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TRANSDUCER ASSEMBLY FOR DISK FILE WITH
- LIQUID FILM TRANSDUCER DISK INTERFACE

This invention relates to transducer assemblies for data recording
disk files and more'particularly to an assembly for a disk file with a
liquid film head-disk interface. '

Disk files, also referred to as disk-drives, are information
storage devices which utilize a rotatable disk with concentric data
tracks containing the information, a head or transducer for reading 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
operatioﬁé. There ;re 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 head actuator and
surrounds the head and disk to provide a substantially sealed
environment for the head-disk interface. In conventional magnetié
recording disk files fhe head carrier is an air-bearing élider 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 required 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 recording
rerformance 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 relatively short period of time, the liquid

lubricant and the relatively large air-bearing surface of the slider

is Sheet Has Been Reﬂlaced '”‘-‘ -

i e



Disk-files, also referred to as disk drives, are information storage
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the head and disk so that the disk file is very sensitive to vibration

and impact, which makes the conventional disk file undesirable for
certain applications, such as use in a portable computer. The air
required inside the disk 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 suspensiog, and increases the
corrosion and oxidation of the heads, disks and electronic components.
There are several references which describe Qifferent'types of head
carriers and liquid bearings as possible alternatives to the
conventional air-bearing head-disk interface in magnetic recording disk
fiies. 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 ashead of the carrier. In
assignee's pending application, US serial no. 264,604, filed October 31,
1988, and published May 9, 1990 as Furopean published application
EP 367510, a disk file utilizes a continuously recirculating low
viscosity liquid lubricant, which is maintained 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 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 different type of liquid bearing interface

which provides minimal head-disk spacing.
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connects the slider to the actuator, so that the slider is in contact wth
the disk surface during start and start operations when there is

i nsufficient disk rotational speed to maintain the . ubr.i cant
is required on the disk surface to prevent danage 181& § o) Nei sk
during stasad+ay-esal stopping of the didsk file. HEELAGE ent i ohal

magnetic recording disk file suffers from several di sadvantages which are
due to the air-bearing head-disk interface. The spaci ng between the head
and di sk is |i#cordinglyithe presentidodenfiioy prpeidesq tyansdhensn agfemble air
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surface OfcdrPfesSlebf@eading data from or writing data to the disk.

Preferably, the skiing surface of the transducer carrier comprises
at least one and preferably 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 film surface. The
generally circular shape of the ends of the ski feet improves the
operation of the carrier in rotéry actuator disk files in which the
direction of motion of the carrier relative to thé disk varies with the
radial position of the carrier on the disk.

: Alternatively, the skiing surface comprises a generally spherically
shaped ski foot. ’ ‘

Because the transducer assembly is designed to ski on the surface
of the disk lubricant, air will not generally be required to support an
air bearing head-disk interface. This allows for the operation of a
disk file incorporating such a transducer assembly in a near-vacuum
environment. Thus the problems associated with the presence of air

inside the disk file are substantially minimised.

However, an alternative transducer assembly includes an air-bearing
slider to which is attached at least one ski foot. With such an
assembly, a portion of the transducer carrier will be supported on an

air bearing and the ski foot will ski over the surface of the lubricant.

The present invention also provides a dafa recording disk file
including such a transducer assembly, a data disk having a thin film of

lubricant thereon, the disk being attached to a hub for rotation by a -
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create static friction (or "stiction") forces which cause the slider to
sticksto the disk surface, which can result in damage_ to the head, disk or
suspensi on when the slider breaks free fromthe of the

di sk file. The interface, which is primarily a t SHERT dtASaBEENVhEn t he
disk file igA®®IF@d0 Ng, provides very Qittle sti fnessREFéiﬂ@EBn t he

motor; and an actuator coupled to the transducer assembly for moving

- the assembly across the surface of the disk.

Preferred 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 pgrtial 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 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 ¢ycles;
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
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head and disk so that the disk file is very sensitive to vibration and
I npact, which nmakes the conventional disk file desirable for certain

applications, such as-use in a portable conputdrT a4 I JeQui T ed | nsi de
ap THI IpiERY T CREEN
unpt

e disk file to support the air-bearing slider Jal so REPI ne air
drag on t h8ASe8l080g di sks, thereby i dcr easi ng t ] on,
c?ntalbutes to the noise level in the outside environnent, causes buffeting
of the suspension, and increases the cgorrosion and oxidation qQf the heads,
di sks and el ecFi®ni? iscﬁrﬁf@ﬁErﬂfs?arrier'di‘f%éPécjgﬁgef°§é9é’r°3Y°”rtg? ences whi ch
descri be dieif-deefingthypdsdink eteafasy ahdthe dwedd-disk interface of the

present invention as a function 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 environment. This.type of disk file is described
as being substantially sealed since the drive ﬁotor 12 is located
entirely within the housing and there is mo 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 (nét 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 suspension 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
mofor 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 traﬁks 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
film of a relatively high 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

suspension 24 which provides a force to the carrier 20 to maintain the

- -

This Shezt Has Been Replaced




| i qui.d bearings as possible alternatives to the conventi onal

air-bearing

head-di sk interface in nmagnetic recording disk filés. In assignee's US

patent 2,969, 435, a sled-type transducer carrier with a |

ge flat surface

rides Oongaglé@kaOf 0il on the di sk,gthe oil being suppl ¢dTHIS SHEED HAS!
reservoi rSigx e?%%l to the disk file and discharged froma nozzI;EPLIAggABStBeE N
ol AR

ahead of the carrier. In assignee's pending application, US

Ko,
20T 1ot

264, 604, cadriibf dntstcaChctd kit 308, 1ubirdcgtbfilahad thidh i 1899@has Eur opean

bl i shed |jcati EP 367 ' | fd L] t |
pubi 1S s%egs ogl\?vm%ylo Be & .ctozwan“:’l:]igna ltgtit? :Sé a##%?enge\%rll'gﬁaf af ¢n@t ds@ﬂgﬁls y

S mal ntaln

. ]
reci rcul aty ng SCosi

I qui

as a

relati vehsgnehic dislfdlesn whipl havelan ghrrbeaning fdidrrer Anap¥qmple (i the

well-known Watrous suspension, as described in assignees' U.S. Patent

4,167,765, which is incorporated herein by reference. This type of

suspension glso provides a gimballed attachment of the transducer

carrier which allows the carrier to pitch and roll as it rides on the

liquid lubricant £ilm.

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 in Fig. 3. The reservoir 30 comprises & 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 segled, either by electroplating a material such as gold ox 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 the rate at wuich 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

associated with one of the corresponding disk surfaces. In addition to

the size of the openings 36, the factors which affect the rate of

lubricant leaving the disk include the smoothness of the disk, the disk

rotational speed, the viscosity of the lubricant, and the carrier
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has triangul ar shaped feet to plow through the |ow viscosity liquid |ayer.
The ER - reference suggests that if the disk file is hernmetically seal ed
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is an object of the present invention to aneliorate one or nore

di sadvant a%es of _the 8 art. _
esign. 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 embodi;ent of the lubricant reservoir or
holding means is the annular reservoir 30 described ebove 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
that the non-data band contains an additional supply of lubricant 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 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 fdrmed from the conven;ional
material used to manufacture air-bearing sliders, such as ferrité or an
alumina and titanium-carbide ceramic wmaterial. 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 génerally a truncated cone extending
from surface 43 and with a generally circular shaped end which enables
the carrier to ski on the lubricant filﬁ, 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
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

[
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According to one aspect of the present invention there I's provided a
transqucer assenbly for a data recording disk filg +he—type—wherei N a
disk has a liquid filmon its surface, the assenbl ;Tl'ltﬁ)ﬁﬂEE'Ed'ﬁ\@ BEENchrri er
having an ajpg- -§pRRHNY surface near its front” end flor supERUACEDg t hef front
end of the carrier above the liquid fi1mwhen the dISKTS

conventional three-rail air-bearing slider, such as that described in
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 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 genmerally truncated cones. This slight
taper of the ski feet allows the transducer carrier to actuwally ski on

top of the relatively high viscosity lubricant-film on the disk.

While the preferred embodiment of the skiing surface of the carrier
is as depicted in Figs. 4 and 5, the invention has also been
successfulfy 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

I 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 edge. A
single 1 mm. diameter tungsten-carbide ball bearing 26 is epoxy-bonded
to the }eading 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 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
sputter deposited magnetic film, is located beneath the protective
carbon overcoat 60. The liquid lubricant 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.
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rotating at its operational speed and a ski foot near its rear end for

skiing on the liquid filmwhen the disk is rotating at |ts operatlonal
speed; and a transducer attached to the carrier fo "r”§ 3 qm or
witing da%gg bhe di sk. According to: anot heFHRs 'ﬁ tBIEENFresent
I nvention §0prow ded a transduCer assenbly for _a HACEDR: cor di ng
disk file of the type wherein a disk has-a liquid filmon its surface, the
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a plurality o
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wWiting daipprotimabelyditsé00 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 approéimately the lubricant £ilm thickness
(e.g. 20 to 100 Angstroms) from the fop-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 essentially 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 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.ﬁresent invention it is possible to improve the overall
rerformance of the disk file by maintaining a vacuum within the sealed
housing. This can be accomplished by constructing the disk file to have
&4n 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.
A CoPtCr alloy magnetic film was sputter deposited on top of a suitable
underlayer, and a 250 Angstroms thick amorphous hydrogenated carbon
overcoat 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
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According to still another aspect of the present invention there is
provided a transducer assenbly for a data recording.disk file of the type
wherein a disk has a liquid filmon its surface,. t assenhly conpri sing:

an air-bearing slider having a plurality of rails EH'HI&SHEE'EHASOBEEI\E i
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transducer attached to the slider for reading data
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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. Two classes of lubricants were used, perfluoro-poly ethers
(PfPE) and hydrocarbons (HC), both of which are conventional disk
lubricants. In particular, the PFPE Demmum SP from Daikin self-bonds at
room temperature and can be applied by dipping. The HC lubricant, which
may be a poly-l1-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 bonded lubricant, if there is any, comprises only a
fraction of fhe total lubricant film thickness on the disk. The PFPE
lubricants jhave 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 viscbsity in the:range of 5 centipoise to 10 poise
and a molecular weight preferably greater than approximately 1000 amu.
The lubricant should have a v1scos1ty which, when used with disks hav1ng'
a specified smoothness and operating at a specified rotational speed, is
sufficient to both prevent 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
includes three feet, two feet toward the front of the air-bearing
surface overhanging the taper slightly, and one foot at the rear which

includes the recording head.
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only, with reference to the acconpanying draw ngs in which: Fig.

a viewin section of a schematic of the disk drive ]
3}-@(@. %&EZSEH‘EE& ed
EWABED t he spacer
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i nventi on; Fig. 2 is.an open top view of the

schemati cal 1; Fig. 3,is a perspective
ring IubrlgA??t ?eog rv0|r shown in partﬂllal cut away; Fig. 4 1s a plan
view of the bottomof the disk carrier of the present invention; Fig

5is a plan vi mxpfthimyiaetéfom&fie@mnala-ataaarﬂmwﬂﬂ %raiqvaismt,g,ﬁ.%rao have
t he ski suyface of Eresent i nvent|on
the result is tha the front feet 40, 42 (Fig. 5) ski until full 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 front 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 are 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 convenfional 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 reservoir 'such as that described in Fig. 3 was
installed in the di'sk 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 sprirz preload

was installed, and the drive was operated.

The tests conducted on the drive included measurements of stiction,
lubricant thickness, drag, wear of the data tracks by opticel

observation, magnetic reading and writing, and vibration resistance.
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REPLACEMENT SHEET Fig. 6 is a side view of an alternative
transducer carrier; Fig. 7 is a sectional viewof the carrier
di sk-interface of the present invention; Fi g“ﬁsl %EET%%"BEEN t he

stiction f 85 - t he transducer caryg er as a funcfion sk |drive
start/ st opgéflcl eés% 2 REPLAGED d

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 below 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 thaf the reservoir dispenses lubricant to the disk surface,
but only 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 lqbricant_Spreads out onto the
disk, the ﬁ;vement.of the carrier during agcessing smooths the
lubricant. To facilitate this smoothing, the carrier was accessed over
all available tracks on the disk periodicélly, i.e. once every 5
minutes. This occasional accessing by the actuator to imové 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.

The drag was measured by strain gauges attached to the suspension.
The drag was determined as 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.,

B
This Sheet Has Been Rep

T



Fig. 9 is a conparison of frequency roll-off curves for a.conventional

air-bearing head-disk interface disk drive and t he~disk-drive of {he
present invention; and THIS SHEET HAS BEEN
SA9-91-030 | 13 REPLAGED

No wear of the disk was observed by optical measurements made with
a resolution of better than 10 Angstroms of material loss.

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 improvement 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 higﬁ frequency falls
off slower than in the flying case. This impl%es that higher recording
densities will be obtained for the skiing case, which is -a result of the
reduced head-disk spacing.

In an.;xperiméntal test for the vibration or impact resistance of a
disk file with the transducer carrier, disk, and interface of the
present invention,lthe commercially available 2.5 inch disk drive as
modified was mounted on a shake apparaﬁus. 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
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 inventijon.
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Fi g 10 is a graph of carrier-disk spacing for a conventional air-bearing

head-di sk interface and the head-disk interface o esent invention as
a function of time during a vibrati on test. Tm@!ﬂEEmHA§IBrEE to Fig.
1, therelsAélssé ated in sectional ew a schenptic @EpfA&: [ﬂ flile of

the present i nv The di sk flle.c ri ses a pase—io tn A Il e
secured a di sk drlve nDtor 12 and an actuator 14, and a cover 11. The base

10 and cover . 1lryar f3di¢ed d3sPdrdtd ia8! dokcs ARl ebohOWal Nlsb Uesthif shlisk dri ve.
Typically there is 13 |l ocated between pase 10 and, cqver 11 and a

aske ¢
smal | br eat‘ﬁé?“"b&f“(ﬂ("gﬂ?ntshﬁvﬁﬂerfwge 2 T’i’f*r’@itg’r'bgz‘(ﬁ"g‘"bé‘f‘ &R t HEe
i nterior ofpresmurdi wds edurednth tthe chaklsrdeo dAvi torl®entTordhi The wpet of di sk
file is deseLifgdofttsNEh RS URSEAN L 8} Ithe ss%aé &g ﬁfogg%bEg'ﬁnedrdh\éﬂ gRtor 12 is

| ocated entjrely wthin the housing and there is no external forced air
suppl y drive was tested in the air environment.
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for cooling the interior conmponents. A nmagnetic recording di'sk 16 is
nmounted on a hub 18, which is attached for rotation by drive notor 12. A
read/ wite head or transducer (not shown) is for T transducer carrier
20. The carrier 20 is connected to the actuator SHE] gid arm
22 and a $S89p8KMBn 24, the suspensi 88 24 providifng a M&Fﬂé\g, ?%EIJ\LL whi ch
urges the transducer carrier 20 onto the surface of—the ruﬁnrdlno di sk 16.
During operation of the disk file t#‘gl |ve notor 12 rotates the disk 16 at
a constant speed, and the actuator ‘Which is typi cally a linear or
rotary voice coil nmotor (VCM, noves the transducer carrier 20-generally

radial |y 3croastidisasde:l ackndiy tebe adusi@ Js@co‘i@iﬂghéiskt bﬁer eﬁ%xvrey%s head may

access different ata tracés o) 4} ustrates a top

o ow of 1 KSR e FOE 36 Cha Tt THA 8 e 1puheees i, asppn

i Il ustrat escaamiembaving bunrifeendapedr fagi skid3@g on the liquid film and a
transducer attached to the carrier for reading data from or writing data

to the disk.

2. A transducer assembly as claimed in claim 1 wherein the skiing
surface on the carrier comprises at least one ski foot extending from
the carrier, the ski foot having an end which forms an angle relative to
the disk surface small enough to permit the end of the ski foot to ski
on the lubricant film on the disk.

3. A trankducer assembly as claimed in claim 2 wherein the ski foot
comprises d generally truncated cone having a generally circularly

shaped end.

4, A transducer assembly as claimed in claim 2 or claim!3 wherein the

transducer is located on the carrier near the ski foot.

5. A transducer assembly as claimed in claim 1 wherein the skiing
surface on the carrier comprises at least one generally spherically

shaped ski foot.

6. A transducer assembly as claiemd in claim 1 wherein the skiing
surface on the carrier is a generally planar surface having at least one

ski foot extending therefrom.

7. A transducer assembly as claimed in any preceding claim, further
comﬁrising means for connecting the carrier to the actuator of the disk
file, the carrier to actuator connecting means including means for
biasing the skiing surface of the carrier into contact with the liquid
film on the disk.

e \

. This Sheet. H

mmmnn i 110



whi ch serves as a neans for holding a supply of liquid |ubricant for
repl eni shment of |ubricant on the surface of disk 16. A thin continuous

filmof a relatively high viscosity lubricant is haE
of disk 16 _and is replenished by |ubrjcant fron1£ﬁgﬁi%§£
oper ati on. S&9P1-830y 5o || ustrates i Mbetter detqil t
provides a force to the carrier 20 to maintain the

8. A transducer assembly as claimed in claim 7 wherein the carrier to
actuator connecting means includes means for providing generally
gimballed movement of the carrier, whereby the cérrier may pitch and
roll as its skiing surface is forced into contact with the lubricant

film during rotation of the disk.

9. A transducer assembly as claimed in claim 1 wherein the carrier is
an air-bearing slider having a plurality of rails and wherein the skiing

surface comprises at least one ski foot extending from one of the rails.

10. A transducer assembly as claimed in claim 9, wherein the skiing
surface comprises a plurality of ski feet extending from the rails and
wherein each of the ski feet. has an end which forms an angle relative to
the disk surface small enough to permit the end of the ski foot to ski
on the lubzgicant film on the disk.

11. A data recording disk file comprising:

at least one data disk having a thin £ilm of lubricant thereon, the
disk being attached to a hub for rotation by a motor;

and a transducer assembly as claimed in any preceding claim for
writing data to and reading data from the disk; and

an actuator means coupled to the transducer assembly for moving the

assembly across the surface of the disk.
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6 carrier into contact with the lubricant filmon the disk 16. The

suspensi on may be a conventional type of suspension such as that used in

magnetic disk files which have an air-hearing slider. %F?fﬂa“ e-is fhe
S

wel | - known Watrous suspension, as described in assigned: @%rEEPd{@BEEN
4,167, 765, gxéMgihogos | ncorporated herem by reference. hi s RERAQED
suspension al so provides a ginballed attachnment of the transduCer—eea++i-&

which allows the carrier to pitch and roll as it rides on the Iliquid

| ubricant film The annul ar ABSERACEant reservoir 30, which may al so

serve as a disk spacer in disk files whi ch have nultiple disks in a disk

stack, is shown in detail in The reservoir 30 conprises a ring or
TRANS DUCER SEHBI FOR DISK FILE WITH

annulus 32
LIQUID FILM TRANSDUCER DISK INTERFACE

Described is a transducer assembly for use in a disk file which
provides substantially reduced head-disk spacing and a corresponding
improvement in recording performance. The assembly includes a
transducer carrier with feet which ski on a high viscosity liquid film
with which the disk is coated. Also described is a disk file

incorporating such a transducer assembly.
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whi cj#i's machined from a porous, sintered netal, such as sintered stainless
stieel ., Thereafter the outer surface of the annulus 32 is entirely seal ed,
elther by el ectroplating 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 fornmed in the d or nickel surface film34 to
unseal the reservoir and provide a nmeans fdr the lubricant stored inside to
escape. This is acconplished by nmachining several, e.g typically 4, snall
areas on the surface film 34 by etching, ablation or electrostatic

di scharge machi ni ng, which creates the openings 36 or pores in those areas.
The reservoir is then filled with lubricant by placing it in a vacuum
imrersing it in the lubricant, and heating it slightly to increase the rate
at which it fills. The nunber and size of the openings 36 are selected to
provi de the desired anount of controlled |ubricant escape during operation
of the disk file, which is designed to match the rate at which |ubricant

| eaves the di sk. Wien the annul us 32 is designed to al so serve as a spacer

ring in disk N
S :
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files Which have nultiple disks supported in a stack on the hub 18, the
openi ngs 36 may. be | ocated nearer to the portions of the spacer ring which
are in contact with the disks, so that sel ected openings are associ ated
with one of the corresponding disk surfaces. In addition to the size of the
openi ngs 36, the factors which affect the rate of lubricant |eaving the

di sk include the snoothness of the disk, t&4fd disk rotational speed, the
viscosity of the lubricant, and the carrier

30

FIG. 3




desi grt. When the disk is not rotating, the capillary action of the porous
spgonge-li ke material of annulus 32 holds the liquid inside the reservoir.
Wil e the preferred enbodi nent of the l|ubricant reservoir or hol di ng neans
is the annul ar reservoir 30 described above.and illustrated in Fig. 3,
there are nunmerous alternative reservoirs which are possible. For exanple,
in sonme applications where.the total runni3gftinme of the disk file is
relatively short (e.g. several nonths), the neans for holding the | ubricant
may be a non-data band or region on the disk near the inside dianeter of

t he disk. During the normal disk lubrication process, the non-data band of
the disk is also |ubed, so that the non-data band contains an additional
supply of lubricant for replenishnment of the liquid film In this

enbodi nent for this specific
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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 nowto Fig. 4, the transducer carrier is illustrated with its
skiing surface depicted as a plurality of ski feet 40, 42, 44 forned on a
-flat surface 43. The carrier may be fdrmed fromthe conventional materi al
used to manufacture air-bearing sliders, &lkh as ferrite or an alumina and
titaniumcarbide ceramc material. The carrier 20 is shown 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 th thin filmtransducer 46 or other magnetic
recordi ng head is supp on the carrier. 3 h of the Skl eet is

f

generally a truncated cone extending from sur a generally
circul ar shaped end whi ‘enabl es the carrier k| on the Iubrlcant Z]Irn
regardl ess of the dir cty6n T
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novenent of the carrier relative to the disk. In this manner the carrier is
cgpabl e of skiing when supported on a rotary actuator which noves the
carrier in a generally arcuate path wherein the direction of notion of the
carrier relative to the disk varies dependi ng upon the radial position of
the carrier. Fig. Sillustrates a&/a_&‘oodi ment of the transducer
carrier, denoted 20', wherein the ski fe 0, 42, 44 are forned on a

REPLACENMENT SHEET
ﬁ-
O
R N

FIG. 7




conventional three-rail air-bearing slider, -such as that described in
as3ignees' 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 nmateri al
etching the rails back a few thousand Angstrons, preferably by i-on mlling
or alternatively by reactive ion etching, g qthat the ski feet are the
remai ni ng outer portions prOjectlng outwardly fromthe rails of the slider.
The ion mlling is performed in a manner such that there is a very slight
taper (approximately less than ten degrees) of the ski feet away fromthe
outer surface of the rails, which results in the ski feet being forned as
general ly truncated cones. This slight taper of the ski feet allows the

transducer carrier to actually ski on
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top of the relatively high viscosity lubricant filmon the disk. .
VM|Ie the preferred enbodi nent of the skiing surface of the carrier is as
deplcted in Figs. 4 and 5, the invention has al so been successfully
demonstrated with a skiing surface conprising one or nore 1 mm dianeter
tungst en-carbi de ball bearings epoxy bonded to a conventional air-bearing
slider. One enbodi nent of this type of carppzer is shown in Fig. 6. The
carrier is a conventional two-rail air-bearing slider 25 which has the
transducer 46 |ocated on its trailing edge. A single 1 mm dianeter
tungsten-carbide ball bearing 26 is epoxy-bonded to the | eadi ng 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.
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. The interface between the transducer carrier_and-the d%_
dubricant fitmis illustrated in "HA$1BE5N fer
“disk 16 has as its upper solid pdrh%§nHEér

- overcoat film#60, which is typica
magneti.c | aygy-gi2ggpuch as a conventiongl cobalt allo
magnetic film is Iocated beneath the protective carbon overcoat 60.
liquid lubricant is deposited as a film64, preferably to a thickness in
t he range ofarappr dxtorrbatyc2@itw th@Olvngsintofmlm an thepiek ide Tar bon
over coal 6QusQuRALhi oy 8L P0GA0Ly &iBR. Ptlpd 88'sulfedsSof SRR £ cRS: BELAYn

supported on I"'ubri1"cant
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, which is incorporated herein by reference. 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 f£ilm.

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 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 sepled, either 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 ﬁachining, 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 éﬁd size of the openings 36 are selected to provide the desired
amount of controlled lubricant escape during operation bf the disk file,
which is_désiéhed to match the 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
associated with one of the corresponding disk surfaces. In addition to
the size of the openings 36, the factors which affect the rate of
lubricant leaving the disk include the smoothness of the disk, the disk
rotational speed, the viscosity of_thé#lubricant, and the carrier

e
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REPLACEMENT SHEET The end of ski foot 40 has a di arreter of

approxi mately 100 microns and is ta el y=a—=t=e

angle to an etch depth of approxim JH;S §ﬁ5§§ﬁ§§ %ﬁ on's.
g edd%E '

(Fig. 5) is supported on the traili

20 atmnmsss’f

| ubri cant fllmthlckness (e.g. 20 to 100yAngstrons) fro
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 |ubricant film64 whi ch, because it is essentially -

I nconpressi bl e, serves_as ‘g | ayer between the carrier 20 and the
di sk 16. The TRANSD CER SSEMBLY FOR DISK FILE WITH

LIQUID FILM TRANSDUCER DISK INTERFACE

ABSTRACT

Described is a transducer assembly for use in a disk file which provides substantially
reduced head-disk spacing and a corresponding improvement in recording performance.
The assembly includes a transducer carrier (20) with feet which ski on a high viscosity
liquid film with which the disk (16) is coated. Also described is a disk file incorporating
such a transducer assembly.

Fig. 1
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rel atively small angle between the end of ski foot ‘40 and the disk (10
degrees in Fig. 7) inproves the ability of the carrier t .

provides less of a barrier to the lubricant which passes uﬁﬁ%ﬂ%&%ﬁ%‘gg‘-
ski foot 40 during start up of the disk drive. In t@& pr J 3
invention it is possible to inprove the overall perfornafc B THE HISK

file by maintaining a vacuumw thin the seal ed housing. This can be

acconpl i shed by constructing the disk file to have an essentially hernetic
seal, for exanple, inTRANS Wgﬁ%éfss%?%@ BEECFIEWIT, assignee' s US Patents
4,367,503 and 4, 556, 968IQUID FILM TRANSDUCER DISK INTERFAGEEri mental Results

This invention relates to transducer assemblies for data recording
disk files and more particularly to an assembly for a disk file with'a
liquid film head-disk interface. ' '

Disk files, also referred to as disk-drives, are information
storage devices which utilize a rotatable disk with concentric data
tracks containing the information, a head or transducer for reading 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 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 élider 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 required 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 Jimited 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 relatively short period of time, the liquid

lubricant and the relatively large air-bearing surface of the slider
{



The invention has been denonstrat imentally using a commercially
available 2.5 inch rotary actuato TH!SSSHEE]'r A dif= L on—of—sone—qf
the conponents. The di sk substr ®ep HE S jman{if RERLUNCEIBEMT SIGEET ghy
i ntentional texture and polished & ssijbl e}l Both caﬁu ' niggsanc
gl ass substrates were used, although2alumnumis the p eﬂ@eng dml'k .......
substrate. A CoPtCr alloy magnetic fil mwas sputter de
suitabl e underlayer, and a 250 Angstrons thick anmorphous hydrogenated
carbon overedat stasic frdetion tRposticsieoy eforesie Vidiinetuse the fiidetigkd cant was
appl i ed bytdinps Rfle td¥@kdiiieatd] @hibhl tdre rbatlit i Baainago| toetlie Head,udsk as i s

common i n og: hseusLQn%lJJ.gl:[l rnX\’en et)ﬁ%egf idgp q)treglpse ;:'Lé{ab Ifi‘o%apl;e ¥ &P asttggt tuB é,P out

the disk file. The interface, which is primarily a thin f£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 for
certain applications, such as use in a portable computer. The air
required inside the disk 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 alternatives 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 o0il being supplied from an oil reservoir exterﬁal 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 European published application
EP 367510, a disk file utilizes a continuously recirculating low
viscosity liquid lubricant, which is méini:é.ined 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 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 different type of liquid bearing interface

which provides minimal head-disk spacing.
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10 100 Angstrons thickness. The_exact coating thickness is not crltlcal

it is desirable to keep tfITe{iS SHEETHMS BEEN as t hr—as=possiHi
order to mnimze the head-disk g paC|n|Em]m§DIubr| ant'caﬁEBEAQEWBﬁasﬁ@EFh
carbon overcoat on the disk by UlLIaVIUIUL tOv—orthernhal tr ar
| ubricant which self-bonds at roomtergerature can be appbeted.”.. lassesl

however

of lubricants were used, perfluoro-poly ethers

It

Accordingly the present invention provides a transducer assembly
for a data recording disk file of the type wherein a disk has a liquid
film on its surface, the assembly comprising a carrier having a surface
adapted for skiing on the liquid film and a transducer attached to the

carrier for reading data from or writing data to the disk.

Preferably, the skiing surface of the transducer carrier comprises
at least one and preferably 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 film 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 thé disk varies with the

radial position of the carrier on the disk.

Alternatively, the skiing surface comprises a generally spherically

shaped ski foot.

Because the transducer assembly is designed to ski on the surface
of the disk lubricant, air will not generally be required to support an
air bearing head-disk interface. This allows for the operation of a
disk file incorporating such a transducer assembly in a near-vacuum
environment. Thus the problems associated with the presence of air

inside the disk file are substantially minimised.

However, an alternative transducer assembly includes an air-bearing
slider to which is attached at least one ski foot. With such an
assembly, a portion of the transducer carrier will be supported on an

air bearing and the ski foot will ski over the surface of the lubricant.

The present invention also provides a data recording disk file
including such a transducer assembly, a data disk having a thin film of

lubricant thereon, the disk being attached to a hub for rotation by a

il



F. Nye, Inc.,
Preferably the PFPE | ubricants are bonded, but the HC | are not.
The bonded lubricant, if there is any, conprises only a fraction of the
total | ubri%oifEs fPrdnapctrakarscopleddodihek transdudeEREskublyi éanmevigve a

Vi sScosity ivhel 442 ekiblIyd8c¥ss StHeCMArRA0d B2 £ dfkkpoi se and a nol ecul ar wei ght
preferably greater than approximately 2000 anmu. The HC | ubricants have a

viscosity in the range of 5 centipoise to 10 poise and a nol ecul ar wei ght
preferably gredrefenrpd rerhppimentsrafcthe 10ROt omwilTheow bbrdesamibeéhdwl d have a

viscosity way Gt exdiple Uned, With diskncbayi ag acc%lﬂ?&lyfihg%rﬁmgg hpess and
operating ah qrspem fied rotational speed, is sufficient to both prevent
excessi ve Fibfcant |oss and support the skiing surface of the transducer

carrier.
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 alternative transducer carrier;

Fig. 7 is a sectional view of the carrier disk-interFface 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 ¢ycles;

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

N
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In the experinent, the carrier used was essentially th '%—H—RGTS
and was made by starting with a slider with a working tieg @mmﬁgpam AN
exi sting air-bearing surface. Resist and |ithography- re us
the ski feet on the polished rails 50,51,52 forning thel gik- ggg?m surf.a,e
The air-bearing surface was then iog-nilled anay (ex St
defined the feet) a few thousand Angstrons to produce the feet. The
preferred enbodi nent includes three feet, two feet toward the front of the
ai r-bearing suFisc&0 cises henagh mf smlwwesk spagine| fpr gusanvrnEiongdt at t he

rear whi chaingbades #daQ-d8&05stcRgadteasl the head-disk interface of the

present invention as a function of time during & 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 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 rotatiom 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 suspension 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
moéor 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 radlally across the surface of the disk
16 so that the read/write head may access different data tracks on dlSk

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
film of a relatively high 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

suspension 24 which provides a force to the carrier 20 to maintain the



Is that the front feet 40, 42 (Fig. 5) ski until full di
is attained, and then the front feet "fly". The rear- sk
to ski at all times. This also reduces the drag. The frd
still required, however, for starting and stopping. The
depth along with the design of the conventional air-bearing surface are the
parameters which can be adjusted to ensure that the front feet fly and that
t he rear foearsierSinto contact with the lubricant film on the disk 16. The

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. Patent
4,167,765, which is incorporated herein by reference. 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 stack, 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 sealed, either 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 the 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
associated with one of the corresponding disk surfaces. In addition to
the size of the openings 36, the factors which affect the raﬁe of
lubricant leaving the disk include the smoothness of the disk, the disk

rotational speed, the viscosity of the Jubricant, and the carrier



I f the conventional air-bearing slider was designed to |
Angstroms in the front and 1500 Angstroms in the back, .
mlling away 3000 Angstrons of material fromthe slider

approxi mately 2000 Angstroms. If the carrier were that depicted in.Fi g 4
all ski feet would ski at all tines since there is no air-bearing surface
to cause tdesigx.on¥heskith¢ ddsk tig figtyrotating, the capillesmactiencef/dhe such as

that descridiets ispokged1iid WaberiBS 3 hfl1ad 3168 The dligyen 1ddiRer LT VOI I

xanp| ¢ aHEPETHE i Bl R S DS e Rt T b G § e et R L 8 mmnner
t he reser Vwildim mgarms ibdihle snnudipyr ireservobn 38| degeribah sbavel and di sk spacer. The
reservoir GQpiaisRed ihokls. OREHNBES a3 nuREdls M1k Brridt el FBIR VoM ARHRHOXI Mat el y
100 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
that the non-data band contains an additional supply of lubricant for
replenishment of the 1iquid film. In this embodiment for this specific
application, it may also be desirable to use a lubricant which bhas a

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

Referring now to Fig. &, the transducen.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 fdrmed from the conventional
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 i# 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
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



m crons. The reservoir was filled with approximately 0.2 cc_of _|

The lubricant used in the reservoir is typically the sanmeggd hed -,ig,qgg-r
pl aced on the disk. After the disk and reservoir were ins @ ggﬁn
the disk drive, the carrier with a vatrous type suspensi of g _____________________
spring preload was installed, and the8drive was oper at ed. [l The tests

conducted on the drive |ncluded measur enents of stiction, IUbrlcant

thi ckness. csivafietofifnele LR 438 L AKS I OBLLP AL £ QS Sfe¥atinal. sdmanet i c

reading and writi |on r
a551gnees 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 outwardly from the
rails of the slider. The ion milling is performed in & 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 om

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

While the preferred embodiment of the skiing surface 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 Jocated 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 fooé and raises the front end of sli&er 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 £1ilm 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
sputter deposited magnetic film, is located beneath the protective
carbon overcoat 60. The liquid lubricant 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.
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measurenents, plotted as a function of start/stop cycles iFFRg=—8; =
kow stiction value, even after 100 thousand start/stop- cyc| REPLAGEMENTSHERT
force between the carrier and the disk was maintained in the ranged dtiL3i98%

7 granms, which is well below the rang® where damage can ocfiate o..t-he--head- -
or disk at start up of the disk drive. —

The end of ski foot 40 has a diameter of approximately 100 microns and
is tapered at approximatelﬁ a ten degree angle to an etch depth of
approximately 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 fop 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 essentially 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 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 invention it is possible to improve the overall
performance of the disk file by maintaining 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.
A CoPtCr alloy magnetic film was sputter deposited on top of a suitable
underlayer, and a 250 Angstroms thick amorphous hydrogenated carbon
overcoat 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



Lubr| cant thickness, as determ ned by visual observation : deo

m croscope) acconpani ed by ellipsonetry, was neasured to bBEMeftclEMEN'QQHééﬁ
100 Angstrons over the surface of the disk. Visual obseryation
confirmed that the reservoir dispenses lubricant to the ¢iRde
only when the disk is spinning, and sfgowed that the | ubr
by the skiing. The capillary action of the porous netal keeps the |ubricant
wWithin the reservoir unless it is overconme by the centrifugal force of

Spi nni ng. 160 Ahgstiretsr thiikhesPr TS epatt codtdng hbidkneds it hptnaerdl, of the
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caused for exa non-uniformdi stri bution
r eservoi r.ameas O$Wb classes of lubricants were used, perfluoro-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-l-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. Thg bonded 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 weight preferably greater than approximately 1000 amu.
The lubricant should have a viscosity which, when used with disks having
a specified smoothness and operating at a specified rotational speed, is
sufficient to both prevent excessive lubricant loss and support the

skiing surface of the transducer carrier.

In the experlment the carrier used was essentially that deplcted ’
in Fig. 5 and was made by starting with a slider with a worklng
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
includes three feet, two feet toward the front of the air-bearing
surface overhanging the taper slightly, and one foot at the rear which

includes the recording head.



these experimental results it is estimated that for a singke=
in a drive operated at a conventional operating speed of
approximately 0.01 cc of |ubricant would be required-to
the reservoir for the estimted seven year design |ife of| Dag dMskVHFEi YeEY
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ski foot 44 continues to ski at all times. This also reduces the drag.

The front 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 are 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 convenfional 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. & 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 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 approxirately 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 sprirz preload

was installed, and the drive was operated.

The tests conducted on the drive included measurements of stiction,
lubricant thickness, drag, wear of the data tracks by optica%

observation, magnetic reading and writing, and vibration resistance.



No wear of the disk was observed by optical neasurenents pgagde—w th=a————m
resol ution of better than 10 Angstroms of material |oss. REPLACEMENTt SHEET

measurenments were nmade to determne the inprovenent in .rerordl ngg 995
performance due to the nuch cl oser head-di sk spaci ng. The RS LU ;HEH .......
showed | arger overwrite, higher signat? anplitude and

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 below the

range where damage can occur to the head or disk at start up of the disk

drive.

Lubricant thickness, as determined by visunal 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 only 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 1gbricant spreads out onto the
disk, the movement of the carrier during a;cessing 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.

The drag was measured by strain gauges attached to the suspension.
The drag was determined as 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.
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a rotary aofedetdihg pEiforhiagke Was doublie matledlodeirfhead~-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 improvement 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 impl%es that higher recording

densitigs 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 available 2.5 inch disk drive as
modified was mounted oﬁ 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 imeasured 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
air-bearing interface, is depicted gs 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.
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1. A transducer assembly for a data recording disk file of the type

wherein a disk has a liquid film on its surface, the assembly comprising
a carrier having a surface adapted for skiing on the liquid film and a
transducer attached to the carrier for reading data from or writing data

to the disk.

2. A transducer assembly as claimed in claim 1 wherein the skiing
surface on the carrier comprises at least one ski foot extending from
the carrier, the ski foot having an end which forms an angle relative to
the disk surface small enough to permit the end of the ski foot to ski

on the lubricant film on the disk.

3. A transducer assembly as claimed in claim 2 wherein the ski foot
comprises d generally truncated cone having a generally circularly

shaped end,

4. A transducer assembly as claimed in claim 2 or claim 3 wherein the
transducer is located on the carrier near the ski foot.

5. A transducer assembly as claimed in claim 1 wherein the skiing
surface on the carrier comprises at least one generally spherically

shaped ski foot.

6. A transducer assembly as claiemd in claim 1 wherein the skiing

surface on the carrier is a generally planar surface having at least omne

ski foot extending therefrom.

7. A transducer assembly as claimed in any preceding claim, further
comprising means for connecting the carrier to the actuator of the disk
file, the carrier to actuator connecting means including means for
biasing the skiing surface of the carrier into contact with the liquid

film on the disk.
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8. A transducer assémﬁlf as claimed in claim 7 whetrein 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 skiing surface is forced into contact with the lubricant

film during rotation of the disk.

9. A transducer assembly as claimed in claim 1 wherein the carrier is
an air-bearing slider having a plurality of rails and wherein the skiing

surface comprises at least one ski foot extending from one of the rails.

10. A transducer assembly as claimed in claim 9, wherein the skiing
surface comprises a plurality of ski feet extending from the rails and
wherein each of the ski feet has an end which forms an angle relative to
the disk surface small enough to permit the end of the ski foot to ski

on the lubricant film on the disk.

11. A data recording disk file comprising:

at least one data disk having a thin film ofllubricant thereon, the
disk being attached to a hub for rotation by a motor;

and a transducer assembly as claimed in any preceding claim for
writing data to and reading data from the disk; and

an actuator means coupled to the transducer assembly for moving the

assembly across the surface of the disk.
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end of the carrier above the |iquid fil mwhen the disk is rotating at its
operational speed and a ski foot near its rear end for skiing on the
biquid filmwhen the disk is rotating at its operatiffmat—speet—ard—
a transducer attached to the carrier for reading data| f’?%?h‘&EMﬁN'ﬁﬁﬂ@E'ﬁc
to the disk. 2. The transducer assenbly accordi ng to cla ﬂ,av’ggel
the ski foot conprises a generally truncated cone hayi Date ar- ge—n‘é
circularly shaped end. 3. The transducer assenbly according to crarm-1
wherein the transducer is |ocated on

TRANSDUCER ASSEMBLY FOR DISK FILE WITH
LIQUID FILM TRANSDUCER DISK INTERFACE

ABSTRACT

Described is a transducer assembly for use in a disk file which provides substantially
reduced head-disk spacing and a corresponding improvement in recording performance.
The assembly includes a transducer carrier (20) with feet which sﬁ on !a high viscos'ity-
liquid film with which the disk (16) is coated. Also described is a disk file incorporating
such a transducer assembly. |

Fig. 1



‘the carrier near the ski foot. 4. The transducer asse
claim 1 wherein the ski foot is generally spherically WCEN'F_E

transducer assenbl y according to claim 1 further conpri |ng n??s %fsq&ﬁ
connecting the carrier to the actuator of the disk file,| thg c#¥f tm
actuat or connecting. neans including neahs for biasi ng tle=ski_toof SF The

carringlr into contact with the liquid filmon the disk. 6. The transducer
asse " ' d t [
roans i ol 4pld 5 T erte Borded URIch il lnd Sufs AR, wS iR REK! N0

surface, which can result in damage to the head, disk or suspension when the slider
breaks free from the disk at start up of the disk file. The interface, which is primarily a
thin film of air when the disk file is operating, provides very little stiffness bétween the
head and disk so that the disk file is very sensitive to vibration and impact, which makes
the conventional disk file undesirable for certain applications, such as-use in a portable
computer. The air required inside the disk file to support the air-bearing slider also
increases the air drag on.the rotating disks, thereby incfeasing the power consumption,
contributes to the noise level in the outside em?ironment, 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 alternatives to the conventional air-bearing head-disk iﬁterface
in magnetic recording disk files. In assignee's US patent 2,969,435, a sfed-type
transducer carrier with a large flat surface rides on a layer of oil on the disk, the oil
being suppled 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 European published application
EP 367510, a disk file utilizes a continuously recirculating low viscosity liquid lubricant,
which is maintained 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 1s hermetically sealed with no air present the low
vapor pressure lubricant can evaporate which ailows the required recirculation of the
lubricant to occur by distillation.
SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more disadvantages of

the prior art.
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.carrier; whereby the carrier may pitch and roll as its ski_foot is forced

into contact with the lubricant filmduring rotation off SKo 7.
transducer assenbly for a data recording disk file of t _yb&@ﬁ'&?"&%%
disk has a liquid filmon its surface, the assenbly co ba@,na:z 0CT 1997an

air-bearing slider having a plurality of3rails and a pl PV Ot sk freet

extending fromthe rails for skiing on the liquid film and a

transducer at baglithe' f bAE ashdct B the'présBR ifbenlH Thekd WpPoviddd &' Rshsdiled ' ©
assembly for a data recording disk file of the type wherein a disk has a liquid film on its
surface, the assembly comprising: a carrier having an air-bearing surface near its front
end for supporting the front end of the carrier above the liquid film when t]1e disk is.
rotating at its operational speed and a ski foot near its rear end for skiing on the liquid
film when the disk is rotating at its operational speed; and a transducer attached to the
carrier for reading data from or writing data to the disk.

According to another aspect of the present invention there is provided a transducer
assembly for a data recording disk file of the type wherein a disk has a liquid film on its
surface, the assembly comprising: an air-bearing slider having a plurality of rails and a
plurality of ski feet extending from the rails for skiing on the liquid film; and a
transducer attached to the slider for reading data from or writing data to the disk.

According to still another aspect of the present invention there is provided a
transducer assembly for.a data recording disk file of the typei wherein a disk has a liquid
film on its surface, the assembly comprising: an air-bearing slider having a plurality of
rails and at least one ski foot extending from one of -the rails for skiing on the liquid
film; and a transducer attached to the slider for reading data from or writing data to the
disk.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

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

Fig. 1isaview 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;



8. The transducer assenbly according to claim7 wherein: h_of the ski

feet has an end which forns an angle relative to the d %i:bngé:‘ﬁfﬁ*ﬁ%on

enough to permt the end of the ski foot to ski on the
the disk. 9. A transducer assembly fotrl a data record

he

type wherein a di sk has

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 the
disk drive start/stop cycles; _

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



"a liquid filmon its surface, the assenbly conpri sing: an air-bearing
slider having a plurality of rails and at | east one ski fget—extending

from one—ef—therarts for skiing on the liquid film and REPLACEME% SH ET
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CLAIMS
1. A transducer assembly for a data recording disk file of the type wherein a disk has
a liquid film on its surface, the assembly comprising:

a carrier having an air-bearing surface near its front end for supportiné the front
end of the carrier above the liquid film when the disk is rotating at its operational speed
and a ski foot near its rear end for skiihg on the liquid film when the disk is rotating at
its operational speed; and

a transducer attached to the carrier for reading data from or writing data to the
disk.

2. The transducer assembly according to claim 1 wherein the ski foot comprises a
generally truncated cone having a generally circularly shaped end.

3.  The transducer assembly according to claim 1 wherein the transducer is located on.
the carrier near the ski foot. |

4. The transducer assembly accordihg to claim 1 wherein the ski foot is generally
spherically shaped.

5. The transducer assembly according to claim 1 further comprising means for
connecting the carrier to the actuatdr of the disk file, the carrier to actuator connecting
means including means for biasing the ski foot of the carrier into contact with the liquid
film on the disk.

6. ‘The transducer assembly according to claim 5 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 foot is forced into contact with
the lubricant film during rotation of the disk.

7. A transducer assembly for a data recording disk file of the type wherein a disk has
a liquid film on its surface, the assembly comprising:.

an air-bearing slider having a plurality of rails and a plurality of ski feet extending
from the rails for skiing on the liciuid film; and

a transducer attached to the slider for reading data from or writing data to the disk.
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8.  The transducer assembly according to claim 7 wherein each of the ski feet has an
end which forms an angle relative to the disk surface small enough to permit the end of
the ski foot to ski on the Iubricant film on the disk. |
9. A transducer assembly for a data recording disk file of the type wherein a disk has
a liquid film on its surface, the assembly comprising:

an air-bearing slider having a plurality of rails and at least one ski foot extending
from one of the rails for skiing on the liquid film; and

a transducer attached to the slider for reading data from or writing data to the disk.



