221 and the upper 
inner circumferential surface 611. Also note that it is enough 
that the lower dynamic pressure generating groove array 721 
is defined in at least one of the lower outer circumferential 
surface 222 and the lower inner circumferential surface 612. 
0063. The lubricating fluid 70 has an upper liquid surface 
701 and a lower liquid surface 702. The upper liquid surface 
701 is located between the upper seal projection 43 and the 
hub raised portion 62 above the upper bearing portion 71. 
That is, in the present preferred embodiment, an outer cir 
cumferential Surface of the upper seal projection 43 and an 
inner circumferential surface of the hub raised portion 62 
preferably together define an upper seal portion 81 configured 
to hold the upper liquid surface 701. Meanwhile, the lower 
liquid surface 702 is located between the lower seal projec 
tion 45 and the annular member 33 below the lower bearing 
portion 72. That is, in the present preferred embodiment, an 
outer circumferential surface of the lower seal projection 45 
and an inner circumferential Surface of the annular member 
33 preferably together define a lower seal portion 82 config 
ured to hold the lower liquid surface 702. 
0064. The upper seal portion 81 according to the present 
preferred embodiment preferably includes an upper capillary 
seal portion 811 and a pumping seal portion 812. The upper 
bearing portion 71 and the upper capillary seal portion 811 are 
in communication with each other. In the upper capillary seal 
portion 811, the radial distance between the outer circumfer 
ential surface of the upper seal projection 43 and the inner 
circumferential surface of the hub raised portion 62 increases 
with increasing height. The upper liquid surface 701 of the 
lubricating fluid 70 is accordingly attracted downward by 
surface tension to define a meniscus. This reduces the likeli 
hood that the lubricating fluid 70 will leak through the upper 
seal portion 81. 
0065. The pumping seal portion 812 is located below the 
upper capillary seal portion 811, i.e., closer to the upper 
bearing portion 71 than is the upper capillary seal portion 811. 
Referring to FIG. 5, the hub 31 preferably includes a pumping 
groove array 813 arranged in a spiral pattern in the inner 
circumferential surface of the hub raised portion 62. The hub 
31 is configured to rotate in one direction with respect to the 
shaft portion 22 while the spindle motor 11 is running. The 
pumping groove array 813 is configured to press a portion of 
the lubricating fluid 70 which is located between the upper 
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seal projection 43 and the hub raised portion 62 toward the 
upper bearing portion 71 at this time. This further reduces the 
likelihood that the lubricating fluid 70 will leak through the 
upper seal portion 81. 
0.066 Note that it is enough that the pumping groove array 
813 is defined in at least one of the outer circumferential 
Surface of the upper seal projection 43 and the inner circum 
ferential surface of the hub raised portion 62 which together 
define the pumping seal portion 812. Also note that the pump 
ing groove array 813 may alternatively be a groove array 
arranged in a herringbone pattern if so desired. 
0067. The lower seal portion 82 according to the present 
preferred embodiment preferably includes a lower capillary 
seal portion 821. The lower bearing portion 72 and the lower 
capillary seal portion 821 are in communication with each 
other. In the lower capillary seal portion 821, the radial dis 
tance between the outer circumferential surface of the lower 
seal projection 45 and the inner circumferential surface of the 
annular member 33 increases with decreasing height. The 
lower liquid surface 702 of the lubricating fluid 70 is accord 
ingly attracted upward by Surface tension to define a menis 
cus. This reduces the likelihood that the lubricating fluid 70 
will leak through the lower seal portion 82. 
0068 A flow of the lubricating fluid 70 caused by the 
pumping seal portion 812 may cause an air bubble to be 
introduced into the lubricating fluid 70 through the upper seal 
portion 81. The air bubble will travel to the lower seal portion 
82 through an upper opening 614, a communicating hole 613, 
and a lower opening 615, which will be described below. The 
air bubble is then discharged to an outside through the lower 
capillary seal portion 821. 
0069. In the present preferred embodiment, the radial dis 
tance between the outer circumferential surface of the lower 
seal projection 45 and the central axis 9 decreases with 
decreasing height. In addition, the radial distance between the 
inner circumferential surface of the annular member 33 and 
the central axis 9 decreases with decreasing height. More 
over, an angle of the outer circumferential surface of the lower 
seal projection 45 with the central axis 9 is preferably greater 
than an angle of the inner circumferential Surface of the 
annular member 33 with the central axis 9. Therefore, while 
the spindle motor 11 is rotating, a centrifugal force acting in 
the direction of the lower bearing portion 72 is applied to the 
lower capillary seal portion 821. This further reduces the 
likelihood that the lubricating fluid 70 will leak through the 
lower seal portion 82. 
0070 The sleeve 61 preferably includes the communicat 
ing hole 613 independently of the central through hole 310. 
The communicating hole 613 is located radially outward of 
the central through hole 310, and passes through the sleeve 61 
from an upper surface to a lower surface of the sleeve 61. The 
communicating hole 613 axially joins the upper opening 614, 
which is defined in the upper surface of the sleeve 61, and the 
lower opening 615, which is defined in the lower surface of 
the sleeve 61, to each other. An interior of the communicating 
hole 613 is also filed with the lubricating fluid 70. 
0071. The lubricating fluid 70 continuously fills a gap 
extending from the upper seal portion 81 to the lower seal 
portion 82 through the communicating hole 613 and a gap 
between the shaft portion 22 and the sleeve 61. Therefore, the 
lubricating fluid 70 includes only two liquid surfaces, the 
liquid surface 701 held by the upper seal portion 81 and the 
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liquid surface 702 held by the lower seal portion 82. This 
contributes to reducing evaporation of the lubricating fluid 
T0. 
0072. In the present preferred embodiment, the upper 
opening 614 of the communicating hole 613 is preferably 
located radially inward of the lower opening 615 of the com 
municating hole 613. In addition, the communicating hole 
613 extends in a straight line from the upper opening 614 to 
the lower opening 615. A circulation channel of the lubricat 
ing fluid 70 is thus shortened compared to the case where the 
upper opening 614 of the communicating hole 613 is located 
right above the lower opening 615 of the communicating hole 
613. That is, an area where the lubricating fluid 70 intervenes 
between the stationary portion 2 and the rotating portion 3 is 
significantly reduced. This leads to an additional reduction in 
frictional resistance of the whole fluid dynamic bearing 7. 
0073. In the present preferred embodiment, the lower cap 

illary seal portion 821 is preferably located radially inward of 
the upper capillary seal portion 811. In addition, the lower 
capillary seal portion 821 is located radially inward of the 
lower opening 615 of the communicating hole 613. Accord 
ingly, an air bubble which has been introduced into the lubri 
cating fluid 70 through the upper capillary seal portion 811 
and flowed into the communicating hole 613 travels smoothly 
from the lower opening 615 to the lower capillary seal portion 
821. This promotes discharge of the air bubble through the 
lower capillary seal portion 821. 
0074 The fluid dynamic bearing 7 according to the 
present preferred embodiment preferably includes the upper 
dynamic pressure generating groove array 711 and the lower 
dynamic pressure generating groove array 721 as described 
above. While the spindle motor 11 is running, a combined 
action of the upper dynamic pressure generating groove array 
711 and the lower dynamic pressure generating groove array 
721 causes a portion of the lubricating fluid 70 which is 
present between the outer circumferential surface of the shaft 
portion 22 and the inner circumferential surface of the sleeve 
61 to flow upward. 
0075 An outer circumferential surface of the annular 
member 33 and an inner circumferential surface of the annu 
lar projection 212 of the base 21 are radially opposite to each 
other with a slight gap intervening therebetween. The radial 
distance between the outer circumferential surface of the 
annular member 33 and the inner circumferential surface of 
the annular projection 212 is shorter than a maximum radial 
distance between the outer circumferential surface of the 
lower seal projection 45 and the inner circumferential surface 
of the annular member 33 in the lower capillary seal portion 
821. This reduces the likelihood that a gas will enter or exit 
through a gap between the annular member 33 and the annular 
projection 212. This in turn reduces evaporation of the lubri 
cating fluid 70 through the lower seal portion 82. That is, the 
spindle motor 11 preferably includes a labyrinth seal portion 
83 between the annular member 33 and the annular projection 
212. The labyrinth seal portion 83 is located radially outward 
of the lower capillary seal portion 821. 
0076 FIG. 6 is a schematic cross-sectional view of a por 
tion of the spindle motor 11 when the spindle motor 11 is in a 
stopped state. When the spindle motor 11 is in the stopped 
state, the rotating portion 3 is attracted downward by the 
magnetic attraction force between the magnetic member 24 
and the magnet 34 as indicated by an arrow outline with a 
blank inside in FIG. 6. As a result, the lower inner circumfer 
ential surface 612 of the sleeve 61 is brought into contact with 
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the lower outer circumferential surface 222 of the lower cone 
44 as illustrated in FIG. 6. The lower cone 44 preferably 
includes a protective film 441 that covers the lower outer 
circumferential surface 222. Diamond-like carbon (DLC), 
gilt, or molybdenum disulfide, for example, is preferably used 
as a material of the protective film 441. This reduces the 
likelihood that the lower outer circumferential surface 222 
will be damaged by a contact with the sleeve 61. In the case 
where DLC is used as the material of the protective film 441, 
the protective film 441 preferably has a thickness of about 1 
um to about 3 um, for example. 
0077. In FIG. 6, an area where the upper dynamic pressure 
generating groove array 711 is defined in the upper inner 
circumferential surface 611, and an area where the lower 
dynamic pressure generating groove array 721 is defined in 
the lower inner circumferential surface 612 are represented 
by bold broken lines. Referring to FIG. 6, in this spindle 
motor 11, the radial distance d1 between a lower end portion 
of the upper dynamic pressure generating groove array 711 
and the central axis 9 is shorter than the radial distance d2 
between an upper end portion of the lower dynamic pressure 
generating groove array 721 and the central axis 9. That is, the 
lower end portion of the upper dynamic pressure generating 
groove array 711 is located radially inward of the upper end 
portion of the lower dynamic pressure generating groove 
array 721. 
0078. A reduction in friction loss at the upper bearing 
portion 71 is achieved by locating the upper dynamic pressure 
generating groove array 711 radially inward as described 
above. Accordingly, a magnitude of a drive current needed to 
obtain a desired rotation rate is significantly reduced. Accord 
ing to the above-described structure, an upward dynamic 
pressure generated in the lower bearing portion 72 is greater 
than a downward dynamic pressure generated in the upper 
bearing portion 71. However, the rotating portion 3 is drawn 
downward by the magnetic attraction force between the mag 
netic member 24 and the magnet 34. As a result, an upward 
force and a downward force acting on the sleeve 61 are 
balanced while the spindle motor 11 is running. This enables 
the spindle motor 11 to rotate stably. 
0079. Note that, depending on the orientation of the 
spindle motor 11 when the spindle motor 11 is used, the 
distance between the upper outer circumferential surface 221 
and the upper inner circumferential surface 611, and the dis 
tance between the lower outer circumferential surface 222 
and the lower inner circumferential surface 612 may be modi 
fied to Some degree. For example, in the case where the 
spindle motor 11 is driven with the base 21 arranged down 
ward in a vertical direction, the axial distance between the 
upper outer circumferential Surface 221 and the upper inner 
circumferential Surface 611 is, for example, in the range of 
about 7 um to about 8 um, while the axial distance between 
the lower outer circumferential surface 222 and the lower 
inner circumferential Surface 612 is, for example, in the range 
of about 6 um to about 7 lum. On the other hand, in the case 
where the spindle motor 11 is driven with the base 21 located 
upward in the vertical direction, the axial distance between 
the upper outer circumferential surface 221 and the upper 
inner circumferential Surface 611 is, for example, in the range 
of about 6 um to about 7um, while the axial distance between 
the lower outer circumferential surface 222 and the lower 
inner circumferential Surface 612 is, for example, in the range 
of about 7 um to about 8 um. 
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0080. In addition, referring to FIG. 6, in the present pre 
ferred embodiment, the radial distance d3 between an upper 
end portion of the upper dynamic pressure generating groove 
array 711 and the central axis 9 is shorter than the radial 
distance d4 between a lower end portion of the lower dynamic 
pressure generating groove array 721 and the central axis 9. 
That is, the upper end portion of the upper dynamic pressure 
generating groove array 711 is located radially inward of the 
lower end portion of the lower dynamic pressure generating 
groove array 721. An additional reduction in the friction loss 
at the upper bearing portion 71 is thus achieved. Accordingly, 
the magnitude of the drive current needed to obtain the 
desired rotation rate is further reduced. 

0081 FIG. 7 is a diagram illustrating measurements and 
angles of some portions of the fluid dynamic bearing 7. Refer 
ring to FIG. 7, in the present preferred embodiment, in a 
section including the central axis 9, the length d5 of the upper 
bearing portion 71 is equal to or smaller than the length d6 of 
the lower bearing portion 72. Here, the length d5 of the upper 
bearing portion 71 refers to the length of an area where the 
upper dynamic pressure generating groove array 711 is pro 
vided, whereas the length dô of the lower bearing portion 72 
refers to the length of an area where the lower dynamic 
pressure generating groove array 721 is provided. The length 
d5 of the upperbearing portion 71 is, for example, in the range 
of about 1.2 mm to about 2.0 mm. The length d6 of the lower 
bearing portion 72 is, for example, in the range of about 1.7 
mm to about 1.9 mm. An additional reduction in the friction 
loss at the upper bearing portion 71 is achieved by setting the 
length d5 of the upper bearing portion 71 to be equal to or 
smaller than the length d6 of the lower bearing portion 72 as 
described above. Accordingly, the magnitude of the drive 
current needed to obtain the desired rotation rate is further 
reduced. 

0082 In addition, referring to FIG. 7, it is assumed that Sw 
is the area of the upper bearing portion 71 projected on a plane 
perpendicular to the central axis 9, and Su is the area of the 
lower bearing portion 72 projected on a plane perpendicular 
to the central axis 9. Here, the projected area Sw of the upper 
bearing portion 71 refers to the area of an annular region 
between a circumscribed circle and an inscribed circle of the 
upper dynamic pressure generating groove array 711 pro 
jected on the plane of projection. Meanwhile, the projected 
area Su of lower bearing portion 72 refers to the area of an 
annular region between a circumscribed circle and an 
inscribed circle of the lower dynamic pressure generating 
groove array 721 projected on the plane of projection. The 
spindle motor 11 according to the present preferred embodi 
ment satisfies the relationship: Sw-Su. An additional reduc 
tion in the friction loss at the upper bearing portion 71 is 
achieved by configuring the projected area Sw of the upper 
bearing portion 71 to be smaller than the projected area Su of 
the lower bearing portion 72 as described above. Accordingly, 
the magnitude of the drive current needed to obtain the 
desired rotation rate is further reduced. 

0083. In addition, it is assumed that W is the weight of the 
rotating portion 3, and B is the magnitude of an axial com 
ponent of the magnetic attraction force between the magnetic 
member 24 and the magnet 34. Then, the spindle motor 11 
according to the present preferred embodiment satisfies the 
relationship: Wx{1-(Sw/Su)x4}<B<1176. When this rela 
tionship is satisfied, it is easy to maintain a condition in which 
the lower outer circumferential surface 222 and the lower 
inner circumferential surface 612 are in contact with each 

Feb. 26, 2015 

other as illustrated in FIG. 6 when the spindle motor 11 is in 
the stopped state, even if the base 21 is located upward in the 
Vertical direction. That is, it is easy to maintain a condition in 
which the upper outer circumferential surface 221 and the 
upper inner circumferential Surface 611 are spaced from each 
other. This eliminates a need to reinforce the upper outer 
circumferential surface 221 with the protective film 441 made 
of DLC or the like. More preferably, the spindle motor 11 
satisfies the relationship: W-B<1176. 
I0084. In addition, referring to FIG. 7, it is assumed that, in 
the section including the central axis 9, a point of intersection 
of an imaginary straight line which is an extension of the 
upper outer circumferential surface 221 toward the central 
axis 9 with an imaginary straight line which is an extension of 
the lower outer circumferential surface 222 toward the central 
axis 9 is an imaginary intersection point 225. In the present 
preferred embodiment, the distance d7 from the imaginary 
intersection point 225 to the lower end portion of the upper 
dynamic pressure generating groove array 711 is shorter than 
the distance d8 from the imaginary intersection point 225 to 
the upper end portion of the lower dynamic pressure gener 
ating groove array 721. 
I0085. In addition, referring to FIG. 7, in the present pre 
ferred embodiment, in the section including the central axis 9. 
an angle of the upper bearing portion 71 with the central axis 
9 and an angle of the lower bearing portion 72 with the central 
axis 9 preferably are the same angle 0. Note that the term “the 
same here comprehends both “the same' and “substantially 
the same'. The above arrangement causes the proportion of 
the magnitude of a radial component of the dynamic pressure 
to the magnitude of an axial component of the dynamic pres 
sure to be the same or substantially the same between the 
upper bearing portion 71 and the lower bearing portion 72. 
This makes it easy to design both the upper bearing portion 71 
and the lower bearing portion 72 taking account of the 
dynamic pressure. The angle 0 is preferably, for example, in 
the range of about 30 degrees to about 50 degrees. Note that 
the angle of the upper bearing portion 71 with the central axis 
9 and the angle of the lower bearing portion 72 with the 
central axis 9 may not necessarily be the same. 
I0086. While preferred embodiments of the present inven 
tion have been described above, it is to be understood that the 
present invention is not limited to the above-described pre 
ferred embodiments. 

I0087 FIG. 8 is a schematic cross-sectional view of a por 
tion of a spindle motor 11B according to a modification of the 
above-described preferred embodiment. In the modification 
illustrated in FIG. 8, a shaft body 41B, a lower cone 4.4B, and 
a lower seal projection 45B are preferably defined by a single 
monolithic first member 223B, while an upper cone 42B and 
an upper seal projection 43B are preferably defined by a 
single monolithic second member 224B, which is different 
from the first member 223B. The second member 224B is 
preferably fixed to an outer circumferential surface of the 
shaft body 41B through, for example, press fitting, shrink 
fitting, an adhesive, or the like. 
I0088 As described above, the shaft portion may be 
defined by a combination of members each of which includes 
two or more of a plurality of portions (i.e., the shaft body, the 
upper cone, the upper seal projection, the lower cone, and the 
lower seal projection) of the shaft portion. Also, all the plu 
rality of portions of the shaft portion may be defined by 
separate members. Also, the shaft portion may be defined by 
a single monolithic member. 
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0089. The shape, the number, or the depth of upper 
dynamic pressure generating grooves and of lower dynamic 
pressure generating grooves may be adjusted to cause the 
dynamic pressure induced by the lower dynamic pressure 
generating grooves to be greater than the dynamic pressure 
induced by the upper dynamic pressure generating grooves. 
For example, the number of grooves of the lower dynamic 
pressure generating groove array 721 may be greater than the 
number of grooves of the upper dynamic pressure generating 
groove array 711. Also, the depth of the lower dynamic pres 
Sure generating groove array 721 may be greater than the 
depth of the upper dynamic pressure generating groove array 
711. The depth of the upper dynamic pressure generating 
groove array 711 preferably is, for example, in the range of 
about 3 um to about 10 um. The depth of the lower dynamic 
pressure generating groove array 721 preferably is, for 
example, in the range of about 5um to about 12 um. 
0090 Although the magnet 34 is preferably located radi 
ally outside the stator 23 in the above-described preferred 
embodiment, the magnet may be located radially inside the 
stator. That is, it may be so configured such that an outer 
circumferential Surface of the magnet is radially opposite to a 
radially inner end surface of each of the teeth with a gap 
intervening therebetween. Also, although the stator 23 and 
the magnet 34 are radially opposite to each other with the gap 
intervening therebetween in the above-described preferred 
embodiment, the stator and the magnet may be axially oppo 
site to each other with a gap intervening therebetween in a 
spindle motor according to another preferred embodiment of 
the present invention. 
0091 Spindle motors according to preferred embodi 
ments of the present invention may be motors configured to 
rotate disks other than the magnetic disks, such as, for 
example, optical disks. 
0092. Note that the detailed shape of any member may be 
different from the shape thereofas illustrated in the accom 
panying drawings of the present application. Also note that 
features of the above-described preferred embodiments and 
the modifications thereof may be combined appropriately as 
long as no conflict arises. 
0093. The preferred embodiments of the present invention 
and modifications thereof are applicable to spindle motors 
and disk drive apparatuses. 
0094. Features of the above-described preferred embodi 
ments and the modifications thereofmay be combined appro 
priately as long as no conflict arises. 
0095 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 comprising: 
a stationary portion; 
a rotating portion that is rotatable about a central axis 

extending in a vertical direction; and 
a lubricating fluid provided between the stationary portion 

and the rotating portion; wherein 
the stationary portion includes: 

a base; 
a stator including a plurality of coils with an annular or 

Substantially annular shape and having the central 
axis as a center; 
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a shaft portion extending along the central axis, and 
including a lower end portion fixed to the base; and 

a magnetic member located on an upper Surface of the 
base; 

the shaft portion includes: 
an upper outer circumferential Surface inclined with 

respect to the central axis; and 
a lower outer circumferential surface inclined with 

respect to the central axis, and located below the 
upper outer circumferential Surface; 

a radial distance between the upper outer circumferential 
Surface and the central axis decreases with decreasing 
height; 

a radial distance between the lower outer circumferential 
Surface and the central axis decreases with increasing 
height; 

the rotating portion includes: 
a tubular sleeve including a central through hole through 
which the shaft portion is inserted; and 

a magnet opposite to the stator with a gap intervening 
therebetween, and located above the magnetic mem 
ber; 

the sleeve includes: 
an upper inner circumferential Surface opposite to the 

upper outer circumferential Surface, and inclined with 
respect to the central axis; and 

a lower inner circumferential Surface opposite to the 
lower outer circumferential surface below the upper 
inner circumferential Surface, and inclined with 
respect to the central axis; 

a radial distance between the upper inner circumferential 
Surface and the central axis decreases with decreasing 
height; 

a radial distance between the lower inner circumferential 
Surface and the central axis decreases with increasing 
height; 

the shaft portion, the sleeve, and the lubricating fluid 
together define a fluid dynamic bearing; 

the fluid dynamic bearing includes: 
an upper bearing portion including an upper dynamic 

pressure generating groove defined in at least one of 
the upper outer circumferential Surface and the upper 
inner circumferential Surface, and configured to 
induce a dynamic pressure during rotation of the 
rotating portion; and 

a lower bearing portion including a lower dynamic pres 
Sure generating groove defined in at least one of the 
lower outer circumferential surface and the lower 
inner circumferential Surface, and configured to 
induce a dynamic pressure during the rotation of the 
rotating portion; 

both the upper bearing portion and the lower bearing por 
tion are filled with the lubricating fluid; and 

a radial distance between a lower end portion of the upper 
dynamic pressure generating groove and the central axis 
is shorter than a radial distance between an upper end 
portion of the lower dynamic pressure generating groove 
and the central axis. 

2. The spindle motor according to claim 1, wherein, in a 
section including the central axis, a distance from the lower 
end portion of the upper dynamic pressure generating groove 
to a point of intersection of an imaginary straight line which 
is an extension of the upper outer circumferential Surface 
toward the central axis with an imaginary straight line which 
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is an extension of the lower outer circumferential surface 
toward the central axis is shorter than a distance from the 
upper end portion of the lower dynamic pressure generating 
groove to the intersection point. 

3. The spindle motor according to claim 1, wherein Sw-Su, 
where Swis an area of the upper bearing portion projected on 
a plane perpendicular to the central axis, and Su is an area of 
the lower bearing portion projected on the plane perpendicu 
lar to the central axis. 

4. The spindle motor according to claim 1, wherein, in a 
section including the central axis, a length of the upper bear 
ing portion is equal to or Smaller than a length of the lower 
bearing portion. 

5. The spindle motor according to claim 1, wherein the 
dynamic pressure induced by the lower dynamic pressure 
generating groove is greater than the dynamic pressure 
induced by the upper dynamic pressure generating groove. 

6. The spindle motor according to claim 1, wherein, in a 
section including the central axis, an angle of the upper bear 
ing portion with the central axis and an angle of the lower 
bearing portion with the central axis are the same. 

7. The spindle motor according to claim 1, wherein 
the shaft portion includes: 

a shaft body overlapping with the central axis in a plan 
view; and 

a conical lower cone separate from the shaft body, and 
including the lower outer circumferential Surface; and 

the lower cone includes a protective film covering the lower 
outer circumferential Surface. 

8. The spindle motor according to claim 1, further com 
prising: 

an upper seal portion in communication with the upper 
bearing portion; and 

a lower seal portion in communication with the lower bear 
ing portion; wherein 

the lubricating fluid includes an upper liquid Surface and a 
lower liquid Surface located above the upper bearing 
portion and below the lower bearing portion, respec 
tively; 

the upper seal portion is configured to hold the upper liquid 
surface of the lubricating fluid; 

the lower seal portion is configured to hold the lower liquid 
surface of the lubricating fluid; 

the sleeve includes: 
a communicating hole located radially outward of the 

central through hole, and passing through the sleeve 
from an upper surface to a lower surface of the sleeve; 
and 

the lubricating fluid completely fills a gap extending from 
the upper seal portion to the lower seal portion through 
the communicating hole and a gap between the shaft 
portion and the sleeve. 

9. The spindle motor according to claim 8, wherein 
an upper opening of the communicating hole is located 

radially inward of a lower opening of the communicat 
ing hole; and 

the communicating hole extends in a straight line from the 
upper opening to the lower opening. 

10. The spindle motor according to claim 8, wherein 
the rotating portion includes an annular member separate 

from the sleeve; and 
the lower seal portion is defined by an outer circumferential 

Surface of the stationary portion and an inner circumfer 
ential surface of the annular member. 
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11. The spindle motor according to claim 10, wherein 
the base includes an annular projection located radially 

outside the annular member, and 
an outer circumferential Surface of the annular member and 

an inner circumferential Surface of the annular projec 
tion are radially opposite to each other with a slight gap 
intervening therebetween. 

12. The spindle motor according to claim 8, wherein 
the upper seal portion includes an upper capillary seal 

portion where a radial distance between the stationary 
portion and the rotating portion increases with increas 
ing height, and the lower seal portion includes a lower 
capillary seal portion where the radial distance between 
the stationary portion and the rotating portion increases 
with decreasing height; and 

the lower capillary seal portion is located radially inward of 
the upper capillary seal portion. 

13. The spindle motor according to claim 12, wherein the 
upper seal portion further includes a pumping seal portion 
located closer to the upper bearing portion than is the upper 
capillary seal portion, and configured to press the lubricating 
fluid toward the upper bearing portion during the rotation of 
the rotating portion. 

14. The spindle motor according to claim 13, wherein 
a radial distance between the central axis and a portion of 

an outer circumferential Surface of the stationary portion 
which defines the lower capillary seal portion decreases 
with decreasing height; 

a radial distance between the central axis and a portion of 
an inner circumferential Surface of the rotating portion 
which defines the lower capillary seal portion decreases 
with decreasing height; and 

an angle of the portion of the outer circumferential Surface 
with the central axis is greater than an angle of the 
portion of the inner circumferential surface with the 
central axis. 

15. A spindle motor comprising: 
a stationary portion; 
a rotating portion that is rotatable about a central axis 

extending in a vertical direction; and 
a lubricating fluid provided between the stationary portion 

and the rotating portion; wherein 
the stationary portion includes: 

a base; 
a stator including a plurality of coils with an annular or 

Substantially annular shape and having the central 
axis as a center; 

a shaft portion extending along the central axis, and 
including a lower end portion fixed to the base; and 

a magnetic member located on an upper Surface of the 
base; 

the shaft portion includes: 
an upper outer circumferential Surface inclined with 

respect to the central axis; and 
a lower outer circumferential surface inclined with 

respect to the central axis, and located below the 
upper outer circumferential Surface; 

a radial distance between the upper outer circumferential 
Surface and the central axis decreases with decreasing 
height; 

a radial distance between the lower outer circumferential 
Surface and the central axis decreases with increasing 
height; 
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the rotating portion includes: 
a tubular sleeve including a central through hole through 
which the shaft portion is inserted; and 

a magnet opposite to the stator with a gap intervening 
therebetween, and located above the magnetic mem 
ber; 

the sleeve includes: 
an upper inner circumferential Surface opposite to the 

upper outer circumferential Surface, and inclined with 
respect to the central axis; and 

a lower inner circumferential Surface opposite to the 
lower outer circumferential surface below the upper 
inner circumferential Surface, and inclined with 
respect to the central axis; 

a radial distance between the upper inner circumferential 
Surface and the central axis decreases with decreasing 
height; 

a radial distance between the lower inner circumferential 
Surface and the central axis decreases with increasing 
height; 

the shaft portion, the sleeve, and the lubricating fluid 
together define a fluid dynamic bearing; 

the fluid dynamic bearing includes: 
an upper bearing portion including an upper dynamic 

pressure generating groove defined in at least one of 
the upper outer circumferential Surface and the upper 
inner circumferential Surface, and configured to 
induce a dynamic pressure during rotation of the 
rotating portion; and 

a lower bearing portion including a lower dynamic pres 
Sure generating groove defined in at least one of the 
lower outer circumferential surface and the lower 
inner circumferential Surface, and configured to 
induce a dynamic pressure during the rotation of the 
rotating portion; 

both the upper bearing portion and the lower bearing por 
tion are filled with the lubricating fluid; and 
Sw<Su, and 

where W is a weight of the rotating portion, Sw is an area 
of the upper bearing portion projected on a plane per 
pendicular to the central axis, Su is an area of the lower 
bearing portion projected on the plane perpendicular to 
the central axis, and B is a magnitude of an axial com 
ponent of a magnetic attraction force between the mag 
netic member and the magnet. 

16. The spindle motor according to claim 15, wherein, in a 
section including the central axis, a length of the upper bear 
ing portion is equal to or Smaller than a length of the lower 
bearing portion. 

17. The spindle motor according to claim 15, wherein the 
dynamic pressure induced by the lower dynamic pressure 
generating groove is greater than the dynamic pressure 
induced by the upper dynamic pressure generating groove. 

18. The spindle motor according to claim 17, wherein a 
depth of the lower dynamic pressure generating groove is 
greater thana depth of the upper dynamic pressure generating 
groove. 

19. The spindle motor according to claim 15, wherein 
W.<Ba1176. 

20. The spindle motor according to claim 15, wherein, in a 
section including the central axis, an angle of the upper bear 
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ing portion with the central axis and an angle of the lower 
bearing portion with the central axis are the same. 

21. The spindle motor according to claim 15, wherein the 
shaft portion includes: 

a shaft body overlapping with the central axis in a plan 
view; and 

a conical lower cone separate from the shaft body, and 
including the lower outer circumferential Surface. 

22. The spindle motor according to claim 21, further com 
prising a protective film covering the lower outer circumfer 
ential surface of the lower cone. 

23. The spindle motor according to claim 15, wherein the 
shaft portion includes: 

a shaft body overlapping with the central axis in a plan 
view; and 

a conical upper cone separate from the shaft body, and 
including the upper outer circumferential Surface. 

24. The spindle motor according to claim 15, wherein a 
radial distance between an upper end portion of the upper 
dynamic pressure generating groove and the central axis is 
shorter than a radial distance between a lower end portion of 
the lower dynamic pressure generating groove and the central 
aX1S. 

25. The spindle motor according to claim 15, further com 
prising: 

an upper seal portion in communication with the upper 
bearing portion; and 

a lower seal portion in communication with the lowerbear 
ing portion; wherein 

the lubricating fluid includes an upper liquid Surface and a 
lower liquid Surface located above the upper bearing 
portion and below the lower bearing portion, respec 
tively; 

the upper seal portion is configured to hold the upper liquid 
surface of the lubricating fluid; 

the lower seal portion is configured to hold the lower liquid 
surface of the lubricating fluid; 

the sleeve includes: 
a communicating hole located radially outward of the 

central through hole, and passing through the sleeve 
from an upper surface to a lower surface of the sleeve; 
and 

the lubricating fluid completely fills a gap extending from 
the upper seal portion to the lower seal portion through 
the communicating hole and a gap between the shaft 
portion and the sleeve. 

26. The spindle motor according to claim 25, wherein 
an upper opening of the communicating hole is located 

radially inward of a lower opening of the communicat 
ing hole; and 

the communicating hole extends in a straight line from the 
upper opening to the lower opening. 

27. The spindle motor according to claim 25, wherein 
the rotating portion includes an annular member separate 

from the sleeve; and 
the lower seal portion is defined by an outer circumferential 

Surface of the stationary portion and an inner circumfer 
ential surface of the annular member. 

28. The spindle motor according to claim 27, wherein 
the base includes an annular projection located radially 

outside the annular member, and 
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an outer circumferential Surface of the annular member and 
an inner circumferential Surface of the annular projec 
tion are radially opposite to each other with a slight gap 
intervening therebetween. 

29. The spindle motor according to claim 25, wherein the 
upper seal portion includes an upper capillary seal portion 
where a radial distance between the stationary portion and the 
rotating portion increases with increasing height. 

30. The spindle motor according to claim 29, wherein the 
upper seal portion further includes a pumping seal portion 
located closer to the upper bearing portion than is the upper 
capillary seal portion, and configured to press the lubricating 
fluid toward the upper bearing portion during the rotation of 
the rotating portion. 

31. The spindle motor according to claim 29, wherein 
the lower seal portion includes a lower capillary seal por 

tion where the radial distance between the stationary 
portion and the rotating portion increases with decreas 
ing height; and 

the lower capillary seal portion is located radially inward of 
the upper capillary seal portion. 
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32. The spindle motor according to claim 31, wherein 
a radial distance between the central axis and a portion of 

an outer circumferential Surface of the stationary portion 
which defines the lower capillary seal portion decreases 
with decreasing height; 

a radial distance between the central axis and a portion of 
an inner circumferential Surface of the rotating portion 
which defines the lower capillary seal portion decreases 
with decreasing height; and 

an angle of the portion of the outer circumferential Surface 
with the central axis is greater than an angle of the 
portion of the inner circumferential surface with the 
central axis. 

33. A disk drive apparatus comprising: 
the spindle motor of claim 1: 
an access portion configured to perform at least one of 

reading and writing of information from or to a disk 
Supported by the rotating portion of the spindle motor; 
and 

a cover that covers an upper portion of the base; wherein 
the rotating portion and the access portion are accommo 

dated in a case defined by the base and the cover. 
k k k k k 


