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e s0l OR ASSEMBLY FOR A DI SK DRI VE The present invention relates to
Bgere notor assenmbly for use in a disk drive, and to a disk drive .
® udi ng a spindle notor assenbly. Disk drives for nodern desk top
coffput er systens record and re-produceii nformation on a recording nedi um
The medi um generally takes the formof a stack of 10 circular information
storage disks having a nultiplicity of concentric tracks. Conventi onal

W nchester type di SEpgﬁbﬁssmmohuussmmkmnaakntmxi DRIVES Or nore
vertically aligned on Sstoragé diSKs I ch are journal ed about the
hub portion of a single spindle 15 assenbly. Each disk has at |east one
associ ated magnetic head that is adapted to transfer information between

the disk and an eé%SrB%Lséxét%H%eﬁbﬁoﬁeééiaﬁég to a spindle motor
ssembly for use in a disk drive, and to a disk drive

SR ﬁg

a
including a spindle motor assembly.

pisk drives for modern desk top computer systems
record and re-produce information on a recording medium.
rhe medium generally takes the form of a stack of
circular information storage disks having a multiplicity
of concentric tracks. Conventional Winchester type
. disk drives include a disk stack having one or more
" vertically aligned information storage disks which are
journaied about the hub portion of a single spindle
15 assembly. BEach disk has at least one associated
magnetic head that is adapted to transfer information
petween the disk and an external system. The heads are
typically arranged to move back and forth radially
across the disks and a spindle motor assembly is
20 provided to rotate the disks. The movements of the
spindle and the magnetic heads co-operate to allow
random access to any portion of each disk.
Although disk drives are a relatively old and
established technology, consumer demands continuously
) 25 push for more compact, higher capacity, faster
accessing designs. One of the size limiting components
in traditional designs has been the spindle motor
assembly used to rotate the information storage disks.
A conventional spindle motor assembly used in disk
30 drive applications is shown in Figure 1. As seen there-
in, traditional spindle motor assemblies typically
include a non-rotating spindle flange 100 that is
Securely fastenable to the drive housing. A rotatable
Spindle hub 106 is journaled about the spindle flange
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typically arranged to nove back and forth radially across the disks and a
spindl e notor assenbly is 20 provided to rotate the disks. The
rovenents of the spindle and the nagnetic heads co-operate to all ow random
access to any portion of each disk. A2 hough disk drives are a relatively
ol d and established technol ogy, consumer demands continuously 25 push for
nmore conpact, higher capacity, faster accessing designs. One of the size

limiting camdonednd is cazziedoby adesilprgated Fatats essihadfite Yok or
assembly ugedet ‘éx'?:@ha%e cbhﬁxhaﬁ.‘i&'s'%k 'é:%n t%?)rlﬁﬁﬁ S S anyeLoOnvent i onal
i

spi ndl e nDtor asze In g ri.ve pllcatlo S jS shown in
Figure 1. PA§rs@ SPHGP apart; Padii beanings dd lies
typically paeeda aheoshaftaahdgtspi Fdlaagd ada:geamw ttlw spindle

5 shaft 112 to rotate freely within the confines of the

spindle flange 100. A motor 118 is disposed directly
underneath the spindle arrangement such that the motor
components are located outside of the disk housing when
the drive is assembled. The motor 118 includes a

10 stator assembly 121 and a rotor assembly 124, The
stator assembly includes a plurality of lamination
stacks each having a winding wrapped there-about. The

.. rotor assembly 124 is attached to the spindle shaft by a
lower hub 127, and includes a cup shaped rotor cap 130
15 having a raised annular flange portion 132 with a

plurality of magnets 133 disposed about the interior
surface of the flange portion. Such an arrangement does
not readily lend itself to miniaturisation when used in
conventional disk drives, since it has numerous
20 components having large air spaces therebetween.
Further, mere reduction in component size tends to
weaken the component structure, which tends to lead to
. faster wear and to lower the mechanical resonance
frequencies of the motor. Such mechanical resonances
25 generate acoustic noises which are irritating to users
and therefore are preferably minimised.

One spindle motor design that has better space
utilisation than the traditional design incorporates an
in-hub motor, as shown in Figure 2. 1In this approach,

30 a fixed shaft 150 is provided about which a spindle hub
152 is journaled. A pair of spaced apart ball bearings
154, 155 are mounted directly between the fixed shaft
and the rotatable hub 152. The rotor magnets 156 are
carried directly by the spindle hub 152, and the stator




!gdhrely fastenable to the drive housing. A rotatable spindle hub 106 is

j our nal ed about the spindle flange 2 100, and is carried by an el ongated
rotatabl e shaft 112 that extends co-axially with the hub and fl ange. A
pair of spaced apart ball bearings 115 are coupl ed between the shaft and
the flange to allow the spindle 5 shhft 112 to rotate freely within the

confines of the spindle flange 100. A notor 118 is disposed directly
et o o S 157 RS e Wl o e gy Bany
notor 118 i ndeAfeings 154 and 155. Although such a design is more
compact than the traditional design described above, it
suffers a drawback in that the bearings 154, 155 and the
5 windings 157 compete for space within the hub region.
This is not a particular problem in high profile disk
drives, since there is ample room to provide suffi-
ciently sized bearings and stator windings. However,
in low profile disk drives, either the size (and
10 strength) of the bearings or the size (and power) of the
stator windings must suffer. Such a sacrifice is
unacceptable for high quality, high performance disk
” drives.
| Yet another recent approach is shown in Figure 3.
15 In this approach, a fixed shaft 170 is again used and
the spindle hub 152 has a cup shaped radial cross
section. The bearings 174, 175 are placed between the
shaft 170 and an inner wall of the spindle hub 152. A
motor housing base 172, which is also cup shaped, has
20 a large U-shaped trough 176 outside the inner wall of
the spindle hub 172, and motor components are posi-
tioned within the enlarged trough 176. Specifically,
the rotor magnets 178 are supported on an inner surface
of an outer wall of the spindle hub, while the stator
) 25 windings 181 are carried by a support ring 183 on a wall
171 extending upward from the motor housing base within
the U-shaped trough. While such an arrangement allows
adequately sized bearings and stator windings, it
requires a disk with a large inner dlameter, since the
30 hub must be quite large.

In view of the drawbacks of the prior art designs,
there is a need for a compact spindle motor design that
is capable of providing the performance required by
state of the art disk drives.
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is provided a spindle motor assembly for a disk drive,
comprising a fixed shaft, a spindle hub journaled co-
axially for rotation about the fixed shaft, the spindle
hub having a flange portion for supporting at least one
disk, a pair of spaced apart bearings for rotatably
coupling the spindle hub to the fixed shaft, each said
bearing having an inner race secured to the fixed shaft
and an outer race secured to an inner surface of the
spindle hub, magnet means carried by the spindle hub,
the magnet means having a plurality of poles and forming
a rotor portion of the spindle motor, and stator means
having a plurality of fixed windings for co-operating
with the magnet means to rotate the spindle hub with
respect to the shaft, characterised in that the magnet
means are carried by an outer surface of the spindle hub
and are located adjacent at least one of the pair of
spaced apart bearings.

As described below, the invention provides a

. spindle motor assembly that utilises a fixed shaft and

places the motor components on the outside wall of the
spindle hub directly below a flange for supporting at
least one disk. The disclosed spindle motor assembly
includes the fixed shaft having the spindle hub
journaled co-axially there-about. The spindle hub has
several distinct portions including an enlarged thick-
ness flange portion, which supports the drive's disk
stack, and a reduced thickness rotor carrying portion
located adjacent the side of the flange opposite the
disk stack. A pair of spaced apart bearings rotatably
couple the spindle hub to the fixed shaft, with each of

Such an arrangenent does

di sk
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Mate acoustic noises which are irritating to users and therefore
areipreferably mnimsed. One spindle notor design that has better space
utilisation than the traditional design incorporates an in-hub notor, as
shown in Figure 2. In this approach, 30 a fixed shaft 150 is provided
about which a spindle hub 152 is journal &d. A pair of spaced apart bal
bearings 154, 155 are nounted directly between the fixed shaft and the
rotatabl e hubtb@Zbéﬂnamgﬁ(uavq%gnqgg 186ed €acal kiectrddr ot ltheb)f iked

spi ndl e hub 1%%IF nanth%tfg%egngafggggchggg 157 are dh%&°§%QfQ§§MQﬁp t he

spaced apart bear1 ngs

the splndle hub.  The rotor assembly includes a magnet
arrangement having a number of poles, and is carried by
5 the outer surface of the rotor carrying portion of the

spindle hub. The stator has a plurality of fixed
windings that co-operate with the rotor to rotate the
spindle hub (and thus the disk stack). The stator
assembly is preferably substantially positioned within

10 the space defined by the hub's flange portion and rotor
carrying portion.

In a preferred embodiment, Hall effect sensors

. are set in a fixed place adjacent the rotor magnet
arrangement to detect the passage of the poles to
15 control commutation. To improve the sensitivity of the
Hall effect sensors, the magnet is magnetised to
establish two non-parallel flux regions for each pole.

A high torque spindle motor assembly may thus be

provided, which is rugged, easy to manufacture, and
20 has a small parts count.

The present invention is described further, by way
of example, with reference to the accompanying
drawings, in which:-

Figure 1 is a diagrammatic cross sectional view of

' 25 a traditional spindle motor assembly;

Figure 2 is a diagrammatic cross sectional view of
a prior art fixed spindle motor assembly;

Figure 3 is a diagrammatic cross sectional view of
a second prior art fixed spindle motor assembly;

30 Figure 4 is a cross sectional view of a spindle
motor assembly in accordance with the present invention;

Figure 5 is a cross sectional view of an
alternative embodiment of the present invention that
incorporates Hall effect sensors to control commutation;
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disk drive 1 suitable for incorporating therein the
present invention is shown in schematic and plan views.
A disk stack 10 is journaled about a spindle motor
assembly 15 within a housing 5 having upper and lower
casing members 7 and 9, respectively. The disk stack
10 includes a plurality of information storage disks 10
with a spacer 23 disposed between adjacent disks 10 to
maintain their spacing. In the embodiment shown in
Figure 4, only two information storage disks are used.
However, it should be appreciated that any number of
information storage disks may be incorporated into the
disk stack with spacers between each pair of adjacent
disks. A disk clamp 25 positioned above the top
information storage disk firmly secures the disk stack

- to the hub portion of the spindle motor assembly 15.
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A head positioner assembly 28 is rotatably mounted
between the upper and lower casings 7, 9 in one corner
of the housing 5. The head positioner assembly 28
carries a plurality of head arm flexures 30 that each
carry a magnetic read/write or servo head 32 for reading
information from and writing information onto the
magnetic disks 10. The head arms are each attached to
the head positioner assembly 28 by individual flexure
mounts 38. A voice coil motor 40 is adapted precisely
to rotate the head positioner assembly back and forth
such that the data and servo heads move across the

since there is anple room

base 172, which is al so

éﬁ%ficallgﬁ 1 6 are supported on an inner
HEGRERC AOYEREEP ndl e hub, while the stator wi ndings 181
are carried by a sumpeférrimg bt 0l By Wed | Filgirext £nandg? ppvartotaom t he



Wthi n the U-shaped trough. Wile such an arrangenent all ows si zed
bearings and stator windings, it requires a disk with a |arge I nner
ﬂianeter, since the hub nust be quite large. US-A-4 285 016 discloses a
d}sk drive notor assenbly having the fegtures recited in the
pge-characterising portion of present claim1l. However, the axis about

whi ch the stator w ndings are wound is perpendicular to the shaft axis. As
a consequencBagrethesdiska. or Aeprgnedacofiathd Adghetdsi §hguBRaghat t he

moment of i ngssieidhethessemBiyeiRUBILS ! @hER. tRBAaLBRr @EOFE 1B noteduces
the efficiency of the disk drive. 4 I'n view of the drawbacks of the
prior art de 'Qﬁ%ethere Is a need for a conpact spindle notor design that
I s capabl e of provEachgnadmepeef aigknee haguarmdlbypsieteyobfthe art disk
drlvess concentric circular information storage tracks for
recording information. The rotative action of the
spindle motor assembly 15, when combined with the
generally radial movements of heads 32 controlled by the
head positioner assembly 28, allows random access to
10 information stored on the disks 10.
Referring next primarily to Figure 4, the first
embodiment of the spindle motor 15 chosen for the
” purpose of illustration includes a fixed spindle shaft
52 that is secured to the drive housing 5 by a pair of
15 opposing screws 54 and 55. It should be appreciated
that an alternative spindle shaft mounting would work as
well. By way of example, one end of the shaft could
be press fit into a recess in either the upper or lower
casing. A rotatable spindle hub 60 is co-axially
20 journaled about the spindle shaft 52 and is supported by
a pair of spaced apart ball bearings 62. The inner and
outer races of the ball bearings 62 are fixedly
attached, preferably adhesively bonded, to the spindle
shaft and the inner surface of the spindle hub 60,

. 25 respectively, and allow the spindle hub 60 to rotate
freely about the spindle shaft 52. The ball bearings 62
are separated by a spacer 63 which is used axially to
pre-lcad the bearings during fabrication.

The spindle hub 60 has substantially cylindrical
30 walls, which define an inner bore 65.that receives the
spindle shaft 52 and the ball bearings 62. The wall is
divided into three separate sections, and has an
annular post ring 67 for supporting the disk clamp 25.
Specifically, the wall includes a thick upper section




‘ngly, it is an object of the present invention to provide a
spindle notor assenbly that is suitable for use in a low profile
drive. In accordance wth the present invention, there is provided
dle notor assenbly for a disk drive, gconprising a fixed shaft; a drive
housing with a base; a spindle hub journaled co-axially for rotation about
the fixed shaft, the spindle hub having a spindle flange with an enl arged
t hi ckness fl af@e pent ieod airgeds mifdl ki B1ahgecaskctioa didsk; a8ddir of

pearings Tor relatabedycaly Raqhie 2RLBALE AP deNeddeion shalt a each of
sai d bearings hQV|ngﬁan I nner gce t

he 1 xed ft n_outer
race secured PY+5 ﬁéFYSQFfé@éeUfhPﬁeSSSBﬁGPé “W&Gﬁg% iﬁf gﬁﬁﬁled
by an outer spotatenobft ftexeShhhdltﬁrBuBhaeﬁd Qg@l?@d addj avididtleatf laeget one of
el

and haviing a BRRFADRBy o3 h6) HaLinkor SRRRAGa Pty 61 B CLBR St Tons api ndl o

rt ron of the spindle
not or; and staeonree&he dﬂuktedahpleﬂlsaldhatspaaﬁﬂeomebmnsRSandAhaV|ng a

pLorali Y Of SakFd PRl B1abg) 1E018PSETERATOH biboidec RORED pRABY (0
sai d stator nthasfilanger Ji2géd seaﬂhahetaerawl90d56uﬁowmnﬂwepﬁsdﬂﬁﬁdlngs are
wound is subspaptiahbk BhA hetaiCrilkes"dtithin the motor assembly

10 from escaping into the main disk chamber. The flange 72

: provides a support surface 77 upon which the information
: storage disks 10 can rest. Thus, the disk stack is
* held in place between the disk clamp 25 and the support
surface 77 of the flange 72.

15 An iron magnet support ring 80 is fixedly
attached, preferably adhesively bonded, to the lower
hub section 74. In the described embodiment, the
spindle hub 60 is formed of aluminium. A ring magnet 82
is fixedly attached to the magnet support ring 80 to

20 firmly secure the magnet to the spindle hub. Since the
magnet 82 is carried by the spindle hub 60, it will
rotate with the spindle hub and therefore forms the

. rotor portion of the spindle motor assembly.
In the embodiment of the spindle motor shown in
. 25 Figure 4, the disk stack 8 contains only two information
storage disks, and the housing 5 is designed to
minimise the drive's profile and the space consumed.
Accordingly, the lower casing member 9 includes a
cylindrical well recess 90 adapted to receive the stator

30 and rotor portions of the spindle motor 15, A multi-
plicity of stator windings 92 are wound about ferric
lamination stacks 94, which in turn are adhesively
bonded to the inner walls of the well recess 90.

A conventional ferro-fluidic seal 96 incorporating
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_.énd the magnet neans is arranged for co-operating therewth; an
t'ended portion of said spindle flange extends beyond said enl arged

| ange portion and down towards the base of said disk drive, and
ion of said base extends upgfrom said base towards said flange,

said ring and said extended fl ange overlapplng to forma seal to isolate
the spindle nmotor fromthe disk drive housing; said nmagnet- neans are inside
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embodiment of the invention will be described using like
numbers to denote like parts. 1In this embodiment, a
Hall effect sensor arrangement is provided that monitors
the rotations of the rotor to control commutation.
Figure 5 also shows slightly different embodiments of
several other components of the spindle motor as well to
exemplify a few of the modifications contemplated within

. the scope of the invention. 1In this second embodiment,

20

30

a single information storage disk 10 is contemplated,
and thus the upper section 70 of the spindle hub is
greatly reduced. Further, a base plate 200 is provided
which is coupled to part of the disk housing 5 by a
plurality of screws, and which allows the stator and
Hall effect sensor arrangement to be installed as a
separate unit.

Hall effect sensors 205 are mounted on a printed
circuit board 207 that is carried by the base plate 200
and are positioned immediately below the ring magnet 82.
Thus, every time a pole passes a sensor, the sensor
detects the change of flux and so informs a controller
(not shown) which is used to control commutation of the
motor. Several Hall effect sensors may be situated
about the base plate to detect incremental movements.
By way of example, in the embodiment chosen for the
purposes of illustration, three Hall effect sensors are
used which are disposed at 120° angles with respect to
one another.

As will be appreciated by those skilled in the
art, the ring magnet 82 would typically be magnetised



ly includes the fixed shaft having the spindle hub journal ed
co-axially thereabout. The spindle hub has several distinct portions

i-ncl udi ng an enl arged thickness flange portion, which supports the drive's
di sk stack, and a reduced thickness rot carrying portion |ocated adjacent
the side of the flange opposite the disk stack. A pair of spaced apart
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5 flux change to note the passage of a pole, the magnetic

rings may be magnetised such that each pole emits a
field having two different orientations as seen in
Figure 6. Specifically, the lowest portion of the
magnet immediately adjacent the Hall effect sensors is

! 10 magnetised such that its flux lines C and D are parallel
to the magnet's outer surface as shown in Figure 6,
while the vast majority of the ring magnet 82 is
magnetised in the traditional manner.

Returning to Figure 5, the spindle flange in the

15 described embodiment turns down to overlap a protruding
ring 211 that extends upwardly from the base. The
overlap serves better to isolate the spindle assembly to
reduce the transfer of dust particles and metallic
flakes between the air space about the spindle motor

20 components and the air space within the main drive
compartments. A printed circuit cable 215 extends from
the printed circuit board 207 to the controller. The
printed circuit cable is clamped to the base plate 200
.by clamp 217.

’ 25 As will be appreciated by those skilled in the
art, the actual number of poles in the rotor's ring
magnet 82 and the number of windings in the stator may
be widely varied depending upon the requirements of the
motor. By way of example, in the described embodiments,

30 the ring magnet includes eight poles and the stator
includes twelve windings 92.
It should also be apparent that the described
spindle motor structure has several advantages over
conventional designs. Initially, the described
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to reduce the required overall drive size.

It can also

provide a high torque to a compact, light weight hub
assembly, which allows rapid information access.
Finally, the resultant design has a lower parts count
than traditional spindle motors, which simplifies
manufacturing and reduces the overall spindle motor

cost.

Althdéugh only a few embodiments of the present
invention have been described herein, it should be
understood that the present invention may be gmbodied in

many other specific forms. Particularly,

it should be

appreciated that the actual size and geometry of the
spindle hub, as well as the casing and/or base plate,
may be widely varied. Similarly, it is contemplated
that the size and strengths of the various spindle motor
components should be designed to accommodate the

specific requirements of a specific drive.
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lis a diagrammtic cross sectional view of 25 a traditional spindle
tor assenbby;-—Frgure—2-s a diagrammtic cross sectional view of a prior

aft fixed spindl ssenbl y; Figuri 3 is a diagrammuatic cross
s_ctiona‘u i mu &Eﬂd’prior art fixéd spi ndl e notor assenbly; 30
Figure 4'% onal view of a spindle notor assenbly in

accordance wth the present inventiyp; .Fi.g rg 5 is a cross sectional view
of an alternative enbodi nent of thg—gkesgﬁﬁL+ﬂvention t hat i ncorporates

Hal | effect sensors to control commutation

1. A spindle motor assembly for a disk drive,

5 comprising a fixed shaft (52), a spindle hub (60)
journaled co-axially for rotation about the fixed shaft,
the spindle hub having a flange portion (72) for
supporting at least one disk, a pair of spaced apart
bearings (62) for rotatably coupling the spindle hub to

10 the fixed shaft, each said bearing having an inner race
secured to the fixed shaft and an outer race secured to

an inner surface of the spindle hub, magnet means (82)

* carried by the spindle hub, the magnet means having a
plurality of poles and forming a rotor portion of the

15 spindle motor, and stator means (92, 94) having a
plurality of fixed windings for co-operating with the
magnet means to rotate the spindle hub with respect to
the shaft, characterised in that the magnet means are
carried by an outer surface of the spindle hub and are

20 located adjacent at least one of the pair of spaced
: apart bearings.
2. A spindle motor assembly accerding to claim 1

. characterised by a Hall effect sensor {205) fixedly
positioned adjacent the magnet means to detect passage
" 25 of the poles to control commutation.
3. A spindle motor assembly according to claim.l,or 2
characterised in that the magnet means comprises ‘an” "
annular ring which is magnetised to have the'plgrality
of poles, and in that each pole is magnetised to
30 generate fields having two separéte orientations.
4. A spindle motor assembly according to any of
claims 1 to 3 characterised in that the stator means is
located near and supported from a base end of the
fixed shaft outside the bearings.
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jure 6—-s- a—d+agraﬁnatr0'perspective view of the magnet shown in Figure

i gh Ilghtln Len- tations of the various poles; and Figure 7
adlagra M‘if a disk 5 drive, wth its top cover
ved, t x»1 0r incorporating therein the spindle notor

aspenbl y of the present invention. ReferdBng initially to Figures 4 and 7,
otary disk drive 1 suitable for incorporating therein the 10 pr esent
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and | ower casaqgonénbgrto?aaydpﬂeceﬂﬁﬁgeeuaamlyharaﬁherdssﬁ dnadihat
the disk drive has a housing (5) comprising an upper

. casing (7) and a lower casing (9), the lower casing

5 forming a well (90), into which the magnet means and
the stator means are recessed.

6. A disk drive according to claim 5 characterised in
that the lower casing carries the stator means.
7. A disk drive according to claim 6 characterised in

10 that the spindle motor assembly includes a base plate
(200), which is secured to the fixed shaft and which
carries the stator means, the base plate being secured
to form part of the lower casing.

8. A disk drive according to any of claims 5 to 7

15 characterised in that the flange portion of the spindle
hub includes an extended portion, which extends
downwardly towards the lower casing to overlap a ring
portion (211) extending upwardly from the lower casing
whereby to form a seal to isolate the spindle motor.

20 9. A spindle motor assembly characterised by a fixed
shaft (52), a spindle hub (60) journaled co-axially for
rotation about the fixed shaft, the spindle hub having
inner and outer surfaces, an enlarged thickness flange

* portion (72) having a support surface for supporting at

25 least one disk, and a reduced thickness rotor carrying
portion (74) located adjacent at least one of a pair of
spaced apart bearings (62) for rotatably.coupling the
spindle hub to the fixed shaft, each said bearing
having an inner race secured to the fixed shaft and an

30 outer race secured to the inner surface of the spindle
hub, magnet means (82) carried by an outer surface of
the rotor carrying portion of the spindle hub, the
magnet means having a plurality of poles and forming the
rotor portion of the spindle motor and being adjacent
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cludes a plurality of information storage disks 10 15

i spos ~ With a spacer
e odi nenﬂmmumin“ﬁiﬁﬂm t disks 10 to maintain their spacing. [n the

, only two information storage disk
ngﬁgeLaylLesrggggpgfaﬁggreciatfg tggtlany nunber of |nfgrnat|oﬁ gggrg;gd
into e di sk stack with
each pair of adjacent disks. A disk clanp 25 positioned spacersebsggeen

o o e damins s o ST PHE 405 b on
rotatably ﬂ%e@%\,\een% he “Upper RSt || fted SIEEOD| RO S
c;)rnelr of tHSZol hh@®imha mw@,%g ‘ngn%‘?&f%gg%?’?,“@" n one
i e L;gdoy%ﬂgﬁi%%ﬁé myrd@inga wrrqtateragh%tmmﬁ%/vwi te or
5 hub with respect to the shaft.
10. A disk drive comprising a housing (5) for at least
one disk, and a spindle motor assembly for rotating the
at least one disk, the spindle motor assembly
comprising a shaft (52) fixed to the disk drive housing,
10 a spindle hub (60) journaled co-axially about the fixed
shaft and supported for rotation there-about, the
spindle hub supporting the at least one disk, magnet
means (82) supported on the spindle hub, and stator
coils (92, 94) supported adjacent the magnet means,
15 characterised in that the magnet means are located on an
external surface of a lower portion of the spindle hub,
the stator coils are supported by a lower casing of the
disk drive housing, and a portion of the spindle hub
supporting the at least one disk extends over the stator
20 coils.
11. A disk drive according to claim 10 characterised
in that the lower casing includes a cylindrical well
. {90) in which the stator coils and the lower portion of
_ the spindle hub are received.
‘ 25 12. A disk drive according to claim 11 characterised
in that the stator coils are confined within the well
and do not extend above downwardly extending walls of
the well, the portion of the spindle hub supporting the
at least one disk extending over the stator coils to be
30 closely adjacent the lower casing of the disk drive
housing and to define a confined region for the stator
coils and the magnet means.
13. A disk drive according to any of claims 10 to 12
characterised in that bearing means (62) located between

Sheet Has Been RTlaced

. o \\ll\ll\\lll\\\\\lll\ I



tion fromand witing informtion onto the 30 magnetic di sks 10.
ad a ﬂ“‘ﬁ hed to the head positioner assenbly 28 by

Vi dual [mmmm . A voice coil notor 40 is adapted precisely to

rotate the Head pbsilioner” assenbly back5and forth such that the data and

servo heads nove across the 7 magnetic disks. A magnetic latch 42 hol ds

the head positioner assembly in place when the d| sk gré’:ﬁ/eﬁelcds not_in use.
Each nagneti &h@ Sixeg shafy amd |t[blel epipdde Hub ar§HaHE A%l ar

information sippeargand dkerf @nds of the fixed shaft, with the
magnet means being located nearly adjacent the lower
bearing means.
5 14. A disk drive according to any of claims 10 to 13
characterised in that the portion of the spindle hub
? supporting the at least one disk includes screw holes
for receiving screws (75) holding a disk fastener (25)
atop the at least one disk, and in that a shield (76)
10 is provided at the bottom of the screw holes facing the
stator coils and the magnet means to prevent the entry
of particles into the spindle motor assembly through the

screw holes.

15

' 20

30

e



o
'ng information. The rotative action of the spindle notor assenbly
en conbined with the generally radial novenents of heads 32 h:?
cont gol | ed by the head positioner assenbly 28, allows random access to 10

i nfogmati on stored on the disks 10. Referns ng next primarily to Figure 4,

the flirst enbodi ment of the spindle notor 15 chosen for the purpose of
illustration includes a fixed spindle shaft 52 that is secured to the drive
housing 5 by a pair of 15 oppod By ssar @A §4 Tand 55. It should be
appreciated that an alternative spindle shaft nounting would work as well.

By way of exanple, one end of the shaft could be press fit into a recess

in either the upper or |l ower casing. A rotatable spindle hub 60 is

co-axially 20 j our BRITROLED MidroR 4 ssRMREve FORafAl DIBKAMRIVE supported by
;5

The present invention provides a spindle motor
assembly comprising a fixed shaft (52) and a spindle hub
(60) journaled co-axially for rotation about the fixed
i 10 shaft, the spindle hub having an enlarged thickness
flange portion (72) for supporting a disk stack and a
reduced thickness rotor carrying portion (74) located
adjacent at least one of a pair of spaced apart bearings
(62) for rotatably coupling the spindle hub to the fixed
f 15 shaft. Magnet means (82) are carried by an outer
: surface of the rotor carrying portion of the spindle

hub, and stator means (92, 94) having a plurality of

fixed windings are arranged for co-operating with the
magnet means to rotate the spindle hub with respect to
20 the shaft. |

+ 25 [Figure 4]

30
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bearings 62. The inner and outer races of the

a pair crspaced apart ball

ball beafings 62 are fixedly attached, preferably adhesively bonded, to the
spindl e shaft and the inner surface of the spindle hub 60, 25 (/
respectively, and allow the spindle hub 60 to rotate freely about the '/£¢
spindl e shaft 52. The ball bearings 62 are separated by a spacer 63 which

Is used axially to pre-load the bearings during fabrication. The spindle

whi ch define an inner

hub 60 has substantially cylindrical 30 wal | s,
beari ngs 62. The

bore 65 that receives the spindle shaft 52 and the bal
wal | and has an annul ar post ring

Is divided into three separate sections,
67 for -supporting the disk clanmp 25. _Specifica the wall includ?ﬁaa

t hi ck upper section
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an enl arged mddl e flange section 72, and a relatively thin magnet
®ting | ower section 74. A nultlpI|C|ty of screw hol es extend domnmardy,,
fron1the top portion of the hub through the upper and mddle flange 5 o 1
sections of the wall to receive the clanp screws 75 to secure the disk '
clanp 25 to the spindle nmotor 15: A small cover plate 76 is journal ed about
the hub below the flange 72 to seal the screw holes to prevent dust

particles and netal flakes within the notor assenbly 10 from escapi ng
into the main disk chanber. The flange 72 provides u;xgt surface 77
upon which the information storage disks 10 TS Thus % he disk stack
i's
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AR

'n pl ace between the disk clanp 25 and the support surface 77 of the
e 72. 15 An iron nmagnet support ring 80 is fixedly attached,

pf rably adhesively bonded, to the | ower hub section 74. In theZ !
desdri bed enbodi nent, the splndle hub 60 is fornmed of alum nium A~fﬂﬁb
maget 82 is fixedly attached to the nagnet support ring 80 to 20 firmy
secure the magnet to the spindle hub. Since the magnet 82 is carried by
the spindle hub 60, it will rotate with the spindle hub and therefore forns
the rotor portion of the spindle notor assenbly. In the enbodi ment of the
spindl e notor shown in 25 Figure 4, the disk stack 8 contains only two
informati on storage disksy, and the hou5|ng 5 is designed to nlqhn1se t he
drive's profile and onsuned. 0 Y
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ingly, the |lower casing nmenber 9 includes a cylindrical well recess
apted to receive the stator 30 and rotor portions of the spindle
15. Amulti- plicity of stator wi ndings 92 are wound about ferric
nati on stacks 94, which in turn are adhesively bonded to the I nner
wal s of the well recess 90. A conventional ferro-fluidic seal
i ncarporating 9 a fluid nmagnetic shield is positioned within the|4ﬁ%£F'
bore 65 of the spindle hub 60 to provide a seal against contanination by
air flowfromthe bearing area to the head di sk area.

[ ° /
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5 Referring next to Figure 5, an alternative enbodi nent of the
ipavention will be described using |ike nunbers to denote like parts. In
this enbodinment, a Hall effect sensor arrangenent *ﬁingyigﬁg t hat nmonitors
the rotations of the rotor to control commutation. 10 > "ef¥fiacemnen shyet
shows slightly different enbodi nents of several other conppngnts of the
spindle notor as well to exenplify a few of the nnﬁ'atm’catﬁ”ﬁﬁg%nterrpl at ed
within the scope of the invention. 1In this second enbodi nent, a single

i nformati on storage disk 10 is contenpl ated, 15 and thus the upper
section 70 of the spindle hub is greatly reduced. Further, a base plate 200
I's provided which is coupled to part of the disk housing 5 by a plurality
of screws, and which allows the statlor and Hall effect sensor ar r angenent
to be installed as a
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20 Separate unit. Hall effect sensors 205 are nounted on a printed
ck¥rcuit beard 207 that is carried by the base pl atengois d are positioned
i medi ately below the ring magnet 82. Thus, every tine aiﬁﬁlfeplpmam sheet
sensor, the sensor 25 detects the change of flux and so infqrnms a .
controller (not shown) which is used to control conﬂ&batioﬁf\@ﬁ ke not or .
Several Hall effect sensors nmay be situated about the base plate to detect

increnental novenents. By way of exanplx, in the enbodi nent chosen for the

30 purposes of illustration, three Hall effect sensors are used which
are disposed at 120[err] angles with re on e her. As will be
appreci ated by those skilled in _ , the ri 82 would typically
be magneti sed % N
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structure-is inherently very stiff which tends to %u ? gﬁé £
§@sceptibi|ity to the excitation of structural necﬁﬁ i%i?é %@ éﬁ@@i I'ch
in turn, often produce undesirabl e acoustic noise. The design has a | ow
profile, which saves space in the continuing questDhngredﬁtgﬂiﬂbﬁrequired
overall drive size. It can also provide a high torque to a conpact, |ight
wei ght hub assenbly, which allows rapid infornmation access. Finally, the
resul tant design has a |l ower parts counLdLhan traditional spindle notors,
whi ch sinplifies manufacturing and reduces the overall spindle notor cost.
Vari ations and/ or nodifications are possible (or may be envisaged) within
the scope of the appegded cl ai ns.
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2 CLAIMS 1. A spindle notor assenbly for a disk drive , conprising a
fiixed shaft (52); a drive housing with a base (ZOO)ThBisphmdﬂﬁ&ﬂ&bﬂﬂﬁ%ﬂhﬁ

journaled co-axially for rotation about the fixed shaft, the spindle hub
(60) having a spindle flange with an enl arged thickﬁg S flggggrﬂQ;tion (72)
for supporting at |east one disk; a pair of bearing a§§2) for rotatably
coupling the spindle hub to the fixed shaft, each of said bearings having
an inner race secured to the fixed shad4 and an outer race secured to an

i nner surface of the spindle hub; magnet neans (82) carried by an outer
surface of the spindle hub and | ocated adjacent at |east one of the pair of
beari ngs, the magnet nmeans nounted bel ow said at | east one di sk and having
a plurality of poles and formng a rotor portion of the spindle notor; and
stator means (92,94) nounted bel ow said at | east one di sk and having a
plurality of fixed windings for co-operating with the nmagnet neans to
rotate the spindle hub with respect to the shaft; characterised in that
said stator neans (92,94) is arranged so that the axis about which its

wi ndi ngs are wound is substantially parallel to the shaft

g2




a¥l s and the magnet nmeans (82) is arranged for co-operating therewith; an
extended portion (74) of said spindle flange extﬁggs ggyon said.e ged

t hi.ckness flange portion (72) and down towards t Ba '?ﬁgﬁf"3¥ﬂ di sk
drive, and a ring portion (21 1) of said base (200) extends ,up, from said
base towards said flange, said ring and sai d extDgtged f|l g4“§berlapping to
forma seal to isolate the spindle not@er fromthe disk drive housing; said
magnet neans are inside an area defined by an outer wall portion of the

spi ndl e which passes through and | ocates the bore of said at |east one disk
In use and said stator neans are partially wwthin said area; and said
bearings (62) are spaced apart. 2. A spindl e notor_as |y according to
claim11 characterised hy ensor i xe osi ti.oned

adj acent the magnet nea s det e Ssage O ol e@ orflD

commut at i on. 139




3. A spi nhdl e- notor assenbly according to claim1 or 2 characterised in

t hat the” magnet neans conprises an annular ring which is magneti sed to have
the plurality of poles, and in that each pole is nmagnetised to generate
fields having two separate orientations. 4. A spindl e notor assenbly
according to any of clains 1 to 3 characterised in that the stator neans is
| ocated near and supported froma base end of the fixed shaft outside the

bear ngs. S. A spindle notor assenbly according to any preceding claim
wherein said magnet means (82) are carri@d on a reduced t hi ckness
rotor-carryjng portion [74) of the spl ndl e hub (60) A di k dr|ve

i ncl udi ng BPO¥Y DERRCH SPACES @ 944 RYATHIE ‘ '
characteri tht he dlsk drlveh ousi.n co r| | anu er
casing ( e&‘&ﬁ%ﬁ‘%’%@ %E RBF @a@’gﬁl(;% ib oP

I nto which nd. the s ss'E arerec.red 7. f A di sk
drive accd a AT Soargm% 3PAfs

within the hub region. This is not a particular problem in high profile disk drives, since

there is ample room to provide sufficiently sized bearings and stator windings.

However, in low profile disk drives, either the size (and strength) of the bearings or the

size (and power) of the stator windings must suffer. Such a sacrifice is unacceptable for

high quality, high performance disk drives.

Yet another recent approach is shown in Figure 3. In this approach, a fixed shaft

170 is again used and the spindle hub 152 has a cup shaped radial cross section. The
bearings 174, 175 are placed between the shaft 170 and an inner wall of the spindle hub

152. A motor housing base 172, which is also cup shaped, has a large U-shaped trough

176 outside the inner wall of the spindle hub 172, and motor components are positioned

within the enlarged trough 176. Specifically, the rotor magnets 156 are supported on an

inner surface of an outer wall of the spindle hub, while the stator windings 181 are

carried by a support ring 183 on a wall 171 extending upward from the motor housing

base within the U-shaped trough. While such an arrangement allows adequately sized

bearings and stator windings, it requires a disk with a large inner diameter, since the hub

must be quite large.

US-A-4 285 016 discloses a disk drive motor assembly having the features recited

in the pre-characterising portion of present claim 1. However, the axis about which the

stator windings are wound is perpendicular to the shaft axis. As a consequence of this,

the orientation of the magnets is such that the moment of inertia of the spindle hub is

large, and therefore this reduces the efficiency of the disk drive. Ipppy 4 CpMENT SHEET |
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the stator  nmeans. 8. A disk drive according to claim7 characterised in
t hat the splndle not or assenbly includes a base plate (200), which is
secured to the fixed shaft and which carries the stator neans, the base

pl ate being secured to formpart of the | ower casing 9. A disk drive
according to any preceding claimcharacterised in that said ring portion
(211) surrounds said stator neans (92,94) and said flange rtion 72 of the
spi ndl e hub has a supporting surface for, said at | east one disk, said
supporting surface extendlng over said §&ator nmeans. 10. A dISk drive
according to ampy.n
i ncl udes a cyk~hel

portion ofyhhg lﬁ&bf'g):s?grpﬁﬁt ?src%pﬁlﬁg %f iﬂftgndmg tﬂe performance reqmred by state of
the art disk drives.

Accordingly, it is an object of the present invention to provide a compact spindle.,

motor assembly that is suitable for use in a low profile disk drive.

.- . In,accerdance-with the present invention, there is provided spindle motor

assembly for a disk drive, comprising a fixed shaft; a drive housing with a base; a

spindle hub journaled co-axially for rotation about the fixed shaft, the spindle hub having

a spindle flange with an enlarged thickness flange portion for supporting at least one

disk; a pair of bearings for rotatably coupling the spindle hub to the fixed shaft, each of

said bearings having an inner race secured to the fixed shaft and an outer race secured to

an inner surface of the spindle hub; magnet means carried by an outer surface of the

spindle hub and located adjacent at least one of the pair of bearings, the magnet means

mounted below said at least one disk and having a plurality of poles and forming a rotor

portion of the spindle motor; and stator means mounted below said at least one disk and

having a plurality of fixed windings for co-operating with the magnet means to rotate the_

spindle hub with respect to the shaft; characterised in that said stator means is arranged

T — - -

so that the axis about which its windings are wound is substantially parallel to the shaft

axis and the magnet means is arranged for co-operating therewith; an extended portion

of said spindle flange extends beyond said enlarged thickness flange portion and down

towards the base of said disk drive, and a ring portion of said base extends up from said-

base towards said flange, said ring and said extended flange overlapping to form a seal to

isolate the spindle motor from the disk drive housing; said magnet means are inside an

area defined by an outer wall portion of the spindle which passes throu; and locates the

14 AUG 998
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11. A disk drive according to any preceding claimcharacterised in that the
stator coils are confined within the well and do not extend above
downwardly extending walls of the well, the portion of the spindle hub
supporting the at | east one disk extending over the stator coils to be

cl osely adjacent the | ower casing of the disk drive housing and to define a
confined region for the stator coils and the magnet neans. 12. A di sk
drive according to any preceding clain1chLacterised in that bearin neans
(62) | ocated between the fixed shaft and e spindle hub are | ocated near

upper and | owe ‘ L Wth the mag .bein | ocat ed
nearly adj.a&en Jisgand said Ftor means; are partially withy
any precedi grti n that the portion of the spindle hub

suppor t i ng-%-He HoT e hel udes screw hol es for receiving screws
(75) holding a disk fastener (25) atop the at |east one disk, and in that a
shield (76) is provided at the bottom of the screw holes facing the stator

coils and the megogéschBadbelb®, BlecinoditionRay piovide®d spifdle! fio®S atsehdly Hiat
eS.

spi ndl e notor assepbty—through—thre—screwtHo

utilises a fixed shaft and places the motor components on the outside wall of the spindle

hub directly below a flange for supporting at least one disk. The disclosed spindle motor
assembly includes the fixed shaft having the spindle hub journaled co-axially thereabout.

The spindle hub has several distinct portions including an enlarged thickness flange

portion, which supports the drive's disk stack, and a reduced thickness rotor carrying

portion located adjacent the side of the flange opposite the disk stack. A pair of spaced

apart bearings rotatably couple the spindle hub to the fixed shaft, with each of

RAPLACEMENT SHEE]
|
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14 one of said bearings |ocated on the opposite side of said magnet from
said fixed shaft, and stator neans (92, 94) having a plurality of fixed

wi ndi ngs for co- operating with the magnet nmeans to rotate the spindle 5
hub with respect to the shaft. 10. A di sk drive conprising a housing (5)
for at |east one disk, and a spindle notor assenbly for rotating the at

| east one di sk, the spindle notor assenblly conprising a shaft (52) fixed to
t he di sk drive housing, 10 a spindle hub (60) journaled co-axially about
the fixed shaft and supported for rotation there-about, the spindle hub

supporting the at | east one disk r(agnet ) s
structure is inherently very stiff which tends to reduce the drive's susceptibility to the

excitation of structural mechanical resonances which, in turn, often produce undesirable

acoustic noise. The design has a low profile, which saves space in the continuing quest

to reduce the required 0\;erall drive size. It can also provide a high torque to a compact,

light weight hub assembly, which allows rapid information access. Finally, the resultant

design has a lower parts count than traditional spindle motors, which simplifies

manufacturing and reduces the overall spindle motor cost.

Variations and/or modifications are possible (or may be envisaged) within the

scope of the appended claims.
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means (82) supported on the spindle hub, and stator coils (92, 94)
suppor ' magnet neans, 15 characterised in that the magnet
means Hm"mﬂmagﬂmn external surface of a |ower portion of the spindle
hub, the statwor scosl s*xare supported by a | ower casing of the disk drive
housi ng, and a portion of the spindle hub supporting the at |east one disk
extends over the stator 20 coils. 11. A disk drive according to claim
10 characterised in that the lower casing includes a cylindrical well (90)
in which the stator coils and the |lower portion of the spindle hub are
recei ved. 25 12. A di sk drive according to claim 11 characterised in
that the stator coils are confined withi®the well and do not extend above
downwar dl y extendi ng wal | s of

CLAIMS

1. A spindle motor assembly for a disk drive, comprising a fixed shaft (52); a drive

housing with a base (200); a spindle hub (60) journaled co-axially for rotation about the
fixed shaft, the spindle hub (60) having a spindle flange with an enlarged thickness

flange portion (72) for supporting at least one disk; a pair of bearings (62) for rotatably
coupling the spindle hub to the fixed shaft, each of said bearings having an inner race

secured to the fixed shaft and an outer race secured to an inner surface of the spindle

hub; magnet means (82) carried by an outer surface of the spindle hub and located

adjacent at least one of the pair of bearings, the magnet means mounted below said at

least one disk and having a plurality of poles and forming a rotor portion of the spindle

motor; and stator means (92,94) mounted below said at least one disk and having a _

plurality of fixed windings for co-operating with the magnet means to rotate the spindle

hub with respect to the shaft; characterised in that said stator means (92,94) is arranged

so that the axis about which its windings are wound is substantially parallel to the shaft

axis and the magnet means (82) is arranged for co-operating therewith; an extended

portion (74) of said spindle flange extends beyond said enlarged thickness flange portion

(72) and down towards the base (200) of said disk drive, and a ring portion (211) of said

base (200) extends up from said base towards said flange, said ring and sa1d extended

flange overlapping to form a seal to isolate the spindle motor from the disk drive

housing; said magnet means are inside an area defined by an outer wall portion of the

spindle which passes through and locates the bore of said at least one disk in use and said

stator means are partially within said area; and said bearings (62) are spaced apart.

2. A spindle motor assembly according to claim 1 characterised by a Hall effect

sensor (205) fixedly positioned adjacent the magnet means to detect passage of the poles

to control commutation. REPLACEMENT SHEET
14 AUG 1998




the portion of the spindle hub supporting the at | east one disk

extenglm’lmu&lﬁ]l &Iﬁﬂﬂtor coi I s to be 30 cl osely adj acent the |ower
casin ve housing and to define a confined region for the
stator coils and the magnet nmeans. 13. A di sk drive according to any of
claims 10 to 12 characterised in that bearing nmeans (62) | ocated between
the fixed shaft and the spindle hub are | ocated near upper and | ower ends
of the fixed shaft, wth the magnet neans being | ocated nearly adjacent

the | ower bearing neans. 5 14. A di¥k drive according to any of
clainms 10 to 13

3. A spindle motor assembly according to claim 1 or 2 characterised in that the

magnet means comprises an annular ring which is magnetised to have the plurality of

poles, and in that each pole is magnetised to generate fields having two separate

orientations.

4. A spindle motor assembly according to any of claims 1 to 3 characterised in that

the stator means is located near and supported from a base end of the fixed shaft outside

the bearings.
5. A spindle motor assembly according to any preceding claim wherein said magnet

means (82) are carried on a reduced thickness rotor-carrying portion (74) of the spindle
hub (60).

6. A disk drive including a spindle motor assembly according to any preceding

claim characterised in that the disk drive has a housing (5) comprising an upper casing

(7) and a lower casing (9), the lower casing forming a well (90), into which the magnet

means and the stator means are recessed.

7. A disk drive according to claim 6 characterised in that the lower casing carries

the stator means.

8. A disk drive according to claim 7 ised i i mbl

includes a base plate (200), which is secured to the fixed shaft and which carries the

stator means, the base plate being secured to form part of the lower casing.
9. A disk drive accbrding to any preceding claim characterised in that said ring

portion (211) surrounds said stator means (92,94) and said flange portion (72) of the

spindle hub has a supporting surface for said at least one disk, said supporting surface -

extending over said stator means.

10. A disk drive according to any preceding claim characterised in that the lower

casing includes a cylindrical well (90) in which the stator coils and the lower portion Lfﬂ_é

the spindle hub are received. RFPLACEMENT SHEET
14 AUG 9vo




characterlzed e portion of the spindle hub supporting the at
| east lmé‘i ﬁ screw holes for receiving screws (75) holding a
di sk f the at | east one disk, and in that a shield (76)

10 |s prow ded at the bottom of the screw holes facing the stator coils
and the magnet neans to prevent the entry of particles into the spindle
not or assenbly through the screw holes. 15 20 25 30
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11. A disk drive according to any preceding claim characterised in that the stator
coils are confined within the well and do not extend above downwardly extending walls

of the well, the portion of the spindle hub supporting the at least one disk extending over

the stator coils to be closely adjacent the lower casing of the disk drive housing and to

define a confined region for the stator coils and the magnet means.

12. A disk drive according to any preceding claim characterised in that bearing means

(62) located between the fixed shaft and the spindle hub are located near upper and lower

ends of the fixed shaft, with the magnet means being located nearly adjacent the lower

bearing means.

13. A disk drive according to any preceding claim characterised in that the portion of

the spindle hub supporting the at least one disk includes screw holes for receiving screws

(75) holding a disk fastener (25) atop the at least one disk, and in that a shield (76) is

_provided at the bottom of the screw holes facing the stator coils and the magnet means to

_prevent the entry of particles into the spindle motor assembly through the screw holes.

LS
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ABSTRACT

SPINDLE MOTOR ASSEMBLY FOR A DISK DRIVE

The present invention provides a spindle motor
assembly comprising a fixed shaft (52) and a spindle hub

(60) journaled co-axially for rotation about the fixed

shaft, the spindle hub having an enlarged thickness,

flange portion (72) for supporting a disk stack and a

reduced thickness rotor carrying portion (74) located

adjacent at least one of a pair of spaced apart bearings

{62) for rotatably coupling the spindle hub to the fixed

shaft. Magnet means (82) are carried by an outer

surface of the rotor carrying portion of the spindle

hub, and stator means (92, 94) having a plurality of

fixed windings are arranged for co-operating with the
magnet means to rotate the spindle hub with respect to
the shaft.

[Figure 4]
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