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\N\/El\ﬂ'l ON The present invention relates to di® e data HTeNsQ4EEdRMISGREN
and in particular to disk and hub assenhlies u§e¢;rn di sk drfi ve ®EPUAZES

devi ces. BACKGROUND OF THE | NVENTI ON The extensive data storage—reeds—of :
““nodern conput er systens require large capacity nmass data storage devices. A
common storage device is the rotating nmagnetic disk drive. A disk dAA/EENT

typically contal NS one or nore sm)oth flat disks which are rigi dIy

INTEGRAL HUB AND DISK CLAMP FOR A DISK DRIVE STORAGE DEVICE

FIELD OF THE INVENTION

The present invention relates to disk drive data storage devices, and in particular

to disk and hub assemblies used in disk drive storage devices.

5 BACKGROUND OF THE INVENTION

The extensive data storage needs of modern computer systems r_ccjuifc large
capacity mass data storage devices. A common storage device is the rotating magnetic
disk drive. |

A disk drive typically contains one or more smooth, flat disks which are rigidly
10 attached to a common spindlc.- The disks are stacked on the spiﬁdle‘ parallel to each other
and spaced apart so that they do not touch. The disks and spindle are rotated in unison

at a constant speed by a spindle motor.

Each disk is formed of a solid disk—shapcd base or substrate, having a hole in the
| - middle for the spindle. The substrate is commonly aluminum, although' glass, ceramic,
15 | ‘plastic or other materials are possible. The substrate is coated with a thin layer of

magnetizable material, and may additionally be coated with a protective layer.

Data is recorded on the surfaces of the disks in the magnetizable layer. To do

this, minute magnetized patterns representing the data are formed in the magnetizable
B 4
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"attached to a common spi ndl e. The di sks are Stacked—en-the_spindl e parallel
to ‘each ot her and spaced apart so that thﬁ? do not touch The QH%@F@P AS BEEN
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Spindle are rotated in unison at a consta RepBpdand| @ 1Ot QEp AERS N
disk is formed of a solid disk-shaped bas havi ng_.a_haole I n
the mddle for the spindle. The substrate w ,Ium num al t hough
gl ass, ceramc, plastic or other materials are possi The substrapgT g—r
coated with a thin layer of magnetizable material, and may additionally
coated with alpyep! Fhtidd@ padt¥is u@@&ﬁuy%ﬁaﬁg&f ercAlhr cBcchtid AERS, Bach Bock is
di sks in the magnetizabl e | ayer. this, mnute nmagnetized patterns
repr esenting tfadheradivided inte @rnmanrmftsh@orsagﬁmhl seator ehus forms an arc, all the sectors

of a track complenng a circle.

A moveable actuator positions a transducer head adjacent the data on the surface
5 E to read or write data. The actuator may be likened to the tone arm of a phonograph .

player, and the head to the playing needle.

There is one transducer head for each disk surface containing data. The transducer
head is an éerodynamiéally shaped block of material (usually ceramic) on which is
mounted a magnetic readlwrite_-u'ahsducer. The blbc’k, or slider, flies above the surface. :

10 of the disk at an extremely small distance as the disk rotates. The close proximity to the
disk surface is critical in enabling the transducer to read from or v)rite to the data pat-tcms
in the magnetizable layer. Several different transducer designs are used, and in some

cases the read transducer is separate from the write transducer.

The actuator usually pivots about an axis to position the head. It typically.
15 ' includes a solid block near the axis having comb-like arms extending toward the disk, a
set of thin suspensions at;achcd to the arms, and an Qlectro—magnctic motor on the
opposite side of the axis. The transducer heads are attachéd to the suspensions, one head
for each suspension. The actuator motor rotates the actuator to posiﬁon the head 0\l/er a
desired data track. Once the head is positioned over the track, the constant rotation of
20 the disk will cvcntuaily bring the desired sector adjacent the head, and the data can then
be read or written. ' -
As computer systems have become more powcrfui, faster, and more reliable, there
has been a cormresponding increase in demand for improved storage devices. These

desired improvements take several forms. It is desirable to reduce gost, to increase data
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surface to read or wite data. The actuator to the tone arm
of a phonogr aph PATENT

capacity, to increase the Spe£:d at which the drives operate, to reduce the electrical power
consumed by the drives, and to increase the resilience of the drives in the presence of

mechanical shock and other disturbances.

In parﬁcx;lar, there is a dem;md to reduce the physical size of disk drives. To

5 - some degree, reduction in size méy serve to further some of the above goals. But at the
- same time, reduced size of disk drives is desirable in and of itself. Reduced size makes

it practical fo include magnetic disk drives in a range of portable applications, such as

laptop computers, mobile pagers, and "smart cards”.

. An example of size reduction is the application of the PCMCIA Type Il standarci
10 to disk drives. This standard was originally intended for semiconductor plug-in devices.
With improvements to miniaturization technology, it will be p0551blc to construct disk

drives conforming to the PCMCIA Type I standard

In order to shrink the size of disk drives, every component must be reduced in size

as much as ?ossible_. Additionally, new designs of existing components must be

15 - developed to permit reduced size and make assembly of miniaturized co;ﬂpbhcnts
practical. '

One limif on the extent to which a disk drive cah be reduced 1in. size is the

disk/hub assembly. A conventional disk/hub assembly comprises a cylindrical hub having

a flange at the bottom for supporting a disk stack. A motor for rotating the disks is

20 ~ located within the hub. The stack of disks rests on the upper eurface of the flange, the

hub fitting within_oonesponding holes of the disks. The individual disks are separated

by spacer rings sunoﬁndin’g and adjacent to the hub. A clamping apparatus is attached

to the top of the hub and applies a downward force to the disk stack, forcing the bottom

disk againsf_ the flange and holding the stack in place. Where a disk drive has only a
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ring having a formed circular ridge near its outer edge. The flat portion of the ring is

_attached to the upper surface of the hub with screws, while the ridge portion applies
5 ' pressure to the disk stack or single disk. Several alternative clamp designs exist, but all

involve multiple parts.

. The conventional disk drive disk/hub dcsign is not well suited to very small form
factor disks, such as the PCMCIA Type II form factor. The hub must be sufficiently
large to accommodate the screws. Even where very small screws are used, this

10 | requirement adds to the size and weight of the hub. The extremely small parts make
assembly difficult. There is difficultly tolerating high mechanical shock of portable
applications. _The.relaﬁvcly thin disks tend to warp when clamped with sufficient
clamping .force; even a small warpage can be serious when track wiciths are be,ing
reduced. Finally, although the drive is much smaller, simple scaling down of the size of

15 conventional parts will not result in any significant cost reduction; in fact, it may increase

 costs. It is desirable to develop an alternative hub/disk assembly which reduces costs and

is more suitable to the design requirements of small form factor disk drives.

‘SUMMARY OF THE INVENTION

- It is, therefore, an object of the present invention to provide an enhanced disk

20 drive storage apparatus.

Another object of this invention is to reduce the cost of a disk drive storage

apparatus.
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' |ncludes a solid block nedr the axis having ‘conb-1i ke arnms extendlng tomard
Ihe di sk, a set of thin suspensions attached.lth She%arrrs nd an

el ectromagnetic notor on the opposite si.de of H ”E l"'igﬁ aed ansducer

heads are attached to the suspensions, one hea pensi on. The
actuator notor rotates the actuator to positio a desired
data track. Once the head is positioned over the track, the constaﬁMTENT
rotation of the disk will eventually bring the desired sector adjacent the

head, and the datAnother diject dfehis émention i td prevideAn enhaguetidiubidisk sssemblyvfor
becone nore powerful , faster, and nore reliable, there has been a
cor r espondi ngsmﬂ’éf‘é%éa% Qiﬂﬁﬁﬂ‘éf" $‘9¥agFr¢S?’l99ed storage devi ces. These

Another object of this inveﬁtio_n is to-provide a reduced cost hub/disk assembly

fo_r a small form t':actor disk drive.

5 ' Another object of this invention is to provide a hub/disk assembly having fewer

parts.

Another object of this invention is to prdvide a hub/disk assembly which is easier

to fabricate and assemble.

Another object of this invention is to-provide a hub/disk assembly having greéter o

10 resistance to mechanical shock.

An;:)ther object of this invention is to provide a hub/disk assembly having reduced
distortion of the disk. B
A disk for a disk drive is mounted on an intcgrallf—fonncd one-piece hub, clamp
_ and rotor housing. The hub is preferably formed of molded plastic. In the preferred
15 embodiment, the hub includes a substantially hollow cylindrical portion for surrounding
a set of bearings mounted on a central shaft, and a flange portion cxtcndiﬂg from the
cylindrical portion near the middle of the cylihder. The flange supports a single disk,
which rests on its upper, surface. A plurality of cin:umfcrcn:tially spaced compliant
clamping ﬁngers extend upward from the upper surface of the flange to engage the disk
20 through its central hole. The ﬁngers are inclined slightly outward, and include a pawl at
thq end of each finger to engage the disk. The edges of the central hole of the disk are

preferably chamfered to improve engagement with the fingers and genter the disk. To
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" desired i nprovements take several forms. It is m“e‘to reduce post—+te
I ncrease data 3 capacity, to mcreaslléxstshétﬁgga whi ch thﬁlgjgnazew\s BEEN

operate, to reduce the electrical power driv s mﬂPlIP@ED

i ncrease the resilience of the drives | of mecHani-ear—shock
and ot her disturbances. In particular, nd to reduce the
physi cal size of disk drives. To PATENT

assétﬁble. the disk to the hub, the disk is simply forced over the pawls of the fingers until
they engage the cliamfered edge. The fingers, being sllightly.cla'stic, will deform inward
sufficiently to permit the disk to slide over the pawls, and will then return outward to lock
the disk in placc The fingers automaucally center the disk about the hub axis, without

5 ‘the need for centcnng tools.

The hub also serves as a housing for the rotor of a spindle .motor which rotates
the disk. In the preferred embodiment, a brushless DC spindle motor is. located'.undcr the
flange. A back iron ring and permanent magnets are attached to the underside of the
flange at its outer edge to form the rotor portion of the motor. An cl_ectromagneﬁc stator

10 ~ assembly surrounds the disk axis in the afmular space defined by the flange, the
'pcrmanent magnéts ind back iron at the outer edge, and the cylindrical portion of the hub

at the inner edge. -

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a magnetic disk drive storage unit ac_cording to the prcfgérred
15 ' embodxmcnt
| Fig. 2 is an isometric view of an integral hub clamp and rotor housing according
to the preferred embodiment;
- Fig.3isa sccuonal view of the mtcgral hub; clamp and rotor housmg accordmg
to the preferred embodiment; .
20 Fig. 4 is a top view of the integral hub, clamp and rotof housing according to an
alternative embodiment;
Fig. 5 is a half-sccuonal view of a hub and disk assembly according to the
prefen'cd embodiment; _
Fig. 6 is a sectional view of a clamping finger portion of the, integral hub, clamp
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some.degree, reduction in-size may sérve to further sone of the above ‘
oal's. But at the sane tine, reduced sjze of disk . drives is ' Jol BEEN |

-gnd of itself. Reduced size makes it fﬁh o e Ks laﬁeﬁde nagﬁgislr%;m&mn P
drives in a range of portable applicati “ HE Ilapt OP CANPUL BL Sqmmmrir oo

nobile pagers, and "smart cards". An ex reduction is the
application of the PCMCI A Type Il standard to disk drives. This st RWEENT
was originally intended for sem conductor plug-in devices. Wth

| pr ovenent s ah® rétbMhesitg, 28dor@ing 16 ChE PreBéiYed ehbddildenRe possible to

construct disk drives conformng to the PCMCI A Type |l standard. In order

to shrink the sizFigf7 diastectional aigw of arcjaruping dingat, showingohow gtieraps p diskiipe

- place, according to the preferred embodiment;

Fig. 8 is a sectional view of an alternate design for a clamping finger and disk.

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 shows a magnetic disk drive storage unit-100 in accordance with the
preferred embodiment. Disk unit 100 coinpﬁses rotatable disk 101, which is rigidly
attached to hub 103, which is -mounted on disk drive base or housing 104. Hub 103 and

_ disk 101 are driven by a drive motor at a constant rotational velocity. The drive motor

10 is contained within hub 103. Actuator assembly 105 is situated to one side of disk 101.
Actuator 105 rotates through an arc about shaft 106 parallel to the axis of disk 101,

driven by electro—magnétic mdtof 107, to. position the transducer heads. A cover (not

shox&.'n) mates with base 104 to enclose and protect the disk and-actuator assemblies.

Electronic modules for controlling the operation 6f the drive and communicating with

15 another device, such as a host computer, are mounted on a circuit card, 112 within the
" head/disk enclosure formed by base 104 and the éover. In this embodiment, circuit card

112 is mountcd within the enclosure arid shaped to take up unused space around the disk

in order to conserve space, as would be used for a PCMCIA Type II form factor.

However, the card 112 could also be mounted outside the head/disk enclosure, or the base

20 . _ itself could be maf]e as a circuit card for moimting electronic modules directly oit. A
plurality of head/suspension assemblies 108 are rigidly attached to the prongs of actuator

105. An aecrodynamic read/write transducer head 109 is located at the end of cach

head/suspension assembly 108 adjacent the disk surface.
Hub 103 is a one-piece, integrally-formed part which alsg contains clamping
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as fmuch as possible. Additionally, new deSigns of existimg conponents nust " !
be devel oped to permt reduced size .and make assenbl y of m nllggwg@gmﬂs BEEN

conponent s practical. One limt on the ext ri wepLp8Bl be
reduced in size is the di sk/hub assenbl y. | skl hub-asserbty
conprises a cylindrical hub having a flang for supporting a

di sk stack. A nmotor for rotati ng the disks is located within the hu

stack of disks rests on the upper surface of the fIa’nge the hub fitting
Wi thin corresf . n

by spacer 1 MRS (OFIoBE Bk 104 18 pfkcR e ¥R lienibpS e af iou e TRE e
_is attached motor. By “intégrally-formed", it should be understood that hub 103 is a umform

material formed as.a single solid mass by molding, casting, extruding, or other means,
and may be r_na‘chined, etched,. or otherwise shaped as necessary to the required
5 dimensions; hub 103 is not built up from multiple discrete components attached together.
In the preferred embodiment, hub 103 is an injection molded polymeric part.
- Specifically, it is preferred thﬁt the. polymer be a polyetherimide (PEI), in particular Ultem
7201, which is commercially available from Gengral Electric Corporation. Ultem 7201
is preferred because its coefficient of thermal expansion is close to that of aiuminum, the
10 preferred material for diék 101. However, other suitable polymers may be used.
Alternatively, it may be possible to use non-polymeric materials, such as aluminum or
ceramic. |
Fig. 2 is an isometric view of integral hub, clamp a.nd rotor housing 103 according
to the preferred embodiment. Hub 103 preferablyi includes a hollow cylindrical base
15 portion 201, a relatively flat cylindrical flange portion 202 extending from base portion
201, and a plurality of circumferentially spéced fingers 203 for engaging disk 101 and
serving as a clarﬁping means. .
Fig. 3 is a sectional view, in the plane of the disk axis, of integral hub, clamp and
rotor housing 103 accordmg to the prefcrred embodiment. As can be seen more clearly
20 . in the sectional view of Fig. 3, hollow cylindrical base portion 201 defines a,central
cylindrical hole 301 for the disk shaft and bearings. Flange portion 202 extends from
approximately the iniddlg of base portion 201. A circumft':rcntial lip 302 extends
downward from the lower surface of ﬂ_angé portion 202, near its outer edge. Lip 302

- provides a mating surface and support for a rotor back iron and permanent magnets.
25 : Fig. 4 isa top view of integral hub, clamp and rotor housing A03 according to the
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di sk stack The cl anpi ng apparatus is typ

formed circular ridge near its outer edge. The flat portion of the PATENE
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preferred: embodiment. In the preferred embodiment, hub 103 contains eight equally
spaced fingers 203 positioned as shown, it being understood that the number and size of
the fingers may vary, and that other integral clamping means may be used within the

spirit and scope of the present invention.

Fig. 5 shows in gréater detail hub 103 and related hardware, including components

of the spindle motor, when ass_embled, in accordance with the preferred embodiment. .Fig.
5 is a half sectional view, taken in the plane of the axis of rotation of the disks. While
hub 103 and related components on only one side of the axis are depicted in Fig. 5, it

should be understood that these are symmctﬁcal about the axis.

Disk shaft 502 is rigidly attached to base 104 of the disk drive. Shaft 592 is
preferably steel. Disk axis 501 runs through the center of shaft 502. Hub cylindrical

~ portion 201 is mounted on bearing assembly 504 for rotation about axis 501. Bearing

assembly preferably comprises two sets of preloaded bﬁll bearings in sealed bearing races,
at opposite ends of shaft 502. However, bearing assembly could alternatively be a fluid
(hydrodynamic) or other type of bearing. In another alternative, portions of bearing

. assembly 504 may be intégrally formed with hub 103, as for example by forming a fluid

bearing surface on the inner_ surface of hub cylindrical portion 201.

Flange portion 202 of hub 103 extends outward from cylindrical base portion 201 -

portion 202, the flange supporting disk 101 from below. Multiple identical
circumfere_ntiallj spaced fingers 203 protrude from the upper surface of | flange 202 to

_ engage disk 101 and lock it in placé, thus serving as a clamping means and vaiaﬁng the

need for a separately attached clamp.
Back iron 505 and set of permanent rotor magnets 506 for 3 prushless DC spindle
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att'aehed to the upper surface of the hub with screws, whiTe t
portion applies pressure to the disk sta%sghr ngl e di sk. . SEVRHISIBHEET Hag BEEN
alternative clanp designs exist, but all :
conventional disk drive disk/ hub desi gn i jmﬂ

di sks, such as the PCMCI A Typ
~sufficiently large to acconmmopdate the screws. Even Wnere very smal Ip

form factor
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ed t e
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_are used, this requirenent adds to the size and wei ght of the hub. The

extremely sMidioft ahaliiGodfie GABndd ok et tpgxbtgﬁef(ﬁ 4 oblek elibd | Back iron

tolerating hig

mechani cal por tablFe | catl ons | at1 v

thin disks t 608 is a ringrqf migneticdlhnpertheable imaedidl] preferably an Fe-Pb alloy. Back i 1ron_

10

505 maLy also be a wound serics' of laminations forming a ring. Magnets 506 are
preferably a sohd ring of suitable magncnzable material, in which successive arcuate
segments are maonenzcd to alternating magnetic polarity. Magnets 506 thus form a set

of permanent arcuate magnets, circumferentially arranged about the disk axis to

completely encircle the axis, having alternating polarity.

Circumferential lip 302 provides support for back iron 505 and magnets 506.

Back iron 505 is preferably bonded to hub 103 at lip 302 and lower surface of flange 202.

using a suitable adhesive. Al_té.mativcl’y, it may be attached to hub 103 during the

 injection molding process by inserting back iron 505 in the mold cavity and molding hub,

15

20

103 over back iron 505. Permanent magnets 506-are preferably bonded directly to back

iron 505 using a suitable adhesive.

Spindle motor electromagnetic stator 508 is attached to base 104 and positioned
underneath flange 202, within the anﬁular space defined by cylindrical base portion 201
at the inner radius and back iron 505 and magnets 506 at the outer radius. Stator 508
comprises a set of circumféremially spaced eléctromagncts (poles) surrounding the disk
axis, each pole cbmprising a wire coil wrapped around a magnetically permeable core.
Stath 508 is connected to motor drive electronics (not shown) on circuit card 112. In

opefation-, the motor drive electronics sequentally pulse different poles of stator 508 to

- generate a rotating electromagnetic field, as is known in the art. In the preferred

embodiment, stator 508 is a 3-phase stator having 'thrce.poles in each phase (total of nine
poles), and rotor magnet set 506 comprises twelve magnetic pole segments. However,
the number of stator and rotor poles may vary. '

Fig. 6 is a sccﬁonal view in the plane of the disk axis of a glamping finger 203,
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" cl ahpl ng force; even a small warpage can- be—'S“eT‘l—Gﬂ“S——WC}EH——tI‘
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ant
cost reduction; in fact, it may |ncrease eS|rabIe to develo
an alternative hub/di sk assenbly which r d is nore suitable
to the design requirenments of small forn1factor rives. SUMVARK¥APENTHE
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_ inclination to apply a small radial force to thc inner hole of disk 101. Preferably, the

angle of inclination is approximately 3 degrees, i.. the angle 8 in Fig. 6 is approximately

87 degrees, it being understood that'the optimum angle will vary with the thickness of the

5 finger and type of material selected. Near the end of finger 203 is a pawl 601 for
engaging disk 101. Pawl 601 contains chamfered top edgé 603 to enable assembly of the
. disk. ' '

Fig. 7 is a sectional view of clamping finger 203, showing how it clamps disk 101
in place. Disk 101 and finger 203 are shown in cross-section in the plane of the disk

10 axis.

Disk 101 preferably cont_aiﬁs chamfered inner edges 711,712, which are charr_xfered
at approximately a 45 degree angle. The chamfers make assembly of disk 101 to hub 103
easier, provide a surface for application of force from pawl 601, and help to center the

disk.

15 - Disk 101 is preferably assembled to hub 103 by positioniﬁg- disk 101 over the
fingers and pushing directly downward. When pushing downward, chamfered edge 712
on the bottom surface of disk 101 slides against chax_nfemd edge 603 on the top surface
of pawl 601. Because finger 203 is made from an claétic material, finger 203 retracts'_

| inward (toward the disk axis) aS_ disk 101 is pushed down- upon it, enabling the narrowest

20 | part of the disk center hole to clear the pawl. After the narrowest part of the disk center
hole clears the pawl, the finger retumns to near its original poﬁition due to the natural
eiasticity, of the material. When the bottom surface of .disk 101 rests upon flange 202,
pawl 601 will be positioned as shown in Fig. 7, applying a force to chamfered edge 711.

Pawl 601 applies both a downward axial force and a radial,force to chamfcre_,d
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edge 711. The downward axial forcc'pu'shcs disk 101 against the upper surface of flange

portion 202, securely clamping disk 101 in place.

Because a plurality of circumferentially spaced fingers, all at the sarhc radius from
the disk axis, ap;;ly the same radial ‘force to the chamfered inner edge 711 of the disk
center hole, the disk is automatically centered about the axis as it is forced over the
fingers and into its assembled position on the flange. Thus, there is no need for centering

tools.

Preferably, finger 203 makes contact with the non-chamfered portion of the inner
edge of the hole in disk 101, dpplying a slight radial force. Finger 203 acts as a
ﬁon-lincér beam spring. At rest with the disk in place, the radial force is small to av.oid _
warping the disk. However, thé radial force imparted by the finger increases atmore than
a linear rate if the finger is bent back (in the direction toward the disk axis). As a result,
a much stronger force vﬁll oppose any movement of the disk from its proper position.
The hub therefo;e achieves a high resistance to mechanical shock with a very low cost,

simple design.
During drop testing, it was observed that the compliant fingers absorb a substantial
part of the energy being transmitted by disk 101 to hub 103, thus preventing damage to

the bearing systems. This feature is very desirable for portable media technology.

Warpage of disks is a well known prdblem in the disk drive art. A conventional

. clamp must exert cons1dcrab1c axial force on the clamped dlSk to ensure that the disk

does not move. Thls force tends to warp the disk. It has been observed that the
coi'npliant clamping mechanism of the present invention achieves a secure clamping of
the disk with virtually no warpage. Unlike conventional clamp designs, which typically

use-a metal clamp, the hub of the present invention is made from a,compliant material
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‘ Anot bher object of this invention i-s to provi-de a-hub/disk afssﬂa‘BHEEﬂaNs BEEN
fewer parts. Another obj ect of this invention is to provi de; a hutgPdacep
assenbly which is easier to fabricate anqsﬁsﬁgmeeng neddher “obj-ect—oi—t-hi-s

invention is to provide a hub/disk asse ter resistance to
mechani cal shock. Another object-of this o provi de a hub/ di sk
assenbly having reduced distortion of th , for a di sk dPATENT
nmounted on an integrally-formed one-piece hub, cl anp _

which is preferably much softer than the disk itself. The surface of the compliant

material deforms at the point of contact (i.., the upper surface of flange portion 202 and
fingers 203) with the disk, providing a relatively higher static coefﬁcicht of friction than
is usually present with the metal-to-metal contact of a conventional disk clamp. Due to
5 the higher coefficxcnt of friction, the disk can be securely clamped using a smaller axial
force. Additionally, because the disk material is substannally harder than the hub
material, the hub surface rather than the dlSk surface deforms at the points of contact.
The disk accordingly experiences very little local strain near the inner diameter, resulting

in very low warpage as compared to a conventional disk..

10 The dimensions of ﬁnger 203 must be selected for the chosen hub material to
provndc ‘'suitable compliance of the finger, and to smultancously prov1de sufficient
clamping force when the disk is in place. In the prcfetred embodiment finger 203 is
approximately 0.25 mm wide in the radial .dlmer_lsmn, and 1 mm wide in the
circumferential direction. The overall height of the finger is approximately 1 mm. It will

15 be appreciated by those skilled in the art that optimal finger dimensions will vary

B depending on the qualities of thé material. A stiffer hub material may require a thinner
finger, and vice-versa. It will further be appreciated that the dimensions will vary
depending upon the size and material of the disk itself. The dimensions given above for
the preferred embodiment are intended for use with a 1.8" disk formed of an aluminum

20 subsuaté, and having a thickness of approximately .635mm, such as would be used for
a PCMCIA Type II form factor. |

| Fig. 8isa sectional view of an alternate design for a clamping finger 801 and

disk. The alternate clamping finger 801 of Fig. 8 is identical to clamping finger 203

described above and shown in Figs. 1-7, except for the addition of a tab 802 projecting

.25 : from the side of the ﬁnger.fac_ing the disk axis. Tab 802 provides a surface for

‘engagement with a disk removal t061 (nbt shown). To remove disk,101, the tool applies

13 : : R0O993-062




" and rotor housing.. The hub is pr ef er ably—formedof—motded plastic. In t he
preferred enmbodi ment, the hub includes a subst antially hol I W_,,g)él mﬁﬁ# l
NCE "/

portion for surrounding a set of beari la%fdcent
fl ange portion extending fromthe cyI in near | e_of ._j
t he. cylinder. The flange supports a'sin h rests on |ts upper

surface. A plurality of circunferentiall y spaced conpl i ant cl anpi NQPATBNYT S
extend upward fromthe upper surface of the flange to engage the disk
through its GegywribardPbrte 1d fhePtoSbdrdCtingte 803 | baglivhod. OME WR! medrilde,

I nclude a paw at tthe en%l o%%eac 9?1‘21 &at;o lt)éo erllgga?e thea di sk. The edges of’
the central Hiidkel®F ig Hiftedifsdm athe ﬂlmgéqx&bbny 202aof dwbdlG30 iRemwab of ey agsknisnt

V\nththefln%ers and center the disk. 19
ometimes necessary during rework of a disk drive as part of the manufacturing and

testing process. -

5 - In the prcfeﬁed embodiment, the clamping means is a plurality of fingers
extending from the upper surface of the flange and engaging the disk. However, any
clamping means which is integi'ally formed with the hub may be used within the spirit
and scope of the present invention. For example, the fingers might extend from. some
other portion of the hub, such as hollow cylindrical base portibn 201. Fingers extending

10 . from some other portion, such as the cylindrical portion, might press down on the disk
from above. Aitemativc]y, the clamping. means could be a dcformablc' ring extending
from the upper surface of the flarige or from-the hollow cylindrical portion, t;r a

deformable ring broken at circumferentially spaced intervals for stress relief.

In the description. above, certain features have been referred to as "above" or

15 "below" the flange, and surfaces described as "upper” or "lower". These terms are used
_ only for ease of reference and are consistent with the drawings and the nomial orientation

used in the art. waévcr, the use of these terms is not meant to imply that t'hc present

invention requires the flange to be located below the disk and above the motor. The
motor-and disk drive of the 'présént invention could just as easily be. consq'uctcd with the

20 . ﬂange. located above the disk, or with the axis of rotation oriented horizontally. .
Although a specific embodiment of the invention has been disclosed along with
_certain alternatives, it will be recognized by those skilled in the art that additional
variations in form and detail may be made within the scdpé of the following claims.

What is claimed is: : _ P

14 o R0O993-062



'5 ',46- assenbl e the disk to the hub, the.disk_is sinply forred-vve'r-—t-he_ﬁ -
pawl's of the fingers until they engage the chanf erﬁge THES SHERTETSS BEEN |
being slightly elastic, will deform |E‘ Hlmmn”ﬂ y to permFiEPMféiDd! sk {

to slide over the pawls and will the to | ock The drsk—t+m-
pl ace. The fingers automatically center the "di &k about the hub axi s,

wi t hout : : , | PATENT
CLAIMS
1 ' 1. A rotating disk data storage device, comprising:

2 - _ . a disk drive base;

a rotatably mounted disk for recording data, said disk having an axis of

4 rotation and a circular aperture at its center for mounting said disk on a rotatable
hub; '
6 a single-piece integrally-formed hub/clamp/rotor member for mounting said
7 disk, said hub/clamp/rotor member being.mounted for rotation about said axis,
8 said hub/clamp/rotor member forming a rotor- housing of a spindle motor rotor,
9 said hub/clamp/rotor membcr compnsmg a support structure for supportmg said
10 dlSk and a clamp structure for locking said disk in place; '
11 : _ a set of rotor magnets _attached to said rotor housing of said -
12 - hub/clamp/rotor member;
13 : a spindle motor stator attached to said base for driving said rotor magnets;
14 : at least one transducer head for reading data stored on said disk; and
15 a moveable actuator mounted on said disk drive base for positioning said
16 transducer head to read data recorded on said disk. '
1 2. The rotating' disk data storage device of clgim 1, wherein said
15 | | © RO993-062

Sheet Has Been Replaced '

T II




"the’ need for centering tools. The hub also—serves—as—a -housi ng—for—the
rotor of a spindle notor which rotates t In the preféd HEET HAS BEEN
eénbodi nent, a brushl ess DC spindl e mtorqﬂmg@ﬂ umlfm, t he fIaﬁ‘ﬁ%"AcﬁD
back iron ring and pernmanent nagnets are underside of the
flange at its outer edge to formthe rotor portion of the notor. An

el ectromagnetic .stator assenbly surrounds the disk axis in the annuPATENT
space defined by the flange, the permanent magnets and back iron at the

out2r edge, and t heubgslampotor Blenider tomprisds: t he hub at the inner edge. BRI EF

-DESCRI PTI ON OF THE DRAW NGS )
3 a hollow cylindrical portion having an axis coincident with said axis of

=

4 rotation of said disk, said hollow cylindrical portion surrounding a disk shaft and
5 ~ fitting within said circular dperture of said disk; and
6 ) ' a flange portion extending outward from said hollow cylindrical portion,

said flange portion supporting said disk.

3. The rotating disk data storage device of claim 2, wherein said
clamp structure of said hub/clamp/rotor member comprises a plurality of
c1rcumfcrcnually spaced fingers extending from said flange portion and engaging

said disk.

HOW N =

4. The rotating disk data storage device of clajm"z, wherein said .
2 hollow cylindrical portion of said hub/clamp/rotor member surrounds a set of

bearings for mounting said hub/clamp/rotor member to said disk shaft.

5. The rotating disk data storage device of claim 2, wherein said set
of rotor magnets is attached to said flange portion near the outer edge thereof, and

said stator is positioned surrounding said disk shaft and between said disk shaft

HOWON

and said rotor magnets.

o - 6. The rotating disk data storage device of claim 1, wherein said

| hub/clamp/rotor member is an injection molded polymeric part.

7. The rotating disk data storage device of claim 1, wherein said disk

2 is self—ccntqﬁng upon said hub/clamp/fotor member.

.
- —

heet Has Been Reraced
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Fig. 41 shows a magnetic di'sk drive storage unit according tor_h.e__pLé-Leued——_ |
enbodi nent; Fig. 2 is an isonetric view ITRIrgosHEET HASIBEEN
housi ng according to the preferred enbodﬂ"l"”lﬂﬂﬂﬂ"ﬂ"ﬂ'la Sgct i OmEPLALERW

of the integral hub, clanp and rotor housi*ngcaccordi 13g he- pref-er-red
enbodinment; Fig. 4 is a top view of the integral hub, cl arrp ‘and rotor

housi ng according to an alternative enbodinent; Fig. 5is a half-secli,k% :
view of a hub and disk assenbly according to the

1 . o 8. The rotating disk data storage device of claim 1, wherein said
2 hub/clamp/rotor member is formed from a compliant material, said compliant
3 material being substantially more compliant than said disk.

1 9.” A rotating disk data stdrage device, comprising:
2 a disk drive basc§
3 a rotatably mounted disk for recording data, said disk having an axis of

rotation, first and second surfaces perpendicular to said axis of rotation, and a

5 .  circular aperture at its cénter;
6 a rotatable hib for mounting said disk;
7 _ ‘a clamping structure for clamping said disk to said rotatable hub, said

clamping structure comprising a supporting surface contacting said first surface

9 : of said i'otatably mounted disk, and a plurality of circumferentially spaced fingers, -
10 each said finger including a pawl at one end ‘thereof, said fingers extending
11 through said circular aperture of said disk, said pawls engaging said disk and
12 imparting an axial force to said disk forcing said first surface of said disk against
13 | said supporting surface; '

14 - a spindle motor for rotating said disk; .
15 ' o at least one transducer head for reading data stored on said disk; and
16 ' a moveable aétuator mounted on said disk drive base for positioning said

17 . transducer head to read data recorded on said disk. Ly

This Sheet Has Been RTlaced ROVYI-062
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- pre-f'erred enbodinent; Fig.. 6 is a. sectiona’r “vi-ew-of —a clanping fi nger

portiion of the ‘T‘n‘t‘egl‘a'} —hub—elamp rot or housi ng, acuu g

the _preferreq enbodl mant Fi g 7 is a s ,H"a cI ETHngeaEEN
show ng how ,pr ef(erre PLACED
embodi nent ; "

7] e~

10. The rotating disk data storage device of claim 9, wherein said

II |

1
2 aperture of said disk forms an inner surface thereof surrounding said axis of
3 rotation, and wherein said fingers contact said inner surface, each finger thereby
4 imparting a radial force to said disk.
- 11.  The rotating disk data storage device of claim 10, wherein a pawls
2 o engage said disk along a chamfered edge surrounding said circular aperture.
1 -~ 12.  The rotating disk data storage device of claim 9, wherein each said
2 ' ~ finger contains a projecting tab for engagement with a disk removal tool, said
3 ~ projecting tab projecting from a side of said finger facihg said disk axis.
_ - 14, The rotating disk data storage device of claim 9, wherein said
© 2 supporting surface and said fingers are formed from a compliant material, said
compliant material being substantially more compliant than said disk.
| ' 15. A rotating disk data storage device, comprising:
2 o a disk drive base;
3 : _ a single-piece integrally formed hub rotatably mounted on said disk drive
4 : base, said hub including
(a) means for clamping a disk to said hub, said means for clamping a disk -
6 L being integrally formed with said hub, and |
7 ' (b) a rotor housing for supporting a plurality of rotor magnets of a spindle

18 : R0993-062




‘Fig.” 8 is a sectional view.of an alternate design for a clanppag_finger and
di sk.” DETAI LED DESCRI PTI ON OF THE PREF mmumlm ri g. 1Ir‘ﬂh9‘$ﬁsf?r HAS BEEN
magnetic disk drive storage unit 100 i | "the pr ef eraeedhcep
enbodi nent. Disk unit 100 conprises rotat abl e "di &k 101% whi cht-s—+ gidly
attached to hub 103, which is nounted en—disk—drive-base-or housi ng 104.
Hub 103 and disk 101 are driven by a drive notor at a constant rotatpgpaNT
velocity. The drive notor is contai ned: ihisiShett BusiBechQ@placdgt uat or assenbly
105g¢s situated to one gjde.of disk 101. otates through an
arc about shaft 106 para el to the axis i riven by

ransdu

heads. A cove._r (not

el ectro-magnetic notor 107, to position the
9 a disk for recording data, said disk having an axis of rotation and a circular
10 _ aperture at its center, said disk being mounted on said hub and secured to said hub
11 by.said means for clamping a disk;
12 ' a set of rotor magnets attached to said rotor housing of said
13 hub/clamp/rotor member;
14 ' _ a spindle motor stator attached to said base for driving said rotor magnets; .
5 at least one transducer head for reading data stored on said disk; and
’- ° ‘ -
16 ' a moveable actuator mounted on said disk drive base for positioning said
17 transducer head to read data recorded on said disk.

16.  The rotating disk data storage device of claim 15, wherein said hub

2 E an injection molded polymeric part.

17.  The rotating disk data storage device of claim 15, wherein said disk

2 . is self-centering upon said hub.
1 - . 18. - The rotating disk data storage device of clgim 15, wherein said hub
2 -~ 1is formed from a compliant material, said compliant material being substantially
.3 _ more compliant than said disk. S '

19 - R0O993-062



v - R o I i T T R

'shoWn) mates wth base 104 to encl ose and protect the disk and act uator

assenblies. Electronic nodules for controlling the operati o -The drll#?

and conmuni cating with another devi ce such as a hOS[TOﬁpiFTT "gfé @ LY
on a circuit card 112 within the he kenclosureforrre byBé‘ 4 and
the cover. In this enbodi ment, ci I’CUI a‘fﬁ’é)unt ed W|th| n t he ‘
encl osure and shaped to take up unuse l ﬁ the di sk in ordeatenT
conserve space, as would be used for II formfactor. However,

the card 112 could al so be nounted outside the head/di sk encl osure, or the
base itself could be made -as a circuit card for nmounting el ectroni c nodul es
directly to it INAEOGRALLHUE ANDIRISK CLAMPHOR A DISKIDRBLE S@M@Erﬂ@wﬂ:&/
attached to the prongs of actuator

' ABSTRACT

A disk drive contains an integrally-formed .one_-piecc hub, clémp and rotor housing,
which is preferably injection-molded plastic. In the preferred embodiment, the hub
5 includes a hollow cylindrical portion for surro_u_nding a set of bearings mounted on a
central shaft, and a flange portion extending from the 'middlc of the cylinder and
supporting a single disk. Compliant clamping fingers on the upper surface of the flange
engage the disk through its cenn;al hole. The ﬁngers are inclined slightly outWard, and
include a pawl at the end of each finger. During assembly, the disk is forced OVCI: the
10 pawls of the fingers until they engége the disk. The fingers, being slightly elastic, will
deform to pérmit the disk to slide over the pawls, and then return to lock the disk in
place. The fingers automatically center the disk about the hub axls, without the need for
ccntcrmg tools. The hub also serves as a housing for the rotor of a spmdle motor which
rotates the disk. A back iron ring and permanent magnc_ts are attached to the underside
15 of the flange at its (m'ter edge to form the rotor. An clectromagnetic stator assembly
| surrounds the disk axis in .the annular space de,ﬁzied by the flange, the permanent magnets

and back iron at the outer edge, and the cylindrical portion of the hub at the inner edge.

20 S _ R0O993-062
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BEEN J

P
105.. An aerodynanic read/wite trazsgugé{;%mmog is located af THREHEHH
each head/ suspension assenbly 108 RWTaROIQI-DHAI sk surface. Hup 10§E|P§A%F
one-pi ece, integrally-forned part which also contains clanping nmeans for
| ocki ng di sk 101 .in place, and which functions as a rotor housing for the
drive motor. By "integrally-formed", it should be understood that hub 103

iIs a uniformmterial forned as a S|ngle SO|Id mass by nol di ng casti
his Sheet Has Be laced

extruding, or other neans, | ““ll “l“l“lm

FIG. |



1"

and nmay be machi ned, etched, or ot as necessar)r-t-ﬁ—{—hf.——————
requi red dimensions; hub 103 is nogw%mg § gggm mul ti pl e dilSYISEAHEET HAS BEEN
conponents attached together. In the pre enbodi ment, hab 10SERLACER _
i-nj ection nol ded polyneric part. Specifically, it is pref erred thatrtThe
pol yner be a polyetherimde (PElI), in particular Utem 7201, which is
comercially available from General Electric Corporation. Utem 7201 is
preferred because its coefficient of thermal expansion iS close to that of
al um num the preferred material for disk 101. However, ot her sui tabl e
polymers may be used. Alternatively, it -may be possible t &b ot Has Boen Re ‘aced
non-pol yneric materials, such as al um num or ceramic. l IIII |||I

103

Ll B o 9 ”~\



I :
Fig. 2 is an isonetric view of i %&3@?" glamp and rotor hOTJ’s'?%%EPET SBEEN
according to the preferred enbod g$9 preferably incliudes_a hollow _ |
cylindrical base portion 201, a r at cylindrical flange portion
202 extending from base portion 201, and a plurality Of-gléﬁ;EiELEELLéLLM———
spaced fingers 203 for engaging disk 101 and serving as Mpi ng neans

Fig. 3 is a sectional view, in the plane of the disk aX|s I nte aI

clanp and rotor housing 103 according to the preferred enb ”

be seen nore clearly in the sectional viewof Fig. 3, hollo

base portion 201 defines a central cylindrical hole 301 for

and bearings. Flange portion 202 extends from

| 201
203 )
202
NI - 301
: :
302 Z ¢

FIG.3 E



A
)

ext ends downward fromthe | ower s ge portion 202; neaggpLia@eED
guter edge. Lip 302 provides a mating suriace and support for ia.rotor back

approxi mately the mddl e of base porg iﬁgp‘%ﬂ circunferenti aky,lsi duedPRas seeN

i ron and perrmanent magnets. Fig. 4 is a top view of integral hub, clanp and

rotor housing 103 according to the preferred enbodi nent.” Tn the
preferred enbodi nent, hub 103 contains eight equally spaced fl@ﬁers 203

positioned as shown, it being understood that the nunber and“'ﬁl iﬁﬁﬁlrli"i“ﬁeﬁi‘l"ed

103

FIG.4



‘t _he f-i ngers may vary, and t hat o%hEr Bﬁéﬁ@mj cl anpi ng nmeans: ng,)é ggEEJrIEEQBEEN

wWithin the spirit and scope of t ng} gvention. Fig. 5's dL Acen
.greater detail hub 103 and rel ated hardware, 1ncluding COprOI’.an'[S of tIE"n

spi ndl e notor, when assenbled, in accordance with the preferred enmbodi ment.
Fig. 5is a half sectional view, taken in the plane of the axis of rotation
of the disks. Wiile hub 103 and rel ated conponents on only one

axis are depicted in Fig. 5, it should be understood that these are :
symmetrical about the axis. Disk shaft 502 is rigidly. attﬁ%jﬁth ggag&, hédd

of the disk drive. Shaft 502 is preferably steel. Disk ax
t hrough the center of shaft 502. Hub cylindrical “‘“

™~202

W\

.......
...........

_-505

SN

104

T ////////A//K////X :

H\\\\\\\\\\\\‘
\RAAAAYSYY,

506

FIG. 5



portlan 201 is nounted on bearingzags for rotation about_axis 501

Bearfng assenbly preferably conerﬁqun of prel oaded bakl,sheret pas seen
in seal ed bearing races, at opposite ends o shaft 502. Howevér, bggniatep

assenbly coul d alternatlvely be a fluid (hydrodynam c) or other-type-of
bearing. In another alternative, portions of bearing assenbly 504 nay be
integrally fornmed with hub 103, as for exanpl e by.form ng

surface on the inner surface of hub cylindrical portion 201. Flange portion
202 of hub 103 extends outward fromcylindrical base porti mliis%atmiBeenReplaced
approximately the mddle of its length. D sk 101 rests on t
of flange portion 202, the flange supporting disk 101 from

Mul tiple identica

603 T 203

FIG. 6



)
Ay

circunferentially spaced fingers ZOg 366$N5H9Uron1the upper sprf f '
ull} T T AL UT
flange 202 to engage disk 101 andRWJcRO9Q3I-MEP ace, thus servi NEHIBSHEET HAS BEEN
dl ampi ng means and obviating the need for a separately attachefl cl dfP-AERk

iron 505 and set of permanent rotor magnets 506 for a brushl esSTDCSpindle
10 notor are attached to the underside of flange portion 202 at the outer
. edge. Back iron : '

. This Sheet Has Been Re|i1a

R

FIG. 7
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505 is’a ri ng of magnetically perngafl BOUW\GH’O%‘ , preferably an.Ee-Ph

al,l oy. Back iron 505 may al so be aR%uﬂggggLogg of | am nati ons'sfrgrsrg,.{gmams BEEN
rlng Magnets 506 are preferably a solid ring of suitable nmagneti zahkmACED

material, in which successive arcuate segnents are magnetized tio-
alter nati ng magnetic-polarity. Magnets 506 thus form a set of pernmanent
arcuate magnets, circunferentially arranged about the disk axis to

conpl etely encircle the axis, having alternating polarity. Crcunferential
l'ip 302 provides support for back iron 505 and magnets 5Gfg Eéﬁ'ike g
is preferably bonded to hub 103 at lip 302 and | ower surfa %
using a suitable adhesive. Alternatively, it nmay be attach ﬁ
during the

FIG. 8
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[ nj ection-’

nol"di ng hub 103 over back iron 505. Permanent magnets 506
bonded directly to back iron 505 using a sui t b2 hdhesi ve| Sp_lrégjﬁ rﬁgs)r

$, 5003870

nmol di ng process by inserting back iron ‘505 in t a‘?m)lggﬁ Wr

el ectromagnetic stator 508 is attached to base 104 and posjtio
underneath flange 202, within the annul ar space defined by} ¢ylindrical

portion 201 at the inner radius and back iron 505 and magngts 506 at the

EETY

bade

outer radius. Stator 508 conprises E set of circunferentiaMHy-spaced

el ectromagnets (pol es) surrounding

wire coil
connect ed

di sk axis, each pole conprising

e r.ound magnet i cal | erneabl e core. Stator 508 is
PGB T8 ANG oK ShiAdab Rk ATISK DBIVE STORAGHPEVIEE. |
FIELD OF THE INVENTION

The present invention relates to disk drive data storage devices, and in particular
to disk and hub assemblies used in disk drive storage devices.
BACKGROUND OF THE INVENT ION

" The extensive data storage needs of moedern computer systems require fargc

capacity mass dara storage devices. A common storage device is the rotating magnetic

disk drive.

A disk drive typically contains one or more smooth,"fiét disks which are rigidly

attached to a common spindle. The disks are stacked on the spindle parallel to each other

‘and spaced apart so that they do not touch. The disks and spindle are rotated in unison

at a constant speed by a spindle motor.

Each disk is formed of a solid disk-shaped base or substrate, having a hole in the

middle for the spindle. The substrate is commonly aluminum, although glass, ceramic,

plastic or other materials are possible. The substrate is coated with a thin layer of

magnetizable material, and may additdonally be coated with a protective layer.

Data is recorded on the surfaces of the disks in the magnetizable layer. To do

this, minute magnetized patterns representing the data are formed in the magnetizable

a

n



oper ati on,
of stator
the art.

three poles in each phase (total of ni ne poles), and roto

conpri ses

rotor poles may vary. Fig. 6 is a segtional view in the pllane

the notor drive electronics sequentially pul se QE@WMN
508 to generate a rotating el ectromagnetic fiel 'S
In the preferred enbodi nent, stator 508 is a 3-p

twel ve magnetic pole segnents. However, the nu t—of

axis of a clanping finger 203, —

layer. The data patterns are usually arranged in circular concentric tracks. Each track is
further divided into a number of sectors. Each sector thus forms an arc, all the sectors

of a track completing a circle.

A moveable actuator positions a transducer head adjacent the data on the surface
to read or write data. The actuator may be likened to the tone arm of a phonograph

player, and the head to the playing needle.

There is one transducer head for each disk surface containing data. The transducer
head is an aerodynamically shaped bldck of material (usually ceramic) on which is
mounted a magnetic read/write transducer. The block, or slider, flies above the surface
of the disk at an extremely small distance as the disk rotates. The close proximity tc? the
disk surface is critical in enabling the transducer to read from or write to the data patterns
in the magnetizable layer. Several different transducer designs are used, and in some

cases the read transducer is separate from the write transducer.

The actuator usually pivots about an axis to position the head. It typically.
includes a solid block near the axis having comb-like arms extending toward the disk, a
set of thin suspensions attached to the arms, and an electro-magnetic motor on the
opposite side of the axis. The transducer heads are attached to the suspensions, one head
for each suspension. The actuator motor rotates the actuator to position the head over a
desired data track. Once the head is positioned over the track, the constant rotation of
the disk will eventually bring the desired sector adjacent the head, and the data can then

be read or written.

As computer systems have become more powerful, faster, and more reliable, there
has been a corresponding increase in demand for improved storage devices. These

desired improvements take several forms. It is desirable to reduce gost, to increase data



showi ng the finger in greater detail. Finger 203 is nold
outward inclination to apply a small radial force to the i
101. Preferably, the angle of inclination is approxi mately
the angle [err] in Fig. 6 is approximately 87 degrees, it
that the optimumangle will vary witlh the thickness of the

of material selected. Near the end finger 203 is a paw 6Q_1___t__o.r__e.n-gag+«|°rg"
di sk 101. Pawl 601 contains chanfered top edge 603 to enable assenbly of

the disk. Eifei i %&ca%eme | 08 aifith B G AR, D9IucE B cIBFBAIYBWRPW |

clanps disk '10I"in place. D'sk 101 and finger 203 are shown in

Cr oss- sect cansumad tblyethpldanves ahdtibdndiade the resilience of the drives in the presence of

mechanical shock and other disturbances.

In particx;lar, there is a dem.and to reduce the physical size of disk drives. To
some degree, reduction in size may serve to further some of the above goals. But at the
same time, reduced size of disk drives is desirable in and of itself. Reduced size makes
it practical to include magnetic disk drives in a range of portable applications, such as

‘laptop computers, mobile pagers, and “smart cards”.

An example of size reduction is the application of the PCMCIA Type II standard
to disk drives. This standard was originally intended for semiconductor plug-in devices.
With improvements to miniaturization technology, it will be possible to construct disk

drives conforming to the PCMCIA Type I standard.

In order to shrink the size of disk drives, every compqncﬁt must be reduced in size
as much as possible. Additionaily, new designs of existing components must be
developed to permit reduced size and make assembly of. miniét_uxizg:d components
practical. -

One limit on the extent to which a disk drive can be reduced in size is the
disk/hub assembly. A conventional disk/hub assembly comprises a cylindrical hub ha\}ing
a flange at the bottom for supporting a disk stack. A motor for rotating the disks is
located within the hub. The stack of disks rests on the upper surface of the flange, the
_ hub fitting within corresponding holes of the disks. The individual disks are separated
by spacer rings surrounding and adjacent to the hub. A clamping apparatus is attached
to the top of the hub and applies a downward force to the disk stack, forcing the bottom

disk against the flange and holding the stack in place. Where a disk drive has only a



axis. Disk 101 preferably contains chanfered inner edges§m_ﬂ5§m%5
thanfered at approxi mately a 45 degree angle. The chanfels[make assenhl yy of
disk 101 to hub 103 easier, provide a surface for applic tio-rnSoﬂCﬂ'o‘l fd
pawl 601, and help to center the disk. Disk 101 is prefenably assenbl ed jd
hub 103 by positioning disk 101 over the fingers and pushi dirTectly
downwar d. Wien pushi ng downward, chgnfered edge 712 on t hott-emsutr-face
of disk 101 slides agai nst chanfergd~edge 603 on the top surface of paw
601. Becasinglef disigassendially thersaoe desigm iaused,asttithe clatnpingappafatusgadampOanty

retracts e one disk instead of the disk stack. The clamping apparatus is typically a flat steel

ring having a formed circular ridge near its outer edge. The flat portion of the ring is
attached to the upper surface of the hub with screws, while the ridge portion applies
pressure to the disk stack or single disk. Several alternative clamp designs exist, but all

involve multiple parts.

. The conventional disk drive disk/hub design is not well suited to very small form
factor disks, such as the PCMCIA Type II form factor. The hub must be sufficiently
large to accommodatc the screws. Even where very small screws are used, this
rcquiremént adds to the size and weight of the hub. The extremely small parts make
assembly difficult. There is difficultly tolerating high mechanical shock of portable
applications. The relatively thin disks tend to_ warp when clamped with sufficient
clamping force; even a small warpage can be serious when track widths are being
reduced. Finally, although the drive is much smaller, simple scaling down of the size of
conventional parts will not result in any significant cost reduction; in fact, it may increase
costs. It is desirable to develop an alternative hub/disk assembly which reduces costs and

is more suitable to the design requirements of small form factor disk drives.

SUMMARY OF THE INVENTION

It is, therefore, an object of the present invention to provide an enhanced disk

drive storage apparatus.

Another object of this invention is to reduce the cost of a disk drive storage

apparatus.



inward (toward the disk axis).as disk 101 is pushed do RWCEM,ENEWT g
the narrowest part of the disk center hole to clear the |ppW. After the
narrowest part of the disk center hole clears the paw, |t he=f§ 1996 uj s
to near its original position due to the natural elasticity of the
material. Wien the bottom surface of disk 101 rests upon Hange—20Z, paw
601 w Il be positioned as shown incFig. 7, applying a fotceto-chanreret
edge 711. Pawl 601 applies both a—aa-umvvard axial force and a radial force

to chanfered Another object of this invention is to provide an enhanced hub/disk assembly for

a small form factor disk drive storage device.

Another object of this invention is to provide a reduced cost hub/disk assembly
for a small form factor disk drive.
ol y
Another object of this invention is to provide a hub/disk assembly having fewer

parts.

Another object of this invention is to prdvidc a hub/disk assembly which is easier

to fabricate and assemble.

Another object of this invention is to provide a hub/disk assembly having gre.atcr

resistance to mechanical shock.

Anbthcr object of this invention is to provide a hub/disk assembly having reduced
distortion of the disk.

A disk for a disk drive is mounted on an integrally-formed one-piece hub, clamp
and rotor housing. The hub is preferably formed of molded plastic. In the preferred
embodiment, the hub includes a substantially hollow cylindrical portion for surrounding
a set of bearings mounted on a central shaft, and a flange .portion extending from the
cylindrical portion near the middle of the cylinder. The flange supports a single disk,
which rests on its upper surface. A plurality of circumfcren.tially spaced compliant
clamping fingers extend upward from the upper surface of the flange to engage the disk
through its central hole. The fingers are inclined slightly outward, and include a pawl at
the end of each finger to engage the disk. The edges of the central hole of the disk are

preferably chamfered to improve engagement with the fingers and genter the disk. To



12 edge 711. The downward axial force pushes disk 101 agginst WPORSEET
surface of flange portion 202, securely clanping disk 10i¥ 'Iéma.
a plurality of circunferentially spaced fingers, all at es rrﬁcr\-aﬁj ﬁs
fromthe disk axis, apply the sane radial force to the chanfeBesvi'n g e
711 of the disk center hole, the disk is automatically cdntered aboutt-he
axis as it is forced over the finge~s-and into its assent}l ed position on s
the flange. Thus, there is no need for centering tools. Preferably, finger

203 makes assemitie thendiskid the hobhe diskfie siaplp doiced overf the ipawilsofethe fingers until
they engage the chamfered edge. The fingers, being slightly elastic, will deform inward

sufficiently to permit the disk to slide over the pawls, and will then return outward to lock
the disk in place. The fingers automatically center the disk about the hub axis, without

the need for centering tools.

The hub also serves as a housing for the rotor of a spindle motor which rotates
the disk. In the preferred embodiment, a brushless DC spindle motor is located under the
flange. A back iron ring and permanent magnets are attached to the undcrside. of the
flange at its outer edge to form the rotor portion of the motor. An electromagnetic stator
assembly surrounds the disk axis in the annular space defined by the flange, the
'pcrmancnt magnets and back iron at the outer edge, and the cylindrical portion of the hub

at the inner edge. -

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a magnetic disk drive stor#ge unit _acg:ording to the preferred
embodiment;
. Fig. 2 is an isometric view of an integral hub, clamp and rotor housing according
. to the preferred embodiment;
| Fig.3isa ;ebﬁonal view of the integral hub, clamp and rotor housing agcofding
to the preferred embodiment; _ |
Fig. 4 is a top view of the integral hub, clamp and rotof housing acpording to an
alternative embodiment;
Fig. 5 is a half-sectional view of a hub and disk assembly according to the
preferred embodiment;

Fig. 6 is a sectional view of a clamping finger portion of the, integral hub, clamp
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atts as a non-linear beamspring. At rest with the disk -

radial force is small to avoid warping the disk. However,: {he ' ree
i f ?ﬂﬂ?ﬁ%ea
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i mparted by the finger increases at nore than a linear r

I's bent back (in the direction toward the disk axis). As

stronger force will oppose any novenént of the disk fromj|ts proper
position. The hub therefore achieves a high resistance tomechani cal shock
W th a ver ynd mioclosisings acgkding @6 ilgpreB3trddngmblidifhchest i ng, it was observed

that the conpliant _fingers absorb a substantial part of the energy being
transnitted by HigsH is@seetipnalpieyosf a clamping éinrger shewingayeitidamps a disk in

place, according to the preferred embodiment;

Fig. 8 is a sectional view of an alternate design for a clamping finger and disk.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 shows a magnetic disk drive storage unit-100 in accordance with the
preferred embodiment. Disk unit 100 comprises rotatable disk 101, which is rigidly
attached to hub 103, which is mounted on disk drive base or housing 104. Hub 103 and
disk 101 are driven by a drive motor at a constant rotational velocity.” The drive motor
is contained within hub 103. Actuator assembly 05 is situated to one side of disk 101.
Actuator 105 rotates through an arc about shaft 106 parallel to the axis of disk 101,
driven by electro-magnetic motor 107, to position the transducer heads. A cover (not
shown) mates with base 104 to enclose and protect the disk and actuator assemblies.
Electronic modules for ‘controlling the operation <;f the drive and communicating with
another device, such as a host computer, are mounted oﬁ a circuit card, 112 within the
head/disk enclosure formed by base 104 and the cover. in this embodiment, circuit card
112 1s mounted within the enclosure and shaped io take up unused space around the disk
in order to conserve space, as would be used for a PCMCIA Type II form factor.
However, the card 112 could also be mounted outside the head/disk enclosure, or the base
itself could be made as a circuit card for mounting electronic r:podulcs directly to it. A
plurality of head/suspension assemblies 108 are rigidly attached to the prongs of actuator
105. An aerodynamic read/write transducer head 109 is located at the end of each

head/suspension assembly 108 adjacent the disk surface.

Hub 103 is a one-piece, integrally-formed part which alsg contains clamping



t he bear| ng systenms. This feature is very desirable for po habtmqrthHE’T
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disk to ensure that the disk does not nove. This force tends|to vvarp t he
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motor. By "integrally-formed", it should be understood that hub 103 is a uniform

material formed as a single solid mass by molding, casting, extruding, or other means,
and may be machined, etched,. or otherwise shaped as necessary to the required
dimensions; hub i03 1s not built up f‘rom multiple discrete components attached together.
In the preferred embodiment, hub 103 is an injection molded polymeric part.
Specifically, it is preferred that the polymer be a polyetherimide (PEI), in particular Ultem
7201, which is commercially available from General Electric Corporation. Ultemn 7201
is preferred because its coefficient of thermal expansion is close to that of aluminum, the
preferred material for disk 101. However, other suitable polymers may be used.
Alternatively, it may be possible to use non-polymeric materials, such as aluminum or
ceramic. '

Fig. 2 is an isometric view of integral hub, clamp and rotor housing 103 according
to the preferred embodiment. Hub 103 prefcrably. includes a hollow cylindrical base
portion 201, a relatively flat cylindn'cal flange portion 202 cxténding from base portion
201, and a plurality of circumferentially spaced fingers 203 for cngagmg disk 101 and

serving as a clampmg means.

Fig. 3 is a sectional view, in the plane of the disk axis, of integral hub, clamp and
rotor housing 103 according to the preferred embodiment. As can be seen more clearly
in the sectional view of Fig. 3, hollow cylindrical base portion 201 defines a, central

| cylindrical hole 301 for the disk shaft and bearings. Flange portion 202 extends from
approximately the middle of base portion 201. A cimumfz;,rcnu'al lip 302 extends
downward from the lower surface of flange portion 202, near its outer edge. Lip 302

provides a mating surface and support for a rotor back iron and permanent magnets.

Fig. 4 is a top view of integral hub, clamp and rotor housing 103 according to the
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di sk surface deforns at the con
spaced fingers 203 positioned as shown, it being understood that the number and size of

the fingers may vary, and that other integral clamping means may be used within the

spirit and scope of the present invention.

Fig. 5 shows in greater detail hub 103 and related hardware, including components
of the spindle motor, when assembled, in accordance with the preferred embodiment. Fig.
5 is a half sectional view, taken in the plane of the axis of rotation of the disks. While
hub 103 and related components on only one side of the axis are depicted in Fig. 5, it

should be understood that these are symmetrical about the axis.

Disk shaft 502 is rigidly attached to base 104 of the disk drive. Shaft 502 is
preferably steel. Disk axis 501 runs through the cerrtcr of sha_ft 502. Hub cylin&rical
portion 201 is mounted on bearing assembly 504 for rotation about axis 501. Bearing
assembly preferably comprises two sets of preloaded ball bearings in sealed bearing races,
at opposite ends of shaft 502. However, bearing assembly could altcrnatiyely be a fluid

_ (hydrodynamic) or other type of bearing. In another alternative, portions of bearing:
assembly 504 may be integrally formed with hub 103, as for example by forming a fluid
bearing surface on the inner surface of hub cylindrical portion 201.

Flange portion 202 of hub 103 extends outward from cylindrical base portion 201
at approximately the middle of its length. Disk 101 rests on the upper surface of flange
portion 202, the flange supporting disk 101 from below.  Multiple identical
circumferentially spaced fingers 203 protrude from the upper .surfacc of flange 202 to
.engage disk 101 and lock it in place, thus serving as a clamping means and obviatng the

need for a separately attached clamp.

Back iron 505 and set of permanent rotor magnets 506 for a brushless DC spindle
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505 may also be a wound series of laminations forming a ring. Magnets 506 are
preferably a solid ring of suitable magnetizable material, in which successive arcuate
segments are magnetized to alternating magnetic polarity. Magnets 506 thus form a set
of permanent arcuate magnets, circumferentially arranged about the disk axis to

completely encircle the axis, having alternating polarity.

Circumferential lip 302 provides support for back iron 505 and magnets 506.

Back iron 505 is preferably bonded to hub 103 at lip 302 and lower surface of flange 202

using a suitable adhesive. Alternatively, it may be attached to hub 103 during the
injection molding process by inserting back iron 505 in the mold cavity and molding .hub
103 over back iron 505. Permanent magnets 506-are preferably bonded directly to back

iron 505 using a suitable adhesive.

Spindle motor electromagnetic stator 508 is attached to base 104 and positioned
underneath flange 202, within the annular space defined by cylindrical base portion 201
at the inner radius and back iron 505 and magnets 506 at the outer radius. Stator 508
comprises a set of circumferentially spaced electromagnets (poles) surrounding the disk
axis, each pole comprising a wire coil wrapped around a magnetically permeable core.
Stator 508 is connected to motor drive electronics (not'show.;vn) on circuit card 112. In
operation, the motor drive electronics sequendally pulse different poles of stator 508 to
generate a rotating electromagnetic field, as is known in the art. In the preferred
cmbodimcﬁt, stator 508 is a 3-phase stator having three poles in each phase (total of nine
poles), and rotor magnet set 506 comprises twélvc magnetic pole segments. However,’

the number of stator and rotor poles may vary.

Fig. 6 is a sectional view in the plane of the disk axis of a glamping finger 203,
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finger 801 and disk. The alternate clanping finger 801 of Fig. 8 is
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except for the addition of a tab 802 projecting fromthe side of the fi
faci ng t héndliingtioraso applyr alstgdioragiabforde 30 ahe imrfesdwle of disk 101. Preferably, the

angle of inclination is approximately 3 degrees, i.e. the angle 8 in Fig. 6 is approximately
87 degrees, it being understood that'the optimum angle will vary with the thickness of the
finger and type of material selected. Near the end of finger 203 is a pawl 601 for

engaging disk 101. Pawl 601 contains chamfered top edge 603 to enable assembly of the

. disk.

Fig. 7 is a sectional view of clamping finger 203, showing how it clamps disk 101
in place. Disk 101 and finger 203 are shown in cross-section in the plane of the disk

axis.

' Disk 101 preferably contains chamfered inner edges 711,712, which are chamfered
at approximately a 45 degree angle. The chamfers make assembly of disk 101 to hub 103
easier, provide a surface for application of force from pawl 601, and help to center the

disk.

Disk 101 is preferably assembled to hub 103 by positioning disk 101 over the

fingers and pushing directly downward. When pushing downward, chamfered edge 712
on the bottom surface of disk 101 slides against chamfered edge 603 on the top surface '

g
Type |11 form..

d
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nger

of pawl 601. Because finger 203 is made from an elastic material, finger 203 retracts -

inward (toward the disk axis) as disk 101 is pushed down upon it, enabling the nafro'wcst
part of the disk center hole to clear the pawl. After the narrowest part of the disk center
hole clears the pawl, the finger returns to near its original poéition due to the natural
elasticity of the material. When the bottom surface of disk 101 rests upon flange 202,

pawl 601 will be positioned as shown in Fig. 7, applying a force to chamfered edge 711.

Pawl 601 applies both a downward axial force and a radial force to chamfered
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edge 711. The downward axial force pushes disk 101 against the upper surface of flange

portion 202, securely clamping disk 101 in place.

Because a plurality of circumferentially spaced fingers, all at the same radius from
the disk axis, app"ly the same radial force to the chamfered inner edge 711 of the disk
center hole, the disk is automatically centered about the axis as it is forced over the
fingers and into its assembled position on the flange. Thus, there is no need for centering

tools.

Preferably, finger 203 makes contact with the non-chamfered portion of the inner
edge of the hole in disk 101, applying a slight radial force. Finger 203 acts as a
non-linear beam spring. ‘At rest with the disk in place, the radial force is small to avoid
warping the disk. However, the radial force imparted by the finger increases at more tixan
a linear rate if the finger is bent back (in the direction toward the disk axis). As a result,
a much stronger force will oppose any movement of the disk from its proper position.
The hub therefore achieves a high resistance to mechanical shock with a very low cost,
simple design. |

During drop testing, it was observed that the compliaht fingers absorb a substantial
part of the energy being transmitted by disk 101 to hub 103, thus preventing damage to
the bearing systems. This feature is very desirable for portable media technology.

Warpage of disks is a well known problem in the disk drive art. A conventional
clamp must exert considerable axial force on the clamped disk to ensure that the disk
does not move. Tﬁis force tends to warp the disk. It has been observed that the
compliant clamping mechanism of the present invention achieves a secure clamping of
the disk with virtually no warpage. Unlike conventional clamp designs, which typically

use a metal clamp, the hub of the present invention is made from a compliant material
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fingers 203) with the disk, providing a relatively higher static coefficient of friction than
is usually prescnt with the metal-to-metal contact of a convenuonal disk clamp. Due to
the higher cocfﬁcxcnt of friction, thc disk can be securely clampcd using a smaller axial
force. Additionally, because the disk material is substantially harder than the hub
material, the hub surface rather than the disk surface deforms at the points of contact.
The disk accordingly experiences very little local strain near the inner diameter, resulting

in very low warpage as compared to a conventional disk.

The dimensions of finger 203 must be selected for the chosen hub material to
provide suitable compliance of the finger, and to simultaneously provide sufﬁc_:icnt
clamping force when the disk is in place. In the preferred embodiment fiﬁger 203 is
approximately 0.25 mm wide in the radial .dimension, and 1 mm wide in the
circumferential direction. The overall height of the finger is approximately 1 mm. It will
be appreciated by those skilled m the art th_at' optimal ﬁngcr dimensions will vary
‘depcnding on the qualities of the material.” A stiffer hub material may require a thinner
finger, and vice-versa. It will further be appreciated that the dimensions will vary
depending upon the size and material of the disk itself. The dimensions given above for
the preferred embodiment are intended for use with a 1.8" disk formed of an aluminum
substrate, and having a thickness of approximately .635mm, such as would be used for

a PCMCIA Type I form factor.

Fig. 8 is a sectional view of an alternate design for a clamping finger 801 and
disk. The alternate clamping finger 801 of Fig. 8 is identical to clamping finger 203
described above and shown in Figs. 1-7, except for the addi_tion of a tab 802 projecting
from the side of the finger facing the disk axis. Tab 802 provides a surface for

engagement with a disk removal tool (not shown). To remove disk.101, the tool appl_ics
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testing process.

In the preferred embodiment, the clamping means is a plurality of fingers
extending from the upper surface of the flange and engaging the disk. However, any
clamping means which is integrally formed with the hub may be used within the spirit
and scope of the present invention. For example, the fingers might extend from some
other portion of the hub, such as hollow cylindrical base portion 201. Fingers-extending
from some other portion, such as the cylindrical portion, might press down on the disk
from above. Alternatively, the clamping means could be a deformable ring cxten@ixig
from the upper surface of the flarige or from-the hollow cylindrical portion, or a

deformable ring broken at circumferentially spaced intervals for stress relief.

In the descn'ption above, certain features have been referred to as “above” or
"below" the flange, and surfaces described as "upper” or "lower". These terms are used -
only for ease of reference and are consistent with the draWings and the normal orientation
used in the art. However, the use of these terms is not meant to imply that the present
invention requires the flange to be located below the disk and above the motor. The
motor-and disk drive of the present invention could just as easily be constructed with the

flange located above the disk, or with the axis of rotation oriented horizontally.
Although a specific embodiment of the invention has been disclosed along with
certain alternatives, it will be recognized by those skilled in the art that additional

variations in form and detail may be made within the scope of the following claims.

What is claimed is:
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1. A rotating disk data storage device, comprising:

a disk drive base;

a rotatably mounted disk for recording data, said disk having an axis of
.rotation and a circular aperture at its center for mounting said disk on a rotatable

hub;

a single-piece integrally-formed hub/clamp/rotor member for mounting said
disk, said hub/clamp/rotor member being-mounted for rotation about said axis,
said hub/clamp/rotor member forming a rotor- housing of a spindle motor rotor,
said hub/clamp/rotor member comprising a support structure for supporting said

di;k, and a clamp strﬁcturc for locking said disk in place;

a set of rotor magnets attached to said rotor housing of said

hub/clamp/rotor member;
a spindle motor stator attached to said base for driving said rotor magnets;
at least one transducer head for reading data stored on said disk; and

a moveable actuator mounted on said disk drive base for positioning said

transducer head to read data recorded on said disk.

2. The rotating disk data storage device of claim 1, wherein said
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a hollow cylindrical portion having an axis coincident with said axis of

rotation of said disl'c, said hollow cylindrical portion surrounding a disk shaft and

fitting within said circular aperture of said disk; and

a flange portion extending outward from said hollow cylindrical portion,

said flange portion supporting said disk.

3.. The rotating disk data storage device of claim 2, wherein said
clamp structure of said hub/clamp/rotor member comprises a plurality of
circumferentially spaced fingers extending from said flange portion and engaging
said disk.

4. The rotating disk data storage device of claim 2, wherein said
hollow cylindrical portion of said hub/clamp/rotor member surrounds a set of

bearings for mounting said hub/clamp/rotor member to said disk shaft.

5. The rotating disk data storage device of claim 2, wherein said set
of rotor magnets is attached to said flange portion near the outer edge thereof, and
said stator is positioned surrounding said disk shaft and between said disk shaft

and said rotor magnets.

6. The rotating disk data storage device of claim 1, wherein said

hub/clamp/rotor member is an injection molded polymeric part.

7. The rotating disk data storage device of claim 1, wherein said disk

is self-centering upon said hub/clamp/rotor member.

16
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8. The rotating disk data storage device of claim l., wherein said

hub/clamp/rotor member is formed from a compliant material, said compliant

material being substantially more compliant than said disk.
9. A rotating disk data storage device, comprising:
a disk drive base;

a rotatably mounted disk for recording data, said disk having an axis of
rotation, first and second surfaces perpendicular to said axis of rotation, and a

circular aperture at its center;
a rotatable hub for mounting said-disk;

a clamping structure for clamping said disk to said rotatable hub, said
clamping structure comprising a supporting surface contacting said first surface

. of said rotatably mounted disk, and a plurality of circumferentially spaced fingers,
each said finger including a pawl at one end thereof, said fingers extending
through said circular aperture of said disk, saici pawls engaging said disk and
~ imparting an axial force to said disk forcing said first surface of said disk against

said supporting surface;
a spindle motor for rotating said disk;
* at least one transducer head for reading data stored on said disk; and

a moveable actuator mounted on said disk drive base for positioning said

transducer head to read data recorded on said disk.
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10." The rotating disk data storage device of claim 9, wherein said
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aperture of said disk forms an inner surface thereof surfounding said axis of
rotation, and wherein said fingers contact said inner surface, each finger thereby

imparting a radial force to said disk.

11.  The rotating disk data storage device of claim 10, wherein a pawis

engage said disk along a chamfered edge surrounding said circular aperture.

12.  The rotating disk data storage device of claim 9, wherein each said
finger contains a projecting tab for engagement with a disk removal tool, said
projecting tab projecting from a side of said finger facidg said disk axis.

-

14.  The rotating disk data storage device of claim 9, wherein said
supporting surface and said fingers are formed from a compliant material, said

compliant material being substantially more compliant than said disk.
15. A rotating disk data storage device, comprlsiﬁg:
a disk drive base;

a single-piece integrally formed hub rotatably mounted on said disk drive

base, said hub including

(a) means for clamping a disk to said hub, said means for clamping a disk

being integrally formed with said hub, and

(b) a rotor housing for supporting a plurality of rotor.magnets of a spindle
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4. The rotating disk data storag ice of claim 2,
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a disk for recording data, said disk having an axis of rotation and a circular
aperture at its center, said dlSk being mounted on said hub and secured to said hub

by.said means for clamping a disk;

a set of rotor magnets attached to said rotor housing of said

hub/clamp/rotor member;
a spindle motor stator attached to said base for driving said rotor magnets;

at least one transducer head for reading data stored on said disk; and

-

a moveable actuator mounted on said disk drive base for positioning said

transducer head to read data recorded on said disk.

16.  The rotating disk data storage device of claim 15, wherein said hub -

an injection molded polymeric part.

17.  The rotating disk data storage device of claim 15, wherein said disk

is self-centering upon said hub.

18.  The rotating disk data storage device of claim 15, wherein said hub
is formed from a compliant material, said compliant material being substantially

more compliant than said disk.
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wherein said hollow cylindrical portion of said hub/clanp
surrounds a set of bearings for nounting said hub/clanp/rqgt
sai d di sk shaft. 5. The rotating di sk data storage devide o:t.$|g@|'[m‘985
wherein said set of rotor nmagnets is attached to said flangg portion ne
the outer edge thereof, and said stator is positioned surr j sar
shaft and between said di sk shaft and said rotor magnets. :
di sk data storage device of claiml,
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7. The rotating disk data storage device of claim1, whereln—satrd—drsk s
sel f-centering upon said hub/cl anp/rotor nenber. 17 -8 0CT 1395
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8. A rotatable di sk data storage device, conprising: a di ) .

rotatably nmounted disk for recording data, said disk havinglah axi mo(f.i

rotation, first and second surfaces perpendicular to said axi ofd at$9l§n, i

and a circular aperture at its center; a rotatable hub for nting said—.— |}

di sk; a single-piece integrally-formed clanping structure fo anpl ng saﬁi_,ql,_,..i

disk to said rotatable hub, said clanping structure -
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conprising a supporting surface contacting said first surface
rot at abl-y nmounted di sk, and a plurality of circunferentially s
fingers, said supporting surface and said fingers being forned
conpliant material, said conpliant material being substantiallly
conpliant than said disk, each said finger including a paw at
t hereof, said fingers extending through said circul ar aperture| ¢f—said-
di sk, said paw s engagi ng said disk and inparting an axial for
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di sk forcing said first surface of said disk against said supporting

surface; 4/8
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“a spindle notor for rotating said disk; at |east one transbuﬁéb*h"
. reading data stored on said disk; and a noveabl e actuator gdunt ed

~disk drive base for positioning-said transducer head to re daBal Eicgﬂged
on said disk. 9. The rotating disk data storage device off gl aim 8§,
wherein said aperture of said disk forns an inner surface tfh
surroundi ng said axis of rotation, and wherein said fingers]
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contact said inner surface, each finger thereby inparting
18 10. The rotating disk data st-orage devic
wherein a paw s engage said disk al ong a chanfered edge su

sai d-di sk.

circul ar aperture.

601

603

20

prad

3

-

a radial fcrue~r?
FPLACBMEND SHEET

g sai

-8 0CT 1936




11. The rotating disk data storage device of claim8, \Aherq,igp&aﬁhfiﬁﬁ i
finger contains a projecting tab for engagenent with a di gk pval t ool
said'projecting tab projecting froma side of said finger |f CI.. U{Pﬁdgﬁss
axis. 12. Arotating disk data storage device, conprising:{& d| sk drive
base; a single-piece integrally formed hub rotatably nountkd 2
drive base, said hub being formed froma conpliant materi aj,
mat eri al being substantially nore
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conpfiant than said disk, said hub including (a) neans f or clanping a disk

to sai d- hub, said neans for clanping a disk being integrally fo
said hub, and (b) a rotor housing for supporting a plurality of
magnets of a spindle notor; a disk for recording data, said disk
axis of rotation and a circular aperture at its center, said di§
nmounted on said hub and secured to said hub by said neans for c
di sk; '
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a set of rotor magnets attached to said rotor housing of 4 ZEPLACEMENT SHEET
hub/ cl anp/ rotor nenber; a spindle motor stator attached tq ase faor

driving said rotor magnets; at |east one transducer head fiof f-eaa@iﬂ’{g‘lﬂﬁa
stored on said disk; and

INTEGRAL HUB AND DISK CLAMP FOR A DISK DRIVE STORAGE DEVICE

ABSTRACT -

A disk drive contains an integrally-formed one-piece hub, clamp and rotor housing,
which is preferably injection-molded plastic. In the preferred embodiment, the hub
includes a hollow cylindrical portion for surrounding a set of bearings mounted on a
central shaft, and a flange portion extending from the middle of the cylinder and
supporting a single disk. Compliant clamping fingers on the upper surface of the flange
engage the disk through its central hole. The fingers are inclined slightly outward, and
include a pawl at the end of each finger. During assembly, the disk is forced ovcr' the
pawls of the fingers until they engage the disk. The fingers, being slightly elastic, will
deform to permit the disk to slide over the pawls, and then return to lock the disk in
place. The fingers automatically center the disk about the hub axis, without the need for
centering tools. The hub also serves as a housing for the rotor of a spinﬂlg motor which
rotates the disk. A back iron ring and permanent magnets are attached to the underside
of the flange at its dﬁtcr edge to form the rotor. An electromagnetic stator assembly
surrounds the disk axis in the annular space defined by the flange, the permanent magnéts

and back iron at the outer edge, and the cylindrical portion of the hub at the inner edge.

FIGURE 1
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8. The rotating disk data storage device of claim 1,
wherein said hub/clamp/rotor member is formed from a compliant
material, said compliant material being sibstantially more
compliant than said disk.

9. A rotatable disk data storage device, comprising:
a disk drive base;

a rotatably mounted disk for recording data, said disk having
an axis of rotation, first and second surfaces perpendicular to
said axis of rotation, and a circular aperture at its center;

a rotatable hub for mounting said disk;

a single-piece integrally-formed clamping structure for
clamping said disk to said rotatable hub, said clamping
structure comprising a supporting surface contacting said first
surface of said rotatably mounted disk, and a plurality of
circumferentially spaced fingers, each said finger including a
pawl at one end thereof, said fingers extending through said
circular aperture of said disk, said pawls engaging said disk
and imparting an axial force to said disk forcing said firast
surface of said disk against said supporting surface:

a spindle-motor_for rotating said disk;

at least one transducer head for reading data stored on said
disk: and

a moveable actuator mounted on said disk drive base for
positioning said transducer head to read data recorded on said
disk.
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motor;

a disk for recording data, said disk having an axis of rotation
and a circular aperture at ite center, said disk being mounted
on said hub and secured to said hub by said means for clamping a
disk:; .

a set of rotor magnets attached to said rotoxr housing of
said hub/clamp/rotor member;

a spindle motor stator attached to said base for dfiving said

rotor magnets;

at least one transducer head for reading data stored on said
disk; and

a moveable actuator mounted on said disk drive base for
positioning said transducer head to read data recorded on said

disk.

16. The rotating disk data storage device of claim 15,
wherein said hub is an injection molded polymeric part.

17. The rotating disk data storage device of claim 15,
wvherein said dlSK 15 self-centering upon said hub.

18. The rotatihg disk data storage device of claim 15,
wherein said hub is formed from a compliant material, said
compliant material being substantially more compliant than said
disk.
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CLAIMS
1. A rotating disk data storage device, comprising:
a disk drive base;

a rotatably mounted disk for recording data, said disk
having an axis of rotation and a circular aperture at its center
for mounting said disk on a rotatable hub;

a single-piece integrally-formed hub/clamp/rotor member for
mounting said disk, said hub/clamp/rotor member being mounted for
rotation about said axis, said hub/clamp/rotor member forming a
rotor housing of a spindle motor rotor, said hub/clamp/rotor

member being formed from a compliant material, said compliant

material being substantially more compliant than said disk, said

hub/clamp/rotor member comprising a support structure for
supporting said disk, and a clamp structure for locking said disk
in place;

a set of rotor magnets attached to said rotor housing of
said hub/clamp/rotor member;

a spindle motor stator attached to said base for driving

said rotor magnets;

at least one transducer head for reading data stored on said
disk; and

a moveable actuator mounted on said disk drive base for
positioning said transducer head to read data recorded on said
disk.
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2. The rotating disk data storagé device of claim 1,

wherein said hub/clamp/rotor member comprises:

.a hollow cylindrical portion having an axis coincident with
said axis of rotation of said disk, said hollow cylindrical
portion surrounding a disk shaft and fitting within said circular
aperture of said disk; and

a flange portion extending outward from said hollow
cylindrical portion, said flange portion supporting said disk.

3. The rotating disk data storage device of claim 2,
wherein said clamp structure of said hub/clamp/rotor member
comprises a plurality of circumferentially spaced fingers
extending from said flange portion and engaging said disk.

4, The rotating disk data storage device of claim 2,
wherein said hollow cylindrical portion of said hub/clamp/rotor
member surrounds a set of bearings for mounting said
hub/clamp/rotor member to said disk shaft.

5. The rotating disk data storage device of claim 2,
wherein said set of rotor magnets is attached to said flange
portion near the outer edge thereof, and said stator is
positioned surrounding said disk shaft and between said disk
shaft and said rotor magnets. ‘

6. The rotating disk data storage device of claim 1,
wherein said hub/clamp/rotor member is an injection molded
polymeric part.

7. The rotating disk data storage device of claim 1,
wherein said disk is self-centering upon said hub/clamp/rotor
member.
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8. A rotatable disk data storage device, comprising:
a disk drive base;

a rotatably mounted disk for recording data, said disk
having an axis of rotation, first and second surfaces
perpendicular to said axis of rotation, and a circular aperture
at its center;

a rotatable hub for mounting said disk;

a single-piece integrally-formed clamping structure Ffor
clamping said disk to said rotatable hub, said clamping structure
comprising a supporting surface contacting said first surface of
said rotatably mounted disk, and a plurality of circumferentially
spaced fingers, gaid supporting surface and said fingers being

' formed from a compliant material, said compliant material being

substantially more compliant than said disk, each said finger

including a pawl at one end thereof, said fingers extending
through said circular aperture of said disk, said pawls engaging
said disk and imparting an axial force to said disk forcing said
first surface of said disk against said supporting surface;

a spindle motor for rotating said disk;

at least one transducer head for reading data stored on said
disk; and

a moveable actuator mounted on said disk drive base for
positioning said transducer head to read data recorded on said
disk.

9. The rotating disk data storage device of claim 8,
wherein said aperture of said disk forms an inner surface thereof
surrounding said axis of rotation, and wherein said fingers
contact said inner surface, each finger thereby imparting a
radial force to said disk.
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10. The rotating disk data storage device of claim 9,
wherein a pawls engage said disk along a chamfered edge
surrounding said circular aperture.

11l. The rotating disk data storage device of claim 8,
wherein each said finger contains a projecting tab for engagement
with a disk removal tool, said projecting tab projecting from a
side of said finger facing said disk axis.

12. A rotating disk data storage device, comprising:

a disk drive base;

a single-piece integrally formed hub rotatably mounted on
said disk drive base, gaid hub being formed from a compliant

material, said compliant material being substantially more

compliant than said disk, said hub including

(é) means for clamping a disk to said hub, said means for
clamping a disk being integrally formed with said hub, and

(b) a rotor housing for supporting a plurality of rotor
magnets of a spindle motor;

a disk for recording data, said disk having an axis of
rotation and a circular aperture at its center, said disk being
mounted on said hub and secured to said hub by said means for
clamping a disk;

a set of rotor magnets attached to said rotor housing of
said hub/clamp/rotor member;

a spindle motor stator attached to said base for driving
said rotor magnets;

at least one transducer head for reading data stored on said
disk; and
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a moveable actuator mounted on said disk drive base for
positioning said transducer head to read data recorded on said
disk.

13. The rotating disk data storage device of claim 12,
wherein said hub is an injection molded polymeric part.

14. The rotating disk data storage device of claim 12,
wherein said disk is self-centering upon said hub.
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