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FlI ELD OF THE | NVENTION Thi s invention rel onpu har d
drives and ot her data storage devices uti gﬂ @ﬁ? 50
particularly, it relates to a |oad/ unload ranp str hoI ng the
magneti ¢ heads away fromthe data storage di sks mhen t he di sks are not

spi nni ng. BACKGROUND OF THE | NVENTI ON Conput er hard
drives typically enploy a nunber of rapidly rotating disks having a coating
of magnetic data storage material. Each disk 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 nagnetic disk as it
noves. The magnetic 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
novi ng. It is very inmportant that the nagnetic head and di sk surface not
conme in contact for any extended period of tine, since this can result in
damage to both the disk surface and the nmagnetic head. For exanple, data
can be pernanently destroyed if excessive contact shoul d occur.

Compos:.te Ramp’ Structure for Data Storage Devices
. '~ FIELD OF THE INVENTION
This J.nvent:u.on relates generally to computer hard drlves and other .
data storage dev:t.ces utilizing rotating .disks. . More parta.cularly, it
relates to .a 1oad/unload_ramp structure for holdlng the - -magnetic -
heads away from the data storage disks when the disks are not
spinning. ' '

BACKGROUND OF THE INVENTION _
Computer hara drives typically employ a number of rapidly rotating
disks having a coating of magnetic data storage material. Each disk
is matched with a magnetic read/write head which is held very close
to the disk surface. The magnetic read/write head can thereby read
and write data on the magnetic disic 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
disk 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 zad the magnetic head. For examplie,
data can be permanently destroyed if excessive contact should occur.
In an operating hard drive, contact is prevented by the fact that the

disks are rapidly moving.



In an-operating hard drive, contact .is prevented by the fact that the disks
are rapidly noving. It is also inportant for the nmagnetic
head and di sk surface not to cone in contact when the di sks are not
rotating (i.e., when the hard drive is not powered). If a disk and nagnetic
head are at rest and in contact for a pemiod of tine,. the head and di sk
surface can stick together, resulting in damage to the di sk surface when
the disks start to rotate. Also, the disk nust start fromrest, and a
certain mninmumvelocity is required for the nagnetic head to float over
the disk surface. Therefore, each startup of the hard drive results in the
magnet i ¢ Tedd ai¢aiigipostrhacEorubbengagnetic diestared diskl sthéadeskot to
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fl oat above the di sk surfaces. I.S. noted that sone hard drives have
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surface of the slider 5. The actuator arm 3 pivots about a pivot post 9.
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fromthe diisk 2. The magnetic
released from the ramp structure when the disks have achieved the

minimum speed for causing the magnetic heads to float above the disk
surfaces.

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 és contact start/stop (CSS) hard

drives. CSS hard drives do not utilize load/unload ramp structures.

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/write head (not shown) is located on a
botFom surface of the slider 5. 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 lifting
feature 6 is moved onto the ramp 8.



IS thereby not in contact with the disk 2 whenever the lifting feature 6 is
noved onto the ranp 8. It is desirable to nmake the ranp
stvucture 10 fromlow friction polynmer materials. Low friction ranps 8
reduce the anount of energy required to unload the nmagnetic heads (a
concern during unpowered unl oadi ng), and,al so reduce-the anobunt of debris
particles generated when the lifting feafure rubs over the surface of the
ranp. It is also desirable to rigidly fix the |ocation of the ranp
struCture with respect to the disk surface. Ranp structures 10 nmade of

pol ymer materials have thermal expansion coefficients which are often quite
di f f er enf tf demddrindidarato exphastba ceedf istirenteref 19uifromndiony firdicdion
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undesi rabl e consequence of this - is that fewer diisks fit into a hard drive
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expansi o8xpadyeed BbaakignaBRL - of surrounding metal components which are

- usually made of aluminum or stainless steel. Therefore, during

temperature changes, the plastic ramp structure expands and contracts

at a different rate than surrounding components, fesulting in
misalignment of the ramp structure 10 relative to the disks 2.

Thermal expansion induced misalignment results in decreased usable
disk surface area for data storage.

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
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
unlqaded 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.



U S. -Patent no. 5,034,837 to Schmtz discloses a ranp structure conprising
a single piece of plastic. Schmtz does not disclose neans for preventing
thermal expansion induced m salignnment. U.S. Patent no.
5,241,438 to Matsushi ma discloses a ranp structure conprising a plastic
ranp and rigid nmetal ranp support memberq for supporting the plastic ranps.
Mat sushi ma does not di scl ose neans for preventing thernmal expansion induced

m sal i gnnent . It would be an advance in the art of hard drive design to
provi de a ranp structure which provides constant ranp alignnment over a w de
range of tenperatures. OBJECTS AND ADVANTAGES OF THE
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the base of a hard drive. These and other obj ects and advantages wi |l be
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ramp structure which prov1des constant ramp alignment over a wide
range of temperatures. '

_ OBJECTS AND ADVANTAGES OF THE INVENTION .
Accordingly, it is a primary object.-of the present iInvention to
provide a ramp structure that: '

1) reduces thermal expansion induced misalignment of load/unload
ramps;

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

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 during
changes in temperature.



SUMVARY OF THE | NVENTI ON The obj ects and advantages of the invention are
attained by a ranp structure for providing | oad/unload ranps in a data
storage device. The data storage device has a disk mounted on a spindle.
The ranp structure has a rigid support structure and a ranp unit attached
to the rigid support structure. The ranpgunit has l.oad/ unl oad ranps. The
rigid support structure has a thermal expansion coefficient selected such
that a ranp-di sk spaci ng remai ns constant during changes in tenperature.

It i's noted that the novenment of the disks caused by thermal expansion can
al so be affected by thernmal expansion of a notor, spacer rings between the
di sks or the disks thenselves. The spindle, notor, spacer rings, disks, and
any ot herrtpaiss naftferrt tihgt dichle mpiiRAiit adf chesiddeked d¢aussadn bp tme;e&nfaat al
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and carbqn,f iLlgd #£g§ a.sembf ef erably, each ranp unit has two | oad/ unl oad .
ranps. Alternatlve y, eac n% unit can have a single ranp. Preferably,

the ranp units are nade of a pol ymer material, e.g. liquid crystalline
pol ymer Suedferabignol siest eigiaf sépbaﬂtostbea@@f@ B&s daanthermal expansion
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( PEEK) uni t-mat eri ﬂﬁ can ave
splndle, dlsk and spacer rings. Also preferably, the r1g1d support

structure is made of the same material as the spindle, dlsk and
spacer ring. For example, the rigid support structure can be made of
aluminum, steel, stainless steel, céramic, 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), polyacetals, 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
meéhanically 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 onteo the



mat eri al s such as PTFE internal |ubricants. Al so preferably, the ramp
units and the rigid support structure are nmechanically interlocked. 1In one
enbodi ment, holes in the rigid support structure into which the ranp units
extend facilitate interlocking of the ranp units and rigid support
structure. Preferably, the ranp struggure I s made--by nol ding the ranp
units onto the rigid support structure. Molding of the ranp units onto the
rigid support structure can be perforned by insert nolding, for exanple.
Preferably, each ranp unit conprises a separate piece of material (i.e.

the ranp units are not contiguous). This neans that the ranp units are
mechani calilgidc onupested sntyctyrerecans bé pheformed bypposerst mgéding, fdm a
par t'i cul arly-peeferred enbodinent, the rigid support structure has a foot
with a step In the bottom surfaces of the foot. The foot extends
perpendicularly to the rigid support structure. The step in the foot is
desi gned rseferably, t ebchngatpr guétr esuptrisehen sdmragm piscer ofs e tagdialst

a flat sysface. endismSRARES aklensANtbrilighehd] € e mghh8NEthtddhe ramp

registratiqQn against a sjdewall acting_as chani cal _fjduciary.
DESCRI pﬂuafatepg?ﬁemﬁ?@m%aﬁsg copnef; anﬁér EEEPFeOhi BIP oS Fmpart
prior artstiracthudei ve and | oad/ unl oad ramp structure. Fig.” 2A shows a

side view of a typical prior art hard drive and- | oad/ unl oad. ranp = .

structure. Fig. 2B shows a closeup view_of how a | oad/ynl oad ranp-:operiates. .
Fig. 2C FPl658?5Fé§“%ﬂ€¥¥mﬂr%ﬁﬁ££%§ SRPPHIRR Y ﬁ%@aFPgh FPRATbI cture -

has a foot with a step in the bottom surfaces of the foot. The -foot _
extends perpendicularly to the rigid support structure.™ Thegstepfin_'~'
the foot is designed so that a tilting torque results when the foot
is pressed against a flat surface. This enables the ramp sttucture'
to be aligned by registration against a sidewall_-acting as a
mechanical fiduciary. : '

DESCRIPTION OF THE FIGURES i
Fig. 1 shows a perspective view of a typical prior art hard drive and
load/unload ramp structure.
Fig. 2A shows a side view of a typical prior art hard drive and
load/unload ramp structure. '
Fig. 2B shows a closeup view of how a load/unload ramp operates.
Fig. 2C illustrates thermal expansion induced misalignment‘problems
in a typical prior art load/unload ramp structure. _(
Fig. 3 shows a side view of a hard drive with a ramp structure
according ‘to a preferred embodiment of the present invention.
Fig. 4 shows a perspective view of the ramp structure according to
- the preferred embodiment of the present invention.

Fig. 5 shows a perspective view of a rigid support structure which is
a component of 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.



in a typical prior art |oad/unload ranp structure. Fig. 3 shows a side view
of a hard drive with a ranp structure according to a preferred

enbodi ment of the present invention. Fig. 4 shows a perspective view of the
ranmp structure according to the preferred enbodi nent of the present
invention. Fig. 5 shows a-perspective vikew of a rigid support structure
which is - a conponent of the ranp structure of ‘the present invention.
Figs. 6A, 6B show cross sectional views of the ranp structure

illustrating how the rigid support structure and ranp units are

attached in the preferred enbodinent. Fig. 7 shows a vertijcal, cross
Secti(gnafig}eqvqhowqqg.pgﬁﬁpg@ﬁiﬁg;gﬁ@w of the back side of the rigid support

7 " Fig. 8 sheysciaderspective view of the back side of the rigid support
structureg, Fig. shows a. side.view.of,the_r r ing . to.the
pr esent ?ﬁgén% i osﬁma‘{vnsd _%o%vléev}%‘ﬂpogtpﬂgt 5@8%@%%%#@%%b§§9§f8{%%u%?egh{a 0 a
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structure accroehtus it a pagéerred enbodi nent. Fig: 11 shows a verti cal
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an illus e probl e inherent_in prior.art .r; fructunres nmade of
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A spindle 12 fsng FHoskwiseftildting bera®.is connected to a notor 14, and
the notorigs DPNEIRA ant Ber&ast itk edbeditinti-ifidwh it leaeh! bams Aidid at2a
about its axig,of, rotation 13. Data storage disks 2 are nmounted on'the
spindle 12. ACHPdf K2 has a top di sk surface 15A and a bottom di sk -
surface 15B. The ranp structure.10 provi des one | oad/ unload ranp 8 for each
di sk surface 15. Each di sk surpaserrdy drectitwixok defi ne a ranp-di sk

spaci ng 16.

Figs. 2A, 2B, and 2C illustrate probléms'inherent in prior art ramp
structures made of polymer materials. Fig. 2A shows a ramp structure
10 attached to a base 11. A spindle 12 having an axis of rotation 13
is connected to a motor 14, and the motor is bonded to the basé 11.
The motor 14 rotates the spindle 12 about its axis of rotation 13.
Data storage disks 2 are mounted on the spindle 12. Each disk 2 has
a tbp'disk-surface 152 and a bottom disk_surface 158. The ramp
structure 10 provides one load/unload rampjs for each disk surface
15. Each disk surface 15 and ramp 8 define a ramp-dis@‘spacing 16..
Spacer rings 17 are positioned between disks 2 and so help to define
a disk spacing 37 between disks 2.

Fig. 2B shows a closeup of the ramp 8 and a lifting feature 6. The
1if£ing 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 l1lifting 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



Spacer rings 17 are positioned between disks 2 and so help to define a disk
spaci ng 37 between di sks 2. Fig. 2B shows a closeup of the ranp 8 and a
l.ifting feature 6. The lifting feature 6 is designed to be lifted by the
ranp 8 when noved in a radial direction anay fromthe spindle 12. A ranp
tip 19 is located closer to the disk surface 15 than the lifting feature 6
so that the lifting feature 6 contacts th® top surface of the ranp 8. This
arrangenent nust take into account the position uncertainties of the ranp 8
and-lifting feature 6. A magnetic head 20 is attached to t he
lifting feature 6 so that the magnetic head is lifted away fromthe disk
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sl ope 36 of about 1/4 or 15 degrees with respect to the disk surface 15.
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radi us atoyiide @aka1&adiRE rali9h8dse Data nust al'ways be stored closer to
the spindle 12 than the mni num p055| bl e radi us of the | andi ng radi us 40.

The location of the 1and1ng radlus 40 w111 change when the ramp-disk
spacing 16 changes. The landing radlus 40 will move towards the
spindle axis 13 if the famp—dlsk spacing 16 increases, and away from
the spindle axis 13 if the ramp—disklspecing 16 decreases. For ramps
having a slope of 1/4, the radial movement in landing radius location
40 will be four times the change in ramp-disk spacing 16. Changes in
the ramp-disk. spacing will change the outermost radius at which data
can be stored. Data must always be stored closer to the spindle 12
than the minimum possible radius of the 1landing radius 40..
Coneequently, large radial uncertainty of the landing ragius location
40 reduces the surface area available for storing data. For maximum
data capacity and reliable hard drive operation, it is important that
the ramp-disk spacing 16 be fixed and well defined. For example, the
ramp- dlsk spacing 16 must not change significantly during changes in
temperature. '

Temperature change induced variations in ramp-disk spacing 16 require
that the disk spacing 37 be larger. This is because the ramp 8 must
be large enough to ensure that it intercepts the lifting feature 6.
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



Consequently, large radial -uncertainty of the landing radius |ocation 40
reduces the surface area available for storing data. For nmaxi num data
capacity and reliable hard drive operation, it is inportant that the
ranp-di sk spacing 16 be fixed and well defined. For exanple, the ranp-disk
spacing 16 nmust not change significantly during changes in tenperature.
Tenper at ure change i nduced variations i® ranp-di sk”spacing 16 require that
the di sk spacing 37 be larger. This is because the ranp 8 nust be |arge
enough to ensure that it intercepts the lifting feature 6. A larger disk
spacing 37 results in fewer disks being able to fit into a given vol une,
and hence, |ower data capacity per unit vol une. )

8 Tabl e 1 shows thermal expansion coeffjicients for alum num
and st eeTablipikphewe EBarmal yomansion crefsifiante for aprymuy andygeeel.
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Ther nal
(x10[ er r felcHisks @eIS|us) : Al um num 22-23
A ass 7-7.5rable .1  Stainless Steel

11-12 Table 2 s t.nermal expans coeFT‘C|ents f asiics jused for
ramp stfuctures. r}%I)QL‘;SJ“%”I1372'3ters of 4-h @P e el 3{05% ent l

hydr oxyt2-napht hoic acid { HAHN) js'so,d hv(K&ﬁ@HdB nder the

tradenajre VECTRA A3QumindAHN is a li fui d crystallyzuajﬂaterlal t hat] has a

| ow coefTrcrent or Trjction and good YWear properties. Jt 1s-noted rjhat HAHN .
has a h_ghL¥—aanoL#§#£§§4¢mHJEu_4»qu%u;4u;ﬁggﬁi4slﬁbﬁland-&9—has—Lmo
coefficlents.  Stainless Steel - T 11-12 .

Table 2 shows thermal expansion coefficients for plastics used for
ramp structures. Copolyesters of 4-hydroxybenzoic acid and 6-
hydroxy-2~-naphthoic acid (HAHN) is sold by Hoechst-Celanese, Inc.
under the tradename VECTRA 2430. HAHN is a liquid crystalline
material that has a low coefficient of friction and good wear
properties. It is noted that HAHN has a highly anisotropic thermal
expansion coefficient and so has two coefficients.

Table 2
Material Thermal Expansion Coefficient
(x10-6/degree Celsius)
HAHN -2 to 5 (longitudinal) or

65 to 80 (transverse)
. Polyacetal 75-85
Polvetheretherketone (PEEK) 40-50
Polyimide 31-50
Polyetherimide 40-50

Fig. 2C shows the effect of a temperature increase on a prior art
ramp structure. The spindle 12, motor 14, spacer rings 17 and data
storage disks 2 are made of metals (or ceramics or glass) and so have
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31- 50 Pol yet heri mi de 10 40-50 Fig. 2C shows the

effect of a tenperature increase on a prior art ranp structure. The
spindle 12, notor 14, spacer rings 17 and data storage disks 2 are nade of
netals (or ceramcs or glass) and so have
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surface 15B will move further from the spindle 12. The locations of
the landing zones on all the disk surfaces will be moved by the
relative change in height between the disk surfaces. 15 and
load/unload ramps 8.

Fig. 3 shows a preferred embodiment of a ramp structure 51 according
to the present invention. Ramp units 50, each having a pair of
1oad/unload ramps 32, are attached to a r1g1d support structure 52
which’ 1s mounted to a base 22. The ramp units 50 and the rigid
support structure 52 comprise the ramp structure according to the
preéent invention. Préferably, each ramp unit 50 is a séparate piece
of material (i.e., the ramp units 50 are not contiguous). Also
preferably, the ramp units 50 have a minimal vertical extent 55. 1In
one embodiment, the material of the rigid support structure 52 is
selected to have a coefficient of thermal expansion which closely
matches the coefficient of thermal expansion of a spindle 26.

Preferably, the 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 egqual thermal
expansion coefficients. Since the ramp units are not connected by

plastic material, during temperature changes the ramp units 50 will



| oad/ unl oad ranps 32, are attached to a rigid support structure 52 which is
nounted to a base 22. The ranp units 50 and the rigid support structure 52
conprise the ranmp structure according to the present invention. Preferably,
each ranp unit 50 is a separate piece of material (i.e., the ranp units 50
are not contiguous). Also preferably, the ranp units 50 have a m ni nmal
vertical extent 55. In one enbodinent, tHe material of the rigid support
structure 52 is selected to have a coefficient of thermal expansion which
cl osely matches the coefficient of thermal expansion of a spindle 26.
Preferably, the spindle 26, spacer rings 29, disks 30 and rigid support
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thermal ‘e é”E%fﬁ&le 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 coefficiént 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 ekpansion movement of the disks 30
can be considered to be part of a total drive assembly. It is noted
that the total drive assenbly 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.



coefficient of the rigid support structure 52 may not be exactly equal to
the thernmal expansion coefficient of the spindle 26. Instead, the thernal
expansi on coefficient of the rigid support structure 52 can be matched to
the thermal expansion coefficient of the conbined spindle 26, spacer rings
29, disks 30 and notor 28. -The spindle 26, notor 28,..spacer rings 29, and
di sks 30 and rel ated conponents that affE%t the thernmal expansi on novenent
of the disks 30 can be considered to be part of a total drive assenbly. It
is noted that the total drive assenbly conprises any conponents that affect
the thermal expansion displacenent of the disks 30 and hence the ranp-disk
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acconplished by the ranp structure 51 of the present invention. In a

parti cul arlty preferred enbodi ment, the rigid support _structure
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 ovér 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.

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

spindlel26, 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

i



52 is made of alum numand the spindle 26 is nade of alum num
Alternatively, the spindle 26 -and rigid support structure 52 are nade of
stai nl ess steel. In sonme drives, disks 30 made of gl ass nay be used.

d ass has a thermal expansion coefficient that approximtely matches that
of stainless steel. Therefore, in the case of using glass disks, the

spi ndl e 26, spacer rings 29 and rigid $Bpport structure 52 nmay be nade of
stai nl ess steel. The spindle 26 and spacer rings 29, however, have by far
the- greatest effect upon the thermal expansion novenent of the disks 30.
Ther-efore, matching the thermal expansion coefficients of the spindle
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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 plastié 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.



of friction and good wear properties (low particulate production). Exanples
of such materials include liquid crystalline polyners such as copol yesters
of 4-hydroxybenzoic acid and 6-hydroxy-2-napht hoic acid (HAHN),

pol yet her et her ket one (PEEK), polyim de, and pol yacetals. To reduce friction
and wear, PTFE-filled plastics can be used. In a particular preferred
enbodi ment, the ranp units 50 are nade Idf injection nolded liquid
crystalline polyner such as HAHN, whi'ch is sold by Hoechst-Cel anese, Inc.
under the tradenane VECTRA A430. The rigid support structure 52
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units 50 &ﬁ&ggvgﬁt§g|pﬁpgaﬁggﬁﬂigﬁ mechan1ca1 stability. It is noted that '
more than one hole 64 can be prov1ded for each ramp unit 50. For

example, each ramp unit 50 can also be mechanically interlocked witﬁ
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
means of a heat staking process. i

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



Anot her alternative is to attach the ranp units 50 by snap-fit structures
whi ch snap into the holes 64, 65. Yet another alternative is to attach the
ranp units to the rigid support structure 52 by neans of a heat staking
process. Fig. 7 shows a cross sectional view of the ranp structure in

whi ch the cross section cuts vertically through the~-ranp units 50 and hol es
64. Preferably, the rigid support stridcture 52 has a foot 66 to facilitate
nounting the ranp structure to the base 22. The foot 66 extends
perpendicularly to the rigid support structure 52. A thin layer 68 of
plastic ranp unit material may be present between the ranp units 50. The
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through the holes 64, 65 to provide mechahical interlocking of the
rigid support structure and ramp units. Placing a part such as the
rigid support structure inside an injection mold is well known in the
art of injection molding as ‘insert mblding;. Insert molding can
form ramp units 50 having accurate dimensions and dimensional
stability.

Alternatively, the rigid support structure can be made by die-
casting, extruding, molding or machining. The rigid support
structure can also be made of plastics or ceramic materials, provided
that the rigid support structure has an appropriate thermal expansion
coefficient. In the case where the rigid support structure is made
of plastic material, the plastic material composition can be adjusted
to provide the rigid support structure with a predetermined thermal
expansion coefficient., For example, glass-filled plasticé and
carbon-filled plastics can be used.

Although the rigid support structure has been shown to have a flat,

planar shape, it is possible to use a rigid support structure with



formranp units 50 having accurate dinensions and di nensional stability.
Alternatively, the rigid support structure can be nade by die- casting,
extrudi ng, nolding or nachining. The rigid support structure can al so be
made of plastics or ceramc materials, provided that the rigid support
structure has an appropriate thermnal ﬁiﬁansion coetficient. In the case
where the rigid support structure is e of plastic material, the plastic
material conposition can be adjusted to provide the rigid support structure
w tth a predeterm ned thermal expansion coefficient. For exanple,
glass-filled plastics and carbon-filled plastics can be used. Al t hough
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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
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posi tionesk ¥dorcedt to the ranp structure. The sidewal| 82 has a ralsed
portion 84 which is positioned to contact the flange 60 v%en :

The step 76 shown in Fig. 10 serves to simplify the task of mounting
and positioning the ramp structure to the base. Fig. 11 shows a
prreferred 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
torgque 86 acts in a clockwise direction in the view of Fig. 11. The
tilting torque causes the flange 60 and raiséd sidewall portion 84 to
be pfessed together. This pressing together of the raised portion 84
and flange 60 results in accurate positioning o£ 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.



the screw 80 is tightened, the step 76 in the bottomof the foot 66 is
pressed agai nst the base 22. This pressing action causes a tilting torque
86 about the point of screwfoot contact. The tilting torque 86 acts in a
cl ockwi se direction in the view of Fig. "11. The tilting torque causes the
fl ange 60 and raised sidewall portion Q% to be pressed together. This
pressing together of the raised portion 84 and flange 60 results in
accurate positioning of the ranp structure. The raised portion 84 acts as
an alignnment fiduciary and so provides accurate registration of the rigid
support structure 52. Alternatively, the flange 60 has a raised portion and
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singler f§§t5§e|nd|V|dually_attached to the rigid support structure 52.
Attaching each ranp individually to the rigid support structure. 52 wll
further reduce the thernmal expansion i nduced changes in ranp-di sk spacing
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t hat al nost  any nunber of ranmp units or ranps can be attached to the rigid

support st uge. |t wi:ll be clear to one.ski|led in the art that the
above erbodi %n@en%%/eeﬁ:e 4 t°é’1€e5kF'#1fﬁén’sP\ﬁg’fsaﬁtt' R %EEHVEQWBQ‘P%"—
scope ofah&s; mksArednin ma pvadisn gliyrhout héepatping i riole thevsadpeno s e d
be det erigiveett iloh .t heabeblk@ihglyG! AHE 306pdhel’ tiRIAnFAN VS €Bhduld be -

determined by the following claims and their legal equivalents.



What. is clainmed is: 1. A load/unload ranp structure for a data storage

devi ce having a data storage disk, the ranp structure conpri sing:

b) at |east one ranp unit having a | oad/unload ranp, the |l oad/unl oad
ranp and the data storage di sk defining a ranp di sk spacing

t her ebet ween; a)-arigid support struct m ranp units
Care attached, wherein the ri gi d18upport snlmmll lE n,Of a
mat eri al having a t her mal expansi on coefficient sé&l ected duch * t hat

t he ranp-di sk spacing is substantially constant during changes in

t enper at ur e. 2. The ranp structure of claiml1 wherein the data

st orage device further conpri seBA®MS otal drive assenbly having a
spindle, a spacer ring and a notor, the spacer ring, notor and disk
conpri srvg%[a totﬂ drjve-assenbly, wherein the thernal expansi on
coef fici _IPGYiiF *support structure is substantially equal to
a ther mdl. eApdoesdéuntosd frauertmictilre for a dits atodrovcdevienbhgyvingier eby

the ranp-di a&tapeeafwgé @mknsthe ramp S¢RatANd @otnﬁrigﬁ%ant during changes
i n tenperature. . The ranp structure of claim1l wherein the rigid

support structure and a spindle upaen which the disk is nounted have
substantial ly ehhahtt Rernstl omeparagipo nurcide fHavingntss . load/unlbadl hmmmanpehe

structure of cl apmy S Fardd Gardd @Hlﬂe H4RBOLkorage dlétra&fMﬁl@@ Pamp
spi ndl e upon wh hkthe di sk S nounted-are made of the sane.
mat eri al . is spac1ng erebet ween,r _

a) a rigid supbprt structure~to which the ramp units are
attached, wherein the rigid support structure is made of a
‘material having a thermal expansion coefficient selected such
that the rampfdiék spacing is substantially constant during
changes in temperature.

2. The ramp structure of claim 1 wherein the data storage device
~ further comprises a total drive assembly having a spindle, a
spacer ring and a motor, the spacer ring, motor and disk
comprising a total drive assembly, wherein the thermal
expansion coefficient of the rigid support structure is
substantially equal to a thermal expansion coefficient of the
total drive assembly, whereby the rémp—disk spacing remains
substantially'constant during changes in temperapﬁre.

3. The ramp structure of claim 1 wherein the rigid support
structure and a spindle upon which the disk is mounted have
substantially equal thermal expansion coefficients.

4. The ramp structure of claim 1 wherein the rigid support
structure and a spindle upon which the disk is mounted are
made of the same material.



5. The ranmp structure of claim1l wherein the rigid support structure and

t he di sk have substantially equal thermnal expansi on..coef-fiei-ents. 6.
The ranp structure of claiml wherein the rigid support structure and
the di sk are made of the sane material. . 7. Thﬁ“ﬂﬂ“ﬂu ﬂu ﬂj f claiml
wherein the data storage -device furtgﬁr conp 1 g and
wherein the rigid support structure d the spacér ring have
substantial ly equal t hermal expansi on coefficients. 8. The ranp
structure of claim1l wherein the data storage device further conprises a
spacer ring and wherein the rigid support structure and the spacer ring

are made of 5t heThainpampt stirukturegof KHeimdh wheveinr 8hef rdigdidm suppmrtei n
the-ranp units @tfﬁufmﬁee an@f thTai e ahave! 8GH8Hahit 081 1{e egaup SISt | NQ

of pol yi m de aceta PEEK, HAHN, |liquid crystalline
pol yners, and Pe8° #géﬁﬁ%ﬁ5s‘ 10. The ranp structure of claim1
wherein the rigid support structure is nade of a material selected from

the group 6.consd S‘Hnﬂﬁ QErﬁEHﬁkEUFﬂf d1eehm Bteheless eheelmgciar algport
pl astic, glass- leé%qﬁ%Ias é@ gp car bon- |Ileg Elastlc The ranp
structure of cl&¥H HESIATEAIYE &fd TPReSe rn]aé:eaf ??Jpport

structure are nechanlcally |nterlocked ' 12. The ranp-structure of
claimi1l th?[el'fhé QErﬁkE'tEﬁfe of clalﬁnﬂ ‘JHéi-bgnSHH@QIétaSTs&BEEQéedé’«che

mechanically in & es jnt ort, structure
W th the ramp HERCHE Boparises fiopaoeR B adopberets U Higla’ ippartk
structure and the spacer ring have substantially equal
: thermal_expans1on coefficients.. . -

8. The'ramp structure of claim 1 wherein the data storage device
further comprises a spacer ring and wherein the rigid support
structure and the spacer ring are made of the same material.

9. The ramp structure of claim 1 wherein.the ramp units are made
of a material selected from the group consisting of
polyimide, polyacetals, PEEK, HAHN, 1liquid crystalline
polymers, and PTFE-filled plastics.

10. The- ramp structure of claim 1 wherein the rigid support
structure is made of a material selected from the group
cdnsisting of "aluminum, steel, stainless steel, ceramic,
plastic, glass-filled plastic, and carbon-filled plastic.

11. The ramp structure of claim 1 wherein the ramp units and the

rigid support structure are mechanically interlocked.

12. The ramp structure of claim 11 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.



13. The ranp structure of claim1 wherein the ranp units are

I njection nolded ranp units. 14. The ramp structure. of ctairm 1 wherei n
each ranp unit conprises a separate piece of materia 5. The

ranp structure of claim1l wherein the rigid support “u \ \i\“\m

further conprises a foot for nounting to a flat “

16. The ranp structure of claim15 wherei20 the foot * conprises a
step such that a tilting torque is exerted on the rigid support

structure when the foot is pressed agai nst the flat surface.

17. A data storage device conprising:; a) a spindle b) a

dat a storage 1di.skhaDwaied siridtirepidfllElaim 1 whejeial theastangneunatp dpet
havi ng a | oad/ un , /unl oad ranmp and the data storage
di sk defining a %gﬁpCEEgg)moﬂgad sp%C|n3§€herebetmeen; d arigd
support structure to which the ranp units are attached, wherein the
rigid supportiast ruet th@mps st tifred’ of claifmt Br whleredw ggacﬁht el unit
expansi on coeffi ect £ g ranp-di sk spacing is
substantially co%gﬁgn% dﬁrln %a§38e pl?Fe H$£ %enperature. 18. The
data storage device of cIa|n117 further conpr|5|ng a total drive

assenbly haviisy @hepaesip riétiudtitkat 6Pt 6laim 1 whetldheithd heidier BBpport
expansi on Coefflcgsﬂ%teLe Eﬁr%agkdcomprlseéugpggétSE& Cﬁgﬁﬁi%ﬁéﬁt?he F%?a

substantial ly equ ansion coefficre
drive assenbly, t he ranp- dISk spaC|ng IS substantially
constant during .

16. The ramp structure of claim 15 wherein the foot
comprises a stép such that a tilting torque is exerted on
the rigid support structure when the foot is pressed
against the flat surface.

17. A data storage device comprising:

a) a spindle '

b) a data storage disk mounted on the spindle;

c) 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;

d) a rigid support structure to which the ramp units are
attached, wherein the rigid support structure is made of a
material having a thermal expansion coefficient selected such
that the ramp-disk spacing is substantially constant during
changes in temperature.

'18. The data storage device of claim 17 further comprising a
total drive assembly having a spacer ring and a motor, .
wherein the thermal expansion coefificient of the rigid
support structure is substantially equal to a thermal
expansion coefficient of the total drive assembly, whereby
the ramp-disk spacing is substantially constant  during
changes in temperature.



changes in tenperature. 21 19. The
data storage device of claim17 wherein the ri gi d support structure and
the spindle have substantially equal thernal expansion coefficients.

20. The data storage device of claim 17 wherein the rigid support

Storage device of olaim 17 wherein the Bﬁg?Sfugﬁﬂmllﬂ'llllllllmillll]ﬂﬂ and the

di sk have substantially equal thernal expansi on cdeftficlents.” 22. The
data storage device of claim17 wherein the rigid support structure and
the disk are made of +he sane material . 23. The data storage device of

claim 17 wherein the data storage devi ce further conprises a spacer ring

and-wherei n 1he ThegldAta sﬁ@ﬂ)@é tdéi;tlrdécbﬂr@laeiffﬁ? 1t7hﬁh;é£@1(iﬁrthél Bg%mvﬁlpport
substantial ly I expansi oeffic

storage device c| i m lgn\% P8 PHRE R&a?‘ﬁ VSt 8?%%‘2 ntigddyi ce@""laﬁr al
conprises a spac%@aﬁﬁhgnaﬂqeﬁm@MSt he rigid support structure and the
spacer ring are nmade of the sane mat eri al . 25. The data storage device

Che group cors s gaf & régpa“”'fi%"&ge B6 ST 4 Rt thi RESH mpore
crystalline Fﬁﬂ%ﬂé’e WH:IEplelFiﬂ-edalrﬁ a@tiﬁcgf the same material.

21. The data storage device of claim 17 wherein the rigid support
structure and the disk have substantlally equal thermal_
expansion coefficients. e -

22. The data'storage device of claim 17 wherein the rigid supbort
structure and the disk are made of the same material.

23. The data storage device of claim 17 wherein the data storage
device further comprises a spacer ring and wherein the rigid
support structure and the spacer ring have substantially
equal thermal expansion coefficients.

24. The data storage device of claim 17 wherein the data storage
" device further comprises a spacer ring and wherein the rigid
support structure and the spacer ring are made of the same
material. ' U
25. The data storage device of claim 17 wherein the ramp units
are made of a material selected from the group consisting of
polyimide, polyacetals, PEEK, HAHN, liquid crystalline
polymers, and PTFE-filled plastics.

26. The data storage device of claim 17 wherein the rigid support
structure is made of a material selected from the group
consisting of aluminum, steel, stainless steel, ceramic,
plastic, glass-filled plastic, and carbon-filled plastic.



26. .The data storage device of claim 17 wherein the rigid support
structure is made of a material selected fromthe group  consisting of

al um num steel, stainless steel, ceramc, pl asMi ) d

pl astic, and carbon-filled plastic. mllm I"'“ mﬂ"m " ’"1

22 27. The data storage device of claim 17 wheré& n¢the ranpg units and
the rigid support structure are nmechanic ly interlocked. 28. The
data storage device of claim27 wherein the ranp units and rigid
support structure are nechanically interl ocked by holes in the rigid
support. structure with the ranp units extending into the holes.

29. The dat @7st ohag8atdeVviesrade cavritd 7o fheElLinn I7heviearpinunheSrampatfits

| nl ection ol degd, SR UNdi% sundlse TG HRL3LSLAL AN LERPTirtah BhLa.
wherei n each ranp URTT ~ corer Ses a separate piece of material. . The
data storage device of claim 17 wherein the rigid support structure

further conprises &d.00ihd @atdebiraget @evidd &If clasml 2Actherein the ramg.

The data storage deyice of claim3 rein t i
step such that a ti‘j“fnl“fhs ta’l(r)lr%1 u]él?éée;(gg%pg) ongg.r;g%retﬁ:ereriné%g sujb%%?%g
structure when the ¥fgrios byeholes in thegzigdd spePe¥Hstayctaze. with

the ramp units extending into the holes.

29. The data storage'aevice of claim 17 wherein the ramp units
are injection molded ramp units.

30. The data storage device of claim 17 wherein each ramp unit
comprises a separate piece of material.

31. The data storage device of claim 17 wherein the rigid support
structure further comprises a foot for mounting to a flat

surface.

32. The data storage device of claim 31 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.



