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»0r transducer carrier and a disk surface provi ded wi REpLACEDAUI ’
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- DISK FILE WITH LIQUID FITM HEAD-D
"This invention relates-to data records hore
particularly to a disk file including a hdpd: of“t¥ Prrier and a

disk surface provided with a liquid lubricifie)

) A o
Disk files, also referred to as disk drives,

areqinformat1on
storage devices which utilize a rotatable disk with concentric data
tracks containing the information, a head or transducer for reéding_or
writing data onto the various tracks, and an actuator connected to a
carrier for the head for moving fhe head to the desired track and
maintaining it oveir the track centerline during read or write
operations. There are typicall& a plurality of disks separated by
spacer rings and stacked on a hub.which is rotated by a disk drive
motor. A housing supports the drive motor and head actuator and
surrounds the head and disk to provide a substantially sealed
environment for the head-disk interface. In conventional magnetic
recording disk files the head carrier is an air-bearing slider which
rides on a bearing of air above-the disk surface. The slider is urged .
against the disk surface by“é small force from a suspension which
connects the slider to the éctuator, éo that the slider is in contact
with the disk surface during start and start operations when there is
insufficient disk rotationai—speed to maintain the air bearing. A
lubricant is requ{red on the disk surface to prevent damage to the head

and disk during starting and stopping of the disk file.

The conventional magnetic recording disk file suffers from several
disadvantages which are due to the air-beraring head-disk interface. The.
spacing between the head and disk is limited by the minimum achievable
flying height of the air bearing slider, which means the recording
performance of the disk file, which is directly related to this spacing,
is accordingly limited. When the slider has been in stationary contact
with the disk for a'relativelylshort period of time, the liquid
lubricant and the relatively large air-bearing surface of the slider

create static friction (or "stiction") forces which cause the slider to
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Disk files, also referred to as disk drives, are information storage
devi ces V\/m ch utilize a rotatable disk with concentrigc—data—ttactk

cont ai ni ng the information, a head or transducer for r'B‘«H&S’r@ﬁEJrH% BEEW
data onto tIgagcefioees tracks, and an acf uator connectled t o REPLAGED er fdr
the head for noving the head to the desired track and-marmrarning 1t over
the track centerline during read or wite operations. There are typically a
plurality ofstiiélsite thepai«t eﬁlrﬂaye,Sﬂai:ﬁf chit R@Sul@Nth aaﬁ(‘gke%b @he fheb%lb d‘i@lkghhl Sd
rotated b t us uppor t rive or an ea
act uat or )a/m rgﬂ%ﬁgﬂgni YLGW ﬂ[eaal 5Obcf ea%g fre&?ﬁ‘\’/"? glée g%‘ﬁl?&%\tﬁf am ?gseal ed
envi ronnent therd ilshefiﬂéadJEPsWtPhﬁaépf abdch |ip R?ém@hrlaonb;ln ity et iadxr ecor di ng

di sk files when hBaciieRrfilerid Spavatdig,- pfwiaéhlgvgﬁ dﬂtlmﬁhfﬂésg%tﬁgﬁe di sk
beari ng of Ve Jt dj.s r.fac slider is uy S

surfacg by a %g h%P? B?ld &]ﬁkf%o%hgys&s dgﬁléllgg Y- if ?fyc%eﬁ‘ﬁé%’g@ Y"rlggé‘ﬁt&%‘i‘ to the
act uat or, 56‘4 Hapagth evikichrgkep sﬂiencwm%i@n&wdtl# tfhte dphddeisableater during .
start and S'E:&fﬁaiﬁ[h}ib&ld:&ﬂSné’W@ﬁbﬁ BetRel f bIpoitidiel &butlrSK 7@t 2 Onal speed
to maintai nr&qu%.rg‘& inlsjfcfl ﬂg disAk file to support the air-bearing slider also

increases the air drag on the rotating disks, thereby increasing the

power consumption, contributes to the noise level in the outside
environment, causes buffeting of the suspension, and'increases the

corrosion and oxidation of the heads, disks and electronic components.

There are several references which describe different types of head
carriers and liquid bearings as possible alternafives to the
conventional air-bearing head-disk interface :in magnetic recording disk
files. In assignee's US patent 2,969,435, a sled-type transducer
carrier with a large flat surface rides on a'layer of oil on the disk,
the oil being supplied from 'an oil reservoir external to the disk file
and discharged from a nozzle located ahead of the carrier. In
assignee's pending application, US serial no. 264,604, filed October 31,
1988, and published May 9, 1990 as Buropean published application
EP 367510, a disk file utilizes a continuously recirculating low
viscosity liquid lubricant, which is maintained as a felatively thick
layer on the disk, and a transducer carrier which has triangular shaped
feet to plow through the low viscosity liquid layer. The EP reference
suggests that if the disk file is hermetically sealed with no air
present the low vapor pressure lubricant can evaporate.which allows the

required recirculation of the lubricant to occur by distillation.

What is needed is a disk file with a liquid bearing interface which
provides minimal head-disk spacing and which does not require continuous

recirculation of the lubricant.
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“lubricant is required on the disk surface to prevent damage to the head and

di sk during starting and stopping of the disk f|
convehtional magnetic recording disk file suffe gﬁgggh )
di sadvant aggggui-eare due to the air-gearing head- ‘erface. The

spaci ng between the head and disk is |imted by the m ni num achi evabl e
flying height of the air bearing slider. which neans the-recording
performance of hbeordisdly,ities prédenh inventiiosirbyidesliiath trecdddisg saking, is
accor di ngly ({{ 1}, ot %//)gqe“ é«ﬂtieééé dgd d%@é a‘iéi?'ﬂaézihgsé aclil‘iﬂ ofC A AELIneM th

t he di sk for are erio Iubrlcant and
the relativ&hsrerhr d’é‘ea‘?lrs pReing rﬁ%&‘?ﬁda&"é ao?“bc fer §PT—§T§P“ chﬁfe%t“é?tg’f at fc
friction (ofiup@tast reservol P rfoe Sreplesizhaditsef Llericaht @6rtheodisk as

lubricant is depleted from the disk; a transducer for writing data to

or reading data from the disk, connected to a transducer cgrriér mounted
for movement across the surface of the disk by means of an actuator, the
carrier having a ski surface; means connecting the carrier to the

actuator for urging the ski surface of the carrier into contact with the

lubricant film on the disk during rotation of the disk.

In a preferred disk file, the disk is coated with a film of
conventional high viscosity lubricant and the lubricant reservoir holds
enough lubricant to replenish the lubricant on the disk over the life of
the file. The file does not include any means for recirculating the
lubrican; since in the preferred file, the lubricant spins off the disk
at a relatively low rate due to its small film thickness and high
viscosity. The viscosity of the lubricant is high enough to limit the
lubricant loss over the required lifetime of the disk drive to an amount
which can be replenished by the reservoir. The ;ubricant reservoir
contains a very small amount of lubricant and thus may be maintained
inside the disk file housing. In the preferred embodiment of the
invention the reservoir is a sealed riné located near the disk inside
diameter and has a porous interior for holding the lubricant by
capillary action and a number of outlets for releasing the lubricant to
the disk during rotation of the disk. The preferred surface of the
transducer carrier is a plurality of ski feet formed as generally
truncated cones which extend from the carrier, the degree of taper of
the cones being so gradual as to permit the generally circularly shaped
ends of the ski feet to ski on the lubricant £ilm surface. The
generaliy circular shape of the ends of the ski feet improves the
.operation of the carrier in rotary actuator disk files in which the
direction of motion of the carrier relative to the disk varies with the

radial position of the carrier on the disk. In one embodiment of the
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o> - 2 stick to the disk surface, which can result in damage
to the head, disk or suspension when the slider_b the disk -
at start up of the disk file. The interface, 'mQS\—EEﬁSrHAﬁaB athinfilm
of Lair when the ggék file is operating, provides vergPLAGED e stilf f ness

bet ween t h8AREHIO%%d di sk so that thedisk fillk ensitive to

vi bration and inpact, which nmakes the conventional disk file undesirable
for certai |.Calq S [ l e MenalNE air

requi red | REPBBls kAP BEan, 35S @S ddiEa o Abllcall ea‘?#ﬁﬂgi%ﬁ? 2 2l so

i ncreases epprahiqn gf ddreotisknblieoin @ Prprdyaspyn eppinopmgnti i peasiblg t he

because, unlike conventional disk files, air is not required to support

LR

an air-bearing head-disk interface and the high vapor pressure of the
relatively high molécular weight lubricant prevents its evapora_tiqn.
Thus, the problems associated with the presence of air inside tﬁé diék
file are substantially minimized.

Embodiments of the invention will now be described, by way of

example only, with reference to the accompanying drawings in which:

Fig. 1 is a view in section of a échematiq of the disk drive of.the

present invention;.

Fig. 2 is an open top view of the disk drive depicted schematically
in Fig. 1;

Fig. 3 is a perspective view of the spacer ring lubricant reservoir

shown in partial cutaway;

Fig. & is a plan view of the bottom of the disk carrier of the

present invention;

Fig. 5 is a plan view of the bottom of an air-bearing slider

modified to have the ski surface of the pfesent invention;
Fig. 6 is a side view of an alternative transducer carrier;

Fig. 7 is a sectional view of the carrier disk-interface of the

pPresent invention;

Fig. 8 is a graph of the stiction forces on the transducer carrier

as a function of disk drive start/stop cycles;
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power consunption, contributes to the noise level in the outside

envi ronnment, causes buffeting of the suspension, and I ncreases the
corroSi'on and oxidation of the heads, disks a QREE qhg pbnent s.
There are ¢ @/@iaﬁ 6ref erences. which describe di fﬁer ;@ﬁ head
carriers and I'Tquid bearings as possi bl e al tetnatiy he _cohventi onal
alr-bearlng head-di sk interface in nmagnetic recording disk files. In

assi gnee's US mx teﬁtisZa%apé%ona,fsmqué eramamda&%s %&ra er with a large
flat surface rides on he oil, hei ggs suppl i ed

f t
from an ooRVFHk 8{1%?#%%1?%&@0@%1%% % %@k V8 W they 8tk r om a
nozzl e | ocixtive afhtled poésenteinyantion; .andn assi gnee' s pendi ng appl I cation, US
serial no. 264,604, filed Cctober 31, 1988, and published May 9, 1990 as
Eur opean pubI| hed, appl i cation EP 367510, a disk file utilizes_ a
cont i nuously ré§r rjcquﬁgt‘} S5O RF ATEIRET EiFk SRAGIRE £oh A CHTERtigRRLh i s
mai nt ai neckizsbapring dbad-eliyk tinkekfakaymd tir hdud-dliskkintanthca 4f ahsducer

carri er_wargghA%a§nJéhkﬁ5HJqug fﬁﬁ@ﬂi@g of time during a vibration test.

Referring first to Fig. 1, there is illustrated in sectional view a
schematic of the disk file of the present invention. The disk file
comprises a base 10 to which-are secured a disk drive motor 12 and an
actuator 14, and a cover 11. The base 10 and cover 11 provide a
substantially sealed housing for the disk drive. Typically there is a
gasket 13 located between base 10 and cover 11 and a small breather port
(not shown) for equalizing pressure between the interior of the disk
file and the outside eﬁvironment. This type of disk file.is described
as being substantially sealed since the drive motor 12 is located
entirely within the housing and there is no external forced air supply
for cooling the interior components. A magnetic recording disk 16 is
mounted on a hub 18, which is attached for rotation by drive motor .12.
A read/write head or transducer (not shown) is formed on a transducer
carrier 20. The carrier 20 is connected to the actuator 14 by means of
a rigid arm 22 and a suspension 24, the sﬁspension 24 providing a
biasing force which urges the transducer carrier 20 onto the surface of
the recording disk 16. During operation of the disk file the drive
motor 12 rotates the disk 16 at a constant speed,‘and the actuator 14,
which is typically a linear or rotary.voice coil motor (VCM), moves the
transducer carrier 20 generally radially across the surface of the disk
16 so that the read/write head may access different data tracks on disk
16.

Fig. 2 illustrates a top view of the interior of the disk file with
the cover 11 removed and illustrates an annular lubricant reservoir 30,
which serves as a means for holding a supply of liquid lubricant for

replenishment of lubricant on the surface of disk 16. A thin continuous
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feet to plow through the low viscosity liquid |layer. The EP reference
suggests that if the disk file is herneticall % 8 BEW ir present -
the | ow vapor pressure |ubricant can evaporat Al %Faggm required
recircul at iéﬁc}_g&_%e | ubricant to occuy by dilstill P : What is
needed is a dis I'te wwth a liquid bearing interface which provides
m ni mal head-di sk spaci ng and whi ch does not require.continuous

geCi rcul at ifim &t &hR1bthel$ akh viscosity lubricant is maintained on the

surface of disk 16 and is replenished by lubricant from the reservoir 30
during operation. Fig. 2 also illustrates in better detail the )
susbension 24 which provides a force to the carrier 20 to maintain the
carrier into contact with the lubricant film on the disk 16. The
suspension may be a conventional type of suspension such as thﬁt'ﬁsed in
magnetic disk files which have an air-bearing slider. An example is the .
well-known Watrous suspension, as described in assignees' U.S. Patent
4,167,765, to which reference may be made for further detail. This type
of suspension also provides a gimballed attachment of the transducer
carrier which allows the carrier to pitch and roll as it rides on the
liquid lubricant film.

The annular lubricant reservoir 30, which may also serve as a disk
spacer in disk files which have multiple disks in a disk sfack, is shown
in detail in Fig. 3. The reservoir 30 comprises a ring or annulus 32
which is machined from a porous, sintered metal, such as sintered
stainless steel. Thereafter the outer surface of the annulus 32 is
entirely seaied, eiéher by electroplating a material such as gold or by
electroless plating of a nickel film, to provide a film 34 surrounding
the sintered stainless steel. Openings 36 are then formed in the gold
or nickel surface film 34 to unseal the reservoir and provide a means
for the lubricant stored inside to escape. This is accomplished by
machining several, .e.g typically 4, small areas on the surface film 34
by etching, ablation or electrostatic discharge machining, which creates
the openings 36 or pores in those areas. The reservoir is then filled
with lubricant by placing it in a vacuum, immersing it in the lubricant,
and heating it slightly to increase the rate at which it fills. The
number and size of the openings 36 are selected to provide the desired
amount of controlled lubricant escape during operation of the disk file,
Which is designed to match thé rate at which lubricant leaves the disk.
When the annulus 32 is designed to also serve as a spacer ring in disk
files which have multiple disks supported in a stack on the hub 18, the
openings 36 may be located nearer to the portions of the spacer ring

which are in contact with the disks, so that selected openings are
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SUMVARY OF THE | NVENTI ON It is an object of the present invention.to
amel i orate one or -nore disadvantages of the prior art. _____ According to -
one aspect of the present invention there is i Vi ded anglgtairecor di ng di sk
file conprising: at |east one data disk havip ‘§ Jspafiph m of |l ubri cant

t her eon; aszﬁf%r'o%nnect ed to the di s for rptati +sks—neans | ocat ed
near the inside dianmeter of the disk for holding a supply of lubricant; a
supply of ri to ] e hol.di ng _neans.and.i,n_fluid co lcatiqn with
SHoP L Vet ek S wldh, BAS B b g eEhaL Rl sdaibch OORTHRRAGL A0 W L 0
di sk duri nghe §izg ofnthef opendngs SR; thet fashorfuvkichf offeok ithe mpteaifa to or

readi ng dalabrieaid 18 idp Sihe ®idk BIHUE The GRbSIHAEsBY ithd dilsk| adstampe SKi

f oot extending,therefrqm,.the, end, of ki foot an he di sk surface
def i ni ng aﬁ°t§%6?‘bﬁsfﬁ‘ﬁ96ité'ﬁtvjts(‘5'°f)jet|yrr?% Qﬁﬁ?“&ﬁgca?%ofn 5"3 KKEBT5%t he | ubri cant
filmon thdesdigak When reherdishtisonoirotdtdngi $he capildetuacbionfef. thevi ng the

carrier gep&ioak!spohgélildkd Yaeri@3Soft BRndlhs le2Stb1ub & nk I BigREH GRE 1 JEBYRACCESS
different regions of data. on the di

| , sk; ans connecting the carrier to the
actuat or fBEVYing ide difig Rt dsRIPOLIBRE A %E%ig?’&r Te$EBOoRT act
with the theldiogmessntisftHenummular reservoir 30 described above and
illustrated in Fig. 3, there are numerous alternative reservoirs which

are possible. For example,; in some applications where the total running
time of the disk file is relatively short (e.g. several months), the
means for.holding the lubricant may be a non-data band or region on the
disk near the inside diameter of the disk. During the normal disk
lubrication process, the non-data band of the disk is also lubed, so
thét the non-data band contains an additional supply of lubricant for
replenishment of the liquid film. 1In this embodiment for this specific
application, it may also be desirable to use a lubricant which has a .

higher viscosity so that the rate of depletion is somewhat reduced.

Referring now to Fig. &, the transducer carrier is illustrated with
its skiing surface depicted as a plurality of ski feet 40, 42, 44 formed
on a flat surface 43. The carrier may be formed from the conventiongl
material used to manufacture air-bearing sliders, such as ferrite or an
alumina and titanium-carbide ceramic material. The carrier 20 is shown
as having a flat, generally planar surface onto which each of the ski‘
feet is formed. The ski foot 44 is near the trailing edge of the
carrier, i.e. the portion of the carrier where the thin film
transducer 46 or other magnetic recording head is supported on the
carrier. Each of the ski feet is generally a truncated cone extending
from surface 43 and with a generally circular shaped end which enables
the carrier to ski on the lubricant film, regardless of the direction of
movement of the carrier relative to the disk. 1In this manner the
carrier is capable of skiing when_supported on a rotary actuator which

moves the carrier in a generally arcuate path wherein the direction of
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the disk during rotation of the disk; and a housing-sufro ' :and
provi ding a substantially .seal ed environnment f THB%ﬁtW%‘at or,

transducer carrier, disk, and |ubricant supplyl hol diRt§LAGES: d wherein

the |ubricaghgsdiRgsy hol di ng means hasgno means—for—return of |ubricant
depl eted from the disk. Accordi ng to another aspect of the present
I nvention there is provided a nagnetic recording disk drive conprising: a

magnet i ¢ r egasyidh g €hs lkahdék NEk1atival Fo fthk MGk viak (s depenbingcapdn ther eon; a
hub attachegaéiglt Qesigiosk' rathm)t or, connected to the hub for rotating the
disk: a | ubFiCANMPTAESPVY FBP S@AF ST near the inside diameter of the disk -
and containing a supply of lubricant, the reservoir providing fluid
comuni cation bgigeen s AvePlad Giboliiht GENthd BrdnBBude@Sedre@és, and the

| ubricant filmo he di sk disk r_. repl eni shyent of lubricant to the disk
during rot a??"c?ﬁe‘gfztot hé’g'ﬂf"sil?; the P{‘gr%ﬁﬁg’& Orﬂ'afﬁ i(gﬁﬁ"ega?lhat o- or reading
data from t benventional thremsdil @ird@arimgr shider ngueh abcthat deseridled ¥pot

extendi ng t herehsam ylihepand: of 8946k ehapbs and diesdlitsko,susf ageid or ni ng
an angle sufficient to permt the ski foof to sk

( t on.the lubri apt fi!mon
the di sk duf95gd Bt Gre sAmesmtignel faskom sietace ok 8‘:"’ FB’rlsng?/’i #8’ tsée Xarrier
general | y rastiealialy ectringsthieheaidisshkackoa tfee thresend Vogstrmmy, acefezblly birer ent
regions of 64 GiPinbNiE diinadi 310 RENAIARIGOMICCLInIRg ! B8 GREMRI sk | Ne
actuator for urging the end of the Ski foot of the carrier against the
| ubri cant ffeet 8¥e ghgiremaining outer portioms projecting outwardly from the .

rails of the slider. The ion milling is performed in a manner such that

there is a very slight taper (approximately less than ten degrees) of

the ski feet away from the outer surface of the rails, which results in

the ski feet being formed as generally truncated cones. This slight

taper of the ski feet allows the transducer carrier to actually ski on

top of the relatively high viscosity lubricant fiim on the disk.

While the preferred embodimént of the skiingisﬁrface of the carrier

is as depicted in Figs. 4 and 5, the invention has also been

successfully demonstrated with a skiing surface comprising one or more 1

mm. diameter tungsten-carbide ball bearings epoxy bonded to a

conventional air-bearing slider. One embodiment of this type of carrier

is shown in Fig. 6. The carrier is a conventional two-rail air-bearing

slider 25 which has the transducer 46 located on its trailing gdge. A

single 1 mm. diameter tungsten-carbide ball bearing 26 is epoxy-bonded

to the leading edge of slider 25. The ball bearing 26 serves as a front

.ski foot and raises the front end of slider 25 to cause the trailing

edges of the rails, such as edge 27, to serve as rear ski feet.

The interface between the transducer carrier and the disk with the
lubricant fiim is illustrated in Fig. 7. In the preferred embodiment,
the disk 16 has as its upper solid portion a conventional amorphous
carbon overcoat film 60, which is typically approximately 250 Angstroms

thick. The magnetic layer 62, such as a conventional cobalt alloy

2y
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di sk when the.disk is rotating at its operational speed;, and a housing.
surroundi ng ;and provi ding a substantially seal Eﬂ-“g ?U hE%{ﬁ t he notor-
actuator, transducer carrier, disk, and |ubrida FVH ! % wherein -
the lubricant reservoir has no neans for retur|n_of EM t depl eted from
the di sk. SA9-91-026 9

4 ~ According to still another aspect of the present I nvention there is

provi ded a r dIS fi c Y st _one ata di sk

havi ng a tﬁ# ? %ﬁ’%ﬂr *oriees % r’eg °‘éang spe t&hﬁ@’ct"ﬁ%‘”f& Yhe di sk for

rotating theﬂd’Psk"erH%#ném oé'h% édqwbhllulmieant is deposited as a film 64, -
preferably to a thickness in the range of approximately 20 to 100

Angstroms, on top of the carbon overcoat 60. A portion of one of the
ski feet 40 is depicted as being supported on the lubricant film 64.

The end of ski foot 40 has a diameter of approximately 100 microns and
is'tapered at approximately a ten degree angle to an etch depth of
appreximately 4,000 Angstroms. The transducer 46 (Fig. 5) is supported
on the trailing edge of the carrier 20 at the end of ski foot 44, and so
is maintained at a spacing of approximately the lubricant film thickness
(e.g. 20 to 100 Angstroms) from the top of the recording disk. During
operation of the disk file the suspension 24 (Eig. 2) maintains a force
on ‘the carrier 20 forcing the ski feet 40, 42, 44 into contact with the
lubricant film 64, Which, because it is essentia11§ incompreséible;
serves as a spacing layer between the carrier 20 and the disk 16. The
relatively small angle between the end of ski foot 40 and the disk (10
degrees in Fig 5) improves the ability of the carrier to ski as it
provides less of a barrier to the lubricant which passes under the end
of ski foot 40 during start up of the disk drive.

In the present inventien it is possible to improve the overall
performance of the disk file by meintaining a vacuum within the sealed
housing. This can be accomplished by constructing the disk file to have
an essentially hermetic seal, for example, in the manner such as
described in assignee's US Patents 4,367,503 and 4,556,969.

Experimental Results

. The invention has been demonstrated experimentally using a
commercially available 2.5 inch rotary actuator disk drive with

modification of some of the components.

The disk substrate used was manufactured without any intentional
texture and polished as smooth as possible. Both aluminum and glass

substrates were used, although aluminum is the preferred disk substrate.
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i nsi de diameter of the disk for holding a supply of lubricant; a supply of

| ubricant in the holding nmeans and in fluideemmmcatTon ﬁ'}the

| ubri cant filmon the disk for replenlshlng |éu Ffi%ﬁ?syg m duri ng
rotation ofgaghgyfagk; a transducer fogqwritilng dakkP ing data from
the disk; a carrier for supporting thé transducer, the carrier having an

ai r-bearl ng surface near its front end for supportl ng the front end above
t he di sk oa ebplaeﬁramgy @lagid tiic O£l 1nGhs' Sfdicb P depdsit & ofli tlp GNd SditkBRSt one

ski foot nea nd i,n_con t wi ubr| t f.ilmon the
di sk for Skl(:iel{lg ot ﬁnd ?u én%t P19 ﬁ#’g‘zﬁ‘r?’??ﬁp{r']odlfgh?ydm < 3 HB: an
actuator f evemot r\@st#mlttfar ripmsig@m@vat |the magnetiit \fidwy o@sbltilqemd wek so t he

transducer aﬁﬁﬁiea%eaﬁﬁhﬁfﬁfeeﬁskr ﬁglaoaﬁueé 1da£ﬁa9asbh€endl ScuFEARS is
'connectlng i

rrjer, to the actuat the ski foot .into contact
T he P Gttt he | tHiBs n ety Rt (the TPBEleARs Hag corhed 5 bobg o
housi ng sulo®uéngétrgnaridighress di Mhe exsubsbatring dihliykees | isdnenviitdeabnt for

the notor, aﬁw@tﬁr is QREiifhe Y Rkep eng 1h$‘1t1'2:!a:9@'%§1n§ 4P RinYn NRY péggqbi@ans
DESCRI PTI ON OF THE PREFERRED ENMBODI"NVE S) nbodi nent s

i nvention W9 9RDkepBIHBLZS Fb%d'eaﬁfiﬁ]éy“f’ﬁ?i“éxarﬁiF elubFﬂ%?“tvﬁaf‘rPer EP%F’reénce to

t he acconpasyhegeabamiovgscdan eitbé disk by Hitgaviblets (BV) ioeWtheimslect i on of a
schematic Q;eattngntql §i‘< ad&ﬁﬁ/rchrtt Evﬂfchoggﬁﬁggndg N¥e Q&&np lE‘.'émperature can be

applied. Two classes of lubricants were used, perfiuoro-poly ethers

(PFPE) and hydrocarbons (HC), both of which are conventional disk

lubricants. In particular, the PFPE Demnum SP from Daikin self-bonds at

room temperature and can be applied by dipping. The HC lubricant, which
may be a poly-1- decene type of hydrocarbon such as 174H available from
William F. Nye, Inc , can be bonded using any of the techniques cited
above. Preferably the PFPE lubricants are bonded, but the HC lubricants
are not. The bbhded lubricant, if there is any, comprises only a
fraction of the total lubricant film thickness on the 'disk. The PFPE
lubricants have a viscosity in the range of 5 centipoise to 10 poise and
a molecular weight preferably greater than approximately 2000 amu. The
HC lubricants have a viscosity in the range of 5 centipoise to 10 poise
and a molecular weighf preferably greater than approximately 1000 amu.
The lubricant should have a viscosity which, when used with disks having
a specifiea smoothness and'oﬁerating at a specified rotational speed, is
sufficient to both pfevent excessive lubricant loss and support the

skiing surface of the transducer carrier.

In the experiment, the carrier used was essentially that depicted
in Fig. 5 and was made by starting with a slider with a working
recording head and an existing air-bearing surface. Resist and
lithography were used to define the ski feet on the polished rails
50,51,52 forming the air-bearing surface . The air-bearing surface was
then ion-milled away (except where the resist defined the feet) a few

thousand Angstroms to produce the feet. The preferred embodiment
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Fig. 2 is an open top view of the disk drive depicted schematically in.Fig.
1; . Fig..3 is a perspective view of the spacer ri-ng lubricant reservoir

shown in partial cutaway; ~ Fig. 4is a WHI)S&@EN ottom of the
have %ﬁlﬁ

di,sk carri e present inventio vi ew of the
bot t om of sg’? Qﬁ 62%ear| ng slider nodi ;iiled to

surflace of the
present invention; Fig. 6 is a side view of an alterative transducer

carrier; jncjudesOthrée! foed, SL%t f&teaéow\awwheffrw@ of Hel 8{r-Hbakmpnt erface of
t he present L nvent i Is.a graph of e stiction forces on the

t r ansducersUEE3%e; ‘fergg“%‘"ﬁuﬂ!ﬂ F%H?ro‘fllﬁh‘elydl %'19 o §%°tsf‘5rtﬁ‘)es’f*‘t9ﬂ5 @wﬁ
REPLACENVENAcBideE Tthe recording head.

With this type of carrier and a disk file with an air atmosphere
the result is that the front feet 40, 42 (Fig. 5) ski until fuil disk
rotational speed is attained, and then the front feet "fly". The rear
ski foot 44 continues to ski at all times. This also reduces the drag.
The ffont ski feet are still required, however, for starting and
stopping. The etching or milling depth along with the design of the
conventional air-bearing surface aré the parameters which can be
adjusted to ensure that the front feet fly and that the rear foot skis
over the desired range of velocities and suspension preload. For
example, if the conventional air-bearing slider was designed to fly at
5000 Angstroms in the front and 1500 Angstroms in the back, then etching
or milling away 3000 Angstroms of material from the slider rails would
result in a carrier which had its rear foot skiing and its front feet ~
flying at approximately 2000 Angstroms. If the carrier were that
depicted'in Fig. 4 all ski feet woufd ski at all times since there is no

air-bearing surface to cause the front ski feet to fly.

A lubricant reservoir such as that described in Fig. 3 was
installed in the disk drive. The reservoir sits pressed up against the
disk toward the disk inside diameter, for example where the disk stack
spacers would normally reside. In this manner the reservoir acts as
both a lubricant holding means and a disk spacer. The reservoir
contained four openings 36, each with a diameter of approximately 100
microns. The reservoir was filled with approximately 0.2 cc of
lubricant. The lubricant used in the reservoir is typically the same as

the lubricant placed on the disk.
After the disk and reservoir were installed in the disk drive, the

carrier with a Watrous-type suspension having a 6 gram spring preloed

was installed, and the drive was operated.
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Fig. 9 is a conparison of frequency roll-off curves for a conventional
air-bearing head- dISk I nterface disk drive and the disk drive of the

present invention; Fig. 10 is a ! @] sk spaci ng
for a conve th@P glr-bearlng head-di sk in erﬁ?SﬂEEFﬁégh [%Pad di sk
interface oPAPR 8? sent invention as %FanLf'rwr durihg a vibration

test. Referring first to Fig. 1, there is illustrated in sectiona

view a schemt| gnfleoblle Hhdfeebd of Ao bHfePIRIEM hMEPIRE o} G liote M1 €
conpri ses a_base are secure drive and ad
lubricant thickness, drag, wear of the data tracks by optical

observation, magnetic reading and writing, and vibration resistance.

The stiction measurements, plotted as a function of start/stop
cycles in Fig. 8, show a low stiction value, even after 100 thousand
start/stop cycles. The stiction force between the carrier and the disk
was maintained in the range of 3 to 7 grams, which is well beiow the
range where damage can occur to the head or disk at start up of the disk

drive.

Lubricant thickness, as determined by visual observation (by video
microscope) accompanied by ellipsometry, was measured to be between 20
and 100 Angstroms over the surface of the disk. Visual observation also
confirmed that the reservoir dispenses lubricant to the disk surface,
‘but orly when the disk is spinning, and showed that the lubricant is
smoothed by the skiing. The capillary action of the porous metal keeﬁs
the lubricant within the reservoir unless it is overcome by the .
centrifugal force of spinning. As the lubricant épreads out onto the!
disk, the movement of the carrier during accessing smooths the
lubricant. To facilitate this smoothing, the carrier was accessed over
all available tracks on the disk periodically, i.e. once every 5
minutes. This occasional accessing by the actuator to move the carrier
over different radial regions on the disk was sufficient to smooth any
irregularities in the thickness of the lubricant, caused for example by
any non-uniform distribution of lubricant from the reservoir. Based on
these experimental results it is estimated that for a single 2.5 inch
disk in a drive operated at a conventional operating speed of 3600 RPM
only approximately 0.01 cc of lubricant would be required to be
maintained in the reservoir for the estimated seven year design life of
the disk drive. This amount would be sufficient to replenish
approximately 10 Angstroms of the lubricant film per day, assuming

continuous operation over the seven year design life.
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actuator 14, and a cover 11. The base 10 and cover 11 provide a
substantially seal ed housing for the di sk drifwe,. Vi [{gﬂgre, Is a
gasket 13 | ocated between base 10 and cover Yﬁé%%gi%éﬁﬁ At her port
(not shown) chargrgsgl i zi ng pressure bejyeen fhe | of the disk file
and t he outsi ge environment. This type of disk file is.described as being
substantially seal ed since the drive motor 12 is located entirely wthin
t he housing andThd@kgs was n@agﬁe@rssalstgg&cgﬁg@gkrafgmggytof &Ee ggﬂléngg%r{.gew
i nterior cogponents. magnet i c recordin 'S I S mounted _on a -hu :
which is at ecﬁ’é?ig Fas %FS?’QTQFS% 45y8 cfr"‘f‘?/te“ﬂ'[)‘tfof;he YolocAty @A dihar #4%k head or
transducer telotiwhsorbhei sarrdereding and lemsidaethivhnésser L geddralceier i er 20
i s connect egrdgOydd fafiftlaidObeldy PYerdR S orafliny! lgcﬂ‘rig;_zz and a suspensi on
24, the suspension 24 providing a bi asi ng force I ch urges the transducer
carrier 20 onto the surface of the recording disk 16. During operation of
the disk file tFewdar wof thet dtsklRas obséved tHycomtiiekl ﬂ:ﬁasﬁxtrerﬁertt@ﬂfddarmﬁlpeed, :
and the actygt081ut4on WR Gdtehs thiRiHa Pods! [e] Yy voice. coil notor
(vem , nnve%lqr{ehe trgnnsducer carﬁqer é@%enesrgﬁe?’yte%éﬁ g%’?{/ across the
surface of the disk _

' Magnetic measurements were made to determine the improvement in

recording performance due to the much closer head-disk spacing. The
measured data showed larger overwrite, higher signal amplitude and
better frequency roll-off curves than in a conventional air-bearing
interface disk drive using the same head and disk. Referring to Fig. 9,
the frequency roll-off curves show the significant imﬁrovement of the
skiing carrier. The curves in Fig. 9 show that the signal amplitude is
higher in the skiing case and that the response at high frequency falls
off slower than in the flying case. Thié implies that higher recording
densities will be obtained for the skiing case, which is a result of the

reduced head-disk spacing. !

In an experimental test for the vibration or impact resistance of a
disk file with the transducer carrier, disk, and interface of the
present invention, the commercially availéble 2.5 inch disk drive as
modified was mounted on a shake apparatus. The transducer carrier was
that depicted in Fig. 5 and was mounted by a conventional type of
suspension to a rotar& actuator. The disk was lubricated with
50 Angstroms of a PFPE type of lubricant, such as Demnum SP, by dipping
the disk into the lubricant. The load provided by the suspension to
bias the carrier onto the disk was 5.5 grams and the speed of the disk
relative to the carrier was 7 meters per second. The acceleration test
provided by the shaker was 30 G's forces at 70 cycles sinusoidal. The
results of the carrier-disk spacing was measured by measuring the
capacitance between the carrier and the disk and is depicted for this
experimental device as line 70 on Fig. 10. The slider-capacitance

measurement for the same type of disk drive, but with the conventional
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16 so that the read/wite head may access different data tracks on disk 16.
Fig. 2 illustrates a top view of the interiQr of the disk file with the :
cover 11 renmpved and illustrates an annul an "IH.FQ@HEE]’I'[HﬂgagEEN/DII’ 30, which -
serves as a neans for holding a supply of |qU| Btp‘ng r

r epl eni shr8A8-9%-0RGbri cant on the surféce -5 A tm A~ cont i nuous

air-bearing interface, is depicted as line 72 in Fig. 10. The
comparison of line 70 and line 72 illustrates the significant
improvement in head-disk stiffness and disk drive impact resistance

" provided by the present invention.

The modified disk drive as described above was also tested in a
vacuum environment by operating the drive within a vacuum chamber. The
pressure was reduced in the chamber to 10"6 to 10-7 Torr. The test
results obtained were essentially the same as those obtained when the

drive was tested in the air environment.
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6. filmof a relatively high viscosity lubricant is maintained on the -
surface of disk-16 and is replenished by |ubricant fromthe teservoir 30
during operation. Fig. 2 also illustrates in beThissSheetHasBebn RdpRcedUSpPENSi ON
24 whi ch providef a force to the carrier 20 to m ‘rier into
contact wit PA%8L18%6ri cant filmon theldisk 16. '. ‘may be a
conventional type of suspension such as that used i n magnetic disk files
whi ch have an air-bearing slider. Aqngﬁﬁpple is the well-known Watrous
suspensi on, as described in assignees . S. Patent 4,167,765, to which
reference may be made for further detail. This type of suspension al so
provides a gi.nbal 4eth 2bicratigaisoifildeohpassycer carrier which allows the

carrier to pitchoapd toll, 85 bdd 088 RAR% thfViedid YPTiEANLT !
thereon, the disk béing attached to a hub (18) for rotation by a motor
(12);
a lubricant reservoir (30) containing a supply of lubricant for

replenishment of lubricant to the disk as lubricant is depleted from the
disk;

a transducer for writing data to or reading data f:om the disk,
connected to a transducer carrier (20) movable across the surface of the
disk by means of an actuator, the transducer carrier having a ski
surface;

means (24) cénnecting the carrier to the actuator for urging the
sii surface of the carrier into contact with the lubricant film on the

disk during rotation of the disk.

2. A disk file as claimed in claim 1, the supply of lubricant bein% of
. i

an amount sufficient to replenish the disk over the design life of the

disk file.

3. A disk file as claimed in claim 1 or. claim 2, wherein the lubricapt
reservoir is located near the attachment  of the hub to the disk and

includes an outlet located near the inside diameter of the disk.

4, A disk file as claimed in any preceding claim, wherein the
lubricant reservoir comprises a sealed container located near the
attachment of the hub to the disk, the container having a porous
interior for retaining the lubricant and a plurality of openings on its

outer surface for escape of lubricant during rotation of the disk.
5. A disk file as claimed in claim 4, wherein the container comprises

an annulus surrounding the hub and wherein the openings are located on

the radially outer surface of the annulus.

-

T

55



The annul ar | ubricant reservoir 30, which may atse—serve-as_a di sk spacer
in disk files which have nmiltiple di'sks in a di $ksSfagspd
in Fig. 3. The. reservoir 30 conprises a ring or Jilul

machi ned froma porous, sintered metal, such %s qm&&u’u ifffl ess steel.
Thereafter tﬁgﬁg§§EQZQSurface of the anndfus 32 i" _ | ed, either
by electroplating a material such as gold or by electroless plating of a
nickel film t.o prow il r.roundi i_nt er. aj,nl ess st eel
Qpeni ngs 36 aie'e' tﬁeéh%grf?r]é% afnnl]?anﬂgééééﬁdéﬁgrﬁr%ggéle ?ﬁ?‘%éggg)fe%‘m 4 to unseal
the reservoir 1yheiqend\aniEhe, diglyeadfiy thevaesarypin bat asvbiceditiynbide epangh
escape. T{]ih-s it® ?ﬁﬁ.@h?{d- §Q§H}fcﬁ)ﬁe§§€&r}bﬂi%§lﬁn\é${iﬁk t@ag}év)é{ni&ﬁ%lmaﬁ.,uﬁmll
areas on e surfgce.film b) chin abl.atiqn. or ectrqstati .

i sehar ge. mc ARG Of IEEIAEE ol S0 AREcEeehtRou i3 ient 15 Ewlonbon fhe aiphas.
The reservoir dusinghghe fdebignd life bf | ther diskndrivg. pl acing it in a vacuum
imrersing it in the lubricant, and heating it -slightly to increase the rate

at which it fills.. The nunber and sjze of the openings 36 are selected to
provi de t he dasi r é-\ddlsk file as claimed in any preceding claim, wherein the ski

S

surface of the transducer carrier further comprises at least one ski
foot extending from the carrier and wherein the end of the ski foot
fofms an angle relative to ﬁhe disk surface small enough to permit the
end of the ski foot to ski on the lubricant f£ilm on the_disk.

8. A disk drive as claimed in claim 7 wherein the transducer is

located on the carrier near the ski foot.

9. A disk file as claimed in claim 7 or claim 8, wherein the carrier
is an air-bearing slider having a plurality of rails and wherein the ski

foot extends from one of the rails.

10. A disk file according to claim 9, wherein the ski surface comprises
a plurality of ski feet extending from the rails and wherein the ski
feet comprise generally truncated cones having generally circularly

shaped ends.

11. A disk file as claimed in any preceding claim, further comprising a
housing which surrounds and provides a substantially sealed environment
for the motor, actuator, transducer carrier, disk and lubricant

reservoir. .

12. A disk file as claimed in any of claims 1 to 10, comprising a

housing which provides an essentially evacuated environment.

13. A disk file as claimed in any préceding claim, wherein the carrier
to actuator connecting means includes means for providing generally
_gimballed movement of tﬁe carrier, whereby ﬁhe carrier may pitch and
roll as its ski surface is forced into contact with the lubricant film

during rotation of the disk.

I
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anount of controlled |ubricant escape during operation of the disk file,
which is designed to match the rate at which Iubrlcant | eaves the dISk
When ¢the annulus 32 is designed to also serve as 3§ —eh sk
filles whic |'tiple disks supporjed in a Sthk o F§§§ t he
openi ngs 3guﬂ5§fﬂgglocated nearer to the portions EBr r|n whi ch
are in contact with the disks, so that selected openlngs are

T ABSTRACT

DISK FILE WITH LIQUID FIIM HEAD-DISK INTERFACE

A disk file is'described with substantially reduced head-disk

. spacing and‘borrespbnding improvement in recording performance which
‘uses a disk coated with a film of conventional high viscosity lubricant,
a lubricant reservoir for replenishing the lubricant on the disk over
the life of the file, and a transducer carrier with feet which ski on
the high viscosity liquid film. The file does not include any means for
recirculating the lubricant since the lubricant spins off the disk at a
relatively low rate due to ité high viscosity. The lubricant reservoir
contains a very small amount of lubricant and thus may be maintained
inside the substantially sealed disk file. In one embodiment of the
invention, the sealed disk file is essentially evacuated. The operation
of the disk file in a near vacuum environment is possible becéuse,
unlike conventional disk files, air is not required to support an
air-bearing head-disk interface and the high vapor pressure of the

relatively high molecular weight lubricant prevents its evaporation.
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associated wth one of the corresponding disk surfaces. In addition to the
si ze pf-the openings 36, the factors which affect the rate of [ubricant

| ggitng the disk include the snoothness of the disk, the disk rotational
speed, the viscosity of the |lubricant, and the carrier design. Wen the
~disk is not rotating, the capillary action 9f7 the porous sponge-like

- material of annulus 32 holds the liquid inside the reservoir. Wile the
preferred enbodi nent of the |ubricant reservoir or holding nmeans is the
annul ar reservoir, 30 described above and illustrated in Fig. 3, there are
nunmerous alternative reservoirs which are possible. For exanple, in sone
applications where the total running tinme of the disk file is relatively

: short (e.g. several nonths), the means for holding the lubricant may be. a
- non-data band or region on the disk near the inside dianeter of the disk.
During the normal disk |lubrication process, the non-data band .of the disk
is also lubed, so that the non-data band contains an additional supply of

| ubricant for '
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repl eni shment of the liquid film In this enbodinent for this specific.
application, it may. al so be desirable to use a | ubricant which has a higher
viscosity so that the rate of depletion is sonewhat reduced.

Referring now to Fi.g. 4, the transducer carrier is illustrated with its
skiing surface depicted as a plurality of ski7 feet 40, 42, 44 forned on a
flat surface 43. The carrier may be formed fromthe conventional materi al
used to manufacture air-bearing sliders, such as ferrite or an alum na and
titaniumcarbide ceramic material. The carrier 20 is showmn as having a
flat, generally planar surface onto which each of the ski feet is forned.
The ski foot 44 is near the trailing edge of the carrier, i.e. the portion
of the carrier where the thin filmtransducer 46 or other nagnetic
recording head is supported on the carrier. Each of the ski feet is
generally a truncated cone extending fromsurface 43 and wth a generally
circul ar shaped end which enables the carrier to ski on the lubricant film
regardl ess of the direction of

o
M

FIG. 3 -




novenent of the carrier relative to the disk. In this manner the carrier is
capable of skiing when supported on a rotary actuator which noves the
catrier in a generally arcuate path wherein the direction of

8 nmotion of the carrier relative to the disk varies dependi ng upon the

radi al position of the carrier.
: 3/7
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FIG. 5
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Fig. 5 illustrates an enbodi ment of the transducer carrier, denoted 20",
wherei*n the ski feet 40, 42, 44 are fornmed on a conventional three-rai
aizr - bearing slider, such as that described in assignees' U S. Patent

4,894, 740. Each of the ski feet 40, 42, 44 is forned on the conventional .
bottom surface of the rails 50, 51, 52 by 2;* rial etching the rails back a
. few thousand Angstrons, preferably by ion ing or alternatively by
reactive ion etching, so that the ski feet are the renmining outer portions
projecting outwardly fromthe rails of the slider. The ion mlling is
performed in a manner such that there is a very slight taper (approximtely
| ess than ten degrees) of 9§ ski feet away fromthe outer surface of the

rails, which results in the ski feet being fornQ as general ly truncated
cones. This slight taper of ¥he ski feet allows™the)transgdic carrier to
~actually ski on top of t /y_ ively high viscog ubrficant filmon QRe
- di sk.
| 64 46

7777

FIG. 6
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Wil e the preferred enbodi nent of the skiing surface of the carrier is as
depircted in Figs. 4 and 5, the invention has al so been successfully
denonstrated with a skiing surface conprising one or nore 1 mm' di aneter
tungst en-carbi de baltl bearings epoxy bonded to a conventional air-bearing
slider. One enbodiment of this type of carngyf is showmm in Fig. 6. The
carrier-is a conventional two-rail air-beaﬂrm?srider 25 which has the
transducer 46 located on its trailing edge. A single 1 mm dianeter

- tungsten-carbi de ball bearing 26 i epoxy-bonded to the | eadi ng edge of
slider 25. The ball bearing 26 serygs as a front ski foot and raises the
front end of slider 25 to cause t railing edges of the rails, such as.
edge 27, to serve as rear ski feej The interface between the
transducer carrier and the disk he &Eubri cant filmis illustrated in

Fig. 7. In the preferred enbodi he QQFK~19f“ﬁS a§_it upper solid
N \-\-‘—

portion a conventional - anor phous
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carbon overcoat film®60, which is typically approximately 250 Angstrons
thi cke The nagnetic l-ayer 62, such as a conventional cobalt all oy

9, sputter deposited magnetic film is |ocated beneath the protective
carbon overcoat 60. The liquid lubricant is deposited as a film 64,
preferably to a thickness in the range of aggﬁoxi mately 20 to 100

FIG. 9
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Angstrons, on top of the carbon overcoat .60. A portion of one of the ski
feet 40 is depicted as being supported on the lubricant film®64. The end of.
ski- foot 40 has a dianeter of approximately 100 microns and is tapered at
approximately a-.ten degree angle to an etch depth of _approxi mately 4,000
Angstrons. The transducer 46 (Fig. 5) is SUﬁpOFted on the trailing edge of

. the carrier 20 at the end of "ski foot 44, ahf?so is maintained at a spaci ng
of approximately the lubricant filmthickness (e.g. 20 to 100 Angstrons)
fromthe top of the recording disk. During operation of the disk file the

. suspension 24 (Fig. 2)-maintains a force on the carrier 20 forcing the sk

- feet 40, 42, 44 into contact with the lubricant film 64, which, because it -
is essentially inconpressible, serves as a spacing | ayer between the
carrier 20 and the disk 16. The relatively small angle between the end of
ski foot 40 and the disk (10 degrees in Fig. 7) inproves the ability of the
carrier to ski as it provides less of a barrier to the lubricant which

passes under the end of ski foot_4 wing start up of the disk drive.
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Kh the present invention it is possible to inprove the ?V:Efm_l_-&er_fnr_mnce
{if the disk.file by nmaintaining a vacuumw thin the seal eHEWmm‘Q_\rTE_—_é“:?
Jan be aeconplished by constructing the disk file to haje an es,s mFF T
Hermetic seal, for exanple, in the manner such as descr |{Bei.n agsr»
US Patents 4,367,503 and 4,556, 969. 1 : '
Results The | nventlon has been denonstrated experinmentally using a
comercially available 2.5 inch rotary actuator_ disk drive with

nodi fi cation of son@I§K FHE E%E%Hpsﬂm HEAD-DESK, INFERFACE st r at e used was

manuf actured w thout any intentional

This invention relates to data recording disk files and more
particularly to a disk file including a head or transducer carrier and a
disk surface provided with a liquid lubricant.

_ Y .
Disk files, also referred to as disk drives, are information

"

storage devices which utilize a rotatable disk with concentric data'
tracks containing the informatién, a head or transducer for rééding or
writing data onto the various tracks, and an actuator connected to a
carrier for the head for moving the head to the desired track and
maintaining it over the track centerline during read or write
operations. There are typically a plurality of disks separated by
spacer rings -and stacked on a hub which is rotated by a disk drive
motor. A housing supports the drive motor and héad actuator and
surrounds the head and disk to provide a substantially sealed
environment for the head-disk interface. In conventional magnetic
recording disk files the head carrier is an air-bearing slider which
rides on a bearing of air above-the disk surface. The slider is urged
against the disk surface by a small force from a suspension which
connects the slider to the actuator, so that the slider is in contact
with the disk surface during start and start operations when there is
insufficient disk rotational speed to maintain the air bearing. A
lubricant is reqﬁired on the disk surface to prevent damage to the head

and disk during starting and stopping of the disk file.

The. conventional magnetic recording disk file suffers from several
disadvantages which are due to the air-bearing head-disk interface. The.
spacing between the head and disk is limited by the minimum achievable
flying height of the air bearing slider, which means the recoxrding
performance of the disk file, which is directly related to this spacing,
is accordingly limited. When the slider has been in stationafy_contact
with the disk for a relatively short period of time, the liquid
lubricant and the relatively large air~5enring surface of the slider

create static friction (or "stiction™) forces which cause the slider to

2
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texture and polished as snmooth as possible. Both al um num and_gl ass
substrates were-used, although alum numis the prefern Jpstrate.
REPLACEMENT SHEET ** T, - 10 -EE%&%@EQTS F’E)*V%?
magnetic filmwas sputter dep05|t|ed on top of a suitahy un%@lwq Sﬁnd
250 Angstrons thick anorphous hydrogenated carbon over| : - Sl
deposited over the nmagnetic film Lubricant was

stick to the disk surface, which can result in damage to the head, disk
or suspension when the slider breaks free from the disk at start up of
thé disk file. The interface, which is primarily a thin film of air
when the disk file is operating, provides very little stiffness between
the head and disk so that the disk file is very sensitive to vibration
and impact, which makes the conventional disk file undesirable-f6£

~ certain applications, such as-use in a portable computer. The airi
required inside the disk file to support the air-bearing slider also
increases the air drag on the fotating disks, thereby increasing the
power consumption, contributes to the noise level in the outside
environment, causes buffeting of the sgspension, and increases the

corrosion and oxidation of the heads, disks and electronic components.

There are several references which describe different types of head
carriers and liquid bearings as possible alternatives to the
convéntional air-bearing head-disk interface :in magnetic recording disk
files. 1In assignee's US patent 2,969,435, a sled-~type transducer
carrier with a large flat surface rides on a'layer of oil on the disk,
the oil being supplied from 'an 0il reservoir external t§ the disk file

! and discharged from a nozzle located ahead of the carrier. In
assignee's pending application, US serial no. 264,604, filed October 31,
1988, and published May 9, 1990 as European published application
EP 367510, a disk file utilizes a continuously recirculating low
viscosity liquid lubricant, which is waintained as a relatively thick'
layer on the disk, and a transducer carrier which has triangular shaped
feet to plow through the low viscosity liquid layer. The EP reference
suggests that if the disk file is hermetically sealed with nd air
present the low vapor pressure lubricant can evaporate.which allows the

required recirculation of the lubricant to occur by distillation.

What is needed is a disk file with a liquid bearing interface which
provides minimal head-disk spacing and which does not require.continuous

recirculation of the lubricant.

.o ':"45 .',:.
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appl i ed by dipping the disk in a dilute |ubricant-soljyent—mXttFre=~as=§
comon in the industry, except that the |ubricant wasg Eﬁﬁﬂéﬁhﬁgﬁé Zil_o

Angstrons t hi cki ating thickness is |pot crif§i '%e er .
i“t is desirable ﬁ%ﬁﬁ éﬁgﬁg& ant filmas thin ad} P8%sib eeclnlfh}yo* erifto
ng.

L~

m nimze the hedd-di s he | ubdicant can be bonded to the ¢ on
overcoat on the disk by ultraviolet (UY) or thernmal treatnent, or a

| ubri cant which self-bonds at roomtenperature can be applied. Two_cl asses
of lubricants werAscoxdaglpeithe PEPERNSOITeBEIRBIRFVPRFER datd TRAQFGSr Bisks
(HO, both ofg l\j}?l&h\pﬁi’s&n@ﬂnﬁermelaﬁﬂéﬂnechaik didhmafand & thik pilid bf UhiBFicahbe
PFPE Demqmum S rom Dai ki el f - bond LeInerLa ure and can be

appl i ed by d|tgﬁf??é‘.' %egﬁ%ﬁ oo cgtn cﬁef‘tto %nb f%B Elﬂn b%%dlé%ené type of
hydr ocar bon Subhicast Irp4prenisi ﬁ%r@lfenmwﬂ IofalmelcaNyetO Ith% disk®% be bonded

using any of ji.Be;dage iy a 2164 t686m AME V@ sk; Paeiﬁhaalc)értf& PEREnRY Wakh aant s
are bonded, but the H ér% ts are not. e bo ubricant; if thg
t S on

is any, conprFsEBIIng aﬁa *t FPRRE S Ito Pu FP% HET 1S M ThirRITE
the di sk. TheoPRREeherr amszsstmawfacmogcﬁa @iski hy trieans afigen @tt@téemthpou se

to 10 pOI Sé Q:Qgrler having a ski surface; means connecting the carrier to the

actuator for urging the ski syrface of the carrier into contact with the

lubricant film on the disk during rotation of the disk.

In a preferred disk file, the disk is coated with a. film of
conventional high viscosity lubricant and the lubricant reservoir holds
enough lubricént to replenish the lubricant on the disk over the life of
the file. The file does not inciude any nmeans for recirculating the
lubricant since in the preferred file, the lubricant spins off the disk
at a relétively low rate due to its small film thickness and high
viscosity. The viscosity of the lubricant is high enough to limit the
lubricant loss over the required lifetime of the disk drive to an amount
which can be replenished by the reservoir. The lubricant reservoir
contains a very small amount of lubricant and thus may be maintained
inside the disk file housing. In the preferred embodiment of the
invention the reservoir is a sealed riné located near the disk inside
diameter and has a porous interior for holding the lubricant by
capillary action and a number of outlets for releasing the lubricant to
the disk during rotation of the disk. The preferred surface of the
transducer carrier is a plurality of ski feet formed as generally
truncated cones which extend from the carrier, the degree of taper of
the cones being so graduél as to permit the generally circularly shaped
ends of the ski feet to ski on the lubricant f£ilm surface. The
generally circular shape of the ends of the ski feet improves the
operation of the carrier in rotary actuator disk files in which the
direction of motion of the carrier relative to the disk varies with the

radial position of the carrier on the disk. 1In one embodiment of the

Sheet Has Been Re‘i
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d nolecul ar wei ght preferably greater than approximately 2000 anu. The HC
| ubricants have a_viscosity ir‘. ¢ range of 5 centi poise-——f—?F—}Wa

nmol ecul ar wei gh msmEEBII'V\SgB or t han appr oxi mat el yj| REBLAGRMENTHEE :
I"ubri cant shoul d haveRgPMICEBosi t y|whi ch, when used witlh di sk31 BaMAYd385 )
speci fi ed snoot hress—amd—operati ng at g specified rot gt Paiedl--speed; s
sufficient to both prevent excessive |lubricant |oss and—support-tfie SKiing
surface of the transducer carrier. In the experinent, the carrier

used was esseventidn,ythadisikddpletiedsdahed-iagd eSsentdallysevardetdl sTarting with

a slider Waﬁmtmr BENGel SLRT £11001 3R 2Nehcllin QX BlohRtht?li & -JogaIH 10 sur f ace.
Resi st and |1 thog r%ﬁﬂé‘ were used to define the ski feet on'the polished

rails 50, 51P&RUF Gy o AvaPptiogal diply it adlr 1s mphereguireth P SHPLEh f ace
was then i oan niikttedrfvgpie{dddsiptinvdrdnee bhd thediigh wapbi pedsddre dfehe a few

thousand ANgSiak Oyt Rl REHEE14NGe {ghE! tubl anP s2b 64§ U1 R RO TR on.

Thus, the problems associated with the presence of air inside the disk

i

file are substantially minimized. :

Embodiments of the inventién will now be described, by way of

example only, with reference to the accompanying drawings in which:

Fig. 1 is a view in section of a schematic of the disk drive of.the
present invention;-

Fig. 2 is an open top view of the disk drive depicted schematically
in Fig. 1;

Fig. 3 is a perspective view of the spacer ring lubricant reservoir

shown in partial cutaway;

Fig. &4 is a plan view of the bottom of the disk carrier of the

present invention;

Fig. 5 is a plan view of the bottom of an air-bearing slider

modified to have the ski surface of the pfesent invention;
Fig. 6 is a side view of an alternative transducer carrier;

Fig. 7 is a sectional view of the carrier disk-interface of the

Present invention;

Fig. 8 is a graph of the stiction forces on the transducer carrier

as a function of disk drive start/stop cycles;

Sheet Has 1|3een|||=ilaced




-11 includes three feet, two feet toward the frop& 91 ng
surface overhanging the taper. slightly, and one f BEPMCEMENT§51EEW1 ch
dincludes the recording head. Wth this ty of -car ajl di sk
file with an air at nospher e _ Date : igmlvig%

5 |

Fig. 9 is a comparison of frequency roll-off curves for a
conventional air-bearing head-disk interface disk drive and the disk

drive of the present invention; and

Fig. 10 is a graph of carrier-disk spacing for a conventional
air-bearing head-disk interface and the head-disk interface of the

present invention as a function of time during a vibration test.

Referring first to Fig. 1, jthere is illustrated in sectional view a
schematic of the disk file of the present invention. The disk file
comprises a base 10 to which-are secured a disk drive motor 12 and an
actuator 14, and a cover 11. The base 10 and qovér 11 provide a
substantially sealed housing for the disk drive. Typically there is a
gasket 13 located between base 10 and cover 11 and a small breather port
(not shown) for equalizing pressure between the interior of the disk
file and the outside environment. This type of disk file. is described
as being substantially sealed since the drive motor 12 is located
entirely within the housing and there is no external forced air supply
for cooling the interior components. A magnetic recording disk 16 is
mounted on a hub 18, which is attached for rotation by drive motor .12.

A read/write head or transducer (not shown) is formed on a transducer
carrier 20. The carrier 20 is connected to the actuator 14 by means of
a rigid arm 22 and a suspension 24, the sﬁspension 24 providing a
biasing force which urges the transducer carrier 20 onto the surface of
the recording disk 16. During operation of the disk file the drive
motor 12 rotates the disk 16 at a constant speed, and the actuator 14,
which is typically a linear or rotary voice coil motor (VCM), moves the
transducer carrier 20 generally radially across the surface of the disk
16 so that the read/write head may access different data tracks on disk
16.

Fig. 2 illustrates a top view of the interior of the disk file with
the cover 11 removed and illustrates an annular lubricant reservoir 30,
which serves as a means for holding a supply of liquid lubricant for

replenishment of lubricant on the surface of disk 16. A thin continuous



the result is that the front feet 40, 42 (Fig. 5) t ek
rotational speed is attained, and then the front fl|eREPLACEMENTIS®EEFaA|| SkKi
%oo_t 44 continues to ski at all tinmes. This also 1 Eﬁ?‘ga e
ront ski feet are still required, however, for stjabéteng..and.Sl. S%@..n The

etching or mlling depth along with the desi gn of
air-bearing surface are the paraneters which can be adjusted to ensure that
the front feet fly and that the rear foot skis over the desired range of
vel ociti es didmafsperedpbivepy diighdiisemrite Xahpicant iif ndiateiedern itbnal

ai r - bearing sukk&lr oMsﬂQ%l aneds tQpidnishdd WQQbH&QﬁE QB8R thd fdierédiense and
1500 Angstr i n the 2“ f hen eFChI ng g away 3000 Angstroms of-

material fr f%%ﬁa& r i i% WAlFR jrlég‘“tﬁrf‘t‘?s in é’e r Agtalhnthen had its
rear foot sliuspepsdem 24t which grovidest a floytego atheapgpiroedt 20ttel yad380n Ahgst r ons.

If the carrIc%&rmrsnw%ntqﬁplwqtﬁothwl&gcan% Alth GiKind Qe oYl drgki at all
times since there,is no air-bearing surface to cause t front- ski feet to
fly. suspension may be a conventional type of suspension such as that used in

magnetic disk files which have an air-bearing slider. An example is the
well-known Watrous suspension, as described in assignees' U.S. Pateﬁt
4,167,765, to which reference @ay be made for further detail. This type
of suspension also provides a gimballed attachment of the transducer
carrier which allows the carriéer to pitch and roll as it rides on the

liquid lubricant film.

The annular lubricant reservoir 30, which may also.serve as a disk
spacer in disk files which have multiple disks in a disk stack, is shown
in detail im Fig. 3. The resérvoir 30 comprises a ring or annulus 32
which is machined from a porous, sintered metal, such as sintered
stainless steel. Thereafter the outer surface of the annulus 32 is
entirely sealed, eiéher by electroplating a material such as gold or by
electroless plating of a nickel film, to provide a film 34 surrounding
the sintered stainless steel. Openings 36 are then formed in the gold
or nickel surface film 34 to unseal the reservoir and provide a means
for the lubricant stored inside to escape. This is accomplished by
machining several, .e.g typically 4, small areas on the surface film 34
by etching, gblation or electrostatic discharge machining, which creates
the openings 36 or pores in those areas. The reservoir is then filled
with lubricant by placing it in a vacuum, immersing it in the lubricant,
and heéfing it slightly to increase the rate at which it fills. The
number and size of the openings 36 are selected to provide the desired
amount of controlled lubricant escape during operation'of the disk file,
which is designed to match thé rate at which lubricant leaves the disk.
When the annulus 32 is designed to also serve as a spacer ring in disk
files which have multiple disks supported in a stack on the hub 18, the
openings 36 may be located nearer to the portions of the spacer ring '

which are in contact with the disks, so that selected openings are



A lubricant reservoir such as that described in Fi B 8rg§E@E§*%HE%Q

di sk drive. The reservoir sits pressed up against t oward the
i nside dianmeter, for exanple where the di sk stack slpacer A mafl y
feside. In this manner the reservoir acts as both 4l ﬁngwf”' Y
and a di sk spacer. The reservoir contakned four openings 36, each wth a
di aneter of approximately 100 mcrons. The reservoir was filled with
approximately 0.2 cc of lubricant. The lubricant used in the reservoir is
typically thssccaaeedasitbhend ovifriteacdrrpsmadthgodiskheurfiasés. In additAbhero t he
di sk and resgl\eLL Pl p&&ﬁéé 34, I dhe e tinflhl Yook e CAlE & W LD 3

WAt r ous-t ype suspensi on havin ram sprin rel oad was installed, and
the drive \NéEPQ§ﬁEﬁ§aﬂ@§Ying the disk include thg)smog%hgess of the disk, the disk

rotational speed, the viscosity of the lubricant, and the carrier
design. When the disk is not rotating, the capillary action of. the
porous sponge-like material of annulus 32 holds the liquid inside the
reservoir. While the preferred embodiment of the lubricant reservofx or
holding means is the annular reservoir 30 described above and o
illustrated in Fig. 3, there aré numerous alternative reservoirs which
are possible. For example, in some applications where the total running
time of the disk file is relatively short (e.g. several months), the
means for holding the lubricant may be a non-data band or region on the
disk near the inside diameter of the disk. Duxring the normal disk
lubrication process, the non-data band of the disk is also lubed, so
that the non-data band contains an additional supply of lubricamnt for
replenishment of the liquid film. In this embodiment for this specific
application, it may also be desirable to use a lubricant which has a .

higher viscosity so that the rate of depletion is somewhat reduced.

Referring now to Fig. 4, the transducer carrier fs illustrated with
its skiing surface depicted as a plurality of ski feet 40, 42, 44 formed
on a flat surface 43. The carrier may be. formed fromlthe conventional
material used to manufacture air-bearing sliders, such as ferrite or amn
alumina and titanium-carbide ceramic material. The carrier 20 is shown
as having a flat, generally planar surface onto which each of the ski-
feet is formed. The ski foot 44 is near the trailing edge of the
carrier, i.e. the portion of the carrier where the thin film
transducer 46 or other magnetic recording head is supported on the
carrier. Each of the ski feet is generally a truncated cone extending
from surface 43 and with a generally circular shaped end which enables
the carrier to ski on the lubricant film, regardless of the direction of
movement of the carrier relative to the disk. In this manner the
carrier is capable of skiing when supported on a rotary actuator which

moves the carrier in a generally arcuate path wherein the direction of
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12 The tests conducted on the drive included nmeasur enent s of

stiction, lubricant thickness, drag, wear of the

observati on,

The stiction nmeasurenents, plotted as a function

[ AEPIOYCEMENTS Saﬁi'
f start/sto cle

magneti c reading and witing, and vi

Fig. 8 show a |OM/StICtI0n val ue, evergafter 100 tb@ysahﬁ r

cycles. The

stiction force between the carrier an

IQ[\

motion of the carrier relative to the disk varies depending upon the

radial position of the carrier.

Fig. 5 illustrates an embodiment of the transducer carrier,
denoted 20', wherein the ski feet 40, 42, 44 are formed on a o
conventional three-rail air-bearing slider, such as that describéd }n
assignees' U.S. Patent 4,894,740. Each of the ski feet 40, 42, 44 is
formed on the conventional bottom surface of the rails 50, 51, 52 by
material etching the rails back a few thousand Angstroms, preferably by
ion milling or alternatively by reactive ion etching, so that the ski
feet are the remaining outer portions projecting outwardlj from the
rails of the slider. The ion milling is performed in a manner such that
there is a very slight taper (approximately less than ten degrees) of
thé ski feet away from the outer surface of the rails, which results in
the ski feet being formed as generally truncated cones. This slight
taper of the ski feet allows the transducer carrier to actually ski on
top of the relatively high viscosity lubricant fiim on the disk.

While the preferred embodiment of the skiingisﬁrface of the carrier
is as depicted iﬁ Figs. 4 and 5, the invention has also been
successfully demonstrated with a skiing surféce comprising one or more 1
mm. diameter tungsten-carbide ball bearings epoxy bonded to a
conventional air-bearing slider. One embodiment of this type of carrier
is shown in Fig. 6. &he carrier is a conventional two-rail air-bearing
slider 25 which has the transducer 46 located on its trailing edge. A
single 1 mm. diameter tungsten-carbide ball bearing 26 is epoxy-bonded
to the leading edge of slider 25. The ball bearing 26 serves as a front

ski foot and raises the front end of slider 25 to cause the trailing

edges of the rails, such as edge 27, to serve as rear ski feet.

The interface between the transducer carrier and the disk with the
lubricant film is illustréted in Fig. 7. In the preferred embodiment,
the disk 16 has as its upper solid portion a conventional amorphous
carbon overcoat film 60, which is typically approximately.ZSO Angstroms

thick. The magnetic layer 62, such as a conventional cobalt alloy

LN



‘was maintained in the range of 3 to 7 grans, which is well bel owthe range
wher e damage can occur to the head or disk at start._ : LH=S ve.
dubricant thickness, as determ ned by visual obser
m croscope) acconpani ed by ellipsonetry, was neasu
10Q Angstrons over the surface of the gisk. Visual
confirmed that the reservoir dispenses |ubricant td e F but
only when the disk is spinning, and showed that the Iubrlcant S snDothed
by the skiispgttethéeppapidd fighettd if@Im,Ofts tﬂaeamrmaﬂ(ettaé peeegsibde | ubricant
within the r lggSs over t trlfu force of
spi nni ng. % eX?A%P%gaﬁt s'fpl)lrge% ‘su&(;g?g rT?o cpe edt‘?’ue ?#8 Ht of the
carrier dum“rﬁﬁerébéléé:gl hFhiviesndint the redgei %%HPPrdFe‘“#t&équOt b d0Phi s
snoot hi ng, AnBetroms/ iohr tapase &ﬁse&&e&l Qvé¥coat leoaval paddien tdrasks opnirhe di sk
peri odi cal Ly e 4P BE %eBYEH 2 ol Eipoltleof 15351818 arBCEGRS4NY PY Lhe
The end of ski foot 40 has a diameter of approximately 100 microns and

and

is tapéred at approximately a ten degree angle to an etch depth of E
apprbximately 4,000 Angstroms. IThe transducer 46 (Fig. 5) is supported
on the trailing edge of the carkier 20 at the end of ski foot 44, and so
is maintained at a spacing of.approximately the lubricant £ilm thickness
(e.g. 26 to 100 Angstroms) from the top of the recording disk. During
operation of the disk file the suspension 24 (Fig. 2) maintains a force
on the carrier 20 forcing the ski feet 40, 42, 44 into contact with the
lubricant film 64, which, because it is essentia11§ incompressible,
serves as a spacing layer between the carrier 20 and the disk 16. The
relatively small angle between the end of ski foot 40 and the disk (10
degrees in Fig. 7) improves the ability of the carxier to ski as it
provides less of a barrier to the lubricant which passes under the end
of ski foot 40 during start up of Ehe disk drive.

In the present invention it is possible to improve the overall
performance of the disk file by méintaining a vacuum within the sealed
housing. This can be accomplished by constructing the disk file to have
an essentially hermetic seal, for example, in the manner such as
described in assignee's US Patents 4,367,503 and &,556,969.

Experimental Results

 The invention has been demonstrated experimentally using a
commercially available 2.5 inch rotary actuator disk drive with

modification of some of the components.

The disk substrate used was manufactured without any intentional
texture and polished as smooth as possible. Both aluminum and glass

substrates were used, although aluminum is the preferred disk substrate.



over different radial regions on the disk was sufficient to snooth any
irregularities in the thickness of the |ubricant, caused for exanple by any
non-uni formdi stribution of lubricant fromthe res e ese
experinental results it is estimated that for a si[pdEBPLACEMENTISHEEIK(lin a
drive operated at a conventional operatd ng speed 3600 1F$’I"Mhl1gg
approxi mately 0.01 cc of lubricant would be r equi r|p@atec..be. nalntalne: in
the reservoir for the estimted seven year design
Thi s anount A\Re8Eer Bdloupegnstinifile weapirshterndenspiiedi pmiteprof1e %4@%‘!]1‘-’0% of
the | ubri cagidelrilaysrpedndday250akifgsbidig €HORkI dtdEplbud IgHddeaBbt v Cirbolie seven

ear design |
y 9 ovéfLoat was sputter deposited over the magnetic film. Lubricant was

applied by dipping the disk in a dilute lubricant-solvent mixture, as is
common in the industry, except that the lubricant was coated to about .
100 Angstroms thickness. The exact coating thickness is not pritic&l,
however it is desirable to keep the lubricant film as thin as possible
in order to minimize the head-disk spacing. The lubricant can be bonded
to the carbon overcoat on the disk by ultraviolet (UV) or thermal
treatment, or a lubricant which self-bonds at room temperature can be
applied. 7Two classes of lubricants were used, perfiuoro-poly ethers
(PFPE) and hydrocarbons (HC), both of which are conventional disk
lubricants. In particular, the PFPE Demnum SP from Daikin self-bonds at
room temperature and cdn be applied by dipping. The HC lubricant, which
may be a poly- -decene type of hydrocarbon such as 174H available from
William F Nye, Inc., can be bonded using any of the techniques cited
above. Preferably the PFPE lubricants are bonded, but the HC lubricants
are not. The béhded lubricant, if there is any, comprises only a
fraction of the total lubricant film thickness on the disk. The PFPE
lubricants have a viscosity in the range of 5 centipoise to 10 poise and
a molecular weight preferably greater than approximateiy 2000 amu. The
HC lubricants have a viscosity in the range of 5 centipoise to 10 poise
and a molecular weight preferably greater than approximately 1000 amu.
The ldbricant should have a viscosity which, when used with disks having
a specifie& smoothness and oﬁerating at a specified rotational speed, is
sufficient to both pievent excessive lubricant loss and support the

skiing surface of the transducer carrier.

In the experiment, the carrier used was essentially that depicted
in Fig. 5 and was made by starting with a slider with a working
recording head and an existing air-bearing surface. Resist and
lithography were used to define the ski feet on the polished rails
50,51,52 forming the air-bearing surface . The air-bearing surface was
then ion-milled away (except where the resist defined the feet) a few

thousand Angstroms to produce the feet. The preferred embodiment
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13 ~ The drag was neasured by strain gauges attached to the .
suspension. The drag was determ ned as a function [Tt he
disk relative to the carrier, time, and |ubricant {hRERUACEMENTS ERErfhl the
drag was nai ntai ned below 1 gram at operating velo ities.1 Yu% ar of
the di sk was observed by optical nmeasygenents nade V\Dath'--a--ﬁeyél v rn_of
better than 10 Angstrons of material |oss. TC neasur enent s
were made to determ ne the inprovenent in recording performance due to the
much cl oserinkdedesdthkees peti, Nto T toward the front of the air-bearing

surface overhanging the taper slightly, and one foot at the rear which

includes the recording head.

With this type of carrier and a disk file with an air atmosphere
the résult is that the front feet 40, 42 (Fig. 5) ski until fuil disk
rotational speed is attained, and then the front feet "fly". The rear
ski foot 44 continues to ski at all times. This also reduces the drég.
The front ski feet are still reéuired, however, for starting and
stopping. The etching or milling depth along with the design of the
conventional air-bearing surfacé aré the parameters which can be
adjusted to ensure that the front feet fly and that the rear foot skis
over the desired range of velocities and suspension preload. For
example, if the conventional air-bearing slider was designed to fly at
5000 Angstroms in the front and 1500 Angstroms in the back, then etching
or milling away 3000 Angstroms of material from the slider rails would
result in a carrier which had its rear foot skiing and its front feet
flying at approximately 2000 Angstroms. If the carrier were that
depicted!in Fig. &4 all ski feet would ski at all times since there is no

air-bearing surface to cause the front ski feet to fly.

A lubricant reéervoir such as that described in Fig. 3 was
installed in the disk drive. The reservoir sits pressed up.against the
disk toward the disk inside diameter, for example where the disk stack
spacers would normally reside. 1In this manner the reservoir acts as
both a lubricant holding means and a disk spacer. The reservoir
contained.four openings 36, each with a diameter of approximately 100
microns. The reservoir was filled with approximately 0.2 cc of
lubricant. The lubricant used in the reservoir is typically the same as
the lubricant placed on the disk.

After the disk and reservoir were installed in the disk drive, the
carrier with a Watrous-type suspension having a 6 gram spring preload

was installed, and the drive was operated.



“nmeasured data showed | arger overwite, higher signal anplitude and better
frequency roll-off curves than in a conventi onal = erigee di sk
.drive using the same head and disk. Referring to ﬂﬂlgﬁhﬂﬂ$+gﬁ uqncy
roll-off curves show the significant inprovenent tf the tslﬂk?ﬁggg iler. The
curves in Fig. 9 show that the signal yanplitude |§ Yhetin ng
‘case and that the response at high frequency falls off slower than in the
flying case. This inplies that higher recording densities will be obtained
for the skiing Bastestsheanduéizdaon eBelldriaf mcti@deemaesdeinaaﬁ of skisfiag| ng.
In an experigeilaat {fSkndsQ] éliag weg;f %tf'% @Jta' eaﬁ,ﬁgg{lce of a disk
file with the transducer carri et I nter e present
i nvent i on, 9PRBTESAPR BRSREt]C &\?&‘H“&bﬂ"@ ‘Zr’?rlﬁ‘&rc ﬁn‘?jl"ékr%’-f"&é’ea’ss%ﬁ?f i ed was
nounted on a shake apparatus. The transducer carrier was that depicted in
Fig. 5 and was qRUNRY:0Y ke GODNGRL! QRBLech R aOfurlbERCRE ' 2Brd Redp " O AT

actuator. The K was
cycles in Fig. 8, show a low stiction value, even after 100 thousaqd

L]
start/stop cycles. The stiction force between the carrier and the disk
was maintained in the range of 3 to 7 grams, which is well below the
range where damage can occur td the head or disk at start up of the disk

drive.

Lubricant thickness, as determined by visual observation (by video
microscope) accoﬁpanied by ellipsometry, was measured to be between 20
and 100 Angstroms over the surface of the disk. Visual observation also
confirmed that the reservoir dispenses lubricant to the disk surface,
but orly when the disk is spinning, and showed that the lubricant is
smoothed by the skiing. The capillary action of the porous metal keeps
the lubricant within the reservoir unless it is overcome by the
centrifugal force of spinning. As the lubricant épreads out onto the
disk, the movement of the carrier during accessing smooths the
lubricant. To facilitate this smoothing, the carrier was accessed over
all available tracks on the disk periodically, i.e. once every 5
minutes. This occasional accessing by the actuator to move the carrier
over different radial regions on the disk was sufficient to smooth any
irregularities in the thickness of the lubricant, caused for example by
any non-uniform distribution of lubricant from the reservoir. Based on
these egperimental results it is estimated that for a single 2.5 inch
disk iﬁ a drive operated at a conventional operating speed of 3600 RPM
only_approximately 0.01 cc of lubricant would be required to be
maintained in the reservoir for the estimated seven year design life of
the disk drive. This amount would be sufficient to replenish
approximately 10 Angstroms of the lubricant film per day, assuming

continuous operation over the seven year design life.



# 50 Angstronms of a PFPE type of lubricant, such as DernuﬂuﬂBEMENKEmﬁﬁnthhe

disk into the lubricant. The | oad provided by the suspenskggﬂxi pias tihe
.carrier onto the disk was 5.5 grams and the speed of || toue df. _".:Léﬂsye o]
the carrier was 7 neters per second. The accel erati ob=test Fed=b he

shaker was 30 Gs forces at 70 cycl esisinusoidal. The results of the
carrier-di sk spaci ng was neasured by neasuring the capacitance between the
carrier and the disk and is depicted for this experinental device as |ine
70 on Fig. 10. TrRelcep|vnsr vessyned bartaain gsugesnatvaclial to Hbessumpetsipe. of di sk
drive, but maktdraghmsCadtéeeninednNal a function of the velocity of the disk ‘
relative to the carrier, time, and lubricant thickness. In general the

drag was maintained below 1 gram at operating velocities.

No wear of the disk was observed by optical measurements made with
i

a resolution of better than 10 Angstroms of material loss. ]

Magnetic measurements werd made to determine the improvement in
recording performance due to the much closer head-disk spacing. The
measured data showed larger overwrite, higher signal amplitude and
better frequency roll-off curves than in a conventional air-bearing
interface disk drive using the same head and disk. Referring to.Fig. 9,
the frequency roll-off curves shéw the significant imﬁrovement of the
skiing carrier. The curves in Fig. 9 show that the signal amplitude is
higher in the skiing case and that the response at high frequency falls.
off slower than in the flying case. This implies that higher recording
densities will be obtained for the skiing case, which is a result of the

!
reduced head-disk spacing.

In an experimental test for the vibration or impact resistance of a
disk file with the transducer carrier, disk, and interface of the
present invention, the commercially avail#ble 2.5 inch disk drive as
modified was mounted on a shake apparatus. The transducer carrier was
that depicted in Fig. 5 and was mounted by a conventional type of
suspension to a rotary actuator. The disk was lubricated with
50 Angstroms of a PFPE type of lubricant, such as Demnum SP, by dipping
the disk into the lubricant. The load provided by the suspension to
bias the carrier onto the disk was 5.5 grams and the speed of the disk
relative to the carrier was 7 meters per second. The acceleration test
provided by the shaker was 30 G's forces at 70 cycles sinusoidal. The
results of the carrier-disk spacing was measured by measuring the
capacitance between the carrier and the disk and is depicted for this
experimental device as line 70 on Fig. 10. The slider-capacitance

measurement for the same type of disk drive, but with the conventional



<14 air-bearing interface, is depicted as line 72 in Fig. 10. The

conparison of line 70 and line 72 illustrates t It rcant + n‘p?"overrent
in head-disk stiffness and disk drive inpact re iRBPAAC Nﬁ"ﬂ'\ﬁ y the
present invention. The nodified disk dri de&(y Yo bgve was

al so tested in ,a vacuum environnent by operati @ lSe--cri-ve-#hi If a vacuum

chanber. The pressure was reduced i n ¥¥he chamber to [err] _to [err] Torr.
The test results obtained were essentially the same as those obtai ned when

the drive was. Lgasrtiﬂg 1n@e}ﬂ@e, is Eé}‘iLEéH‘H?rﬁne 72 in Fig. 10. The

comparison of line 70 and line 72 illustrates the significant
improvement in head-disk stiffness and disk drive impact resistance

provided by the present invention.

The modified disk drive as described above was also tested in B
vacuum environmens:' by operating the dri.ve-.t;ith-in ?7vacuum chamber. .The
pressure was reduced in the chamber to 10 = to 10 ° Torr. The test
results obtained were essentiafly the same as those obtained when the

drive was tested in the air environment.



15 CLAIMS 1..._ A data. recordlng di sk
file conprisimng: aft Ieast one data di sk havin ﬁE%DAEEgFbe% -
5 T

d ubricant theremmﬁwa}hsBam nnected to the dilis é{
di sk; mean it hej i nsi de di anmeter Atyflﬁ%hol | ng a
lpplYy of kgbricant in H"Tﬂrhd in

supply of | ubri _
fluid conmuni cation wth the lubricant filmon the disk for replenl‘ﬁ“ng

the lubricant filmon the disk during rotation of the disk;
CLAIMS

1. A data recording disk file comprising:

at least one data disk (16) having a thin film of lubricant
thereon, the disk béing attached to a hub (18) for rotation by a motor
(12); ' .

a lubricant reservoir (30) containing a supply of lubricant fér
replenishment of lubricant to the disk as lubricant is depleted from the
disk; i

a transducer for writing data to or reading data from the.disk,
connected to a transducer carrier (20) movable across the surface of the
disk by means of an actuator, the transducer carrier having a ski
surface; |

means (24) cénnecting the carrier to the actuator for urging the
ski surface of the carrier into contact with the lubricant film on the

disk during rotation of the disk.

2. A disk file as claimed in claim 1, the supply of lubricant bein% of
an amount sufficient to replenish the disk over the design life of the
disk file.

3. A disk file as claimed in claim 1 or. claim 2, wherein the lubricant
reservoir is located near the attachment of the hub to the disk and

incluges an outlet located near the inside diameter of the disk.

4. A disk file as claimed in any preceding claim, wherein the
lubricant reservoir comprises a sealed container located near the
attachment of the hub to the disk, the container having a porous
interior for retaining the lubricant and a plurality of openings on its

outer surface for escape of lubricant during rotation of the disk.

5. A disk file as claimed in claim &, wherein the container comprises
an annulus surrounding the hub and wherein the openings are located on

the radially outer surface of the annulus.

* c L M L] *
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“a transducer for vvr|t| ng_dat a to or reading data framihe di-sdemmm

t ransducer carr cen Repl ne ski foot extleRePDACEMENESHBET tihe
send of the ski m face defining gn angl 9 l% % ito
permt the ski ' heI brlcant filmon Obe:di.sk. duLi ?

rotation of the di sk; "~ an actuator er noving ttveesFrrer-generarty
radially across the disk so the transducer may access different regi ons of
data on the disk; means connecting the carrier to the actuator for

urging the efd oft @ik §kle pectladped in ang preerding @ adpn mhexeini the t he t he
| ubri cant fi llopbeiRabhbendtsk agdsk ang 1rnO£}aat r&erobid hes di ﬁi@:.coaﬁcir high eﬁbd@;QUSI ng

surroundi ng z%nd1 prgvtl_hctlal ng a OE%(%F 1on 50'?{ tgeaélsg enwi' Ve %fﬁr t m)tor
H

actuator, trans ucer carrier rlcant supply and
wherein t he lamerritc afitlubbinsing dnorkl rlrgsmfam ihanfftcientrio t@rleneetmme @ﬁsk

| ubricant depheifRdihd Aersidre108esSks the aisthgideisk file according to claim 1
wherein the lubricant supply holding neans conprises a seal ed cont ai ner,

t he contai ner having a porous interior for retaining the |ubri cant and a
plurality of 7eped Aigk 6ils Bs clafired $urahgqeetaiing sdage, @hextq;brtmaah during

rotation of tQerflleSEF the transducer carrier further comprises at least one ski
foot extending from the carﬁier and wherein the end of the ski foot
forms an angle relative to ﬁhe disk surface small enough to permit the
end of the ski foot to ski on the lubricant film on the disk.

8. A disk drive as claimed in claim 7 wherein the transducer is

located on the carrier near the ski foot.

9. A disk file as claimed in claim 7 or claim 8, wherein .the carrier
is an air-bearing slider having a plurality of rails and wherein the ski

foot extends from one of the rails.

i
10. A disk file according to claim 9, wherein the ski surface comprises
a plurality of ski feet extending from the rails and wherein the ski
feet comprise generally truncated cones having generally circularly

shaped ends.

11. A disk file as claimed in any preceding claim, further comprising a
housing which surrounds and provides a substantially sealed environment
for the motor, actuator, transducer carrier, disk and lubricant

reservoir.

12. A disk file as claimed in any of claims 1 to 10, comprising a

housing which provides an. essentially evacuated environment.

13. A disk file as claimed in any preceding claim, wherein the carrier
to actuator connecting means includes means for providing generally
gimballed movement of the carrier, whereby the carrier may pitch and
roll as its ski surface is forced into contact with the lubricant film

- during rotation of the disk.

* c L M s *



#3, The disk file according to claim2 wherein the container conprises an
annul us surroundi ng the center of the disk and wherein the openings are

il ocated on the radi allvg qq,{saggm) t he annulus. 4. The disk file
car

according to claim1l ansdycer carri T of sk
feet extending fromth eg i di sk ijé aCCSEWQ(,ﬁ jE#|m4
wherein the carrier is an alr-bearlng stider havi pl ails
and wherein the ski feet extend fromthe rails. Baft; ﬁHyﬂgk%gﬁ ” .
according to claim5 wherein the ski feet conprlse general Iy ed
cones having generally circularly shaped ends. 7. The di sk fiIe accordi ng

to claim t1 wher ei pISREFTNEUWITH RGUID LM HEAPEDISKAINYERFACKERT ed
envi ronnen

ABSTRACT

A disk file is described with substantially reduced head-disk spacing and
corresponding improvement in recording performance which uses a disk (16) coated with a
- film of conventional high viscosity lubricant, a lubricant reservoir for replenishing the
lubricant 6n the disk (16) over the life of the ﬁlt,:, and a transducer carrier (20) with feet
which ski on the high viscosity liquid film. The lubricant spins off the disk at a relatively
low rate due to its high viscosity. The lubricant reservoir contains a very small amount of
lubricant and thus may be maintained inside the substantially sealed disk file. In ome
embodiment of the invention, the sealed disk file is essentialiy evacuated.. The operation of
the disk file in a near vacuum ¢nvironment is possible because, unlike' conventional disk
files, air is not required to support an air-bearing head-disk iﬁterface and the high vapor
pressure of the relatively high molecular weight lubricant prevents its evaporation.

Fig. 1
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16 8.  The disk file according to claim1l wherein thel REPLAGEMERT I fir
. tonnecting neans includes neans for providing generallly ginmb a gﬁire t
- of the carrier, whereby the carrier may pitch and roll ??ﬁ Cm yac
is forced into contact with the lubricant filmduring L $K.
9. The disk file according to claim1l wherein the lubricant supply
 holding nmeans is a non-data region of the disk. 10. The disk file according

~to claim1 wherein the ski fQUMMARYOFIHBNINVENEIONar end of the

L ansducer <ol 1t i e I MRS PR S S b o b Mg of,

' }‘Lgpf 022? ﬁe}‘prlr-]idiart_ubri cante filmwhile the ski foot is in contact with the

e 2 coor e RS oRBty oondoe

a hub at t adiskdilecompsisitigs k at least oe datadhisk bawieg pedin Slmirf IsbEcans thergeri 2 ng

the di ski  motor connected to the disk for rotating the disk; means located near the inside diameter
of the disk for holding a supply of lubricant; a supply of lubricant in the holding means
and in fluid communication with the lubricant film on the disk for replenishing the
lubricant film on the disk during rotation of the disk; a transducer for writing data to or
reading data from the disk; a transducer carrier having at least one ski foot extending
therefrom, the end of the ski foot and the disk surface defining an angle sufficient to
permit the ski foot to ski on the lubricant film on the disk during rotation of the disk; an
actuator for moving the carrier generally radially across the disk so the transducer may
access different regions of data on the disk; means connecting the carrier to the actuator
for urging the end of the ski foot on the carrier into contact with the the lubricant film on
the disk during rotation of the disk; and a housing surrounding and providing a
substantially sealed environment for the motor, actuator, transducer carrier, disk, and
lubricant supply holding means; and wherein the lubricant supply holding means has no
means for return of lubricant depleted from the disk.

According to another aspect of the present invention there is provided a magnetic
recording disk drive comprising: a magnetic recording disk having a thin film of liquid
lubricant thereon; a hub attached to the disk; a motor conhected to the hub for rotating
the disk: a lubricant reservoir located near the inside diameter of the disk and containing

a supply of lubricant, the reservoir providing fluid communication between the supply of
lubricant in the reservoir and the lubricant film on the disk disk for replenishment of
lubricant to the disk during rotation of the disk; a transducer for writing data to or
reading data from the disk; a transducer carrier having at least one ski foot extending
therefrom, the end of the ski foot and the disk surface forming an angle sufficient to
permit the ski foot to ski on the lubricant film on the disk during rotation of the disk; an
actuator for moving the carrier generally radially across the disk so the transducer may
access different regions of data on the disk; a suspension connecting the carrier to the
actuator for urging the end of the ski foot of the carrier against the lubricant film on the
disk when the disk is rotating at its operational speed; and a housing surrounding and
providing a substantially sealed environment for the motor, actuator, transducer carrier,
disk, and lubricant reservoir; and wherein the lubricant reservoir has no means for return
of lubricant depleted from the disk.



a lubricant reservoir |ocated near the inside di anet er of the di
containing a supply of lubricant, the reservoir prov‘

comruni cati on between the supply of lubricant in th Wmﬁ@gi\'

lubricant filmon the disk disk for replenishment ofl{l'ubri et 0 FHe.. sk
during rotation of the disk; a trandducer for i petag- at
readi ng data fromthe disk; a transducer carrie at | east one

ski foot extendétengdingapestilloanotheneaspentl of fthe preseriti invemtibn ahetetib @rovidéd autatnce
form ng arl‘e@&%x% giﬂ(fﬁlﬁ' &htlp ns?h(;gerap‘léaﬁf nge ﬁét'a J199tha\hﬂg sakpllﬂ 'hlfnh?f lllﬂﬂ'fdaﬁ?nt

filmon th uring rota

the carri e’i‘}@ﬁelaa!nPSPfr%mﬁ‘FtP@ tey the glisk: fox @F%lklgsthetd#ﬂ‘ teans doeased megr éhfcess
di fferent insige divinstér 6etha m foh doftiiska supply of I§HRARY % UPpKUTBBEEA it R

carrier t e actuat or . f.or urgin e end of J fo of the carrler
‘agai nst tﬂ%otlﬁli‘ apd | ify, %Wd F@g@f’@ﬁ Wﬂar‘i‘”ihhhledl ﬁiﬁ‘ &hsk for
oper at i ona‘ﬂpbpxshmg thadubricant filtadwsinggrotation axfrihie dgkaadramsdnced lfdirgwﬁtmg data
subst anti \ o) ol er .
carri o, dPoy RERYRIGRE ABANEE Winl, O chitfr W Wippdiibd e ranldilBE WE Garrir o |
has no rreah@éﬂ%%n pirchearng surfaes neasrits frep @%@rfwnmrtms tbl¢ £tont end abpee diesk
drive accqfiék 86 albEafihdioNairlduiiR Rtdlion!sT th ARRAHE A IdaSt &RCAG Fot0fkat BE rear

end and in contact with the lubricant film on the disk for skiing on the lubricant film
during rotation of the disk; an actuator for moving the carrier generally radially across
the disk so the transducer may access different regions of data on the disk; means
connecting the carrier to the actuator for urging the ski foot into contact with the
lubricant film on the disk during rotation of the disk; and a housing surrounding and
providing a substantially sealed environment for the motor, actuator, carrier, disk, and
lubricant supply holding means.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Embodiments of the invention will now be described, by way of example only, ,
with reference to the accompanying drawings in which:

Fig. 1 is a view in section of a schematic of the disk drive of the present invention;

Fig. 2 is an open top view of the disk drive depicted schematically in Fig. 1;

Fig. 3 is a perspective view of the spacer ring lubricant reservoir shown in partial
cutaway;

Fig. 4 is a plan view of the bottom of the disk carrier of the present invention;

Fig. 5 is a plan view of the bottom of an air-bearing slider modified to have the ski
surface of the present invention;

Fig. 6 is a side view of an alterative transducer carrier;

Fig. 7 is a sectional view of the carrier disk-interface of the present invention;

Fig. 8 is a graph of the stiction forces on the transducer carrier as a function of the
disk drive start/stop cycles; '



carrier near the ski foot. 13. The disk drive accorgding to claimll wherein

the carrier is an air-bearing slider having a plur —ta_e | Qb ,a.l“‘l“s are=
wherein the ski foot extends fromone of the the r LSiD‘ZIJ’TfTéF*Hfék (ﬂrlve
according to claim 11l wherein the |ubricant reserv Qi ﬂgs; ea ed
contai ner |ocated near the attachnent oft5the hub t SK,ThEeen a| ner

havi ng a 17 porous
interior for retaining the | ubri cant @ndmspl urality of openings onits

out er surflgceA ﬁ)atarecorang%lsk Hercb&%ﬁ%mg““ ng rotation of the disk.

at least one data disk having a thin film of lubricant thereon;

a motor connected to the disk for rotating the disk;

means located near the inside diameter of the disk for holding a supply of
Tubricant;

a supply of lubricant in the holding means and in fluid communication with the
lubricant film on the disk for replenishing the lubricant film on the disk during rotation
of the disk;

a transducer for writing data to or reading data from the disk;

a transducer carrier having at least one ski foot extending therefrom, the end of the
ski foot and the disk surface defining an angle sufficient to permit the ski foot to ski on
the Iubricant film on the disk during rotation of the disk;

an actuator for moving the carrier generally radially across the disk so the
transducer may access different regions of data on the disk;

means connecting the carrier to the actuator for urging the end of the ski foot on
the carrier into contact with the the lubricant film on the disk during rotation of the disk;
and i

a housing surrounding and providing a substantially sealed environment for the
motor, actuator, transducer carrier, disk, and Iubricant supply holding means; and
wherein the lubricant supply holding means has no means for return of lubricant depleted
from the disk.

2. The disk file according to claim 1 wherein the lubricant supply holding means

comprises a sealed container, the container having a porous interior for retaining the

lubricant and a plurality of openings on its outer surface for escape of lubricant during

rotation of the disk. '

3. The disk file according to claim 2 wherein the container comprises an annulus

surrounding the center of the disk and wherein the openings are located on the radially

outer surface of the annulus.

4. ' The disk file according to claim 1 wherein the transducer carrier has a plurality of

ski feet extending from the carrier.

5. The disk file according to claim 4 wherein the carrier is an air-bearing slider

having a plurality of rails and wherein the ski feet extend from the rails.

6.  The disk file according to claim 5 wherein the ski feet comprise generally truncated
. cones having generally circularly shaped ends. .

7. The disk file according to claim 1 wherein the housing provides an essentially

evacuated environment.
_ R
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15. The disk drive according to claim11l wherein th
and in the reservoir has a viscosity high enough to
depletion fromthe disk to a | evel such that the anopnt of ______ t he
reservoir is sufficient to replenish the disk duringijt ot gn L
di sk drive. 16. The disk drive accordind&o claim1l eéreln the housing
provides an essentially evacuated environment. 17. The disk file according -

to claim Bl wWhealisk fllbeadcﬁﬁﬁﬂg/m ¢laing 1a~mandaé &rfleﬁtdm:tlﬁftoﬂ duAnedtig. é;ifns The

di sk fil di I d
ear end GRfsHs P bisVifihe eARNg einbalfea Hiovanit of Dol BT BRI RS, o,
has an ai rcatrésarmayypich dmt eolhesits skissucface isefor¢edanto ma ovithsthp Jubridang filme

carrier fd‘ﬁfn% 8 fo dlybrlcant filmwhile the ski foot is in contact
with the IuBi Fcaﬁp{) Frt&elg A dat a recordlnuog disk file conprjsi.ng at
£

| east one dat Ahgi digk ﬁ!ﬁ/i‘%@r@ng to Rlaim | wherein B¢ ffubicant suppObelding meaps g @or
connect ed pof-daBer [(ﬁi(offmé dﬁgkt ating the disk; neans | ocat ed near the

i nsi de di alrbret The disk P'IFC accordmg to Qﬁl g "hétein BE s1¥1 t(())ot 1sLibr Iteci’j1 dedr the rear end

of the transducer carrier, and wherein the transducer carrier also has an air-bearing
surface near the carrier front end for supporting the carrier front end off the lubricant
film while the ski foot is in contact with the lubricant film.

11. A magnetic recording disk drive comprising:

a magnetic recording disk having a thin film of liquid lubricant thereon;

a hub attached to the disk;

a motor connected to the hub for rotating the disk;

a lubricant reservoir located near the inside diameter of the disk and containing a
supply of lubricant, the reservoir providing fluid communication between the supply of-
lubricant in the reservoir and the lubricant film on the disk disk for replenishment of
lubricant to the disk during rotation of the disk; i

a transducer for writing data to or reading data from the disk;

a transducer carrier having at least one ski foot extending therefrom, the end of the
ski foot and the disk surface forming an angle sufficient to permit the ski foot to ski on
the lubricant film on the disk during rotation of the disk;

an actuator for moving the carrier generally radially across the d1sk so the
transducer may access different regions of data on the disk;

a suspension connecting the carrier to the actuator for urging the end of the ski foot
of the carrier against the lubricant film on the disk when the disk is rotating at its
operational speed; and

a housing surrounding and providing a substantially sealed environment for the
motor, actuator, transducer carrier, disk, and lubricant reservoir; and wherein the
Jubricant reservoir has no means for return of lubricant depleted from the disk.

12. The disk drive according to claim 11 wherein the transducer is located on the
carrier near the ski foot.
13. The disk drive according to claim 11 wherein the carrier is an air-bearing slider
having a plurality of rails and wherein the ski foot extends from one of the the rails.

-14. The disk drive according to claim 11 wherein the lubricant reservoir comprises a
sealed container located near the attachment of the hub to the disk, the container having a

A



a supply of lubricant in the holding neans and in fluid cormunl cation wth
the lubricant filmon the disk for replenishing tHEFFercen |Uring

rotation of the disk; a transducer for witi

fromthe disk; a carrier for supporting the tjransd Cs(h
havi ng an air-bearing surface near its ffont end oPatgu:)%gp g
end above the disk on a bearing of air during rota :
| east oneditis fmiorrmafewmﬁ\grmanutﬁmnam a hesliy aﬁtopanmgs bﬂ@csldu&rrlsﬁaﬂa&efl I'm
on the d| kfor ﬁm the | |c2% Emdurlng rotation of the disk;

an actuat'§ F ) bﬁ&a{' quring 10 ¢ dis

Yy radially across the disk so
the tr anstﬁ;ceTherd;skaimwewcchdiﬂgetoede é@mimeinfthej Atbaticant o1h ¢éheddisk and in thereans
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t he rmtordurgfgtmaugg n $if¢ bf &, digk drive. and Iubr| cant supply hol di ng neans. 20.
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di sk fil evaceaediemgranment.ai m 19 wherein the | ubricant supply holdi ng neans
conpri ses)A npps Gk 3k ea%&ﬂh%ntot Qfinf 13 Kwherein the reservoir is a non-data region of
the disk.
18. The disk file according to claim 11 wherein the ski foot is located near the rear end
of the transducer carrier, and wherein the transducer carrier also has an air-bearing
surface near the carrier front end for supporting the carrier front end off the lubricant
film while the ski foot is in contact with the lubricant film.
19. A data recording disk file comprising:
" at least one data disk having a thin film of lubricant thereon;
a motor connected to the disk for rotating the disk;
means located near the inside diameter of the disk for holding a supply of

lubricant;

a supply of lubricant in the holding means and in fluid communication with the
lubricant film on the disk for replenishing the lubricant film during rotation of the disk;

a transducer for writing data to or reading data from the disk;

a carrier for supporting the transducer, the carrier having an air-bearing surface
pear its front end for supporting the front end above the disk on a bearing of air during
rotation of the disk and at least one ski foot near its rear end and in contact with the
lubricant film on the disk for skiing on the lubricant film during rotation of the disk;

~an actuator for moving the carrier generally radially across the disk so the
transducer may access different regions of data on the disk;

means connecting the carrier to the actuator for urging the ski foot into contact
with the lubricant film on the disk during rotation of the disk; and

a housing surrounding and providing a substantially sealed environment for the
motor, actuator, carrier, disk, and lubricant supply holding means.

20. The disk file according to claim 19 wherein the ski foot comprises a generally
truncated cone having a generally circularly shaped end. '

21. The disk file according to claim 19 wherein the lubricant supply holding means
comprises a non-data region on the disk. '

* c L M S *



18 22. The disk file accordi hg to claim19 wherei lFFfé—atT-Deal o Ur f ace
of the carrier conprises a plurality of rails and mBE%MPEcM@'EﬁF' g[)o
extends fromone of the rails. 2 ? 0CT 1997

18

22. The disk file according to claim 19 wherein the air-bearing surface of the carrier
comprises a plurality of rails and wherein the ski foot extends from one of the rails.
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DISK FILE WITH LIQUID FILM HEAD-DISK INTERFACE

ABSTRACT

A disk file is described with substantially reduced head-disk épacing and
corresponding improvement in recording performance which uses a disk (16).coated with a
film of conventional high viséosity lubricant, a lubricant reservoir for replenishing the
lubricant on the disk (16) ovér the life of the file, and a transducer carrier (20) with feet
which ski on the high viscosity liquid film The lubricant spins off the disk at a relatively
low rate due to its high viscositj. The Iubricant reservoir contains a very small amount of .
lubricant and thus may be maintained inside the substantially sealed disk file. In ome
embodiment of the invention, the sealed disk file is essentially evacuated. The operation of
the disk file in a near vacuum:environment is possible because, unlike conventional disk
files, air is not required to support an air-bearing head-disk interface and the high vapor
pressure of the relatively high molecular weight lubricant prevents its evaporation.

Fig. 1



