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MAGNETIC WEAR DEBRIS COLLECTOR FOR AIR BEARING OF A
'SPINDLE MOTOR IN A HARD DISK DRIVE

BACKGROUND OF THE INVENTION
1. Field of the Invention. |

Thié__ invention relates in general to spindle motors for use in magnetic disk

. _storage sYstems, and more 'part.icularl'y to a method and apparat_us for providing

magnetic wear debris collection for an air bearing of a spindle motor in a hard

disk drive.

2.  Description of Related Art.

The storage capacity and genefal performance 'of hard disk dr_ives have
improved sfeadily over the last decade in respt;nse to the increasing demands of
fhe computer industry. These developments have béen mainly fueled by
corresponding advances in the components of magnetic recofding technology-
and in electronic sophistication and miniaturization. In particular, magnetic
read/write recording heads and disks are capable of supporting areal data
storage densities typically teh times greater than they could ten years ago. This is
being achieved by higjher track densitiés, higher linear flux transition densities and
lower recording head flying heights. |

Data storage systems, such as disk drives, commonly make use of
rotatlng storage d|sks The storage disks are commonly magnetic disks but could

also be optical. In a typical magnetic disk drive, a magnetic disk rotates at high

»?

1



10

15

20

. 2 .
speed and a transducing head uses air pressure to "fly" over the top surface of.

the disk. The transducing head records information on the disk surface by
impressing a magnetic field on the disk. Information is read back using the head
by detecting magnetization of the disk surface. The magnetic disk surface is

divided in a plurality of concentric tracks. By moving the transducing head radially

across the surface of the disk, the fransducing head can tead information from or

. write information to different ttacks of the magnetic disk.

The recording medium, i.e., maQnetic disk, holds information encoded in
the form of magnetic transitions. The inforrrtation capacity, or areal denéity, of
the medium is determined by the transducer’s ebility to sense and write
distinguishable transitions. An i'mpertent factor affecting ate‘al density is the |
distance t>etween the transducer and the recording surface, referred to as the fly
height. It is desirable to fly the transducer very close to the medium to enhance
transition detection. Some fly height stability is achieved with proper suspension
loading and by shaping the air bearing slider surface (ABS) for desirable
aerodynamic characteristics.

Spindle motors are commonly used to rotate magnetic disks at high
speeds. Frequently, conventional spindle motors comprise small electric motors
equipped with standard ball bearings. However, electric motors having ball |
bearings are known to experience problems such as runout or vibration that can
prevent information from being accessed from disks rotated by the motors. This
is especially tfrue as advancements in data etorage technology have increased

magnetic disk storage densities.



10

15

20

: g 3 . '
The point is now being reached, however, where further advances are

likely to be impeded by mechanical constraints. In particular, limitations will result

from the spindle hub holding the stack of disks on account of the proberties of the

ball bearing assemblies used for rotational support. Random vibrations in both
axial and radial axes ultimately lead to limitations in pos'rtioning accuracies and

signal-to-noise ratios with consequences for storage capacities. The radial -

'aecuracy directly limits the number of concentric tracks on a disk on which data

can be stored and reliably retrieved.
" To overcome the problems associated with ball bearing electric motors,
some disk drive systems now make use of electric motors having fluid

hydrodynamic bearings. Bearings of this type are shown in U.S. Patent Nos.

5,427,546 to Hensel, 5,516,212 to Titcomb and,5,707,154 to Ichiyama.

An exemplary hydrodynamic bearing typically includes a stationary shaft
oh which is moudted a rotary hub to which magnetic disks can be secured. There
is ne direct contact between the roteting hub and-the shaft. Instead, a lubricating
fluid such as air or oil forms a hydrodynamic bearing between the shaft and the
rotary hub. Hydrodynainic pressure or pumping is frequently provided by a
pattemn of grooves, commonly in a herringbone configuration, deﬁned eifher by
the exterior surface of the shaft or the interior surface of the rotary hub. During
rotation of the hub, the pattern of grooves provides sufﬁcienf hydrodynamic
pressure to cause the lubricating fluid to act as a bearing between the shaft and
the rotafy hub. Frequently, capillary seals are used to retain the bearing fluid

between the shaft and the rotary hub.
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. Still, oil bearings have some disadvantages. For example, oil bearings

co'nsu.me more power than ball bearings or air bearings. Furthermore, when oil
bearings are used in the joumél bearing environment, oil Ieaka-ge can be
problematic.

‘When used in .associatioﬁ wath spindle motors, air bearings provide
numerous advaﬁtageé. For example, air bearingé are more efﬁcfent and
consume less power than either ball bearings or oil beaﬁngé. Also, air bearings
are quiet and have excellent run out characteristics. Air bearings also have
disadvantages. For example, when air bea.rings aré use_d in disk drive spindle
motors, it can be difﬁcul? or expensive to simultaneously provide both thfust'(é.g.
axiaf) and journal (e.g. radial) bearing support. Also, sliding fﬁction associated
with thrust operations during motor start-up and shutdown can create weaf debris
that reduces_ the efficiency of the motor. ,Additionélly, air bearings often .require

more space than either ball or oil bearings thereby providing less space for the

-motor. Finally, air bearings are typically not effective for low rotational speed

applications.

In the future, spindle motor disk rotation speeds will steadily increase. As

-disk rotation speeds increase, the problems aésociated with standard oil bearfhgs, ‘

air bearings and ball bearings wilt become hagniﬁed. Increased disk recording
density is another trend in the industry. The combination of increased disk
rotation speeds and increased recording densities will require disk drives to

operate with improved run out characteristics.
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Still, because of the associated advantages discussed above, air bearings
will be used mofe frequently as the rotéting speed is inc,reased.. One of the more
serious pr:oblems with air bearings is the problem of accumulated debris. Itis -
neéessad that the béaring lubricant, i.e., air, be maintained with a minimum
amdunt of loose particles. Patﬁcles iﬁ 'the-lubricant may. originate from ambient
e_nviroﬁment or may be genérated by contact between moving suffaces during
operation. Generally, wear particles ar:e generated in the bearing areas during |
motor starf and stop. Such pa_'rtic‘les‘ eihibit rt_alatively jagged edges. Wear '
parﬂcle_s‘tend' to Qenerate when two members of differing hardnesseé contact
each other. | Since béarings typically have a cléarance of approximately 5 to 10
microns, particles in the lubricant may act as abrasive ingredients and cause
accelé’rated wear of groove pattems in the bearing and eventually failure of the
bearing. |

Prior art approaches for providing particle fraps in hydrodynamic beaﬁngé,
such as oil bearings, have placed such traps in the recirculation port and at a
location far away fror’n the journal and thrust bearings. In addition, sucﬁ particle
traps have relied dn_ global lubricant recirculation to ﬁdve particles into the trap.
However, these apprqacheé are neither suited nor effective for controlling debr'is-
accumulation in air bearings.

It can be seen then that there is a need for a method and apparatus for
providing maéneﬁc wear debris collection for an air bearing of a spindle motor-in

a hard disk drive.
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'SUMMARY OF THE INVENTION

To overcome the limitations in the prior art described above, and o
oﬁercome other limitations that-\'fvilll become apbarent upon reading and
understandiﬁg the present specification, the présent inyention discloses a metﬁod
a_nd apparatus for providing magnetic wear debris 'collection for an air bearing of
a spindle motor in a hard disk drive.

T hé present in_véntion solves the above-described problems by providing a
magnetic ring near one end of the joumél bearing of a spindle-air bearing. In
gddition, the mating surface of the air bearing is parémagnetic or ferro_magnetic‘
material. | | | |

A system in accordance with the principles of the present invention
includes an air bearing debris collector. The air bearing debris collector includes
a magnetic ring positioned in an air gap near an air journal beaﬁng,-the magnetic
ring collecting debris from the air journal bearing to prevent wear debris from
reaching the head/disk interface to prevent a head crash. |

Other embodiments of a system in accordance with the principles of the
invention may include alternative or optional additional aspects. One such aspect
of the present invéntion is that the air jodmal bearing includes a mating surface,
the mating surface of the air journal bearing comprises a paramagﬁetic material.

Another aspect of the present invention is that the air journal beariﬁg
includes a mating surface, the mating surface of the airjéumal beaﬁng comprises

a ferromagnetic material.
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. Another embodiment of the present invention includes a spindle motor.

The spindle motor includeé a hub .Having atleast one magnetic recording disk

attached thereto, a stator for selectively rotating the hub and at least one
magnetic: recording disk attached to the hub, a base for supporting the hub and
étator, a journal bearin_g, coupled to the hub, for radially supporting the hub_, the
journal bearing being an air bearing, a thfust bearing, coupled td the hﬁb, for
prqviding axial support to the Hub—_ and a magnetic ring, disposed proximate the
journal bearing, for collecting wear debris generated by the air bearing.

Another asbect of the present invention is that the journal bearing includes

a mating surface, the mating surface of the joumnal bearing comprising a

' paramagnetic material.

Another aspect of the present invention is that the journal bearing includes
a mating surface, the mating surface of the journal bearing comprising a
ferromagnetic material.

Anothef aspect of the present invention is that the thrust bearing
comprises an air bearing. |

. Another aspect of thg present invention is that the thrust béaring

comprises an oil bearing.

Another ‘em.bodiment of.the present invention includes a disk drive. The
disk drive includes at least one disk for recording and reading data thereon, a
motor, coupled to the at least one disk, for rotating the at least one disk, at Ieaét
one head disposed proximate the at least one disk for wﬁting and reading data to

and from the at least one disk and an actuator arm assembly, coupled to the at
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least one head, for moving the at least one head relative to the at lgast one disk;

wherein the motor further iricludes a hub couéled to the at least one disk, a stator
for selectively rotating the hub. and at Iéast one disk attached to the hub, a basé
for éupporting the hub and stator,_ a journal bearing, coupled to the hub, for
fadial(y supporting the hub, ﬂ1e journal bearing being an air bearing, a thrust
beériﬁg, coupled to the hub, for providing axial support to the hub and a magnetic
ring, disposed. proﬁmate the journal bearing, for collecting wear debris Qenc_arated '
by the air béarin’g. |

Anothgr embodiment of the present invention includes a method for
proViding magnetic wear debris collecﬁoﬁ for an air bearing of a spindle motor in
a hafd disk drive. The method includes providing a spindle motor comprising a
hub, providing an air bearing for a journal bearing radially supporting the hub,
positioning a magnetic ring in a position proximate to the air bearing and as the
motor is activated to spin the spindle and disk, 'ac_cumulating debris at the
magnetic ring. |

These and varioué other advéntages and features of novelty, which
characterize the invention, are pointed out with particularity in the claims annexed
hereto and form a .part hereof. However, for a better understénding of the
invention, rts advantages, and the objects obtained by its use, reference should |
be made to the drawings which form a further part hereof, and to accompanying
descriptive matter, in which there are illustrated and described specific examples

of an apparatus in accordance with the invention.

~
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BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the dravvihgs in which like reference numbers represent
corresponding parts throughout:

Fig. 1 illustratés a hard disk drive (HDD) including disks accordiﬁg fo the
presént invention;

Fig. 2 illustrates a more detailed vie_w of the motor acdofding fo the
present invention; | |

Fig. 3 ilustrates a close-up view of the motor structure according to the
present invention; and |

- Fig. 4 illustrates a flow chart of the method for providing magnetic wear

debris collection for an air bearing_of a spindle motorin a hard.disk drive

according to the present invention.

1!
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DETAILED DESCRIPTION OF THE INVENTION -

In the following description of the exemplary embodiment, reference is
made to the accompanyiné drawings that form a part hereof, and in which is -
shown by way of illustration the specific embodiment in which the invention may

be practiced. Itis to be understood that other embodiments may be utilized as ~

| structural changes may be made without departing ffohﬁ the scope of the present

invention.

The present invention provides a method and apparatus for providing

magnetic wear debris collection for an air bearing of a spindle motor in a hard

_disk drive. The present invention provides a magnetic ring near one end of the

journal bearing of a spindle air bearing. The magnetic ring prevents wear debris
migration to the Headldiék interface. The mating surface of the air bearing is
paramagnetic or ferromagnetic material.

Fig. 1 illusﬁates a hard disk drive (HDD) 160 including disks 118A, 118B
according to the present invention. The HDD 1_60 includes a disk 118 and a hardﬂ
disk controller (hereinafter referred to as HDC) 130. The disk part has a motor

114 for rotating a shaft 112 at a high speed. A cylindrical support 116 is attached

" to the shaft 112 so that their axes are in coincidence. One or more information

recordihg disks 118A and 118B are mounted to édpport 116. Magnetic heads

- 120A, 120B, 120C and 120D are respecﬁvely provided to face the disk surface,

and ﬂwese magnetic heads are supported from an actuator 124 by access arms
:I 22A, 122B, 122C, and 122D, respectively. The individual magnetic heads 120A

to 120D receive the drive force transmitted from an actuator drive device 128 by

1"
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a shaft 126 and rotates about the shaft 126 as the axis of rotation, and fly over

the disk 118 to a predetermined position.

Fig. 2 illustrates é more detailed view of the méto,r-ZOO éccording to the
pre_sent‘ invention. In Fig. 2, the motor 200 inclddes a rotatable hub 210 havfng a
plurality of disk 21 4_moﬁnted thereto. Tﬁe hub 2i 0 is'mounted for rotation about
an axis 220.. A stator 230 is mounted inside the hub 210. The stator 230 includes
a core 232 and armature windi_ngs 234. Anairgap 240is fou'fm'ed. petwéen the
core. 232 and the surface of magnetic poles 242. Typically, the arr'haturg
windings are led out of the hub 21 0 and connected to a power_supply of the disk
drive via a motor control circuit (Which may be hard disk controllér 130 as‘ shown
in Fig. 1) for controlling the rotation of the hub 210 éﬁd éssociated" disk 214.

According to the present invention; a journal bearing 250 provides an air
bearing for radially supportting the hub 210. A thrust bearing 252 provides axial
support of the hub and may be an air bearing or an oil bea_ring. The mating
surface of the air bearing 250 comprises a .para'magnetic or ferromagnetic
material. A magnetic ring 260 is positioned near one end of the air bearing 250.
The .magneﬂc ring 260 collects wear dgbris 262 géneréted by the air bearing 250.

' Fig. 3 illustrates a ciose~up view of the motor structure 300 according to
the present invention. In Fig. 3, a gap 380 exists between thé hub 310 and the
base 382 having the magnetic ring 360 attached thereto. Thus, the debris 384
accumulates at the magnetic ring 360 thereby preventing wear debris from

reaching the head/disk interface where the debris 384 can' cause a head crash.

1!



10

Fig. 4 illustrates.a flow chart 400 of the method for providing magnetic

y\iear debris collection for an air bearing of a spiﬁdle motor in a hard disk drive
écc'ording to the présent inventioﬁ. A spindle mptor' comprising a .hub is provided -
410. An air b_earing is pro;/ided for the journal bearing 420. A magﬁeﬁc rmg is
positioned ina position relative to the air be'arir;gj 430. Asthe motd,r is ‘activat_ed
_to spin the spindle ana disk,' debris aécumulatés at the rhagnetic ring 440. .

~ The foregoing description of the exemplary embodiment of the invention

‘has been presented for the -pl-lrposes'of illustration and description. It is not

‘intended to be exhaustive or to limit tﬁe invention to the precise form disclosed.

Many modifications and variations are possible in light of the above teaching. Itis
intended that the scope of the invéntioh be limited not with this detailed

description, but rather by the claims appended hereto.

17
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WHAT IS CLAIMED IS:

1. An air bearing debris collector comprising a rhagnetic ning
posifioned ih an air gap near an aif- journal bearing, the magnetic'ring éollecting

debris from the air journal bearing fo prevent migration of wear debris.

2. The air beaﬁng debris collector of claim 1 wﬁerein the air joumnal
bearing includes a mating surface, the mating surface of the air joumél bearing

comprises a paramagnetic _material.

3.  The air bearing debris collector of claim 1 wherein the 'airjoufnal
bearing includes a mating surface, the mating surface of the air journal bearing

comprises a ferromagnetic material.
4.  Aspindie motor, comprising:

| a hub having at Iéast one magnetic recqrding disk attached thereto;
a stator fof seléctively-rotaﬁng the Hub and at least one magnetic recording
disk attached to the hub; | |
| a base for supporting the hub and stator;
a journal bearing, _coupléd to the hub,_for radially supporting the hub, the
journal béaring being an air: bearingi
a thrust bearing, coupled to the hub, for providing axial support to the hub;
and
- a magnefic ring, disposed proximate the journal bearing, for collecting

wear debris generated by the air bearing.
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5. The spmdle motor of clalm 4 wherein the journal beanng includes a

mating surface the matlng surface of the journal bearing compnsmg a

paramagnetlc matenal

6. ' The spindle motor of claim 4 wherein the journal bearing includes a

-mating surface the mating surface of the journal beanng compnsmg a

ferromagnehc material.

7. The spmdle motor of clalm 4 whereln the thrust bearing comprises

an air bearing.

8. The spindle motor of claim 4 wherein the thrust bearing comprises

an oil bearing.
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9.. ' _.A disk drive, comprising: | | |

at least one disk for recording and reading data thereon;
a mootor, coupled to the at least ohe disk, for rotating the at Ieast one disk;
- at leést one head dispos_ed proximate the at least one disk for writing and
reading data to and from the at Ieas:t one disk, énd
an actuator arm assembly, coupled to th_e_ at ieast one head, for fnoving
the at Ieaét one head relative to the at leasf one disI;;
~ wherein the motor further comprises:
a hub co_upied to the at'leasf one-disk;
a stator for selectively rotating the hub and at least 6ne disk
attached to the hub;
| a base for supporting the hub and stator;
a joumal_ bearing, coupled to the hub, for radially supporting the
hub, the journal bearing being an air bearing; |
a thrust bearinQ, coupled to the hub, for providing axial support to
tﬁe hub; and |

- a magnetic ring, disposed proximate the jourﬁal bearing, for

| collecting wear debris generated by the air bearing.

10. The disk_drive of claim 9 wherein the journal bearirig includes a
mating surface, the mating surface of the journal bearing comprising a

paramagnetic material.

!
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'1 1. The disk drive of claim 9 wherein the journal bearing includes a
maﬁng surface, the mating surface of the joumal..bearing comprising a

ferromagnetic material.

12.  The disk drive of cfaim 9 wherein the thrust bearing comprises an

air bearing.

13. | The disk drive of claim 9 whérein-the thrust bearing comprisés an

oil. bearing.

14. . A method for providing magnetic wear debris collection for ah air

beariﬁg of a spindle motor in a hard disk drive, 6omprising:

providing a spindle motor comprising a hub;

providing an air b_earing for a journal bearing radially supporting the hub;
positioning a magnetic ring in a position proximate to the air bearing; and
as the motor is activated to 'spin thé spindle and disk, accumulaﬁng debris

at the magnetic ring.

15. The method of 'claim 14 further comprising providing a mating’

surface to the journal comprising a paramagnetic mateﬁal.

16. The met_hdd of claim 14 further comprising providing a mating

surface to the joumnal comprising a ferromagnetic material.

17. . The method of claim 14 furthef comprisfing providing a thrust

bearing to axialiy subporf the hub.

!
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bearing.

19.

bearing.
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The method of claim 17 whereln the thrust bearing compnses an oul

The method of claim 17 wherein the thrust bearing comprises an air



