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Disc drive memory systems have been used in computers for many years for
storage of digital information. Information is recorded on concentric memory tracks of
15 amagnetic disc medium, the actual information being stored in the form of magnetic
transitions within the medium. The discs themselves are rotatably mounted on a
spindle, the information being accessed by means of transducers located on a pivoting
arm, which moves radially over the surface of the disc. The read/write heads or
transducers must be accurately aligned with the storage tracks on the disc to ensure
20 proper reading and writing of information; thus the discs must be rotationally stable.

During operation, the discs are rotated at very high speeds within an enclosed
housing by means of an electric motor, which is generally located inside the hub or
below the discs. One type of motor in common use is known as an in-hub or in-
spindle motor. Such in-spindle motors typically have a spindle mounted by means of

25  two ball bearing systems to a motor shaft disposed in the center of the hub. One of
the bearings is typically located near the top of the spindle, and the other near the
bottom. These bearings allow for rotational movement between the shaft and hub,
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15 resistance. Shocks create relative acceleration between the discs and the drive
casing, which in turn show up as a force across the bearihg system. Since the contact
surfaces in ball bearings are very small, the resulting contact pressures may exceed
the yield strength of the bearing material, and create long-term deformation and

damage to the raceway and the balls of the ball bearing.

20 Moreover, mechanical bearings are not easily scaleable to smaller dimensions.
This is a significant drawback since the tendency in the disc drive industry has been to

continually shrink the physical dimensions of the disc drive unit.

As an alternative to conventional ball bearing spindle systems, researchers
have concentrated much of their efforts on developing a hydrodynamic bearing. In
25  these types of systems, lubricating fiuid — either gas or liquid — functions as the actual
bearing surface between a stationary base or housing in the rotating spindle or rotating
hub of the motor. For example, liquid lubricants comprising oil, more complex ferro-
magnetic fluids or even air have been utilized in hydrodynamic bearing systems. The
reason for the desirability of the use of air is the importance of avoiding the outgassing

30 of contaminants into the sealed area of the head/disc housing. However, air does not
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15 on the use of a fluid in a very narrow gap between a shaft and surrounding bore for
establishing and maintaining radial stiffness creates a problem due to the substantial
range of temperatures over which the motor must operate. In known journal bearing
designs for the shaft, the temperature of the fluid when the system is at rest may be
about 5°C- 25°C depending on the temperature of the surrounding environment; in
20 operation, the fluid temperature can be 70°C or more. Clearly, the viscosity of the fluid
will change with the fluid becoming less dense and providing substantially less
stiffness for the shaft. Thus, unless elaborate systems are incorporated into the
design, it is very difficult to maintain the desired level of radial stiffness for the shaft

over the entire range of operating temperatures of the disc drive.

25 Efforts have been made to modify the fluid used in the fluid dynamic bearing
gap to minimize the changes in viscosity with changes in temperature; but such fluids
can add to the cost of the bearing and motor, and have not fully achieved the goal of

temperature compensation over a wide range of temperatures.

Disc drive speeds continue to increase due to obvious benefits in performance.

30 Higher speeds usually means higher power requirements, but every effort is made to
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In another objective of the invention is to provide a design wherein the high

15 speed spindle is very efficient at all operating temperatures.

The present invention is also intended to achieve a minimization in the variation
in steady state run current between different operating temperatures.

These and other objectives of the invention are achieved by providing a
insulator between at least a portion of the sleeve or bearing seat which surrounds the
20 fluid dynamic bearing, and the hub and surrounding environment in which the bearing,

typically a spindle motor operates.

More particularly, according to a preferred design of the present invention, a
hub and shaft are provided which are mounted for relative rotation by providing two
conical bearings spaced apart along the shaft, and a bearing seat facing each conical

25 bearing. Fluid is maintained in the gap between each cone and the facing bearing
seat, supporting the cone and seat for relative rotation. The outer surface of the
bearing seat is insulated from the remainder of the motor by a thermal insulator which

extends at least part way along the outer surface of the seats. This insulator is
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15 Other features and advantages of this invention may be apparent to a person of
skill in the art who studies the following description of a preferred embodiment given

with reference to the attached drawings.

Brief Description of Drawings

So that the manner in which the above recited features of the present invention
20 are attained and can be understood in detail, a more particular description of the
invention, briefly summarized above, may be had by reference to the embodiments

thereof which are illustrated in the appended drawings.

It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be-considered limiting of its
25  scope, for the invention may admit to other equally effective embodiments.

Figure 1 is a perspective view of a disc drive in which the motor of the present

invention is especially useful.
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the p{Rs&Mes in variations or increases in the use in drive current. However, the present

invention may be also be useful in improving the operability of fluid dynamic bearings,
especially conical fluid dynamic bearings, used in other circumstances.

Thus, Figure 1 shows an exploded perspective view of a disc drive storage

15  system in which the present bearing and/or motor would be useful. Figure 1 is
provided primarily to give an illustrative example of the environment in which a motor
incorporating the bearing comprising the features of the present invention is used;
clearly, the motor could be used equally well in other designs of disc drives, or other
operating environments apart from disc drive technology where minimization in

20 variations of run current over the operating ambient temperatures, and/or minimization
of the amount of power required to start and reliably maintain the speed of the motor,
and/or maintenance of the stiffness of the shaft against radial stability over a wide

range of operating temperatures is important.

In the particular example of FIGURE 1, the storage system 10 includes a
25  housing 12 having a spindle motor 14, which rotatably carries the storage disc or discs
16. An armature assembly 18 moves transducers 20 across the surface of the discs
16. The environment of discs 16 is sealed by seal 22 and cover 24. In operation,
discs 16 rotate at high speed while transducers 20 are positioned at any one of a set
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supported by spaced bearing cones 42, 44 which are supported from the shaft. A
bearing seat or seats 44 is provided. The bearing seat 44 provides the cooperative
surface with the bearing cones 42 and 44 to support relative rotation of the hub and
20 the shaft, utilizing the fluid 50 in the gaps 52 and 54 between the faces of the seat.

Immediately outside of the bearing seat 44 is a sleeve 54 of a low thermal

conductivity material. In a preferred form of the invention, this material is ceramic.
This sleeve comprises a ceramic thermal insulator 54 which is effective at keeping the
bearings warm even in a low temperature environment which may go to 5C or below.

25 Immediately outside of the sleeve 54 of low thermal conductivity material is a hub 60
which is typically formed of aluminum, the outer surface of the hub supporting one or
more discs 64 for high speed constant rotation. This same outer hub supports a back
iron 66 and magnet 68 which would be aligned with stator 70 to cause rotation in
response to current signals, as is well known.
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r ddui rreid.curendvibiat is, the urbeurient seduydest by 18.996 éoradperalian a1 2886 wi | | have
mniml effect on the stiffness of the shaft sl eeve conbination. Anyway in

whi ch the tlnecrorﬁ?rlasﬂa With {htek\fse of the ceramic sleeve, as shown in Figure 2, in

contrast, with the ceramic sleeve in place, the different in one current between 5°C
operation (line 310A) and 25°C operation, (line 310B), the difference is only 10.9%,
which is a highly advantageous diminution of the difference in steady state run current

20 with differences in ambient temperature. As set forth in the problem statement above,
this is considered a highly material modification of previously achieved differences in
run current, relative to prior art approaches.

An alternative approach is shown in Figure 4; as compared to Figure 2, the
male cones and shaft of the conical bearings are not evident in this view; only the
25 bearing seat. In the embodiment of Figure 4, rather than use a ceramic sleeve as
shown in Figure 2, an air gap 400 is defined in the outer surface of the sleeve 410.
This air gap occupies the maximum amount of space in the radial direction which is
possible to be used without weakening of the structure of the sleeve, and extends in
this exemplary embodiment about from the center line of the sleeve to the outside
30 edge of the sleeve where the hub 420 is attached. The axial extent of the air gap is
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area around the bearings which may heat up) may be reduced or isolated from

the surroundings will inprove the self-heating effect. This is the benefit
whi ch i s womsioslads by utilizing this sleeve of |ow thernmalPCrarsdustouai ty
material. 10 Figure 3 illustrates the change in run current (lrun) versus

time fglso eRRNWADTar PRI @Mﬁ‘sﬂst@nFWﬁH 'srudturaEiRfayrRd iP elid edddiraet, W t hout
the presence of the ceramc sleeve 54. The figure conprises four l'i nes;

| i ne 3@0andnhawsibstantizbpertionaf thmaxighdistancadetwean Qwvmﬁﬂr@ais CQRAs 30, )
o o P8 B TP R SIEbRR1 0.0 ISKIOPH I 41PHAS BeR ipwd IRmal SR D o ¢

i's, theharacteeistic,entd theddhisenbyodidefitcoatprisirey alprmerwtde'a‘m@ ait gappd00r ast ,
mnth t he use a; 't he ceraWI? sl eeve, as shown IB ure 2,.in cqntrast,

wi tth t#HE0 PEPVReE the Renefits /f fheswal ingylatigns ascampe; &Y@ddMFf}%W@"B‘ét ween 50C
operat%ggaéhhmﬁ .OA) and 250C operation, (line 31 OB), the difference is
only 1 is a highly advantageous dimnution of the difference in
steady state run current 20 with differences in anbient tenperature. As set
forth in thBomedigrafitsaboendescribbd\approadii mayslsmbe iadbierdd byrsupstitutingt er i al
nodi fication, of, previousl chi ev di f.f i e | ative
Lo pr i ooty il pB s ek sRERDEY Ritnto e KaPE Beatny seRinich PeigeiBe s ' ac
conpar fethdl® cbhestr endlor fdrehe BRAE RrA®SticH dhsfevhby Ple dthér SRR tHeaidyngs are
not evident in this view only the 25 bearlng seat In the enbodi nent of

Fi fur eb%USQ%M'@r'OWHBﬁ"U@'é?%dé'@F\ﬁM LUCH @e@@lﬁ@erm@lﬁﬁtw espgoialy for tha ai r
gap 40 n r air gap
occupi %%hﬁhgﬁhgx%%ﬂpgﬁgﬁrﬁ?%hﬁ a@é@{eﬁ%g C%qhe 'o§ ﬁﬁggaﬁ?%nn%ﬁ%h is

possi bildilddoinlthe ustwhoistidies thwmventlmdmblddmee.sn'heﬁcometm sdédpe oflitheve, and
extends in this exenplaréwegboq%nFﬂt abouyt, fromthe center line of the

sl eevePlegeRtiBveniian gdodte loygd inihe ioliow @Mthere the hub 420 is attached.
The axial extent of the air gap is -8 WO 03/036113 PCT/ US02/ 34644 al so
extend as far as possible consistent with structural integrity; in this
enbodi ment, it extends a substantial portion of the axial distance between
the two femal e cones 430,



and 432 defined in the sleeve 410. It is known that air has a very | ow
thermal transfer characteristic, and thus this enbodi nent, conprising a
proper |y wofnadiani r gap 400 5 al so provi des the benefit sPofi/tuShzs4sed

i nsul ation, as can be achieved with ceramc thermal insulator. Sone
benefits above described approach may al so be achieved by substituting
ceramQ@LAIMS t he nmal e cones shown in Figure 2; for the bearing seats which
define the fenale cones; and/or for the shaft. In addition, there nay be
ot her mater| hat may 10 be used with | ow rpal ¢ duct ity,such as
engi nder | ns HEhmIC Boadcs SHPROTIBY & figeveand el for e rulAPBAG: co and
advantpags Iﬁwﬁ@ﬁ r? rbgin%gste alaat&?é tWQ%h'a?t tlﬁélbé\?@cblﬂphé‘iﬂ 3 pajpho
studies this in tion |sclo ure. efore, the scope of pr esent

i nventdf beaiisg Beatse ohewfdhe aeatB@obpenabmg rvgtfceatizhret the aabes3p @33!.1&3 gap

/ U /346 CLAI M5 t d

a1 ROeRrR iR 8 po e sfet 1l n EVEGR SHaGROdnS AR BT IOE Dy ar o
al ong rélié\ﬁvé P&Eﬁon Taed é'réﬁ%ﬁ oF QTP EH 2 c@n@@étrvn¥@h dieolitePgulaed 6f thene of the
seats cooperating with each of the cones to define a gap 5 between the cone

and t releavedor pravidiagitiernmal twtmjndpbthq shpft aad m%él@évgﬁm keerthe fud
| at t t t
Gur racdiRghte kA Wl Al denlo et e b i ARAE T 0Y The Shatt -and

the sleeve to keep the fluid dynamc beari ng warm even in a | ow
t enperat ur e‘\ﬂuMidwmmmoﬂ)eaﬁngAsfdlaiMddw@am1bdaasr'emgthesregioaioiﬂnﬂNitmer@iaii m 1
wherein the. region of |ow 10 co.nc’uctlw ty conprises a

mal ,
C|1rocurﬁ°@FjH‘Fitﬂ‘4”é(IC%Pré?ﬁSca Pﬁ?‘ém{er%'?t'%cﬂatmﬁ &&fanmi ¢ bearing as clained in

claiml1l wherein the sleeve conprises stainless steel and the shaft

conprizges o ALl ®Fanst HRharing asAldimeddn QEn™ WHRPShitRE sReve lcahipildesn Claim 1

wherein the therral insulating region conprises an air gap extending
r adi aldtginkesd sieel aindythelshadi compsiseastainlesastealf 15 the sl eeve.

4. A fluid dynamic bearing as claimed in Claim 1 wherein the thermal insulating
region comprises an air gap extending radially and axially along an outer surface of

15 the sleeve.

5. A fluid dynamic bearing as claimed in Claim 4 wherein the air gap extends
axially along a region between the bearing seats and the cones, but not radially
overlapping the region of the bearing seats and the cones.

6. A fluid dynamic bearing as claimed in Claim 1 wherein the region of low thermal

20 conductivity comprises a cylindrical shield comprising engineering plastic.

7. A fluid dynamic bearing as claimed in Claim 4 wherein the bearing seat
comprises stainless steel, and the hub comprises aluminum.

8. A fluid dynamic bearing as claimed in claim 4 wherein the sleeve comprises

stainless steel and the shaft comprises stainless steel.

25 9. A spindle motor for use in a disc drive, comprising a shaft and a sleeve and a
hub supporting one or more discs, the shaft and the sleeve being supported for

-10 -



5. Afluid dynam c bearing as clained in Claim4 wherein the air gap
extends axially along a region between the bearing seats and the cones,
but not rwaiocaloser13 overl appi ng the regi on of the bearing searasansicshe
cones. 6. A fluid dynamc bearing as claimed in Claim1l wherein the region

of | OV\fe‘IéWérF%iatlo%%)FQ'ﬂﬁlb’cAéImﬁ;ﬁié bggméﬁ' heJluid BXhérﬂﬂfEfér!ngé(})p?Jo%@aD“ sing

engi neering plastic. 7. c bearihg as cla n daim4
wher ei sleeveeabd shafijoskedativecotaiions e sjea\i'emha\siagsa pail of eonkest sapanailedconpri ses

al um num 8. f Ld nam c_bear i ained in claimd wherein the
s|eeve5’lee%§?<? Snat 16 MBS EdY BT ol PGB seelin B PRI eos ot cel
25 9. éodpe %Wﬁﬁtd?"[hé e6neS R ddtind £pas b@fWé’éh tHeOEBHE ahdtherssdiafitidand a
sl eeve and a porting one or nore discs, the shaft and the sleeve

beilg Wemes suRPaTdNg theosleeve and shatt formertiverolatiopsand @ regioneofewat i on by a

shat . TSRALrorEARPen ooty The sk BEoRNRMRG MR Ui S, 207

al ong foh¢hessiadft and tiee sleee¥do kespthesiluid dynaAiit behrihg danmeveead ow one of the
seats . cooperati n%r\Mth of the cones to define a gap between the cone and

the se®MPeraiydrg enkirenmBBt.gap supporting the sl eeve and shaft for relative
rotation, and a region of low thermal conductivity on an outer surface of

the slegve TR BdROIAIRGE claifiied A Cialin I ﬁetteh?tl'%hr%flg forPddolhe sl eeve

to keep the fluld dynam c rrng warm even a ature environnent.
1010 A theunal epnduetivitibeamprigesa circainfrantial cerainio @yeher ein the region of |ow
10 thermal conductivity corrpri ses a circunferential ceramc layer. 11. A

ot ai i Bbo” s ALRRE R h o LD Ghith VGl bR B CeBR ' °°
dynam stalsts stgelbandthal shedt eomPlisigstinidierstesl. t he thermal insul ating
regi on conprises an air gap extending radially and axially along an outer

surface_of eeve
? 2. lﬁlum1 gynamlc bearing as claimed in Claim 9 wherein the thermal insulating
region comprises an air gap extending radially and axially along an outer surface of
15 the sleeve.

13. A fluid dynamic bearing as claimed in Claim 12 wherein the air gap extends
axially along a region between the bearing seats and cones, but not radially
overlapping the region of the bearing seats and cones.

14. A fluid dynamic bearing as claimed in Claim 9 wherein the region of low
20 thermal conductivity comprises a cylindrical shield comprising engineering plastic.

15. A fluid dynamic bearing as claimed in Claim 12 wherein the bearing seat
comprises stainless steel, and the hub comprises aluminum.

16. In a disc drive comprising a housing and a base, and a spindle motor
supporting at least one disc for rotation, the motor comprising hydrodynamic bearing

25 means comprising fluid for supporting the disc for rotation, and means for thermally
insulating the fluid bearing from the surrounding environment.

-11 -



13. A fluid dynam c bearing as clained in Caim12 wherein the air gap
extends axially along a region between the bearing seats and cones, but
not radi aWwby3/0861¢3 | appi ng t he regi on of the bearing seatsPamiSopsusg4s 14. A
fluid dynam c bearing as clainmed in Caim9 wherein the region of low 20

thermagz, condwéﬁsd/drti\ze £9BRih&8 In 8lafit Hiorwihéredl thehhehss f&ﬂﬁéulémrﬁ engi neering
plastic. 15. | uid dynam c bearing as clainmed in Claim12 erein the

bear i ngorsprges a@wgumwgngalanwlam wééradl@lwdntqs@med%ﬂmdﬁ@ Hedibhum
16. In a disc drive conprising a housing and a base, and a spindl e notor
supporisng a tygt [ g
hydrodii/ér;]am cAée%aﬁVéjggcﬁ%m%g I@CE)IT?EJ@I-IZ\AFI]E fﬁﬂ% rﬁ%%ﬁésa&pﬁgﬂléﬁﬁ the disc for
rot at i compises me:&osmferentlalecrerajmwlayemsul ating the fluid bearing fromthe
surroundi ng environment. -11 WO 03/036113 PCT/ US02/34644 17. A disc drive

| ai rei,n t ans for. insulatin rises a
ci r% g‘eent éf 1SG ﬂ%\(ﬁ Q?MPQQQP%@% ?/ei"hmfﬁﬁér‘%ﬂ‘%qf‘ﬁ@aﬁ%. d and the
hub.  18mprishsSsn Girigp BStween 481deld sﬁﬂn%rﬁhéé h%ﬁfr%hﬁfttfbﬁrdmﬁﬂﬁaﬁ@é hub
insulating conprises a circunferential ceramc |ayer. 19. A disc drive
as cl abugdriing Hheadiee for wottiani.n t he means for insul ati ng conprises an air
gap between a sl eeve supporting a notor shaft for rotation and a hub

aner i ROt e Acie Sfive 86 clfrRlif it o i enf ] 4 BB @i iong .80

t he COb@tWeehlihenmarmgtbealté SN Voo d:@ms bgt hbieradésily wvedbpping thd Gedienof itte seat s

and the co
10 beanng seats and the cones.
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