;e3e’?3~l:‘: ; D<=>6>T?Ur+ 1 2 9 0 C T 2002 Conposite Ranp Structure for Data
St or age Devi ces THE INVENTION _ This invention relates generally
t or conmput er \M“\%Mmand ot her data storage devices utilizing
rotating. di sR&! articularly, it relates to a | oad/unload . ranp
structure for hotoeAYy t he magnetic heads away fromthe dat m“m“\sks
when the di sks are not spinning. BACKGROUND OF THE II\NEMI\W\“W har d
drives typically enploy a nunber of rapidly rotating di sks havjhgea coating
of magnetic data storage material. Eachldisk is matched with a magnetic
read/ wite head which is held very close to the disk surface The nmagnetic
read/ wite head can thereby read and wite data-on the nmagnetic disk as it
noves. The nagnetic head is prevented fromcontacting the disk surface by
an air cushion of noving air which is noving with the disk. Typically, the
magneti c head rests about 0.02 m crons above the disk while the disk is
noving. It is very inportant that the magnetic head and dis rface not

conme in contact for any extended period of tine, s@@e&@ﬁfsﬁe result in
damage to both the disk surface and the nagneti c head. For exanple, data

can be permanently destroyer __ excessive contact should occur. In an
operating hard drive, contain is prevented by the fact that the disks are
rapi dly noving i 2290CT?2002 1t is also inportant for the magnetic

head and di sk surface not to conme in contact when the disks are not
rotating (i..e., Compostibe Ramp Sitiweture fotr DaveSethragef Davikek and nagnetic .
head are at rest and in.contact for a period of tinme, the head and di sk
surface can stick together, resulting in damage to the disk surface when
(z‘ge di sks start to rotate. Al EDELDhoF @IEEKIRWENTIONart fromrest, and a

rtai npd i SV OF ideh dedd Y24 11080t 8 tHAdeadvks Ghoab e
t he disk surface. Therefore, €ach startutgpof q%thar drive rcﬁglul ts in.the
magnet i 2 e SFOXRISIASKICRT fldd 1ZdHEi REEAOPIadNT T andOranPRF S sk 1t
achi evesekatfds ctent dpedduhdobdr manie stiructushi bor Foldihgstheemegnetic
| oad/ unl 048 1 aRy St UERS RAYS Deel-4redai &k SOReRaLHddiLRS tOr80dd he
magneti c hegds away fromthe di sk surfaces while the hard drive is not
oper at i TR -magnet i ¢ heads are rel eased fromthe ramp structure when the
di sks have achi eved the m ni mum speed for causing the magnetic heads to

fl oat above the disk surfa SHovk® BPlRE: LRSI hard drives have disks
with nonstick portions that wl| not cause danage to the nagneti c heads

‘even i fFCUHRM MA@ TR R IS5 AR XN TR PRe® YRSt KR drR oY &P SatRe
ext endeti ger |hasdrmfg tl rpat g hoflaﬁeﬁbmbtiilceéaaa _esd_oman@le astenidlct Etdr tdisthop
(CSS) h@é Qng:fc!hvﬁ wi@%s ahﬁlég'ngrtli%e§eg.8/ Qpitté"tﬂelaliz@hhgﬁ-diéj nhoRd JeHP close

structures. .
to the disk surface. The magnetic read/write head can thereby read

and write data on the magnetic disk as it moves.

-

The magnetic head is prevented from contacting the disk surface by an
air cushion of moving air which is moving with the disk. Typically,
the magnetic head rests about 0.02 microns above the disk while the

disgk is moving.

It is very important that the magnetic head and disk surface not come
in contact for any extended period of time, since this can result in
damage to both the disk surface ani the magnetic head. For example,
data can be permanently destroyec _f excessive contact should occur.
In an operating hard drive, contac: 1s prevented by the fact that the

Adrsks are rapidly movaing



Fig. 1' shows a typical prior art hard drive with three disks 2. An actuator
arm 3 supports a suspension 4, a slider 5 and a lifting feature 6. A
magnetic read/wite head (not shown) is |located on a bottom surface of the
slider 5. The actuator arm 3 pivots about a pivot post 9. The lifting
feature 6 is positioned on the suspensii)n 4 so that it engages with a ranp
8 on a ranp structure 10. The ranp 8 inparts an upward force on the lifting
feature 6 which lifts the slider 5 and magnetic head aged (€Im2002 di sk 2.
The magnetic head is thereby not in contact with the disk 2 whenever the
lifting feature 6 is noved onto.the ranmp 8. L., 290CT20021t is
desirabte i® ami@ ke e &tdxucc:m(rjmaéﬁefi@nmémv atrtd} cdigx POIRARY not to

mat er i wfrictio s 8..reduce the t. ner gy. i.red to

unl oada%?s%e nkgfgﬁgﬁtgghe‘g%éggtgl%o%lcs n aaﬁr%}%%%p%o%\ﬁél%eﬁuﬁr ba@eﬁrg)qfheag}?r o)
r educe dhveipumotoPodesetls - pakfi @l @bskyans apguethhenhed@ Ay tdthgdsdatance
Irubst OVEH %&?ﬁ%@r ffaeea?éefitr@d r@ﬂm;ii#et, tBe Qtléd-—a (i@xhﬂ H%Bkﬁsﬁﬁf?&élidﬂﬁ/ ddey he
ocation o era ructuyure_w respec 0 the di.sk surfac np

Str ot (T SE R R TRIY nbh AEPRTR aFS. AT e FRbr REFEBSBaHEFDN CEBC AR Bn s
whi ch astansf tton rgtate - di AIse ertthd ddskt mast hetrant fenopanesbn awdfd icEmgstin of
sur r oungl HiGmim Redbct PPN SR Suiti L ol Bhe Sk itRHRaaf t8! HIBAWB WY the

tainl teel. Th d t t he pl asti
St uct PR R TAC i TBEREFQt s Sfch AEEPoRE FACHETA, Mo GFRRbE 10
conponethe magnetlil hgadnandsdislgnsenfacst rubbingnfoxt a udistanck) undlidt itkee t 0

the di skssie.achieas! s@ﬁ‘ﬁl@;‘l@n@ns?@g&@ formathd WBNcusBiBhi s i n decreased

clabl e disk surface area for data storage. Thermal expansion induced
i'sal i gnnent al so necessitates | ooser alignnment tol erances between the

ranps Fandhdisskse@songhi dlvadZguiload tdmgt stonetwss ileale bper eusad pino\saed

bet weenit sk AL W eI GRRSERYENHEA &S aét‘i%ltﬁ fn%oﬂ 'A'fﬁ{éas‘;c)ﬁ‘é@{ HirFeedd t

into a hard drive_of a given sizé. ), US P , 785 t
Mor ehodgbﬂe? . the hardc € 215 aRBtsPPEERGFRI haviThT S AIF ST u%‘?ﬁ&% e
hol di ngrevegprsd cEtmadshe ranp wtoadedpodicn che Misésohewedeebiryedditda ose

nmeans fipin GGY ePebRI bR 1 /{X RARS kaBnb O GRG Y 23 FIBFENMhotd Shd i
no. 5,034,837 to Schmtz discloses a ranp structure conprising a single

pi ece ofpiI%Eirc. Schnitz does not disclose neans for preventing thermal
expansi on i nduced m sal i gnnment. ~4 2 90 CT 2002

It is noted that some hard drives have disks with nonstick portions
that will not cause damage to the magnetic heads even if the heads
remain in contact with the nonstick portion for an extended period of
time. Such hard drives are known as contact start/stop (CSS) hard
drives. CSS hard drives do not utilize load/unload ramp structures.

~~
-y

Fig. 1 shows a typical prior art hard drive with three disks 2. 2an
actuator arm 3 supports a suspension 4, a slider 5 and a lifting
feature 6. A magnetic read/write head (not shown) is located on a
bottom surface of the slider §. The actuator arm 3 pivots about a
pivot post 9. The lifting feature 6 is positioned on the suspension
4 so that it engages with a ramp 8 on a ramp structure 10. The ramp
8 imparts an upward force on the lifting feature 6 which lifts the
slider 5 and magnetic head away from the disk 2. The magnetic head
is thereby not in contact with the disk 2 whenever the 1lifting

feature 6 is moved onto the ramp 8.



U.S. Patent no. 5,241,438 to Matsushim discloses a ranp structure
conprising a plastic ranp and rigid netal ranp support nenber for
supporting the plastic ranps. Matsushi ma does not discl ose neans for
preventing thermal expansion induced msalignment. It would be an advance
in the art of hard drive design to provide a ranp_structure which provides
constant ranp alignment over a w de radge of tenperatures. OBJECTS AND
ADVANTAGES OF THE | NVENTI ON Accordingly, it is a pri mazl dﬁﬁﬁ [mzthe
present invention to provide a ranp structure that: 8 2

expansi on i nduced. m sal i gnnment of | oad/unl oad ranps; 2) retains the

advant ages; 9f q4si PIHLIAMRS HAdL @cheo%éﬁlfﬁ?rsmcﬁidﬂé si0 3frémgm¢>\$n§rit—361on
nmechani cal t ol erances achi evaeg rr%ldl s‘{; al_i % nt ; |t aS| I \E/

accur at®l uRBERT BT he THAS r&f:téoﬂa? i% & S HWhEs an"‘bm ottref oSf‘? 12 and
advant agesriwidd tye appsde they poynedddi hgpadse (kolcoowery desdnyprhpawandd

acconpaiAR i HEFM BES - ﬂ%ﬁe@tﬁb‘%&h&%&eﬂbgs%ﬁﬁ@l@geﬁ@\f%éages
of the | nventl or__}'g&re attal ned

st.ructur r oad unl oa
Siage faatire. z"ﬁﬂ% A%t %kfeorséﬂféea& |°5ptg‘§sr i skThotfit ed

ranps i

on a spa]nad:l aesi'hablamb atigidiur £iashea locgkilos uppdhie sampcstunetare withnp
unit at h}gg did d,seppert structure. The ranp unit has | oad/ unl oad
ranps. r| g| support structure has a thermal expansion coefficient

sel ected such that a ranp-di sk spacing remai ns constant during changes in
t enper &Rampe structures. 10 Bade Gff RMQAnert masenbabsl hdned tHeemadyv erpahsbbnt he
di sks calises Myeddier iRl AXRans! 8EcEAn 3%'1%% %ﬁéf@ﬂ@dfbxmt fwerméhémams' on

of a notor, spacer rings, bet ween Qr di sks thensel ves.

(sgi ndl E¥RARTON GRAEFIGIeNFS of sRUrraRAing BRtRt AL SHFHWRiCh dP§E
noveneniswd Ay ansdeleo£d alniminomt @rbestainitess drieed .asstEhetgfore ef duabhy,

the ri %&p%hﬂeeg{a Shinipl! €nlog) AL NPLIRD SXPANSLY SaEhkS Chllcopthacted Lo

match t erna si'on cQ cl ent oOf tal drive asse

Pref er dt y2 tHe rgﬁrti: stpp8r tthewy (BUEF UAERg FH@PH&Fnéﬁparﬁﬁs&}tﬂﬁé f+Bi ent
t hat nmaiiclAdghfient hef nitle expanstonctoass flocrebitiofe ttoe thpi dikles 2di sk, and
spacer rings. Also preferably, the rigid support structure is nade of the
same material as the spindle, disk and spacer ring. For exanple, the rigid
suppor TR medt PP Be 1ngHEHF MAFAMFRIATR S tRRAUL TS dimndesTesred useeism c
pl asti cligl ansfhctk| etkyplast Baraascbxraydaon filled plastic.

Thermal expansion induced misalignment also necessitates looser
alignment tolerances between the ramps 8 and disks 2, which requires
that more vertical space be provided between disks. An undesirable
consequence of this is that fewer disks fit into a hard drive of a

(N} given size.

U.S. Patent no. 4,933,785 to Morehouse et. al. discloses a ramp
structure having a cam structure for holding magnetic heads in an
unloaded position. Morehouse does not disclose means for preventing
thermal expansion induced misalignment.

U.S. Patent no. 5,034,837 to Schmitz discloses a ramp structure
comprising a single piece of plastic. Schmitz does not disclose
means for preventing thermal expansion induced misalignment.



Preferably, each ranp unit has two | oad/unload ranps. Alternatively, each
ranp unit can have a single ranp. Preferably, the ranp units are nade of a
potymer material, e.g. liquid crystalline polymer such as copol yesters of
4- hydr oxybenzoi ¢ acid and 6- hydroxy-2-napht hoic acid (HAHN), pol yacetal s,
or pol yetheretherketone (PEEK). The ranp unit material can have filler
materials such as PTFE internal |ubricénts. Al so preferably, the ranp units

and the rigid support structure are nechanically interl eq.

enbodi ment, holes in the rigid support structure into mﬁf?helatngmg units
extend facilitate interlocking of the ranp units and rigid support _
struct gy g.. Reeberably, st b1l 299 66 rustsishine mRER 1Y eBDRArAGPt BEXraBRrHNi tsS

onto the rigid support structure. L ding of the ranmp units, onta the 16
260" EoPEsdsI TRl B ATk B6r FolP; AEEy TN BEe beF PP nEl Ry Y TR o far g,
for exawpbertbnefehailpstéachempnp Matsusbips idees notepisalasepimeensofor

mat er i drelen®ing ! MfenIP e¥PhhSidH 6 iRice@OR sALQMEEnt Thi S Means that the
ranp units are nechanically connected only by neans of the rigid support

structure . In a particularly preferred enbodi nent, the rigid support
st ruct mte woad dabkoeh afivdnee sitre[rhien afrite ofiohéandh duivfeaclesigh thepftowvideTae

foot exlandsg &mg Q«h‘x'i%h' %@:bqihag bblktagtPPRep £1{MEhiE: ovdia S{ERel N
| gnhe a

the foot 1I's des SO t atilting torque results when the foot iIs
pressed2RgSi A5t CEMPSLACUEEFF ace. This enables the ranp structure to be
aligned by registration against a sidewall acting as a mechani cal

fiduciary. DESCRIPTI @y ‘gl—%lﬁﬁ?ﬁ.ﬁ@gi&- pars RRYENSIREr spective view of
a typical prior _art har rive, and %gg/unlo d ramp structure. Fig. 2A

(shows ARSI ofita 1§ pR cRFLPRFYr °RIEhaPF JhS PRERFY0aRTOERP r 5fp

struct pgrevide a ramp structure that:

1) reduces thermal expansion induced misalignment of load/unload

ramps;
2) retains the advantages of using ramps made of polymer materials;

3) tightens the mechanical tolerances achievable in ramp-disk

alignment;
4) is easily and accurately mounted to the base of a hard drive.

(-} These and other objects and advantages will be apparent_dpon reading
the following description and accompanying drawings.

SUMMARY OF THE INVENTION
The objects and advantages of the invention are attained by a ramp
structure for providing load/unload ramps in a data storage device.
The data storage device has a disk mounted on a spindle. The ramp
structure has a rigid support structure and a ramp unit attached to
the rigid support structure. The ramp unit has load/unload ramps.
The rigid support structure has a thermal expansion coefficient
selected such that a ramp-disk spacing remains constant dJduring

changes in temperature.



Fig. 2B shows a closeup view of how a | oad/unload ranp operates. Fig. 2C
i1lustrates thermal expansion induced m salignnment-problens in a typical
pritor art |oad/unload ranmp structure. --' Fig. 3 shows a side view of a
hard drive with a ranp structure according to a preferred enbodi nent of the
present invention. Fig. 4 shows a perspective viewof the ranp structure
according to the preferred enbodi nent of the present invention. Fig. 5
shows a perspective view of a rigid support structure which is a conponent

of the ranmp structure of the present invention. Figs. 6@5 68 aFo 0SS
sectional views of the ranp structure illustrating how Q {b dﬁmﬁzport
structure and ranp units are attached in the preferred enbodinent. Fig. 7

shows a.yertical, cro ectional view,of th a ru CT
2002 Fi (\331% 8lssh8%ts:eg é:znr&gtpe% Fv &V BT S ?%eggéc%ﬂss?{ e o%&,l%%% ?’?’gitdg%xgnbaglort
st r uct urEPapsgong calmovisl 2p sheleaffeqred Priethampalt PHBRBFRCORCOSr @i MPLAF t he

Er esen}: shA¥EAt F By AL thRent B I@HksSbEUEhSIIE k& phehesBhly. mauat egida &,
ase. |

10 shows a reverse .perspective view.of the riagi upport ..
ot T et UPBERE AR of SUGF of GRPKR: o AR AR SEior, BErFRIateRIRRAG q4at,
cross swevieseat \des gbnslhiderednpinst Fubt thice ol redqtrla Budve Fesqminy -
struct UpeelfagaB1{,00tthHd 11 i Bt SRPHOr € AHELUSLEFOCKHESE tHHrMRA DiHifsidi 0.
o a3 LA AL oA IR TS Tallcnl Lt cH1:5A5" LB ERs 10 colBBL A SIBE
the total drive assembly.

(} Preferably, the rigid support structure has a thermal expansiqn
coefficient that matches the thermal expansion coefficient of the
spindle, disk, and spacer rings. Also preferably, the rigia support
structure is made of the same material as the spindle, disk and
spacer ring. For example, the rigid support structure can be made of
aluminum, steel, stainless steel, ceramic, plastic, glass-filled
plastic, and carbon filled plastic.

Preferably, each ramp unit has two load/unload ramps. Alternatively,
each ramp unit can have a single ramp.

Preferably, the ramp units are made of a polymer material, e.g.
liquid crystalline polymer such as copolyesters of 4-hydroxybenzoic
acid and 6-hydroxy-2-naphthoic acid (HAHN), polydcetals, or

(-) polyetheretherketone (PEEK). The ramp unit material can have filler
materials such as PTFE internal lubricants.

Also preferably, the ramp units and the rigid support structure are
mechanically interlocked. In one embodiment, holes in the rigid
support structure into which the ramp units extend facilitate

interlocking of the ramp units and rigid support structure.

Preferably, the ramp structure is made by molding the ramp units onto
the rigid support structure. Molding of the ramp units onto the



Figs. 2A, 28, and 2Cillustrate problens inherent in prior art ranp
structures nmade of polyner materials. Fig. 2A shows a ranp structure 10
att'ached to a base 11. A spindle 12 having an axis of rotation 13 is
connected to a notor 14, and the notor is bonded to the base 11. The notor
14 rotates the spindle 12 about its axis of rotation 13. Data storage di sks
2 are mounted on the spindle 12. Each @i sk 2 has a top' disk surface 15A
and a bottom di sk surface 15H The ranp structure 10 prevg

| oad/ unl oad ranp 8 for each disk surface 15. Each di sk agﬁgfg%d ranp
8 define,a ranp-disk' spaci ng 16. Spacer rings 17 are positioned between

di sks 2 S tQ K..sp b S 9. ¢
shows arg:a!gge%@g‘ogtth a%egngélz P?‘f ?%%@gfg%?u?{g ?1%'?%'5 Iiﬁlﬁjflt%ilrrl1 %ure
6is de??‘@ﬁ%leto be Ilfted by the ranp 8 when moved in a radial. dlrectlon
away fromthe spindle 12. A rarrp tip 19 is located closer to the disk

SurfaceP}éﬁEQQBI§he thti p ﬁﬁ&%r%oﬁ8§9§%985 E?g atddd! nusfg%”i?égr%al

contacts the top surface 0o s ar ngerren

account ‘Eh&- po'é]il?llbéﬁ“ﬁm{’f’érttsafiﬁﬁ gto"ﬁorﬂ?@"t%‘ﬁ'b TS ImeaRisn §hpEathe eramp A
magnet i anieada?® méchin edldd, idnne@ted2onlyP l@r'Ene%QﬁsZ dfhehki £igh@ $@pbpore 6
so that g etic head is lifted away fromthe di sk surface 15 when the
Iifting eature contacts the ranp 8. The ranp 8 is | ocated above the disk
surface 15. The di stance between the ranp and the di sk surface defines the

ranp- di gk appatrtgodfar Rampceferngd eabbiiheve, i mi%_s&iapabe@tzldét@fe 15
degr ees tQ £g§tp%;.t dI.Sk urwomlguagggeé agp-tcﬂ Qam ,?lg% ‘E%%o

oe3 andradla 1‘focatl n*of era ef i ne a |ng
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the | an Q r.MDS t c ta can be
Stored. Rohar S po iy s ey SyRAELlr Il oibils BCYRRE Forivate
radi us 40. bIEheaﬂ-égataidorblbf r?EéSFﬁﬁGPﬁg ramwtuoawsllldewﬁéﬁgeamtn@ a
ranp- di sécE@aLedly fi@uehanges. The [ anding radius 40 will nove towards the
spindle axis 13 if the ranp-di sk spacing 16 increases, and away fromthe
spindle axis 13 if the ranp-di sk spacing 16 decreases. For ranps having a
sl ope of 1/4, the radial noPEFEREPTEON ARITHE FEEYRES | ocation 40 will be

four timeg. thasls:dwwgep'e@spaapw& sk ewo€i A0t kbica@npRees adt tHaedr appvei ska

spacing w || tae outer D3t urraedl us at which data can be stored. Data
nmust al ways %e store clr6s 51t e Spindle 12 than the m ni num possible

radi us Eﬂgt h@d @#hdiwey aa%li@% n@ewoeﬁséqmwyl Paige eadi dardndarive myd of
t he | andi ng na&uuaﬂl&p‘-atmﬁxﬁ 40riedyees the surface area avail able for

storln t ata. ¢ reld rd dr] operati on,
is ?nggr %%tﬁfw F[U@e%% -ars %gg%%ngfﬁ%aqgmig d"tg“?d %e% %se!fol ned.
For exaﬁﬁrﬂe théu‘é*Pr‘br%ﬁ%ﬁk isrEadg emanﬁsvnnmd\&%g@s@gﬁm%@mmbw$ ng
€ hanges in teﬁper@pﬁﬁﬁl B&aaeraiﬂrﬁaawmmeadm‘pedtta&tﬁe ons in ranp-di ﬁk
acin r t S cln r | e
A o o A e
feature 6. AaFfa%@nqmwaspaef-ﬂ@rw qn@@émgnt rPﬁ‘ &her pyesart HéWﬁgtaﬁPe to
fit int@ig.gkvenows! unperapdcbme«né@vw ﬂiﬁi&aﬁ@p&@rﬁ}ttﬁﬁé de¢dradhgneo 8

9290C T\Agggfpr‘l'eapérm% men |n t épépgégﬂz (i%% Lkﬁ%ﬁants for al um num

and steel, are connon use acer
rings 1fl§nd5d$1§>‘~?{4§S 2 msﬁﬁﬁ‘ét"%dﬁ;ﬁm@ﬁt 8 FIC%’Ed @U@Pﬁﬁéh%lMWrﬁ b' habcied

to the di sksaZcordpdléht bf the ramp structure of the present invention.
Figs. 6A, 6B show cross sectional views of the ramp structure

illustrating how the rigid support structure and ramp units are
attached in the preferred embodiment.

Fig. 7 shows a vertical cross sectional view of the ramp structure.



Materi al ' Thermal Expansion Coefficient x10-6 de ree

Cel si usAl um nun2- 233G ass -7-7.5Stainless Steel ~~'~ 11-12 Table 2 shows

t het mal expansion coefficients for plastics used for ranp structures.

Copol yrsters of 4-hydroxybenzoic acid and 6hydroxy-2-napht hoi c acid ( HAHN)
is sold by Hoechst-Cel anese, Inc. under, the tradenane VECTRA A430. HAHN is
aliquid crystalline material that has a | ow coefficient of friction and
good wear properties. It is noted that HAHN has a hi ghl i i

t hermal expansi on coefficient and so has two coeffici en@gg@ﬂzggog

Mat eri al Thermal Expansi on Coefficient x10-6/de ree Cel siusHAH ~1-2 to 5 (

| ongi t udtiigal 8 ) slwsba per8Pet t s wakseBol yiae ateadk7/5i85Rof wichergtieskebarte
PEEK40- 50Pol yipj dedl: 50Pol yet heri m de40-50 Fig. 2C shows the effect of a
tenperatuyre Tncrease on a _prior art ranp structure. The spindle 12, notor
14, spaéf ridhgdhras angidat ¥isvopdgdh@ e shrachide Scamddng (&r the
ceram cs or ghtassptancvantiawe andlthadv 9tRe CrimB0B2ractakat iivwelprd fuvddier nal
expansi on colg%{uil%c?rgd ang anp structure 10 is nade of plastic and so has
a relatively high or variable thermal expansion coefficjent. Consequently,
the ranfdgs Ml eSheWar Fs FRYS¥$9cPEESPRECAVEKYLIEWH R nEPan FiAdfe &PRIEE

t enper at ur e, sehec el eleobatadgerdriss plrefeeted Tdabodimege. in rel ative hei ght

isd tly,t d i f . SPi . t i.gh
expansi Sdor 111 EnGUE & NSRRI fRsL cLUEL ST Uit Qe BIBCER, Sl
great est forbehtedtks hasehesThe ron HEmpgsEre hasRe foakwitbha srp e 16A

bet ween a t opahfadH WlldekribanmpiBAmndoaghep di sk surface 15A is increased.

‘he rampadi sk, s [ 1 VERA ~ J oad.unl . . 88,
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the top di skSERg¥FEMPSA noving closer to the spindle 12. The | anding

radi us on the bottom di sk surface 15B will nove further fromthe spindle
12. The |l ocations of the |andi di sk surfaces will be
noved by the relative change i%gﬁjeifligﬁ% ng'fel:rtc\%é%ﬁi e di sk surfaces 15 and

| oad/ unl oad ranps 8. Fig. 3 shows a preferred enbodi ment of a ranp

struct uws-eglﬁl gfs:mlzﬂi Ngnd 02¢ el iR s@ite ba&sﬁné:h@mnmtuaht prOr &a€hrdigyi ng
a pair g Q unl o r 5,32, are attached,t riglid. su rt r e
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t her nal aex;pz@nf SSRE) S V%Lrﬁfhcgé Ofﬁyaﬁa';) lah%ttbﬁ d_@efc}‘ istir€ateofisBher mle ramp
expansi p ref er s €hs [N

di Sk 3%@gﬁat§.r§i 10 kBagivedi IS Aun 1980 Rle € £0r SROKCA D (0iEs£ee

Cd)t er naflSvel Fachhdisgk et taces 15 mmde rappn §sdebing|ia kampydisl FPEFHRE ubdor t
truct uspazee Flies of7 didd @oeitishédhetvedt disRPP2 cxndaicehplpqual deéhiteral
expansi %ndggﬁ%%%fg%%, ?lep_%ge%h@ig units are not connected by plastic

mat eri al, erature changes fhe ranp units 50 will

Fig. 2B shows a closeup of the ramp 8 and a lifting feature 6. The
lifting feature 6 is designed to be lifted by the ramp 8 when moved
in a radial direction away from the spindle 12. A ramp tip 19 is
located closer to the disk surface 15 than the lifting feature 6 so
that the lifting feature 6 contacts the top surface of the ramp 8.
This arrangement must take into account the position uncertainties of

the ramp 8 and lifting feature 6. A magnetic head 20 is attached to



11 2 9°0 C T 2002 nove with the expansion and contraction of the rigid
support structure 52. Al so, because the ranp units have a small vertical
extent 55, the thernmal expansion notion of the ranps 32 is dom nated by the
t hermal expansi on notion of the rigid support structure 52. Since the
spindle 26 and the rigid, support structure 52 expand and contract at the
same rate, the ranp-disk spacing 38 wil8 be substantially constant for all
di sk surface/ranp pairs over a w de range of tenperatureg.gT@g‘{r 2di sk
spacing 38 wll remain constant during tenperature chang®s”even for disks
far fromthe base 22. Mre generally, the rigid support structure 50 can be
n'aﬂe of tige lrtﬁitﬂﬁjn@l fealkaeted §§ tisve the arbhieelientead ideritdedexpansiEesm
,that r Sl N -di s i ng 38 i C i changes in
t enper aﬁe?eé.l%lknS%ggcéﬁg;éﬂglephfglgfgl%%:n nﬁ??gﬁ%d C%&%tﬁngg%h?%% ’{%“8 tlaher mal
expansion coefficients of the rigid support structure 50 with the spindle
26 (to i Chahpe sdiisksiSthtd® aPové edhe HABRY&urfhler mE . expresiostghceat her

parts ch as the notor 28, acer, ri 9 d di sks thensel ves can
also in ?ét}”éeneéle e TGD pﬁgge@%t&(ﬁk tshuerlgks f'% kgeggn%?ﬁ%}leg ri%“é’néiéézisﬁpacmg

t enper at@r e. Rates f orypicdld v favirala edopesBén ofoabpruti &t of Lhedeggeds
SUDP?rtwﬁr{ li@tsgsteetSEO _rmié? 'Hi'fzsécbﬁuffééét lj:&s.;eqm% m@-laal skhs_baaingem?fgneﬁe t
coefficjent_o pindl e.26. Lnstea e thermal expansj.on coefficlen
of °the 360 % maiAL 1PFREiGR o8 IS T ApeREETte e Srri FogipE &P on
coeffi clegatisin.t hd dentingdragivel 40 265 thpacurermorfs @liwi aikswidchntheot or
28. Th%f@i{lﬁi'@t?eﬁd rﬂtbt ?ﬁdzgisipéfiﬁfaéénﬂ_ﬁ &S ar&éilte%%gt%g tegﬁneakg%ed
onponept's .t hat .affe erme ansion movenent o e di_ sks can
o bonatie legak 48 SELiid dandThl e iR BBk Sl ¥R ptermine a3iud B
total dviiich fetenbay bomhoreds aNg datipeaenbe stmtedaptest radialt posftion

expansi aixgliebkacer®ndif Aaeudi #&s 30 and hence the ranp-di sk spacing 38.
A particular data storage device may have conponents other than the

spindl e, spacer rings, disk, and notor that affect the thernmal expansion
di spl acBrentocafticheodi the BMhdingl 2a@digs GEO widi2 cBapie @emiibeh ramp-dsel in

hard driyes: PMPEi sRaAgPt at exRt ABLhALHE! r&ddViPs C2H | ¥idd URLIEM o6 RBES8 MLt h &
thin fil m of. nmagneti dgt@f;toragg_ terial. her coati ngsaé_{gaéyal sg be
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not " havi® AT PBr AP EXIRSs ERepohangg iR EAP Tt BECENG0 s hekesr 1h
beneat hthehgrampi-ddisls 8Baginh mitldr chengpathd endgrnosheradips atr whighedata

t hen Ej fw?(ﬂ hed rmjoxté?gan%gga ﬁicflstt:r@l 12 stbkba hevesan tﬁi:j fepet sgfmﬁa;éhglz

r anp- di spaci ng . a storage devj.ces such.as hard.drives iC y
e cortRoRar LBIBIBRR Pare L akpe SRANEs Ph W r RGEIGF oeaabiBod

érr\er ef cPensadventiyp- tixde spddabguddestrdinty 0 the dienddhy radsisadocetdent his
teﬁperaiwr&&lﬁj&ethé 8l dy eelﬂélac‘aﬁﬁ%ﬁﬁﬁlét ﬁf!Bif @hékitﬁBa&%E&. 0\5.)#%&- ]Eng%c%mmn
enper at ure range, can be acc S e ranp structurge 0

T ooon AR, SRERGALY: I, FeliePiR BRTS GdecPPet i o, R ARG, Hhac
suppor ttke rampadé sB2spacinad d.6obeaf imedh andawdll e fiipiedd| eFOB éxampdee bthe

al um n%mﬁdi%'k”%bb&@h?, 16 huSPIndd @hdfgendh ol idieasuPPOofhr Sid Whang@sS2nar e
made of_stainless steel. In sonme drives, disks 30 made of glass nay be

used. FERERIETE thermal expansion coefficient that approximately matches
that of stainless steel. Therefore, in the case of using glass disks, the

spi ndl erdfpereRaGRr chhigs RRnRd Ghol sk SIHPOA! rafd LUGIHK @padi i1 & tRdec0f
st ai nl est? Sttefgelf' ) }he sEl ndl e ﬁ%ﬁg& sgaoer Il r}_%z 29, however, have b\§/ far
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Ther ef ope, lamde nwgabhéot kesnae thpanst dntesekbtsi ehe slipftiree fepitndke63

A larger disk spacing 37 results in fewer disks being able to fit

into a given volume, and hence, lower data capacity per unit volume.

8



1329 0 CT 2002 26, and spacer rings 29 with the thernal
coefficient of the rigid support structure 52 will provide substanti al
reducti on of thermal expansion induced changes in ranp-di sk spacing 38
conpared to conventional ranp structures. Fig. 4 shows a cl oseup view of
the ranp structure of the present invention. Three ranp units 50 are
attached to the side of the rigid suppoft structure 52. The ranp structure
shown in Fig. 4 has six |oad/unload ranps 32 (two on each ranp unit 50),
and so is appropriate to use in a drive with three diskz.%:—)@w | most
any nunber of ranp units 50 can be bonded--to the rigid-s r cture
52. Preferably, the ranp units 50 have parking well surfaces 54 which are
sl oped such that the lifting feature 34 is held in a parked position. The
use of Pabkéeny sheivs slnefraads espansiomnpedifictentesids dluminunnandes tadl of

expansi on

hard driMe-gonsd "dndodly REEAT BRPCHY éﬁn@@eaiﬁ nRske0f1 42 Bbhasticrieh-has
alowcoefflclent of frlctlon and per |e gh gartlcu te
pr oduct PBA) I1E58 P A ocft}é‘?}'cﬁ:%é’%“&?sv?ﬁ'él 1SS &c g¥t PG50 Ser s

such asthepdislesters of 4-hydroxybenzoic acid and 6-hydroxy-2- napht hoi c

acid (HAHN), polyetheretherketone (PEEs}e 0! yi mde, and pol yacet als. To
reducefTrcrion and weay,. PIFE-TTTTEQ plLastics_can Qe used, a particular
preferfed enbodi me¥Rte¥¥d ranp units SGq‘éFEaha‘H@a&FlPﬁj %?:‘ff%r?’-ﬁBFded i qui d
crystallline polymer such as HAHN, -whijch i s(:al@i-8/dagrdecChibife] anesq¢, |nc.
under fhe tradena VEC[~ A430. The|rigid supportzzs_hgucture 52 preferably
has fl “‘L.m.wwt.rr.;g;d;ty SF—fhe—rgrcstppdr t

st ruct s u_aL_m_detaLﬁLng_a%Qu.Lalﬁj

{posi ti gni ng of éé}ﬁn&ggg 4pLip 50 with respett to the,di sks 30. 14 29 0C
T 2002 Frg—5"SHMOWS o prererred enbodiment o —t1e 11 gr o Support-Structure

52. The rigid support structure 52 preferably has holes 64 with which the

ranp units 50 nmechanically interlock. Fig. 6A shows a cross sectional view
of the u r gﬂ:ﬁ: greTpaes %@J [ t S
t hr ough&‘la'ﬁl'eghgl gﬂg‘ﬁéa %éﬁﬁéij &ﬁgnl cally 1 ntf{ér@ Eg EMJPGPI rc?%l&dgegjp%g?t
st ruct uF8MB2 StHYCE YL he FPEreVEESeFSariE of -1y ra‘t’ﬁfl?ﬁj‘ztor’}é: rafp uAlts &o

the righgdsupper tnsphitied it eadb2d AHABNNAisvebyd g Hoedhgr-Giardve, raum: unit
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a“aChe@é{;Qné{‘& e 1 SYBROT Ln @ LI GHUr gw{??c&éééic%&ﬁ This is not
preferred as screws can cause plastic ormati on o the ranmp units 50 and
eventual m salignnent. Another aIternatlve is to attach the ranp units 50
by snap-fit structures which snap intrebléae2holes 64, 65. Yet another
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ramp structure.

2C shows the effect of a temperature increase on a prior art

The spindle 12, motor 14, spacer rings 17 and data

storage disks 2 are made of metals (or ceramics or glass) and so have



152 90 CT 2002 the rigid support structure 52. Consequently, the ranp
units 50 nove during changes in tenperature according to the thermal
expansion coefficient of the rigid support structure 52. Fig. 8 shows a
back view of the rigid support structure 52 according to the preferred
enbodi nent of the present invention. The foot 66 can be clearly seen.
Preferably, the foot 66 has a threaded b@le 72 for'accepting a screw or
bolt. The ranp structure according to the present inven de by
stanping and formng the rigid support structure 52. ?AfﬂJﬁﬁSQBWZFB
enbodi nment, the rigid support structure is about 15 nn1ta|| and 0.8 mm

thi ck. Tne. 15850 <3YPPOL CRLLHEL Ul hAGRA gl o an il SO cialkdlog
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si de Vi eedf1dn¥s dpNPor9d & ushue&10fthu1<a1&n<essemfalc@éew1qn B trashed 159 the

base 22 vmtat'\:.a scrd v‘_:\{n74e ﬁnt e%% Fo theeerpr%%err d enb cilfm&ah ofl hgnd

present ‘imventionS ic HEETR S 5N t S5t om-
Pref er abll%d/vhboéﬂelpaﬂm it ersects the threaded hoI e 72 as shown. An outer
bottom surface 78 of the foot is raised corrpared to an inner bottom surface

79 of tt}el f. i SgOWS ;rhereS% elp 7£ S O\g?.ment ‘a ram er%?’&?%&r Igﬁ.pl cér‘iig%gl

t ask of n ahd "oni hg e ranp St ructu ase
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positio jace tr The ﬁ! qg\!@! } Lai.

porti onqﬁ%% %n Iﬁéu{l)tg%(?t?%ne%% con act }ﬁ ange %\h%?]étﬁré sc

IS tightBHRRPrY IREIEMIEs 55 epmicta dhcofraie stayctose acppeding 'a'@al
{the bas:pﬁé&enthmvaﬁes&mg p&fétfeThQabrxlauS&ﬁ:Iﬁrhmbtm tsor QBEaSerdxHﬂek Piece
\p|nto crewf.o ont act e _tilti t t ckwi
directi onéllﬁla%gel\cﬁe&/ ‘Fig ghe €113 %he nt'l?;l tlcg;loq orgrllfggc%uéglégf% né’gs
and r ai SEeiarabhal | tb@r’é‘@m \SZP-ttSo WehBV@séwﬂldkj’é{ Nertigal SeJEﬁ‘%'StSIsﬁg
toget heromd dritddidesrd RpMd |n€Hte?ﬂ.aa.__l’Il_d>ff It i@ dr etwbbeti Br2Geutaées52 is
positio er structure e Jaisel rtj c

al i gnne%éh’?e g:l?éiltg:r l,g%rg;) s‘lb c?%# e accgu]fa e%@gi sx%gpggr?ﬁo%ﬁtlﬁﬁ %aos(?ly
support %ﬁ?q}m%r‘éhSZ C%ftfémmnﬁve@? theesmalayeaes ieas af r i %Wé‘retl 8f -and
the sideswedfer®divs faidd . spindle 26, spacer rings 29, disks 30 and rigid

support structure 52 are made of the same material. Alternatively,
the spindle 26, spacer rings 29, disks 30 and rigid support structure
are made of different materials with approximately equal thermal
expansion coefficients. Since the ramp units are not connected by

plastic material, during temperature changes the ramp units 50 will



Fig. 12 shows an enbodi nent in which each ranp unit 50 has a single ranp
32. In this case, each ranp unit 50 having a single ranp 32 is individually
attached to the rigid support structure 52. Attaching each ranp
individually to the rigid support structure 52 will further reduce the

t hermal expansion induced changes in ranp-di sk spacing 38. 172 90CT
2002 However, this enbodinment is not prigferred because individually

attachi ng t he ranps renders the ranp structure nore costly to manufacture.

Al t hough the present invention has been illustrated wt units
and six ranps, it is appreciated that al nost any nunberqupiﬁﬁngggzs or
ranps can _be at dto the rigid sup uctur e clear to
one squoﬁflﬁl% eq§¥i ?ﬁ%?nfﬁggab ﬁg gﬁ%é |nen % HQ&%W%eFeg ?t
Ways wi tstomictyepabei ng Alsem blecavsepshef reme unwéﬁt ave Acebadl ngeytlc;aula

ts;‘;ope Ofexttha i ssenewntmld eb@,ael@asﬁ Mheerbb s £t Iaaef@éxh;swm il élbﬁi&né@gcé t
elr at a

st or age e\‘ff“@ggléval e][ FRGn sé{)’n m?‘b’t%ﬂ gr }:98 5%%’@5“?585%% 9 b‘rel%2

spi ndl e having a thernal expansi on coefficient, 2) a notor for rotating the
spi ndl e gi3hce? that 3pshatagesdhaki ehbagherat suihiSRitidkeire 52 expand and

contract at the same rate, the ramp-disk spacing 38 will be
substantially constant for all disk surface/ramp pairs over a wide
range of temperatures. The ramp-disk spacing 38 will remain constant
during temperature changes even for disks far from the base 22.
() | - -
More generally, the rigid support structure 50 can be made of a
material selected to have a coefficient of thermal expansion that
results in the ramp-disk spacing 38 being constant during changes in
temperature. In most drives this is accomplished by matching the
thermal expansion coefficients of the figid support structure 50 with
the spindle 26 (to which the disks 30 are mounted). However, thermal
expansion of other parts such as the motor 28, spacer rings 29, and
the disks themselves can also influence the displacement of the disks
30 during changes in temperature. Therefore, the thermal expansion
coefficient of the rigid support structure 52 may not be exactly
equal to the thermal expansion coefficient of the spindle 26.
Instead, the thermal expansion coefficient of the rigid support
(”) structure 52 can be matched to the thermal expansion cpéfficient of
- the combined spindle 26, spacer rings 29, disks 30 and motor 28. The
spindle 26, motor 28, spacer rings 29, and disks 30 and related
components that affect the thermal expansion movement of the disks 30
can be considered to be part of a total drive assembly. It is noted
that the total drive assembly comprises any components that affect
the thermal expansion displacement of the disks 30 and hence the
ramp-disk spacing 38. A particular data storage device may have
components other than the spindle, spacer rings, disk, and motor that
affect the thermal expansion displacement of the disks 30.



b) at ‘least one ranp unit having a | oad/ unl oad ranp, the | oad/unload ranp
and the data storage disk defining a ranp-di sk spaci ng therebetween,
wherein the ranp unit has a thermal expansion coefficient; c¢c) arigid
support structure to which the ranp units are attached, wherein the rigid
support structure has a thermal expansion coefficient equal to the spindle
t hermal expansion coefficient to within2l9x10-6 per degree Celsius. 2. The

data storage device of claim1l wherein the rigid supporg;stg ﬁgﬁ§aas a

t hermal expansi on coefficient equal to the spindle ther EEE

coefficient to within 8x10-6 per degree Celsius. 3. The data storage device
of C|a'@1%K@hQBGWH1&ﬂea£é“&§e&”' 3uﬁ§§%ﬁ@b¥shéémﬁ&ié&”&“%la%épé@shgﬁerlal

coefficient, and wherein the rig ort Sté} ture has a. th
expansi JYBSERH L% BHMEGRA| C%t?‘ﬁé“ttcﬁ &I LRy S&nBrIneHET At R59R9BN
coeff|cmembrualmntbtheigxd@tﬁn@ermdggaksb(Eésuagd 4 ThEheheéatmalsegpaneion

devi ce Qfe %'f%%&tmysa@w J%&!éj SBURDIG! 18! AR %ﬁnfia} Rec3phogle By e

made of the same naterla T 2002 S. ata storage

devi ce hecmateriaghefeithe pdategradsdosort $PPUEPAFENER AT FROsR kOB r Bhemde
of the pameematerial. 6. The data storage device of claim1l wherein the
data storage device further conprises a spacer ring and wherein the rigid

support _structure_and the sgacer ) ) . .
It is noted that the thermal expansion change in ramp-disk spacing 38

can also be affected by the base 22 if the base does not have a
uniform thickness. For example, if the base 22 is thicker beneath

Qﬁt the spindle 26 and motor 28 than beneath the ramp structure 51, then
the thermal expansion of the base 22 will have an effect upon the
ramp-disk spacing 38.

Data storage devices such as hard drives typically are constructed to
operate at temperatures in the range of 0°C to 70°C. Therefore, the
ramp-disk spacing 38 should be relatively constant over this
temperature range. A relatively constant ramp-disk spacing over this
temperature range can be accomplished by the ramp structure 51 of the
present invention.

In a particularly preferred embodiment, the rigid support structure

52 is made of aluminum and the spindle 26 is made of aluminum.

(u Alternatively, the spindle 26 and rigid support structure 52 are made
} of stainless steel. ‘

In some drives, disks 30 made of glass may be used. Glass has a
thermal expansion coefficient that approximately matches that of
stainless steel. Therefore, in the case of using glass disks, the
spindle 26, spacer rings 29 and rigid support structure 52 may be
made of stainless steel. ’

The spindle 26 and spacer rings 29, however, have by far the greatest
effect upon the thermal expansion movement of the disks 30.

Therefore, matching the thermal expansion coefficients of the spindle

b



ring are nade of the sane material. 7. The data storage device of claiml
wherein the rigid support structure has a thermal expansion coefficient
equal to the spindle thernmal expansion coefficient to within 8x 10-6 per
degree Celsius. 8. The data storage device of claim1l wherein the ranp
units are nade of a material selected fromthe group consisting of

pol yi mi de, polyacetals, PEEK, HAHN, |iguid crystalline polyners, and

PTFE-filled plastics. 9. The data storage device of Clal(Z%ﬁﬂxﬁ
rigid support structure is nade of a material selected fr S
consi sting of alum num steel, stainless steel, ceramc, plastic,

gl ass- figlgl egnﬁl Qéé%ﬁ%errgﬂg C%§ b\9:[‘tﬁ él’leeq,hg di 'éicpalagioﬂ_ h@oéjﬁtl%lﬁhgrggethe

devi ce of clarm e ranp units an rigid support_ structure
are nechkafitalTWPHOR e tddIesr e 15 Méllda@%%%c}ﬁ a@‘é%fantdélofr%ﬂ%trﬁ% of
Wher ei n theemadn@aitidisnaiiddutad delsdtafeer insitamsidisd apecines BBnicoaphyed to

|nterlo%%gge$¥l§$?fﬁ%%q§ g@gaééﬁ%égsupport structure with the ranp units

extending in € data storage device of claim1 wherein

the ranp units are injection nolded ranp units. 13. The data storage device

of cl ﬁ' mé.b \Ahersﬁdi\rseesszjrblr@mlﬁgmile@wprt;ﬁ@smnﬁ?wwd@m e tHe NFitSdrid .

14. The .data,stora evice of _cl al 1 t r SHPRE structure

further corrprl Bs a foot “for m)ung?l afro géﬁcﬁ.{ to ngé & Ehe rlgléj
support structure 52. The ramp structure shown 1n Fig. 4 has six
load/unload ramps 32 (two on each ramp unit 50), and so is
appropriate to use in a drive with three disks. However, almost any

(ﬁ) number of ramp units 50 can be bonded o the rigid support structure

52.

Preferably, the ramp units 50 have parking well surfaces 54 which are
sloped such that the lifting feature 34 is held in a parked position.
The use of parking well surfaces 54 - in ramp structures is known in
the art of hard drive construction.

The ramp units 50 are made of a plastic which has a low coefficient
of friction and good wear properties (low particulate production).
Examples of such materials include liquid crystalline polymers such
as copolyesters of 4-hydroxybenzoic acid and 6-hydroxy-2-naphthoic
acid (HAHN), polyetheretherketone (PEEK), polyimide, and polyacetals.

(:) To reduce friction and wear, PTFE-filled plastics can bg'used. In a
particular preferred embodiment, the ramp units 50 are made of
injection molded liquid crystalline polymer such as HAHN, which is
sold by Hoechst-Celanese, Inc. under the tradename VECTRA A430.

The rigid support structure 52 preferably has flanges 60, 62 to help
increase the rigidity of the rigid support structure 52. High
rigidity is beneficial for maintaining accurate positioning of the
ramp units 50 with respect to the disks 30. .
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Fig. 5 shows a preferred embodiment of the rigid support structure
52. The rigid support structure 52 preferably has holes 64 with
which the ramp units 50 mechanically interlock.

Filg. 6A shows a cross sectional view of the rigid support structure
52 and ramp unit 50. The ramp unit extends through the hole 64 and
so mechanically interlocks with the rigid support structure 52. This
is the pfeferred means of attaching the ramp units to the rigid
support structure 52.

Alternatively, as in Fig. 6B, the ramp unit 50 can wrap around the
flange 60 to provide added mechanical stability. It is noted that

o~~~
e’

more than one hole 64 can be provided for each ramp unit 50. For
example, each ramp unit 50 can also be mechanically interlocked with
a second hole 65 in the flange 60.

Otherwise, the ramp units 50 can be attached to the rigid support
structure 52 with screws. This is not preferred as screws can cause
plastic deformation of the ramp units 50 and eventual misalignment.

Another alternative is to attach the ramp units 50 by snap-fit
structures which snap into the holes 64, 65. Yet another alternative
is to attach the ramp units to the rigid support structure 52 by

(T} means of a heat staking process.

Fig. 7 shows a cross sectional view of the ramp structure in which
the cross section cuts vertically through the ramp units 50 and holes
64. Preferably, the rigid support structure 52 has a foot 66 to
facilitate mounting the ramp structure to the base 22. The foot 66
extends perpendicularly to the rigid support structure 52. A thin
layer 68 of plastic ramp unit material may be present between the
ramp units 50. The thin layer 68 should be thin compared to a
thickness 70 of the ramp units 50 and a thickness 71 of the rigid
support structure 52. Restricting the layer 68 to be thin renders

the ramp units 50 mechanically connected predominantly by means of
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shapes or cylinder'shapes can be used.

Fig. 9 shows a cross sectional side view of the ramp structure of the
present invention attached to the base 22 with a screw 74.

Fig. 10 shows the preferred embodimént of the present invention in
which the foot 66 has a step 76 on the bottom. Preferably, the step
76 intersects the threaded hole 72 as shown. An outer bottom surface
78 of the foot is raised compared to an inner bottom surface 79 of
the foot 66. B . -

The step 76 shown in Fig. 10 serves to simplify the task of mounping
and positioning the ramp structure to the base. Fig. 11 shows a
preferred method of mounting and aligning the ramp structure. A
screw 80 attaches to the foot 66 through the base 22. A sidewall 82
is positioned adjacent to the ramp structure. The sidewall 82 has a
raised portion 84 which is positioned to contact the flange 60. When
the screw 80 is tightened, the step 76 in the bottom of the foot 66
is pressed against the base 22. This pressing action causes a
tilting torque 86 about the point of screw-foot contact. The tilting
torque 86 acts in a clockwise direction in the view of Fig. 11. The
tilting torque causes the flange 60 and raised sidewall portion 84 to
be pressed together. This pressing together of the raisgd portion 84
and flange 60 results in accurate positioning of the ramp structure.
The raised portion 84 acts as an alignment fiduciary and so provides
accurate registration of the rigid support structure 52.
Alternatively, the flange 60 has a raised portion and the sidewall 82
is flat.

Fig. 12 shows an embodiment in which each ramp unit 50 has a single
ramp 32. In this case, each ramp unit 50 having a single ramp 32 is
individually attached to the rigid support structure 52. Attaching
each ramp individually to the rigid support structure 52 will further

reduce the thermal expansion induced changes in ramp-disk spacing 38.
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manufacture.

Although the present invention has been illustrated with three ramp
units and six ramps, it is appreciated that almost any number of ramp
units or ramps can be attached to the rigid support structure.

It will be clear to one skilled in the art that the above embodiment
may be altered in many ways without departing from the scope of the
invention. Accordingly, the scope-~of the invention should be

Py

determined by the following claims and their legal equivalents.

Q)
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1. A data storage device comprising:
a)  atotal drive assembly comprising:
1) a spindle having a thermal expansion coefficient,
2) a motor for rotating the spindle,
3) a data storage disk attached to the spindle;

b)  at least one ramp unit having a load/unload ramp, the load/unload
ramp and the data storage disk defining a ramp-disk spacing
therebetween, wherein the ramp unit has a thermal expansion

coefficient;

¢) a rigid support structure to which the ramp units are attached,
wherein the rigid support structure has a thermal expansion
coefficient equal to the spindle thermal expansion coefficient to

within 19x10° per degree Celsius.

2. The data storage device of claim 1 wherein the rigid support structure has a
thermal expansion coefficient equal to the spindle thermal expansion coefficient

to within 8x10° per degree Celsius.

3. The data storage device of claim 1 wherein the total drive assembly has a thermal
expansion coefficient, and wherein the rigid support structure has a thermal
expansion coefficient equal to the total drive assembly thermal expansion

coefficient to within 19x10° per degree Celsius.

4. The data storage device of claim 1 wherein the rigid support structure and the

spindle are made of the same material.



X<<<<KKK<~AF* 1109 (& ()-1" 1109 (& ()-'110% (& ()-'110% (& ()-

) MLO% (& ()-m
38109 (& () - <<<<==="=kS7' 110% ! 10% (& ()-!' 1109 (& ()-'!109% (& ()-!'! 10% (&
()-'110% (& ()-" =(=) =3=9=: = =O=sW" | 109491096 (& () - 110928 QCT 2@020(& (
)-"1109% (& ()-!" 110%(& ()- O=P=Q=>>> >#>2>dC 110% | 10%(& () -

S A S BT o,
(10%;)( & () - YFFGRIFUNMIMARSS iHe kifie b4, LY((10% &' () - 4Y, (L0% & ()-J

9Y, (10% & ()-J 0 L$10%(:&'()-@9!10%(:&'()-nNNNIPQSS|[:NA4'!110
L &(10% & ()- MBL0% (' & ()-m | (10% & ()- OMB10% (' & ()- 310% (' & ()-F

10% W' & () SULU 1

SONLO06 (+ &7 s arigs b ophgs YVER el 1 OHBCH iy dka (10ilgd gflct further
y/ MB109B( & () - (o @¥iB¢RA (SpaceB timg bDAByI&r¢in-tBe ngltbmw(s)mcwﬁ( a0d/@resspayer
05&109%48( J& ()-y\\\\\ 1A DA & ()-9  &SIOWK(& ()-' Y
&210%«&(() (?1%% rl’t“f' g%ﬁ&é‘@‘e%%ﬁﬁglo&_‘raddd g0
MLO%q( k& () - S OI\/IlO%& () - SLOK( 10K( 10K( " | +9$10%K(& ()- GB(L0%K(& () -

10984 hhj bkck 41 4 $10% 10%/g
s&')gloqog; g)& '?;j ? | b}fgd!né(smagg dev1q:_e§98ggérg ]g)whe (Ig tl(l)e r1g1(d sup(p)ort structure has a

L$10%( & () - dek

3 Y1006 (: & ()7 %éé%d Bty P eeRiTionP P10 ikl e EAMAR tppfien
S10% ": & ()- |1 10%ithig8x)0™ neddegre® CelsinG: (@ 2: $10% (: & ()-: O(10% & ()-G

Y (10% & ()-s$sswt }u~uuuu| [ NA41010: (:10: (:10:(: | S) 10%( & O-Y Y(10% & () -
&P10% (: & ()- F 9%10% (: & ()-s 1"10% (: & () - Fuuuuu' vLv|[: NA41010

Y10%K" & () -8.3GLOYRle’daty stofag&ﬁch?o(c)lamﬂ.D%ﬁe&n(t)herdlﬁﬁ%n&s fne-made of a material

2f 109" & () - L NA1010 v | 305K F109

Tov & 0 7 v boeclsotol flisohie groun Fonsiip afpill s caalyacs il REERGy AT -

@109%K" fa E) U41;L/0 ! ]ill Ofézét%iglmc plégiﬁ%rsg/ﬁagalg’;l“FE: til%‘%/ﬁﬁéa%(u?é 10K & () -

zzzzzzz{c{v W& ()- , (0%} %

IZ]-Og/d&' ()- 210Q<0Q10Q<"Q19Q<;Q F7I10%X" Q& () -c{{{& | (|) 3L V_U410 @o%w & ()-

1)) (10 bR YO e gt e g g oy ymads of
"10% & ()- @0% & fiptesil $aleckidiftom B¢ FEMP&oAYistirg) AOMBINn, SEBB Bﬁﬁ/ﬁlesS(S)Gel,

@' 10% & ()- @10% feTolh 0% & (

1 10% & ()S) 109% & Cﬁf&n&dﬂiﬁ ey A8 @5”%3}1‘%%43‘“‘1 ﬁlé‘ilﬁe“? i ng 13] c " Headi ng

23] ¢c" "Heading 33]c" "Heading 43]c" "Headi ng 53] c" "Heading 63]c" "Heading
ZJ?z]Rgadhgre 3\,? d'i_g 83}he data storage%egi% Cf Alaml?elf chrem tﬁ agml? mtngrP t%z rig'icBgl’lpport

Xt & (-.21Z4<: J? @Qaciiydk/mednehiSApcihtdddRed \ | #_ abcdef ghi j kl mopg”v |t
<#8% ' ** B/ 44S9S: : x<<"=0=2>FNSW _dck | suLvwzc{;}~rstuvwxyz{|}~6Ti nes New

RomanAri al Couri er New'h Root EntryWrdDocunent ?
11. The data storage device of claim 10 wherein the ramp units and rigid support

structure are mechanically interlocked by holes in the rigid support structure with

the ramp units extending into the holes.

12. The data storage device of claim 1 wherein the ramp units are injection molded
ramp units.
13. The data storage device of claim 1 wherein each ramp unit comprises a separate

piece of material.

14. The data storage device of claim 1 wherein the rigid support structure further

comprises a foot for mounting to a flat surface.
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15. The data storage device of claim 14 wherein the foot comprises a step such that a
tilting torque is exerted on the rigid support structure when the foot is pressed

against the flat surface.



